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1. Abstract 
In this project report, I will describe the building procedure of a bellow stack 

manufacturing ontology. The specific application of this ontology is in a quality control 
project, with which a company was trying to build a knowledge base, in order to get 
more consistent output through their production line. In this report, I will define the 
scope of the Bellow stack manufacturing ontology; describe the process they have in 
manufacturing the product, as well as specific problems I dealt with when building this 
ontology. I will also describe the building process of this ontology in the Protégé 
environment; it will consist of defining objects and process, check truth path among 
entities and add axioms among entities. 

 

2. Introduction 

a. Source of This Project 
 Cameron is a multi-national and multi-billion leading company in the oil industry. 
Part of their business is measuring instruments applied in oil pipelines and refineries. 
They purchased Prime Measurement Products LLC. not too long ago and carried over 
the production line from Prime. Prime was initially a rather small, locally owned 
company which concentrated in the production of measuring devices. Now it is part of 
the Cameron Valves & Measurement (V&M) Division. After the purchase, and possibly after a 
whole set of human resource adjustment, the manufacturing processes for one of their 
products, differential pressure unit (DPU), recently encounter some problem. The 
percentage of product which passes final calibration is unusually low: division is scrapping 
13,000 units per quarter primarily. This is inacceptable under the standard of modern 
manufacturing. As a result, the company has to rebuild those gauges and discard any 
defected units.  

 The following photo shows a cut-away sample of their DPU, notice the wavy 
bellow stack. 
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Figure 1 Cross section of DPU 

  Further, they are unable to determine quality issues until the calibration phase 
of the production process, by which point, 80% of labor costs are incurred. The V&M 
group is looking to build an understanding of the fabrication process and its impact on 
quality and performance of the bellows stack. Cameron is a member of National Center 
of e-design at UB, giving us chance to share their resources and to deal with the 
problem. 

 

b. Scope of the Ontology 
 The big picture for the company is to create a knowledge base representing their 
whole manufacturing system, including quality control. This knowledge base should able 
to capture the information coming from 

1. Manufacturing process itself 
2. Solid model and finite element analysis (FEA) performed on model 
3. Design of experiment (DOE) applied on the process 
4. Operator knowledge 

 Due to the knowledge and time constraint, building ontology to cover the whole 
span is unrealistic and is also beyond my personal capability. For that reason, the 
ontology I build in this project is restricted in one aspect of the whole knowledge. 
Hopefully I can build other ones later and extended it to the whole span by joining those 
sub-ontologies together. 
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My initial scope of this project is to build ontology representing the design of 
experiment conducted earlier this year (October, 2013), since the majority part Center 
of E-design doing by then is to analyzing their process. The approach of DOE is to create 
a list of variable combination for the company, so they can ask their operators to create 
corresponding samples. The company lab will then perform lab test on those samples, 
measuring stiffness of work pieces and give us feedback. We then analyze these data 
with statistic tool (Minitab) to draw conclusions from the output. However, after 
attempting and struggling in building this ontology for more than a month, it proved to 
have some problems unsolved in defining domains and object property for each class. I 
decided to abandon this idea and change the scope to build an ontology representing 
their manufacturing process, which turns into the final scope of this class project. 
Possible benefits for the company with this ontology would come from a structured way 
of organizing process data and let quality control team to keep better track on their 
process. The project management group can collect data, store them as individuals, and 
query those data with ease. 

c. Process of bellow stack manufacturing 
 To make the whole project easier to understand by readers, I will describe the 
fabrication process briefly, in order to provide at least a general idea here. 

The whole process of making one bellow stack consists of six main steps, which 
can be visualized in the following diagram. 

 

i. Punch blank: 
Blanks are punched out from 316L sheet stainless steel, thickness 0.002”. This is 

done at blank press with a punch die setup. Prior to the production, strength of material 
will get test and record. The finished blank looks like a washer. Blanks got visual 
inspected as the first stage of quality check.  

ii. From diaphragm: 
The blanks passed previous stage will go under another set of dies (forming die), 

forming the convolute part of the diaphragm. The corresponding machinery, a forming 
press, is controlled automatically now, used to be done manually. Operators will also 
visually inspect the result of this stage and discard any imperfect product. Since the rim 
of inside diaphragm has to fit into the rim of outside diaphragm, there are two sets of 
dies varies only slightly in dimension. 
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iii. Resizing  
This is done at resizing press with a set of resizing die. Resizing press is operated 

by an operator. This process is to ensure proper fit in both inside and outside mating 
areas and to get a more uniform diaphragm convolute. 

iv. Wash diaphragms: 
Clean the diaphragm in solvent bath, to remove grease and contaminant on 

diaphragm. The diaphragms are put in a basket, soaked in heated chemical bath, and 
then rinsed in clean running water to remove any acid or alkaline solution carried over. 
This is the preparation process for both inside and outside diameter weld, afterwards 
bare hand contact should be avoid on certain spots (weld seams) to avoid 
contamination. 

v. Outside Diameter (OD) Weld 
A pair of diaphragms is snapped together, then melts into one piece using OD 

resistant welder. A special set of OD weld electrodes will be setup on the OD welder, as 
well as a specially made part guide. Operator will perform several tack welds to hold 
two diaphragms together before run the machine automatically in welding the whole 
seam. Also, once the weld is done, operator will visually inspect the weld using jeweler's 
magnifying glasses (also called eye loop). Out of spec products will either get fixed or 
discard immediately. Some sample will be sent to the plant’s quality lab for a tear test, 
in order to verify the strength of weld. If necessary, a strength and stiffness test will be 
performed after this stage. 

vi. Inside Diameter (ID) Weld 
Similar to OD weld, only in this case, inside rims are put together using similar 

resistant welding machine, with a set of ID electrode and ID part guide. Quality check 
procedures are similar, visual and lab test for weld strength. The same ID weld will 
repeat 7 times, adding one bellow to a stack at a time. Finally form a stack with eight 
individual bellows joins together. Typically the company will randomly draw samples at 
this stage, and perform stiffness test on those samples. This stage is also the one which 
most problems occur. Bellow stacks failed to reach required stiffness or having the 
“popping” behavior would be discarded. 

 

3. Existing ontologies: 
According to my literature and online search, the current status in manufacturing 

ontology looks a bit contradictory. On one side, multiple literatures mentioning the 
importance and basic concepts of manufacturing process ontology, but on the other 
side, very few structured ontologies exist online. This might because most research 
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teams proposed their ideas recently, but are still working on developing the actual 
ontology. Or they decide to keep their work confidential for not. 

 From the few research projects, I will try to describe three existing ones and 
share how I benefit from each of these. 

1. MASON ontology: The word MASON is an abbreviated version of 
MAnufacturing's Semantics Ontology. It is developed by Lemaignan et al. at RPK 
–University at Karlsruhe (TH), starting 2006. This ontology aimed at “drafting a 
common semantic net in manufacturing domain”. It is described as an upper 
ontology in manufacturing domain, and is supposed to be an ancestor for more 
domain-specific ontologies, like the process ontology I build as the course 
project. The group shared their .owl file at the project website, only seems the 
whole webpage still to revise since 2006, and I believe they recently shut the site 
down. 

2. Widget manufacturing ontology by Ron Rudnicki. This is one of the example 
ontologies provided in class. My project benefited a lot from this sample, for the 
following reasons: a) this ontology follows the structure of Basic Formal 
Ontology (BFO), which gives me a good guidance how to structure entities in the 
BFO way. b) it is a similar bottom-up ontology focusing on model a specific 
process like what I chose for my project. 

3. Part Focused Manufacturing Process Ontology (PMPO): PMPO is an ontology 
created by my classmate Lucas Mesmer for his course project. He follows the 
BFO hierarchy and defined classes extensively and seems got some impressive 
result from the query. For the scope of PMPO, it seems to be focusing on higher 
level of process, and aim at providing a general guidance to select among various 
manufacturing processes. This deviated from my topic in representing a certain 
process with ontology. Aside from that, the structure of PMPO is really worth 
mentioning. 

 From described above, most of the ontologies in existence, like the MASON 
ontology and PMPO, are “top down” ones aiming at creating an overall representation 
of the whole manufacturing environment. Those ontologies seems to focus more on 
serving manufacturing engineers in selecting processes once they encounter a new 
product. On the other side, Widget manufacturing ontology is more “bottom up”, focus 
on representing a existing processes, which will then be integrate into higher level 
ontologies. The bellow stacking manufacturing ontology can be categorize into the later 
category. 

 

4. Steps in creating bellow stack manufacturing 
ontology 
The ontology created here follows the structure of BFO 1.1. I am following the 

standard procedure listed below: 
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a. Determine scope: 
As described in the introduction part of this project report, the scope of my 

ontology is to create an ontological representation for the manufacturing process of 
bellow stack. A possible benefit for this ontology is, once the company gets into the 
further process of collecting data, or instances during their process, this ontology will 
provide them a well structured method in terms or storing and manipulating data. By 
doing so, the information capture during the process will be with higher efficiency. 

b. Consider reuse:  
From what I have searched in the literature search stage, there were several 

manufacturing ontologies created by various groups. However, there’s no identical 
ontology in existence, which if there is, will diminish the value of building this process 
ontology. Despite that, there are ontoloties I can take as reference, especially the 
widget manufacturing ontology created during the class as an exercise piece. The widget 
manufacturing ontology is a good example for my application, because it represents the 
typical process ontology, also follows the BFO hierarchy. 

c. Enumerate terms:  
At this stage, I tried to list all terminologies associated with the process on a 

piece of paper, centered on the processes. Related objects were written under each 
process, following the basic rules of ontology, such as keep terms singular. Some entities 
are related to other ones, for example, blank process, being used at the first step of 
process, has a main component punch die, which adjusted by operator. Operator would 
also have occupation either to be an operator, or a setup mechanic. These terms are 
grouped around the corresponding processes. In this manner, the list of terms is 
expanded among the whole manufacturing process. Despite that, it will almost certain 
to be incomplete, leaving rooms for incoming terms which would likely to be added in 
the following steps. Terms will then being transferred into an Excel spreadsheet for 
further reference and easy tracking. 

d. Define taxonomy:  
The bellow stack manufacturing ontology follows BFO 1.1. Under this structure, I 

would assign all manufacturing processes into occurrents. Names of those processes are 
altered slightly, in order to avoid confusion. For example, OD weld tend to be confused 
with the seam of weld, adding “Act of” eliminated the possibility of such confusion. 
Object entities, such as diaphragm, bellow, bellow stack, machine, machine component 
and human workforce are assigned under the class of object. Also, dependent 
continuants, such as the object quality, occupations of works, are categorized into 
corresponding classes. The same process is extended to all terminologies I came up at 
the previous step.  



IE 500 Project Report Xinnan Peng 

 7 / 10 

 

The accuracy of this taxonomy can be double checked using the “true path rule”, 
each subclass should under the category of it parent class, linked by “is a”. One example 
of this true path rule would be: ID resistant welder is_a machine, machine is_a(n) 
object, object is_a(n) independent continuant, which is_a continuant. I would perform 
the same test to all classes listed in my ontology and correct those that went into wrong 
classes.  

The complete set of class hierarchy can be seen in the following screen shot. 

 

e. Define properties 
In this bellow stack manufacturing ontology, object properties link entities 

together. At this stage, the excel spread sheet came into play. I would try to associate 
entities by object properties I described initially in the forming stage of spreadsheet. 
Examples of those properties can be: Process_of_ID weld has input Bellow and has 
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output Bellow stack. It is also linked to other entities, for example the process is 
performed by operator, utilize the machine ID welder. These logical links will all be 
defined utilizing object properties and would be added into the ontology as axioms. 

The entities and their relationship can be seen in the attached screen shot. 

 
 

Data properties are defined based on relationships between entities. Complete 
set of data properties can be seen in the following figure. 

 
 

Entities are linked together using axioms, see the following screen shot as an 
example. The lower right part shows all the axioms relate to the process diaphragm 
forming. 
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f. Define instances:  
At this stage of ontology creation, I did not put instances in my ontology, I was 

focusing more on how to finalize the main structure of ontological representation, 
rather than associating entities or measures into the ontology. Adding entities would 
certainly the most important part in actually applying the ontology in process 
management, which will be the future work of this project. 

g. Check for anomalies 
 The finished ontology is checked with reasoner built in Protégé, which will 
indicate any possible confliction in the ontological structure.  No abnormal observed. 

 

5. Conclusion and future work 
 At this point of the project, the process has been well structured in an 
ontological manner, achieving the initial expectation from the beginning. The process of 
creating this ontology provided a crude approximation about how to model a 
manufacturing process in an ontological way, hopefully would provide at least an 
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instruction for those individuals or groups willing to creating their own manufacturing 
ontologies. I benefited from what I have learnt in the class IE 500 Ontology Engineering, 
especially the knowledge of BFO structure. BFO provided a great way to organize 
entities in a more systematic manner.  Also, by exploring the whole procedure of 
creating this ontology, I familiarized myself with the role of being an ontologist, which I 
would surely benefit from when the project moves ahead. 

Future work of this project would be: 

1. Extend the ontological representation to other aspects, building ontologies for 
FEA, DOE and operator knowledge representation. 

2. Implement the ontology into data collecting module and validate with real world 
data by including instences. 

3. Finalize the ontology with more detailed definitions, at current stage, definitions 
of some entities are still missing. 
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