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Abstract. Sensata Technologies Holding N.V., a global industrial technology 
company, is a leader in the development, manufacture and sale of sensors and 
controls. It produces a wide range of customized, innovative sensors and controls 
for mission critical applications such as thermal circuit breakers in aircraft, 
pressure sensors in automotive systems, and bimetal current and temperature 
control devices in electric motors. Business centers and manufacturing sites in 
twelve countries are involved in the engineering process for over 50 OEMs all 
over the world. Providing that the engineered data is delivered to the recipient in 
the right format, quality and time is crucial in the collaboration between Sensata 
and its customer. As the numbers of partners and CAD systems (which differ by 
releases) expand the complexity exponentially, a direct transfer and translation 
service resembles a big challenge for Sensata’s IT. Not to mention that know-how 
protection is becoming increasingly important and is usually a part of the exchange 
process. Sensata has tackled the challenge by establishing a focal point of data 
exchange and translation (including a knowledge protection process), which can be 
controlled in an easy way to ensure that the compliance of Sensata is kept. The 
OpenDESC.com service, utilized by Sensata as the focal point of data exchange 
and translation, is capable of sending data to all Sensata partners, ensuring the  
desired translation and knowledge protection settings and standards are set to the 
newest releases. By this Sensata is independent from the standards and tools their 
partners use. Therefore a partner’s transition to JT or other formats does not affect 
the engineering process at Sensata, which leads to large efficiency and quality 
gains and cost savings. This paper describes the requirements in the engineering 
collaboration of mechatronic product development and implemented solution. 
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Introduction 

About 50 different sensors are installed in a normal middle class car, and every year 
this number increases. Sensors ensure a cleaner environment, driving safety, higher 
fuel efficiency, and efficient energy consumption (Figure 1) [1] [2]. Such expanding 
application fields generate huge growth potential for sensor industry worldwide. One of 
the global leading manufacturers of safety-critical sensors and controllers for the 
automotive industry, but also for other industries such as aerospace, shipbuilding, 
railway, domestic appliances, air-conditioning, photovoltaic or mobile communication 
is Sensata Technologies. The international company headquartered in Attleboro, MA 
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(USA) generated sales of 2.4 billion dollar in the last fiscal year. With 17,000 
employees, it is the global leader for high-level pressure sensors. Thanks to the 
growing demand for sensors and a series of strategic acquisitions, Sensata has grown 
dynamically over recent years. The product portfolio of the company covers 17,000 
separate articles (Figure 2). 

 
Figure 1. Growth drivers for the sensor industry. 

Nowadays, powerful sensors are developed by using modern IT tools like CAD, 
PDM and validation tools. Many automotive suppliers develop their products with the 
CAD systems of the respective customer [3]. Sensor manufacturer Sensata saves the 
costly maintenance of a zoo of tens of different CAD systems, but translates 3D models 
and 2D drawings. Since then, there are hardly any complaints, although the automotive 
manufacturers are becoming even more demanding [4]. This paper describes the 
challenge, the solution and the practice of engineering collaboration in mechatronic 
product development related to Sensata with focus to data exchange in customer 
process. After the explanation of background and related work with relevant research 
fields, we will illustrate the application case of Sensata in this paper. 

1. Background and Related Work  

Mechatronic development process has been  subject of research for many years. For a 
general classification, two types of mechatronic systems that illustrate the wide range 
of mechatronics can be distinguished: systems based on the spatial integration of 
mechanics and electronics, and multi-body systems with a controlled movement 
behavior [5]. 

The aim of the first type of system is a high number of mechanical and electrical 
function carriers on a small installation space. The essential capability of the system 
integration lies in miniaturization, the lower manufacturing cost and higher reliability. 
The assembly and connection technology with specific characteristics such as MID 
(Molded Interconnect Devices) is the prime focus. The special consequence of the 
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development of such products is that the product concept is already determined by the 
production technology. This yields the necessity to develop the product and the 
production system virtually, concurrently and integrally using comprehensive 
validation procedures [6] [7]. 

 
Figure 2. Sensata’s product portfolio 

The latter type of systems is about improving the movement behavior of multi-
body systems. Therefore, sensors detect information about the environment, but also 
about the system itself. This information is subsequently processed and, with the aid of 
actuators, suitable reactions in order to improve the movement behavior are triggered in 
the respective context. Control systems engineering is the major task in the 
development of products of this type. The Guideline 2206 from VDI (Association of 
German Engineers) gives the practitioner a guide for the development of such systems 
[8]. 

The interoperability of the disciplines involved in the product development process 
is often not mastered yet. As before, the technical system is considered primarily from 
the point of view of the rather isolated specialist discipline and domain. At the latest, 
since  contributions from different fields of study have been merged to the product as a 
whole, there are time-consuming and costly iterations. This results in a need to address 
methods, tools and procedures for model-driven and synchronized development [9] 
[10] [11]. 

The mechatronic products are still not reliable enough. This is reflected, for 
example, in the automotive industry by increasing goodwill costs and warranty costs. 
There is a substantial need for action regarding the prediction and securing the 
reliability of mechatronic systems, as well as monitoring, inspection, testing and 
diagnostic procedures [12]. 

Mechatronic system design requires a high degree of integration; therefore the 
complex mechatronic system is often divided into simpler subsystems or components, 
and meanwhile, the complex design project calls for the coordination of resources and 
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persons in order to be successful [13]. Collaboration is a measure for enhanced agility 
[14]. As the result, the collaboration among different individuals and disciplines during 
the mechatronic system design process plays a key role to ensure that the results of 
their efforts are successful, especially to get an integrated system [15] [16] [17]. 

Basically, there are two types of collaboration levels. The first one focuses on the 
collaboration of individuals, in other words, the interaction between designers, which 
can be called low-level collaboration (micro level). The second one, called high-level 
collaboration, emphasizes the collaboration among different disciplines or domains 
(macro level) [18] [19]. 

The low-level collaboration, which takes place among the individuals, is highly 
important for mechatronic system design. A design project is often decomposed into 
tasks or subtasks, and each task or subtask is assigned to individuals. The project 
management is based on the organization of available resources to accomplish these 
tasks or subtasks. In the project management, the collaboration is significant because it 
is possible that one task must be started when several tasks have been done and any 
individual in the project should be able to determine the status of the project [20] [21]. 
Traditionally, the low-level collaboration is often realized thanks to informal 
communication supported by face-to-face meeting or communication equipment (mail, 
telephone, tele-conference). 

Compared with the low-level collaboration, the high-level collaboration 
emphasizes the multi-discipline/domain collaboration [22]. The high-level 
collaboration not only focuses on the assembling specific-discipline design, but pays 
special attention to the design interfaces among them as well. It can help us to achieve 
a sound integration of the components, and meanwhile, it brings us a synergetic 
integration. In case of Sensata, all aforementioned design models are relevant above in 
the high-level and low-level collaboration. 

The aforementioned design models provide available approaches for mechatronic 
system design. Three criteria can be used for the classification of collaboration: 
concurrent design,  macro level collaboration, and micro level collaboration [18] [23]. 

(1) Concurrent design of the expert knowledge is very important to shorten the 
period of the design process as markets are rapidly changing and lead to shorten 
product development lifecycle; the sequential design model is the only one that cannot 
provide a concurrent design [1] [6]. 

(2) Macro level collaboration; Exchange of domain-specific design data and 
simulation results supports the multi-physic simulation during the mechatronic system 
design process. Actuators (electronics and mechanics), embedded control systems 
(electronics and software) and sensors (mechanics, optics and software) are considered 
as the links between the different expert components, so there are links between the 
expert components in every design model discussed above, but not explicit in V-model 
and VDI 2206 [8]. 

(3) Micro level collaboration; Specific management of the collaboration between 
the expert knowledge allows engineers to manage the design data systematically and to 
obtain more integrated mechatronic products. The hierarchical design model is 
considered to “partially” realize the specific management of collaboration between the 
experts because all design parameters and requirement parameters affecting multiple 
disciplines have been presented in the mechatronic coupling level of hierarchical 
design models [18] [24].  

In case of Sensata, concurrent design is mostly important in the customer process. 
Macro level and micro level collaboration are relevant for internal processes. 
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2. Use Case  

The product portfolio of Sensata covers 17,000 separate items, of which about 1.3 
billion units are shipped to the customers every year. Recently, Sensata set standards in 
terms of innovation with the development of a pressure sensor, which is used in the 
cylinder heads of internal combustion engines to optimize the compression of the 
mixture. In this way the CO2 emissions can be significantly reduced. Sensata has a 
presence in 15 countries worldwide with development and production facilities. The 
business center in Almelo (The Netherlands) is responsible for the design and 
development of pressure sensors for automotive and commercial vehicle sectors 
(Figure 3). 

The sensors for the automotive industry are usually developed by customer order 
for a particular model or a model series. Due to the various spatial installation 
situations, there are numerous design variants. To develop all these variants quickly, is 
an important competitive advantage of a supplier [14] [25]. A key challenge for the 
product developers on the supplier’s side is the demanding documentation obligation 
towards their clients, because their sensors are used for safety-critical applications and 
must not fail. Therefore, such a supplier is forced to exchange his product 
documentation frequently with his customer in an appropriate way [26]. Large 
automotive manufacturers evaluate this ability of their suppliers in the purchasing 
process [27] [28]. 

 
Figure 3. Different sensors in an automobile. 

3. Stringent Documentation Obligation 

The requirements of the automotive manufacturers and their large system suppliers 
have become more stringent in recent years in terms of product documentation. 
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Formerly, suppliers were allowed to deliver their CAD data in neutral formats such as 
STEP. Today, most of the original equipment manufacturers (OEM) require not only 
the 3D models in native formats for approval, but further want to have geometric 
associative 2D drawings that are generated according to their guidelines [29] [30]. 
Subsequently, the translation of CAD data into different customer required formats can 
hardly be fully automated.  

Sensors are mechatronic products in which the mechanical components play an 
important role for reliability. At Sensata, these are always designed with the 3D CAD 
system SolidWorks that is installed at around 100 workplaces worldwide and can be 
used simultaneously as a floating license. To speed up the coordination with the clients, 
product developers may deliver their product geometry in neutral formats during the 
design phase. However, at the latest for the approval, the CAD data has to be translated 
to the appropriate target format of CATIA V5, NX or PTC Creo. 

 
Figure 4. CAD exchange and translation in www.opendesc.com. 

While the developers in the headquarter translate their CAD data in-house, 
European business centers always took advantage of an external service provider for 
the CAD translation. Nevertheless, they had to take care about the upload of the data to 
the client systems and portals by themselves before, which required human resources 
with the appropriate know-how. In order to reduce the corresponding costs, four years 
ago Sensata decided to replace their former partner and use the translation and 
exchange service OpenDESC.com instead (Figure 4). There are not many alternative 
service providers globally who offer both services from a single source. The service 
provider must know the target systems of the OEMs, their configurations and start 
models and  what CAD data the customers need. Even if Sensata gets a new customer, 
the service provider must be able to provide his service after the transition phase [31]. 
Further requirements such as the intellectual property protection can be taken into 
account here [32]. 

4. Translation of Drawings 

Using the OpenDESC.com pipeline, the translation of 3D models can be largely 
automated. For such purpose, specific workflow methods are pre-defined. However, 
the fitting of the data to the OEM-specific standards requires a mostly manual 
intervention of translation experts who, for example, need to set the appropriate starting 
model or to customize the profile for the quality check, depending on the particular 
recipient. They also take care about the visual inspection of the data to be translated, 
which sometimes contain errors already in the original system and therefore must be 
corrected prior to the translation [33]. 
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When translating the CAD models, the associativity between 3D geometry and the 
derivative 2D drawings is lost. Since the OEMs increasingly require associative 
drawings in native formats for documentation purposes, these relations must be 
subsequently restored. For such purpose, appropriate templates were developed for the 
different target systems that make it possible to partially automate the process of 
correlating model and drawing. However, some manual work is always required due to 
the complexity of drawings. 

 
Figure 5. User interface of OpenDESC.com. 

The users do not send their files directly to OpenDESC.com but put them in a 
special transfer directory together with the information about the intended recipients.. 
That is where the key user responsible for data translation collects the files and uploads 
them via an encrypted connection to OpenDESC.com, on which the data is translated. 
For quality control, Sensata gets the translated drawings and models as 2D and 3D PDF 
documents. At the same time, the translated files are provided on the platform ready for 
dispatch in the CAD format of the respective OEM, so that after approval they can be 
automatically sent to the receiver or made available to download (Figure 5). Usually, 
such a translation order does not take longer than two days. 

5. Experiences and Achievements 

OpenDESC.com keeps track of the data exchange and informs the sender whether the 
data has been properly delivered. When the transmission to the OEM is finished or the 
experts for data exchange have received an end-to-end response in the transmission via 
OFTP, they send a time stamped copy of the transmitted data to the corresponding 
Sensata employee, who stores the data into the PDM system Agile. This allows the 
sensor manufacturer to proof the kind of version and the sending time to the client at 
any time, regardless of the service collaboration with OpenDESC.com. 

Since sensors are not particularly large, the volume of data to be translated is about 
a few megabytes. The number of translation jobs actually increased continuously 
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thanks to the company's growth and the growing number of development projects in 
recent years. Currently, about 100 new sensors are annually translated to the formats of 
the customers at the sites in the Netherlands, Belgium and France, who actively use 
OpenDESC.com. It is expected that the number of translation jobs will increase with 
the integration of additional locations and acquisition of new customers in the next few 
years (Figure 6). 

 
Figure 6. CAD translation via www.OpenDESC.com 

A key advantage of the translation and exchange service is the full transfer of 
responsibility to the service provider [34]. As a result, no erroneous data or data that do 
not meet the formal requirements of the OEM, are sent to the client. By using 
OpenDESC.com, the quality of outgoing data was improved significantly. Thus, 
Sensata hardly gets back any data rejected from the customers. Improving data quality 
is to ascribe to the good knowledge of OEM requirements on the one hand, and to the 
thorough data quality check by appropriate check tools prior to translation on the other 
hand [30]. If the original data does not meet the quality requirements, the job is simply 
aborted and restarted after the data has been corrected. 

How much money Sensata saves due to outsourcing, can not be quantified 
precisely due to the entirely changed workflows. In order to translate and exchange the 
data by themselves, the company would need at least one license for each CAD system 
and an operator who can use it. In addition, trained personnel would be required to 
keep the IT environment up to date. In the sum, that are fix costs of several hundred 
thousand Euro which exceed the annual service costs. Big advantage of outsourcing is 
the resilience against not predicable changes in IT environment, when customers 
update their CAD and PDM equipment. The follow-up is quite sophisticated for a 
single company, even if you know what to do. Thus, it is not only cost effective but 
also more reliable, to subcontract the data translation and data transfer to an external 
provider. 
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6. Conclusions and Outlook 

Manufacturers of typical supply parts such as sensors are forced to adapt their business 
processes to a plethora of customers with different process requirements. Engineering 
collaboration in mechatronics can be subdivided in different levels. For this, different 
approaches are available, not only to meet the requirements of the customers, but also 
to achieve the operational excellence [35]. In a dynamic collaborative environment like 
the global automotive industry, the working conditions are subject to  continuous 
change. Suppliers who work together with different OEMs and tier-1 suppliers have to 
constantly cope with new requirements relating to exchange partners, data formats, 
system environments to be supported, quality and security requirements, etc. If they 
take data communication with their customers into their own hands, this means that 
they have to constantly adapt their data translation and exchange processes to the ever-
changing requirements. To prevent the explosion of fix costs for setup and maintenance 
of such communication infrastructure, collaboration with a competent service provider 
could be an interesting alternative as it not only cuts costs but also facilitates making 
the exchange processes uniform and, thus, ensures a higher level of flexibility, 
reliability and traceability. 

Whether outsourcing is worthwhile depends on various, hardly predicable factors 
with changing imapct such as the number of exchange partners involved, the volume of 
data, requirements regarding data quality, etc. The example provided by Sensata, 
however, makes it clear that the ROI for such an investment can be calculated 
relatively well. Based on contractual provisions with the service provider, the probably 
most important argument is the high customer satisfaction index which can justify such 
a decision.  

As further consolidation and unification of CAD and PDM market can’t be 
expected, suppliers must handle this constellation with heterogeneous target nodes in 
supply network again. The future development belongs the further automation of the 
whole communication process and provision of standard communication software 
products OEM-to-supplier communication based on recent standards (STEP AP242 
and JT) to avoid the expensive point-to-point connection [4]. 
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