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Executive Summary  
 

The current document details the simulation study conducted for objectively assessing the impact of 
ComVantage on the three application areas: Customer-oriented Production, Mobile Maintenance, and 
Plant Engineering and Commissioning. This document is a continuation of the initial simulation study 
(D9.3.1), which lay the grounds for the current analysis. The overall target of the study, based on the 
evaluation framework (D9.1), was to evaluate the operational effects of ComVantage implementation. The 
targets of each application area were adapted to the specifics of its scenario. For Customer-oriented 
Production the simulation target was set to evaluate the effects of upstream and downstream collaboration 
while for Plant Engineering and Commissioning and for Mobile Maintenance, the simulation targets were 
set to evaluate the effect of downstream collaboration, and the effects of permission error events. The 
performance measures were defined based on the multi-dimensional metric-set (D9.2.1, D9.2.2), focusing 
on efficiency, quality, and sustainability, with some regard to cost. The simulation study implements 
Discrete Event Simulation (DES) modelling to examine the performance effects of organisational and inter-
organisational collaboration capabilities facilitated by the ComVantage platform. The analysis was 
conducted based on representative organisations defined for each application area together with the 
application partner, based on the as-is and to-be process description and on system requirements (D6.1.1, 
D7.1.1, D8.1.1). Basing the simulation on a representative organisation facilitates obtaining more general 
conclusions regarding the application domain and assists in avoiding propriety issues. The analysis 
conducted shows possibilities of major improvement in key process indicators of various operational 
constructs (efficiency, quality, sustainability, and cost) while pointing out possible caveats in ComVantage 
based implementations.   
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Abbreviations  
 

GM Grinding Machine   (K&A-RST-BGU study / COMAU-BGU study) 

LDS Linked Data Store   (K&A-RST-BGU study / COMAU-BGU study) 

MC  άaƻōƛƭŜ /ƻƳƳƛǎǎƛƻƴƛƴƎέ ƳƻŘŜƭ   ό/ha!¦-BGU study) 

MC-PE  άaƻōƛƭŜ /ƻƳƳƛǎǎƛƻƴƛƴƎ -tŜǊƳƛǎǎƛƻƴ 9ǊǊƻǊέ model   (COMAU-BGU study) 

ME Machine Expert   (K&A-RST-BGU study / COMAU-BGU study) 

MM  άaƻōƛƭŜ aŀƛƴǘŜƴŀƴŎŜέ ƳƻŘŜƭ    (K&A-RST-BGU study) 

MM-PE  άaƻōƛƭŜ aŀƛƴǘŜƴŀƴŎŜ-tŜǊƳƛǎǎƛƻƴ 9ǊǊƻǊέ ƳƻŘŜƭ   (K&A-RST-BGU study)  

MMCo Mobile Maintenance Coordinator   (K&A-RST-BGU study / COMAU-BGU study) 

MTD   Monthly Travel Distance   (K&A-RST-BGU study / COMAU-BGU study) 

MTTR Mean-Time-To-Repair   (K&A-RST-BGU study / COMAU-BGU study) 

OC  άhƴ-ǎƛǘŜ /ƻƳƳƛǎǎƛƻƴƛƴƎέ ƳƻŘŜƭ   (COMAU-BGU study) 

OM  άhƴ-ǎƛǘŜ aŀƛƴǘŜƴŀƴŎŜέ ƳƻŘŜƭ   όYϧ!-RST-BGU study) 

PA  άtǊƻŘǳŎŜǊϥǎ !Ǿŀƛƭŀōƛƭƛǘȅέ ǇƻƭƛŎȅ   ό5/нм-BGU study) 

PA-CP  άtǊƻŘǳŎŜǊϥǎ !Ǿŀƛƭŀōƛƭƛǘȅ - /ǳǎǘƻƳŜǊϥǎ tǊŜŦŜǊŜƴŎŜǎέ ǇƻƭƛŎȅ   (DC21-BGU study) 

PS  άtǊƻŘǳŎŜǊϥǎ {ƛȊŜέ ǇƻƭƛŎȅ   ό5/нм-BGU study) 

SM Spinning Machine   (K&A-RST-BGU study / COMAU-BGU study) 

SLA Service Level Agreement   (K&A-RST-BGU study / COMAU-BGU study) 

SvTn Service Technician (K&A-RST-BGU study / COMAU-BGU study) 
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1.1 Introduction  

The current document investigates the impact of ComVantage on the three application areas: Plant 
Engineering and Commissioning, Customer-oriented Production, and Mobile Maintenance using discrete 
event simulation (DES). The study aims at evaluating the change in organisation performance when 
ComVantage-based capabilities are introduced. Simulation is used to facilitate studying organisational 
effects of this emergent technology prior to its implementation. DES is used due to its suitability for the 
study of supply-chain processes. Comprehensive simulation models representing ComVantage-enabled 
processes within each application area are constructed, along with a traditionally managed supply chain, 
based on as-is processes of each application area. The traditional organisation models are compared with 
the ComVantage-enables models using advanced statistics. The simulation models were programmed using 
Arena (Rockwell Automation, USA) simulation software, Statistics analysis was conducted using IBM SPSS 
Statistics (IBM, USA).  

Simulation necessitates concretisation of the organisational aspects along with focused research questions. 
Accordingly three typical organisations have been constructed, one per each application area and major 
issues related to ComVantage-enabled business processes have been chosen for in-depth investigation 
within each organisation. To enhance simulation validity the concretisation was done in collaboration with 
each relevant application partner. The study was executed by the BGU group in a close collaboration with 
the three application partners: COMAU (Davide Grosso, Pietro Cultrona), DC21 and ISN (Reinhard Willfort, 
Conny Weber, Maja Leber) and K&A and RST (Werner Altmann, Frank Haferkorn, Andreas Schmid, Georg 
Süß, Julianna Katona). The BGU modelling group led developed the simulation models and their analysis 
while the application partners were involved in providing inputs for capturing system logic and assisted in 
defining the required input parameters for the simulation model.  Simulation targets and measures are 
selected based on the evaluation framework developed for ComVantage and the capabilities of DES. 
Simulated operation periods and warm-up times were determined according to the specific characteristics 
of each application area.   

1.2 Scope of this Document 
The current document details three simulation studies conducted based on the ComVantage application 
areas where each study is detailed in a separate chapter. Background information regarding DES had been 
detailed in the preceding deliverable 9.3.1 and is thus not repeated in the current document. Deliverable 
9.3.1 additionally included a comprehensive description of each representative organisation established for 
facilitating the study. This description is not repeated in full, yet for presentation clarity the description of 
each study starts with a description of the main aspects of the representative organisation. Following the 
description of the organisation, the targets and main hypotheses, and the experimental design of the 
simulation study are detailed. Results and conclusions are presented for each study highlighting issues that 
should be addressed in ComVantage implantation within each application field.  Conclusions based on an 
amalgamation of the results of the simulation study of the influence of ComVantage capabilities on the 
different organisations, are detailed in the final chapter. The current document together with the outcomes 
of the subjective and objective analyses documents (D9.4 and D9.5) will drive deliverable D9.6, the 
implementation guide.  

1.3 Related Documents  

The current document is based on the initial simulation analysis report which laid the guidelines of the 
simulation study. It is also based on the evaluation framework and metric set for performance assessment, 
and on the as-is and to-be process descriptions and system requirements details. The deliverables 
documenting these are detailed below. 
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Á D9.1 Evaluation framework (Levi et al., 2012) - The evaluation framework defines the general 
assessment context in which the simulation models are outlined and simulation targets are 
defined. 

Á D9.2.1 & D9.2.2 Multi-Dimensional Metric set (Raphaeli et al., 2012a, Raphaeli et al., 2012b) ς The 
simulation outputs are defined as implementation instances of metrics defined by the metric set of 
each application area. 

Á D9.3.1 Simulation analysis Report (Raphaeli et al., 2013a) ςς initial phase of the simulation study 
including simulation framework details and description of representative organisations one per 
each application area. 

Á D2.1.1 Functional and technological requirements (Buchmann and Münch, 2012) ς The simulation 
models and targets are defined in view of possible alternatives defined by system requirements.  

Á D6.1.1 (Grosso et al., 2012), D7.1.1 (Weber et al., 2012), D8.1.1 (Altmann et al., 2012) Scenario 
specification and refinement ς The simulation models are based on the specifications of the as-is 
and to-be scenarios of each application area (Plant Engineering and Commissioning, Customer-
oriented Production and Mobile Maintenance). 

Á D6.1.2 (Grosso et al., 2012), D7.1.2 (Weber et al., 2012), D8.1.2 (Altmann et al., 2012) Scenario 
specification and refinement ς The simulation models are based on the specifications of the as-is 
and to-be scenarios of each application area (Plant Engineering and Commissioning, Customer-
oriented Production and Mobile Maintenance). 
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2.1 Overview and Research Questions  

Customer-oriented production in general and the fashion industry in particular are expected to be prime 
beneficiaries of the ComVantage platform, due to the growing competition in this field which has forced 
retailers to develop strategies enabling them to manage and  control the supply chain more closely (Bruce 
and Daly, 2010).  

DC21-BGU, a micro Internet shirt retailer, was constructed as a representative organisation of the 
Customer-oriented Production application area. Its structure and business models were defined and 
validated in collaboration with experts from DC21. The ComVantage platform enables DC21-BGU to 
enhance its collaboration capabilities with both customers and manufacturing partners (Figure 1). The 
improved interaction capabilities with customers are realised through enhanced customers involvement in 
design processes (open innovation, crowdsourcing) and production processes (end-to-end transparency). 
The enhanced collaboration refers to aspects such as improved communication between production 
network stakeholders, achievement of process agility, e.g., reconfiguration of process and improved 
production efficiency by tracking/monitoring, e.g., material use.  

In the current study we focus on examining the performance impacts of collaboration with both 
manufacturing partners (upstream) and customers (downstream) enabled by ComVantage platform 
capabilities (Raphaeli at el., 2013b). Moreover we consider the impact of demand characteristics on the 
process of value creation. Specifically, we aim to answer two key questions: (a) How do upstream and 
downstream collaboration affect operational performance? (b) Do demand characteristics influence this 
relationship? 

 
Figure 1:  Collaboration in an international manufacturing network (adapted from CV D7.1.1) 

2.2 Traditional Supply Chain Description  

DC21-BGU is an Internet-based shirt retailer specialising in high quality make-to-order cotton shirts, based 
in Graz (Austria) and Ptuj (Slovenia). Customers order shirts via a web-shop, where they can determine the 
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shirt design based on a given set of combinations of textile, cutting, sewing, embroidery, and zipper 
designs. Past probabilities of design options are described in Appendix 1a. 

DC21-BGU is connected with 20 shirt producers of different organisational sizes (small, medium and large), 
located in Austria and Slovenia, in radius of up to 353 km from DC21-BGU distribution centres in Graz and 
Ptuj. Embroideries are located next to each manufacturing partner, providing complementary ŜƳōǊƻƛŘŜǊȅΩǎ 
services. aŀƴǳŦŀŎǘǳǊƛƴƎ ǇŀǊǘƴŜǊǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ Appendix 1b.  

The order fulfilment process (depicted in Figure 2) starts once a customer order is received through the 
web shop. Customer orders are received online 24/7. Each order is for a single shirt type, and can contain 
up to 50 shirts. The customer provides a zip code according to which the order is assigned to the nearest 
DC21-BGU distribution centre (Graz/Ptuj). Orders are characterised according to their arrival rate and their 
quantity. These change according to the time of day and during weekends. During working hours (09:00-
16:00) large orders arrive from business customers while only small orders are placed during weekends.  

Orders are handled by dispatchers at DC21-BGU centres, who select a shirt producer to which the order will 
be assigned. The selection of a shirt producer is based on the fit between shirt producer size and order size, 
as follows: orders with less than 10 shirts are sent to a small producer, orders with 10-29 shirts are sent to a 
medium producer, and orders with 30-50 shirts are sent to a large producer. The selection procedure is 
described in Appendix 1c. Order details are sent to the selected producer via email. Order production starts 
once both materials and manufacturing resources are available. The first activity is cutting, which requires 
the transportation of textile from storage and machine setup according to the required cutting design. 
Once cutting is completed, shirt parts are transferred to the nearby embroidery, if embroidery is included 
in order design. Then, shirt parts are sewed, after setting-up the sewing equipment to the required sewing 
design. Operation times of all production activities are described in Appendix 1b. Once the production of an 
order is complete, it is packed and delivered to the DC21-BGU distribution centre, from which it is delivered 
to the end-customer.  

 

 

Figure 2: Order fulfilment process flow  

2.3  ComVantage-based Producer  Selection Process Alternatives  
The simulation study focuses on the producer selection process which is considered to be a key process for 
make-to-order manufacturers (Mishra et al., 2007) due to its significant impact on lead-time performance 
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and customer satisfaction. In order to increase its competitive advantage, DC21-BGU aims at increasing 
integration with both suppliers and customers through Internet enabled collaborative capabilities, which 
allow DC21-BGU to view timely information regarding the availability of producer's resources and enable 
customers interaction with production processes. The new capabilities enable the definition of alternative 
producer selection policies which may improve the operational performance. The definition of the 
ŀƭǘŜǊƴŀǘƛǾŜǎ ŦƻǊ ǇǊƻŘǳŎŜǊΩǎ ǎŜƭŜŎǘƛƻƴ is based on selected Use-Cases defined in WP7 deliverables, as 
explained in the next sections. 

Producer's Availability (PA) policy enables producer selection based on resource availability. This policy is 
defined according to Use-Case #5 (Check of Production Capacity) which is part of Web-shop order scenario 
(CV-D7.1.1, page 30). ComVantage platform is connected to the internal order database of producers and 
enables DC21-BGU to view the capacity of all producers. Therefore a producer can be selected based on its 
availability in terms of material and time capacity. As shown in Figure 3, once the system receives an order, 
it automatically checks material and time capacity of producers. Then the system sends notification to 
DC21-BGU with producers (with enough capacity), and dispatches order to selected producer. Meanwhile, 
the customer receives notification when he will receive the delivery (according to the capacity of the 
producers). 

Producer's Availability - Customer's Preferences (PA-CP) policy is based on Use-Case #21 (reduction of 
transportation distances) which is part of flexible production environment scenario (CV-D7.1.1, page 34). 
This use-case refers to the ability of a customer to select the distance of the producer or the time of 
delivery. Customers interested in environmentally friendly production can choose the closest producer, i.e., 
minimising the transportation distance. Other customers might prefer the closest delivery time. If local 
manufacturing is not selected by the customer, DC21-BGU selects the producer based on production 
capacity information (as in the PA policy). As shown in Figure 4, once the system receives an order it 
suggests closest and available producer and DC21-BGU selects and confirms the producer. The idea behind 
this use-case is to provide a transparent production management.  
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Figure 3: Work-flow of Use-case #5 (Adapted from DC21-all-UseCase-Diagrams-details document) 
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Figure 4: Work-flow of use-case #21 (adapted from CV D7.4.1) 

2.4 Simulation Models 

Simulation models representing the three producer selection policies were programmed using ARENA 
simulation software. The άtǊƻŘǳŎŜǊΩǎ {ƛȊŜέ όt{ύ model is one of the traditional supply chain producer 
selection policy, which is based on the fit between producer size and order size. In tƘŜ άtǊƻŘǳŎŜǊϥǎ 
!Ǿŀƛƭŀōƛƭƛǘȅέ όt!ύ the model producer selection is based on information sharing capabilities with producers 
regarding their resources availability, while, in ǘƘŜ άtǊƻŘǳŎŜǊϥǎ !Ǿŀƛƭŀōƛƭƛǘȅ-Customer's Preferencesέ (PA-CP) 
the model producer selection incorporates customer inputs about price/environmental preferences, in 
addition to the producer availability information. Two order arrival rates were tested. The Base order 
arrival rate was determined by requiring a 70% usability of shirt suppliers in the PS model. An additional 
άHigh Rateέ was defined as 33% higher than the άBase RateέΦ Inter-arrival times ŦƻǊ ōƻǘƘ άIƛƎƘ wŀǘŜέ ŀƴŘ 
ά.ŀǎŜ wŀǘŜέ are displayed in Table 1. For example, during the day (09:00-21:00)Σ ǘƘŜ ά.ŀǎŜ wŀǘŜέ ƛǎ one 
order per ƘƻǳǊ ǿƘƛƭŜ ǘƘŜ άIƛƎƘ wŀǘŜέ is one order per 45 minutes. Order inter-arrival times are distributed 
exponentially. Order quantities are distributed triangularly, with values described in Table 1.  

The three simulation models start with the arrival of a new order and end with the arrival of the order to 
DC21-BGU centres. In all models, orders are received online 24/7, where each order is for 1-50 shirts of a 
single shirt type. The order arrival rate and order quantity are adapted according to the time of day. Each 
producer has additional production orders from other retailers. Material, located at the shirt producers' 
warehouses, is managed by DC21-BGU and is assumed to be available. Delivery time from a producer to the 
distribution centres is computed assuming an average driving speed of 80km/hour. Since embroidery 
partners are located close to shirt manufacturers, the time to transfer shirt parts between them is 
disregarded. In both PA and PA-CP models if order quantity is less than 10 units, it will not be sent to large 
producers and if order quantity is higher than 40 units, it will not be sent to small producers. In the PA-CP 
model 30% of the customers prefer local producers. Each model was run ten times with each rate (total of 
60 simulation runs). Each simulation run lasted sixteen months where four months were regarded as warm-
up time (warm-up time determination is detailed in Appendix 1d). 
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Time  
Inter-arrival time 
[min] ŦƻǊ ά.ŀǎŜ wŀǘŜέ 
weekday (weekend)  

Inter-arrival time  
[min] ŦƻǊ άIƛƎƘ wŀǘŜέ 
weekday (weekend) 

Quantity 

09:00-
16:00 

60 (240)  45 (180) 

50% of the orders include 1-10 units 
(common value 2) 

50% of the orders include 11-50 units 
(common value 25)  

16:00-
21:00 

60 (120) 45 (90) 
orders include 1-10 units  

(common value 2)  

21:00-
09:00 

120 (240) 90 (180) 
orders include 1-5 units  

(common value 2) 

 Table 1: Order characteristics 

2.5 Analysis  

Two measures were used in order to evaluate the implications of ComVantage-based producer selection 
alternatives: the average manufacturing lead time (LT) and the average daily transportation distance (TD) 
measure. LT is the average time (in hours) elapsed from customer order until order arrival at DC21-BGU 
offices. It measures efficiency of operational performance. TD is the average transportation distance of 
orders per day (in km). It allows assessment of sustainability as well as cost performance aspects. 

The experiment was designed as a repeated measure analysis of variance (ANOVA) with policy (three levels: 
PS, PA, PA-CP) as the within-subject factor and order arrival rate (two levels: Base, High) as the between-
subject factor. The ANOVA was followed by a Bonferroni-corrected post-hoc analysis. The Common 
Random Numbers (CRN) variance reduction technique was applied inducing correlation between the run of 
the models of three policies and facilitating the repeated measure analysis. 

2.6 Results 

All main effects and interaction tested were statistically significant at p¢0.001. For both order arrival rates, 
the PA policy had the lowest average manufacturing lead time (LT), and the smallest difference between 
lead times in the two arrival rates (Figure 2). The PA policy also incurred the highest average daily travel 
distance (TD), as indeed the reduced lead time is achieved by using excess capacity of remote suppliers, 
which are typically larger than local suppliers.  

The PA-CP policy had the highest difference in average LT between the two rates. The average LT of the PA-
CP policy is lower than the average LT of the PS policy in the Base rate but similar in the High rate. The 
average TD of the PA-CP policy is in between the TD of the PA and the PS policies for both rates. The 
increased LT of the PA-CP policy in the High rate is caused since local producers are over-loaded by orders 
of customers that have specifically preferred them. 
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Figure 5: Left: Average daily travel distance (TD). Right: order lead time (LT) 

2.7 Conclusions 
The results show mixed effects of upstream and downstream collaboration on operational performance. 
While upstream collaboration reduced lead time and increased travel distance, downstream collaboration 
showed a negative effect on both aspects. These findings demonstrate the inherent trade-off between 
different performance aspects, which implies that an action should be taken based on managerial priorities 
of efficiency, cost, and the potential benefits of introducing additional flexibility and innovation. It also 
points at the importance of combining organisational practices, such as order transportation management, 
with the introduction of new Information Technology (IT) capabilities. In addition the results show that 
demand volumes have a different effect on the value obtained from collaboration capabilities, implying 
that the value should be considered under specific conditions.  
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3.1 Overview and Research Questions  

K&A-RST-BGU, based in Munich, Germany, is an automation maintenance company specialising in 
maintenance of industrial machines. Maintenance of industrial machines is a complex and cost intensive 
task. It is concerned with providing immediate and efficient service by highly skilled and well trained service 
personnel. In order to increase its competitive advantage, K&A-RST-BGU aims at improving preparation of 
on-site maintenance operations through better identification and assessment of machine faults by 
introducing the ComVantage collaborative platform. ComVantage collaborative platform facilitates access 
to machine data by the maintenance service company personnel using their mobile devices (Figure 6). The 
machine data accessed includes structure, maintenance records, and state. Machine state is represented by 
sensor readings, e.g., temperature and pressure. The mobile access to machine data and available 
diagnostic apps are expected to contribute to reduce maintenance visits (single visit per fault), reduce the 
time it takes to repair the machine, and improve fault identification by less skilled personnel.   

In addition, ComVantage collaborative platform will enable a machine initiated Predictive Scenario. The 
intention of a Predictive Maintenance Scenario is to predict and fix a machine defect before it occurs in 
order to avoid machines to break down. This prediction is done by the Active Machine with the help of the 
component PAMMS (Predictive Active Machine Maintenance Support). It evaluates ǘƘŜ aŀŎƘƛƴŜΩǎ ǎŜƴǎƻǊǎ 
and process data and thus is event driven. By avoiding machine breakdowns, blocking of complete machine 
lines in production is prohibited. 
  

 

Figure 6:  ComVantage enabled collaboration between maintenance stakeholders (adapted from CV D8.1.1) 

In the current study we focus on examining the performance impacts of alternative corrective maintenance 
process enabled by ComVantage ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ǇǊƻǾƛŘŜ ǊŜŀƭ ǘƛƳŜ ŀŎŎŜǎǎ ǘƻ ŎǳǎǘƻƳŜǊǎΩ ƳŀŎƘƛƴŜ data 
(downstream collaboration).  
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We investigate the performance impacts of both remote diagnosis and remote repair capabilities. Since 
machine data is sensitive, safety plays a major role in the implementation, thus access permission errors 
are expected. We thus additionally examine the influence of problems in attaining access permission on 
performance. We also consider the impact of demand characteristics on the process of value creation.  The 
study aims to answer two key questions: (a) How does downstream collaboration affect K&A-RST-BGU 
operational performance? (b) Do demand characteristics influence this relationship?  

3.2 Traditional Supply Chain Description  

K&A-RST-BGU offers maintenance services for grinding and spinning machines. A Grinding Machine (GM) is 
used to sharpen the tools of a punching machine. They sharpen both the die and the puncher by grinding a 
fraction of a millimetre from the surface of the target die or the surface of the puncher until the tools are 
sharp. A Spinning Machine (SM) is used to produce yarns of different strength and colours and on different 
size of spinning wheels. K&A-RST-.D¦Ωǎ maintenance services are based on two main contract types: full 
Service Level Agreement (SLA) and limited SLA. Full SLA includes full warranty of K&A-RST-BGU for both 
parts and work hours. Limited SLA can be realised in either spare-parts warranty (only hours are charged) 
or work-hours warranty (only parts are charged). For the full SLA K&A-RST-BGU is committed to repair a 
fault within 1 business day, while in a limited SLA, the time to repair is up to 3 business days. 

K&A-RST-BGU employs three types of employees: Mobile Maintenance Coordinators (MMCo), Service 
Technicians (SvTn), and Machine Experts (ME). MMCos are in charge of communication and coordination of 
maintenance activities with customers and with SvTns. Each SvTn repairs either GM or SM machine 
according to his/her machine qualifications. SvTn are either shared or dedicated according to their 
assignment to customers. All shared SvTns operate from the Munich office and have a company car by 
which they drive to customer sites. They travel with all the required spare parts. Dedicated SvTns operate 
at their dedicated factory site. MEs are also distinguished according to their machine qualifications (GM or 
SM). They operate from the Munich office, available for phone consultation. The shifts and staffing of all 
employee types are detailed in Appendix 2a. 

K&A-RST-BGU has 15 customers, who have either grinding (GM) or spinning machines (SM).  Customers are 
characterised according to number of serviced machines: small customers (5-10 machines), medium 
customers (20-50 machines), and large customers (more than 100 machines). Large customers have a full 
service contract with K&A-RST-BGU and a dedicated SvTn while medium and small customers can have 
either full or limited SLA, and share SvTns. Customer characteristics are detailed in Appendix 2b  

An overview of the corrective maintenance process work-flow is provided in Figure 7. The MMCo receives a 
service call from medium and small customers over the phone. He/she opens a service request verifying 
ŎǳǎǘƻƳŜǊǎΩ ǎŜǊǾƛŎŜ ƭŜǾŜƭ ŀƴŘ ǊŜŎƻǊŘƛƴƎ ǊŜǇƻǊǘ ŘŜǘŀƛƭǎ. Then the MMCo assigns a SvTn to the task, based on 
distance from customer and SvTn load, and informs the SvTn of the fault's details by email or SMS. Before a 
SvTn drives to an assigned fault he/she computes remaining time to complete the repair and checks 
whether there is sufficient time left before the end of the shift. In case there is not enough time the SvTn 
informs the MMCo via SMS (during office hours) or email (after office hours) and the MMCo re- assigns 
another technician to do the job. 

       Required time = Driving time to customer + Driving time to Munich from customer + 
          Average SvTn analysis time + Average SvTn repair time   

       IF Required time ¢ Shift end time – current time + 2hour THEN Drive to customer, ELSE Inform MMCo  

The assigned SvTn drives to customerΩǎ ǎƛǘŜ and analyses the fault. In case of successful analysis the SvTn 
repairs the machine. If needed, SvTn can stay up to two hours beyond shift hours to complete a task. If the 
analysis is not successful the SvTn calls the ME for consultation. The ME analyses the fault and guides the 
SvTn of how to repair it. Analysis and repair time vary according to fault specifics (Appendix 2c). After the 
SvTn fixes the fault he/she updates the MMCo by SMS (during office hours) or by email (after office hours). 
The MMCo closes the service request in the CRM system and checks if an additional fault has been assigned 
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to the SvTn. If an additional fault has been assigned the SvTn starts treating it. If not the SvTn drives back to 
Munich and waits there for additional assignments.  

 
Figure 7 : As-is Corrective Maintenance work-flow (based on CV-D8.1.1) 

3.3 ComVantage-Based Corrective M aintenance  Process 

ComVantage collaborative capabilities enable an alternative maintenance process, in which SvTns and MEs 
have a mobile ŀŎŎŜǎǎ ǘƻ ŎǳǎǘƻƳŜǊΩǎ ƳŀŎƘƛƴŜ Řŀǘŀ, can perform diagnostics tasks based on machine records 
and sensor readings, and can remotely adjust system parameters. In additional faults can be dynamically 
allocated to SvTns and there is no need for a fixed assignment when the fault report is received. The 
definition of this process is based on the repair scenario described in CV-D8.1.2 (p. 12). 

As in traditional operation (Figure 8), the process starts with a fault report received by the MMCo, who 
initiates a service request. The MMCo updates the service request details in the Linked Data Store (LDS), 
which can be viewed by all SvTns. Available SvTn choose the next assignment using a mobile app 
(assignment algorithm is detailed in Appendix 2d). The assignment is based on averaging two common rules 
related to time and travel distance (Shneor et al., 2006). Time is integrated through remaining time to 
repair based on the contract which is commonly incorporated in modern projects management methods, 
such as theory of constraints (TOC) (Shneor et al., 2002). The time until the end of the shift is taken into 
account to avoid overtime when possible. Once a service request has been assigned to a SvTn, his/her 
details are updated in the system.  

The SvTn starts performing a remote analysis from his/her current location. There are five GM fault types 
and five SM fault types. Analysis durations of each fault type are detailed in Appendix 2c. Analysis times in 
the ComVantage-based case are longer then in the traditional case, but success rates are higher due to the 
availability of additional diagnostic infrastructure, e.g., machine records. The remote analysis is preceded 
by an access permission request. If access is denied (e.g., in case of no internet connection or insufficient 
permission privileges), the SvTn contacts the MMCo who solves the problem and the SvTn can continue 
with the analysis.  

In case of successful analysis and when remote repair is possible, the SvTn repairs the fault from the 
remote site and marks it as repaired in the LDS. Remote fault repair time is identical to on-site repair time. 
When remote repair is not possible, the SvTn checks remaining time similar to traditional operation but 
based only on repair time rather than on both repair and analysis time. In case time is sufficient, the SvTn 
drives to ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ǎƛǘŜ, repairs the fault, and marks it as repaired in the LDS. In case there is not 
enough remaining time, the SvTn marks the fault as ready for repair in the LDS. After finishing handling a 
fault, the SvTn continues to process service requests from the LDS.  If time is not sufficient for any of the 
service requests or there are no more requests, the SvTn drives back to Munich (in case he/she is in a 
remote site). For service requests marked as repaired, the MMCo finalise the service request and sends a 
message to the customer that the machine is working again.  
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In case the problem cannot be solved by the SvTn, he/she allocates the fault to an ME and continues 
processing additional requests from the LDS. The ME can check all the test results previously performed by 
the SvTn. When the ME completes the analysis, he/she updates the analysis results in the LDS. In case a 
remote repair is possible, the ME performs the repair and marks the fault as repaired. If not the service 
request waits for an available SvTn.  

 

Figure 8: ComVantage-based Corrective Maintenance work-flow  

3.4  Simulation Model  

Simulation models, representing three process flow options, were programmed using ARENA simulation 

software. ¢ƘŜ άhƴ-ǎƛǘŜ aŀƛƴǘŜƴŀƴŎŜέ (OM) model is one of the traditional operation models where 

maintenance is done only on-site and technicians are statically allocated to a faultΦ ¢ƘŜ άMobile 

Maintenanceέ όMM) model is a ComVantage enabled Mobile Maintenance scenario with dynamic SvTn 

allocation based on fault status. TƘŜ άaƻōƛƭŜ ƳŀƛƴǘŜƴŀƴŎŜ-tŜǊƳƛǎǎƛƻƴ 9ǊǊƻǊέ όaa-PE) model additionally 

incorporates the possibility of errors in permission requests. Two average fault arrival rates were tested. 

The two fault arrival rates were determined according to MTBF values (Appendix 2c). Each MTBF has high 

and low values. The high value determines the Base arrival rate and the low value determines the High 

arrival rate. Fault inter-arrival time is accordingly defined and is exponentially distributed (Table 2).  
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Fault 
Base inter-arrival  
time [hours] 

High inter-arrival  
time [hours] 

GM1* 3000 3500 

GM3-5,SM1-5 550 700 

Table 2 Fault inter-arrival time 

                                        *GM2 (second warning) occurs 150-200 hours after GM1 

 

As dedicated SvTn are allocated to each of the large customers, both large customers and dedicated SvTns 
were not modelled. Thus, the models included only small and medium customers and shared SvTns. The 
process in the three simulation models starts with the arrival of a new service call to the MMCo and ends 
once a machine is marked as repaired. In all models, machine faults occur weekdays Monday through 
Friday, 6:00AM to 10:00PM. During MMCo working hours they are immediately reported. Faults that occur 
after MMCos working hours are reported the next morning between 8:00 and 9:00. Fault reports are 
treated by the MMCo sequentially according to their incoming time, yet reports of customers with full SLA 
have priority over reports of customers with limited SLA.     

Driving time between customers and to or from Munich is computed assuming an average driving speed of 
80km/hour. Spare-parts are always available in the SvTnsΩ car, therefore any fault detected can be fixed 
within the same visit. The SvTns have a break of 45-75 min during their shift (in the middle of the shift, after 
they finish treating a fault). In the MM-PE model 10% of the permission requests incur errors requiring 
assistance of the MMCo. Each model was run ten times with each rate (total of 60 simulation runs). Each 
simulation run lasted 4 years (48 months) where half a year (six months) was regarded as warm-up time 
(warm-up time determination is detailed in Appendix 2e).  



 

 
D9.3.2 – Simulation Analysis Report 

WP9 –Evaluation of ICT and Business Model 

  

© ComVantage Consortium – 2014  22 

 

3.5 Analysis  

Several measures were used to evaluate the implications of ComVantage-based Mobile Maintenance 
capabilities and the implication of errors in permissions requests.  Mean-Time-To-Repair (MTTR) is related 
to quality of service and to efficiency. Average Monthly travel distance (MTD) allows assessment of 
sustainability and cost performance aspects. Worker utilisation (ME, SvTn, and MMCo) is related to 
efficiency.     

The experiment was designed as a repeated measure analysis of variance (ANOVA) with policy (three levels: 
OM, MM, MM-PE) as the within-subject factor and fault arrival rate (two levels: Base, High) as the 
between-subject factor. The ANOVA was followed by a Bonferroni-corrected post-hoc analysis. The 
Common Random Numbers (CRN) variance reduction technique was applied inducing correlation between 
the three models facilitating the repeated measure analysis. 

3.6 Results 

The schedule compliance (percentage of service calls satisfy contract time commitment) of all models was 
above 98%, thus indeed all models represent valid organisational operational scenarios. All main effects 
and interaction tested were significant at p<0.001, except for ME utilisation for which the utilisation did not 
differ between both mobile models (MM and MM-PE).  

For both fault arrival rates, the Mobile Maintenance models (MM and MM-PE) had significantly lower 
MTTR than the OM model (Figure 9). Indeed permission error increased MTTR in the MM-PE model with 
respect to the MM model, yet this increase is much smaller than the difference between the MTTR for the 
MM and the OM models. In addition the difference between the MTTR for the difference fault arrival rates 
in the mobile models is much smaller than in the OM case.  

The monthly travel distance (MTD) of the Mobile Maintenance models is lower than for the OM model 
(Figure 9). The MTD for the MM-PE is lower than for the MM case. This result can be explained by the 
additional time required for handling the permission errors which is also reflected in the prolonged MTTR in 
MM-PE with respect to MM.  

The MMCo utilisation is similar in the different models, asserting that the collaborative system and 
handling permission error corrections does not load MMCo operation (Figure 10). While average SvTn 
utilisation in the MM model is lower than in the OM case in the MM-PE model the SvTn utilisation is the 
highest, which is a sign of concern regarding the effect of permission errors on SvTn workload. The 
utilisation of the ME in both mobile models is lower than the utilisation of the ME in the OM case. This 
asserts that not only was the ME not burdened by the collaborative system indeed his/her workload has 
been reduced.    
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Figure 9: Left: Average monthly travel distance (MTD). Right: Mean time to repair (MTTR) 

      
  

 

 

 

 

 

 

 

 

 
 

Figure 10: Worker Utilisation 
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3.7 Conclusions 

The results show that using the ComVantage collaborative platform can lead to improved organisational 
performance in terms of efficiency and service quality (MTTR and utilisation) along with reduced cost and 
improved sustainability (MTD). These findings are encouraging as they demonstrate a situation where 
improvement can be gained alongside a cost reduction. Permission errors are of concern as they negatively 
affect system contribution by reducing MTTR and adding to SvTn workload. This points out that investing in 
communication infrastructure (hardware and software) and reducing the rate of permission error events is 
of importance.  Finally results show that while indeed demand volumes effect system operation, the 
collaborative capabilities improve system capability for effectively handling different demand volumes, 
improving system flexibly along the demand dimension.  
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4.1 Overview and Research Questions  

COMAU-BGU is an engineering and commissioning company, located in Torino, Italy. COMAU-BGU builds 
car assembly lines for various car manufacturers and delivers them as turn-key projects. A typical 
production line includes 10-15 stations. Each station in composed of hundreds of devices. The 
commissioning phase of an automotive manufacturing line takes about six months. It includes all the 
activities necessary to setup a line until it can start series production, including mechanical installation, pipe 
and wire, power on, robot setup, I/O test, orchestration, process verification and fine tuning. 

The ComVantage platform enables COMAU-BGU to enhance its collaboration capabilities internally and 
with both customers and manufacturing partners (Figure 11). The improved interaction capabilities with 
customers are realised through clarification of requirements and result analysis. Improved internal 
collaboration facilitates interaction between actors of different specialities within the organisation, e.g., 
mechanical and electrical engineers, and between designers, engineers, and technicians. Additionally the 
ComVantage platform facilitates remote and mobile access to on-site machine data. Improved interaction 
with suppliers enhances rapid procurement of spare parts and assistance of machine experts.  

In the current study we focus on examining the performance impacts of mobile access to machine data 
enabled by ComVantage capabilities (downstream collaboration). Specifically, similar to the Mobile 
Maintenance application area, we investigate the performance impacts of remote diagnosis and remote 
repair capabilities and of flexible fault allocation.  

As in the Mobile Maintenance application area, machine data is sensitive and safety plays a major role in 
the implementation. We examine the influence of authorisation problems on performance. We also 
consider the impact of demand characteristics on the process of value creation. The study aims to answer 
two key questions: (a) How does downstream collaboration affect COMAU-BGU operational performance? 
(b) Do demand characteristics influence this relationship?  
 

 
Figure 11:  ComVantage enabled collaboration in a commissioning scenario (adapted from CV D6.1.1). Standard 

operating procedure (SOP), Object Linking and Embedding for Process Control (OPC) 
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4.2 Simulation Models  

The commissioning scenario deals with repairing faults on a production line during a commissioning phase. 
In this respect the commissioning scenario is very similar to the maintenance scenario. The commissioning 
scenario, like the maintenance scenario, is thus also expected to benefit from downstream collaboration, 
e.g., from mobile access to machine data. Albeit the inherent similarities between these scenarios, there 
are two inherent differences between the scenarios, the rate of incoming fault reports and the simulation 
time scope. 

In a maintenance scenario new fault reports arrive at a stationary distribution, i.e., with an exponential 
inter-arrival time with a constant expectation. In a commissioning scenario, the distribution of the inter-
arrival time of fault reports changes during the commissioning period. At first the rate of in-coming faults is 
high (short inter-arrival times) and this rate decreases during the commissioning until the line works 
continuously producing the products in the contracted production rate.  

In a maintenance scenario, the system operates in its steady state, i.e., as a non-terminating system. 
Accordingly after an initial warm-up time operation is measured for a pre-specified period, e.g., a day or a 
month and averaged for the complete duration of the simulation run, e.g., a year. The duration of the 
simulation run is set taking the warm-up time into account (run time should be considerably larger than 
warm-up time). In a commissioning scenario the system is in a transition phase, thus operation throughout 
this phase is of interest. Such a system is termed a terminating system, and simulation termination is 
dictated by the time at which the last fault report is processed and finalised.  

We embedded a commissioning transition scenario within a maintenance system running in a steady-state 
manner. The commissioning customer issues fault reports with an initial rate that is twice as high as the 
άǊŜƎǳƭŀǊ ǊŀǘŜέ ό.ŀǎŜ ƻǊ IƛƎƘύ of the maintenance system. This rate decreases in a stepwise manner until it 
reaches the regular rate (detailed in Appendix 3). At this point the commissioning customer stops 
generating additional faults. To maintain a similar utilisation rate to the maintenance scenario we 
designated one of the existing customers as the commission customer and removed an additional customer 
of the same size (designated and removed customers are detailed in Appendix 3).  

Simulation models representing three process flow options were programmed using ARENA simulation 
ǎƻŦǘǿŀǊŜΦ ¢ƘŜ άhƴ-site Commissioningέ όhC) model is the traditional operation mode where faults are 
treated only on-site and technicians are statically allocated to a faultΦ ¢ƘŜ άaƻōƛƭŜ Commissioningέ όaC) 
model is one of the ComVantage enabled mobile commissioning scenario with dynamic technician 
allocation based on fault status. Finally ǘƘŜ άaƻōƛƭŜ Commissioning-tŜǊƳƛǎǎƛƻƴ 9ǊǊƻǊέ όaC-PE) additionally 
incorporates regard to the possibility of errors in permission requests (10%). As in the Mobile Maintenance 
application area two average fault arrival rates were tested (Table 2).  

Each model was run ten times with each rate, once with a medium and once with a small GM customer in a 
commissioning phase (total of 120 simulation runs). In both cases the commissioning customers were 
designated with a full SLA. Each simulation run lasted until all commissioning faults were processed and 
marked and fixed. Commissioning faults started after a half a year (six months) which was regarded as 
warm-up time (based on the Mobile Maintenance application area). 

4.3 Analysis  

The main measure used for analysis of the implications of ComVantage-based commissioning capabilities 
and the implication of error in permissions request is the Average Mean-Time-To-Repair (MTTR) of the 
faults from the commissioning customer which is related to quality of service and to efficiency. The number 
of faults and their rate was set a-priori and thus the time to complete treatment of faults is directly related 
to these a-priori set parameters and is thus non-indicative in the current models.  

The results for the small and medium commissioning customers were analysed separately and compared 
qualitatively. The experiment was designed as a repeated measure analysis of variance (ANOVA) with policy 
(three levels: OC, MC, MC-PE) as the within-subject factor and fault arrival rate (two levels: Base, High) as 
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the between-subject factor. The ANOVA was followed by a Bonferroni-corrected post-hoc analysis. The 
Common Random Numbers (CRN) variance reduction technique was applied inducing correlation between 
the three policies and facilitating the repeated measure analysis. 

4.4 Results 

The schedule compliance (percentage of service calls that satisfy contract time commitment) of all models 
was 98% or above, thus indeed all models represent valid organisational operational scenarios. Operation 
policy has a significant effect on MTTR while interactions were not significant. Results are similar for both 
the small and medium customers (Figure 12). For the small customer the difference between the MTTR in 
the two fault arrival rates is smaller for the mobile models than for OC. For the medium customer the 
difference is smaller only for MC model. The higher MTTR values in the small versus the medium 
commissioning customer scenario are due to the specific customer mix in each of the two scenarios.  

For the small custoƳŜǊ aŀǳŎƘƭȅΩǎ ǘŜǎǘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ƻŦ ǎǇƘŜǊƛŎƛǘȅ ǿŀǎ ǾƛƻƭŀǘŜŘ όc
2(2)=14.2, 

p<=0.001) therefore the degrees of freedom were corrected using the Greenhouse-Geisser estimate of  

sphericity (e=0.639). The MTTR for the different models was significantly different (F1.28,23.0=16.8, p<0.001). 
Both mobile models are similar and they have a lower MTTR then OC (p<0.01). MTTR for the low fault 
arrival rate is lower than the MTTR in the high arrival rate (F1,18=9.8, p<0.01).  

{ƛƳƛƭŀǊƭȅ ŦƻǊ ǘƘŜ ƳŜŘƛǳƳ ŎǳǎǘƻƳŜǊ aŀǳŎƘƭȅΩǎ ǘŜǎǘ ŀƭǎƻ ƛƴŘƛŎŀǘŜs that the assumption of sphericity was 

violated (c2(2)=22.1, p<=0.001) therefore the degrees of freedom were corrected using the Greenhouse-

Geisser estimate of  sphericity (e=0.579). The MTTR for the different models is significantly different 
(F1.16,20.8=16.8, p<0.001). Both mobile models are similar and they have a lower MTTR then the OC 
(p<0.001). MTTR for the low fault arrival rate is lower than the MTTR in the high arrival rate (F1,18=924.9, 
p<0.001).  

 

 

 
Figure 12: MTTR Left: Medium commissioning customer. Right: Small commissioning customer  

Small Medium 
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4.5 Conclusions 

The results show that using the ComVantage collaborative platform efficiency and service quality (MTTR) 
can be improved in a commissioning scenario. These findings are encouraging as reducing MTTR is a major 
component in reducing overall commissioning time. Permission errors did not significantly affect MTTR 
reduction. Finally results show that while indeed demand volumes effect system operation, the 
collaborative capabilities improve system capability for effectively handling different  demand, improving 
system flexibly along the demand dimension. This improvement is reduced by the existence of permission 
errors which, as in the Mobile Maintenance application area, points at the importance of reducing the rate 
of such events. 
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5 #/.#,53)/.3 !.$ /54,//+ 
We have examined the effects of organisational and inter-organisational collaboration capabilities 
facilitated by the ComVantage platform, in three application areas: Customer-oriented Production, Mobile 
Maintenance, and Plant Engineering and Commissioning. The overall target of the simulation study was to 
evaluate the operational effects of ComVantage implementation. The targets, of each application area, 
were adapted to the specifics of each scenario. For Customer-oriented Production the simulation target 
was set to evaluate the effects of upstream and downstream collaboration while for Plant Engineering and 
Commissioning and for Mobile Maintenance, the simulation targets were set to evaluate the effect of 
downstream collaboration, and the effects of permission error events. The performance measures were 
defined based on the multi-dimensional metric-set (D9.2.2), focusing on efficiency, quality and 
sustainability aspects with some regard to cost aspects.  

Representative organisations for each application area were defined. The organisation structure and 
processes were established by the BGU team together with the relevant application partners for ensuring 
the validity of the organisational structure and parameters. Basing the simulation on a virtual organisation 
facilitated result generalisation and avoiding difficulties concerning propriety issues that would have been 
encountered when modelling an existing organisation. The simulation study itself was methodologically 
conducted based on the well-established principles of discrete event simulation technique.    

The analysis shows possibilities of major improvement in central process indicators in various operational 
constructs (efficiency, quality, sustainability, and cost).  The study additionally demonstrates the existence 
of trade-offs between different performance aspects (e.g., efficiency and sustainability/cost in the 
Customer-oriented Production application area) on the one hand and the ability of the collaborating 
technology to introduce improvement together with cost reduction (e.g., the reduced MTTR and MTD in 
the Mobile Maintenance application area).  

Demand volumes were found to affect the value obtained from collaboration capabilities, implying that the 
value should be considered under specific conditions. Results also demonstrate that permission errors 
negatively affect the advantages gained from the ComVantage platform. This points out that investing in 
communication infrastructure (hardware and software) and reducing the rate of permission error events is 
of importance.   

Decisions regarding ComVantage capabilities implemented and process choices should be taken based on 
managerial priorities of efficiency, cost, and the potential benefits of introducing additional flexibility and 
innovation. Additionally it is important to combine organisational practices, such as order transportation 
management, with the introduction of new IT capabilities. 

This study employs the DES methodology for investigating performance impacts of emerging e-business 
technologies, using a process-oriented approach. Studying the impact of IT in specific business processes, at 
the same level at which IT is deployed, enables the research to transcend the correlational evidence 
between IT and business value. Therefore, this approach should complement, rather than substitute, the 
common survey-based approaches. We suggest expanding the use of this approach to assess impacts in 
various organisational settings. It can also be used to support decision making about which e-business 
technologies are effective in specific organisational circumstances. 

 

  



 

 
D9.3.2 – Simulation Analysis Report 

WP9 –Evaluation of ICT and Business Model 

  

© ComVantage Consortium – 2014  30 

6 2%&%2%.#%3 
Altmann, W., Hartung, J., Voss, W., Schachner, R.  Haferkorn, F. (2012). D8.1.1 Mobile Maintenance -

Scenario Specification and Refinement.  

Buchmann, R., Münch, T. (2012). D2.1.1 Functional and Technological Requirements.  

Bruce, M., and Daly L., "Innovative process in E-commerce fashion supply chains," in Innovative Quick 
Response Programs in Logistics and Supply Chain Management, ed: Springer, 2010, pp. 227-242. 

Grosso, D., Cultrona, P., Rumiano, G. (2012). D6.1.1 Plant Engineering and Commissioning - Scenario 
Specification and Refinement.  

Levi, M., Naveh, G., Berman, S., Fink, L. (2012). D9.1 Evaluation Framework. Available: 
http://www.comvantage.eu/wp-content/uploads/9.1_Evaluation-Framework.pdf 

Mishra, A. N., Konana, P., Barua, A. (2007). "Antecedents and consequences of internet use in 
procurement: an empirical investigation of US manufacturing firms," Information Systems 
Research, vol. 18 pp. 103-120. 

Raphaeli, O., Naveh, G., Levi, M., Berman, S., Fink, L. (2012a). D9.2.1 Multidimensional Metrics Set. 
Available: http://www.comvantage.eu/wp-content/uploads/D9.2.1_Multidimensional-Metrics-
Set.pdf 

Raphaeli, O., Naveh, G., Berman, S., Fink, L. (2012b). D9.2.2 Multidimensional Metrics Set. Available: 
http://www.comvantage.eu/wp-content/uploads/D9.2.2_Multidimensional-Metric-Set.pdf 

Raphaeli, O., Berman, S., (2013a). D9.3.1 Simulation Analysis Report. Available: 
http://www.comvantage.eu/wp-content/uploads/D9.3.1_Simulation-Analysis-Report.pdf 

Raphaeli, O., Rosenfeld, L., and Berman, S. (2013b). Assessing the Business Value of E-business: A 
Simulation Study of the Organisational Impacts of a Collaborative Manufacturing Network, Pre-ICIS 
Conference OASIS Workshop, Milan, Italy, December 14. 

Shneor R., Berman S., Edan Y., 2006. Fuzzy Dispatching of Automated Guided Vehicles, A. Abraham, B. De 
Baets, M. Koppen - Applied Soft Computing Technologies: The Challenge of Complexity, Springer: 
Germany, 34:749-760 

{ƘƴŜƻǊΣ wΦΣ !ǾǊŀƘŀƳΣ wΦΣ !ƳŀǊΣ {ΦΣ ŀƴŘ {ƘƛǘǊƛǘΣ ¸ΦΣ нллнΣ άLƳǇƭŜƳŜƴǘƛƴƎ ǇǊƻƧŜŎǘ Ƴŀƴagement according to 
¢h/ ƛƴ ŀŜǊƛŀƭ ƳŀƛƴǘŜƴŀƴŎŜ ǳƴƛǘέΣ tǊƻŎΦ ƻŦ ǘƘŜ мнǘƘ LƴŘǳǎǘǊƛŀƭ ŀƴŘ aŀƴŀƎŜƳŜƴǘ bŀǘƛƻƴŀƭ /ƻƴŦΦΣ ¢Ŝƭ-
Aviv, Israel. 

Weber, C., Jarz, S., Narat, M., Münch, T. (2012). D7.1.1 Customer-Oriented Production - Scenario 
Specification and Refinement.  

 

 

 

 

 

 

 

 

  

http://www.comvantage.eu/wp-content/uploads/9.1_Evaluation-Framework.pdf
http://www.comvantage.eu/wp-content/uploads/D9.2.1_Multidimensional-Metrics-Set.pdf
http://www.comvantage.eu/wp-content/uploads/D9.2.1_Multidimensional-Metrics-Set.pdf
http://www.comvantage.eu/wp-content/uploads/D9.2.2_Multidimensional-Metric-Set.pdf
http://www.comvantage.eu/wp-content/uploads/D9.3.1_Simulation-Analysis-Report.pdf


 

 
D9.3.2 – Simulation Analysis Report 

WP9 –Evaluation of ICT and Business Model 

  

© ComVantage Consortium – 2014  31 
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Appendix 1a Design Options  

Table 3 describes the design options and the probability for each design option, which is based on DC21-
BGU historical sale records.  According to these sale records, 90% of the ordered shirts included 
embroidery. 

Design 
component 

Design 
option 

Design option description 
Probability of a design 
option  

Textile T1 Cotton 100% 30% 

 T2 Cotton 80% 30% 

 T3 Cotton 60% 40% 

Cutting C1 Business Shirt Bad Boy, long-sleeve 40% 

 C2 Business Shirt Bad Boy, short sleeve 20% 

 C3 Business Shirt Good Boy 20% 

 C4 T-Shirt 20% 

Sewing S1 short piping 40% 

 S2 long piping 60% 

Embroidery E1 Dresscode21 Shirt 10% 

 E2 Individual small, one colour 20% 

 E3 Individual big, one colour 20% 

 E4 Individual small, multi-coloured 10% 

 E5 Individual big, multi-coloured 40% 

Zipper Z1 Long, red 25% 

 Z2 Short, red 25% 

 Z3 Long, black 25% 

 Z4 Short, black 25% 

Table 3: Shirt design options 

Appendix 1b Supplier Details  
DC21-BGU has relations with twenty shirt producers and twenty embroideries. All partners work five days a 
week, 9:00-17:00. Shirt producers are classified according to their capacity as: small, medium, and large. 
Embroideries are located next to each shirt producer. Table 4 details supplier locations.  

Name Capacity Location Distance from Graz Distance from Ptuj 

S1 Small Graz, Austria 10 98 

S2 Small Graz, Austria 8 100 

S3 Small Graz, Austria 12 94 

S4 Small Ptuj, Slovenia 97 11 

S5 Small Ptuj, Slovenia 98 8 

S6 Small Ptuj, Slovenia 99 9 

S7 Small Leibnitz, Austria 38 66 

S8 Small Maribor, Slovenia 69 30 

S9 Medium Maribor, Slovenia 70 32 
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S10 Medium Maribor, Slovenia 68 35 

S11 Medium Zagreb, Croatia 188 98 

S12 Medium Zagreb, Croatia 185 100 

S13 Medium Ljubljana, Slovenia 195 140 

S14 Medium Ljubljana, Slovenia 197 138 

S15 Medium Ljubljana, Slovenia 200 130 

S16 Large Vienna, Austria 200 288 

S17 Large Trieste, Italy 295 240 

S18 Large Trieste, Italy 300 235 

S19 Large Bratislava, Slovakia 265 353 

S20 Large Bratislava, Slovakia 267 350 

Table 4: Shirt producers' characteristics 

All shirt producers employ cutting and sawing workers. Medium and large shirt producers employ fork-lift 
operators who are in charge of bringing textile from storage and sending orders to transport. Embroidery 
partners employ embroidery workers. 

The number of workers in shirt producers and embroideries are presented in Table 5. The inventory 
(including textile and zippers) is managed by DC21-BGU and located at shirt producers' warehouses. Times 
of all production activities are distributed triangularly (cutting, embroidery and sewing). Setup times are 
distributed uniformly.  

Partner Details 
Time 
distribution 

 

Small  
partner 

Medium 
partner 

Large  
partner 

Shirt 
producer 

Cutting workers  1 3 10 

Sawing workers  1 5 15 

Fork lift operators  0 1 2 

Bringing textile from storage 
[min] 

Uniform  15- 20 7-11 7- 11 

Cut setup per design [min] Uniform  15-30 5-20 5-20 

Cutting time per shirt [min] Triangular  10,15,20  2,7,10 2,7,10 

Sewing setup per design [min] Uniform 10-25 5-12 5-12 

Sewing time per shirt [min] Triangular  10,15,28 10, 17, 25 10, 17, 25 

Sending to transport [min] Uniform 10-12 5-6 5-6 

Embroidery 
Embroidery workers  1 4 12 

Embroidery per shirt [min] Triangular 10, 17, 30  7,15,25  7,15,25 

Table 5: Shirt producer operations' characteristics 

Appendix 1c Order Processing  

Orders are processed by 1-2 dispatchers at DC21-BGU distribution centres (Graz ς 2 dispatchers, Ptuj ς 1 
dispatcher). Office working hours are five days a week, 9:00-17:00. The dispatchers handle orders in a First-
In-First-Out (FIFO) manner, each order is initially processed for 10-25 minutes (common value 20 minutes). 
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tǊƻŎŜǎǎƛƴƎ ŀƴ ƻǊŘŜǊ ƛƴŎƭǳŘŜǎ ƻǊŘŜǊΩǎ ǾŀƭƛŘƛǘȅ ŎƘŜŎƪΣ ƳŀǘŜǊƛŀƭ ŀǾŀƛƭŀōƛƭƛǘȅ ŎƘŜŎƪ, and selection of shirt 
producer. The dispatchers perform a follow-up activity 3-4 days after the initial process. The activity takes 
5-15 minutes (common value 12 minutes).  

In both alternatives, the use of ComVantage platform shortens ǘƘŜ ŘƛǎǇŀǘŎƘŜǊǎΩ initial order process 
duration to 10-15 minutes (common value 12 minutes), compared to 10-25 minutes without ComVantage 
platform (PS policy). Moreover, the follow up time is reduced to 3-8 minutes (common value 4 minutes). 

Appendix 1d  Warm -up Time  

The warm-up time was graphically determined based on worker utilisation.  The utilisations examined was 
of dispatching workers at the two dispatching centres (Graz and Ptuj) (Figure 13) and of cutting, sewing, 
and embroidery workers in small, medium, and large producers. Worker utilisation for the small producers 
is depicted in Figure 14. Similar results were obtained for the medium and large producers. The warm-up 
time was determined by the utilisation of dispatchers as the utilisation of factory workers converged much 
faster. Based on the graphs a warm-up time of 4 months (2880 hours) was established and accordingly a 
total run time of 16 months, simulating 4 months of warm up and a year of production.  
 

 
Figure 13 Utilisation of dispatching workers at the two dispatching centres (Graz and Ptuj) 

 



 

 
D9.3.2 – Simulation Analysis Report 

WP9 –Evaluation of ICT and Business Model 

  

© ComVantage Consortium – 2014  34 

 
Figure 14 Utilisation of workers in small producers 
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!ÐÐÅÎÄÉØ ς -ÏÂÉÌÅ -ÁÉÎÔÅÎÁÎÃÅ  

Appendix 2a Staffing and Shifts 

All K&A-RST-BGU personal work 5 days a week. MMCos work regular office hours (08.00-18.00). SvTns and 

MEs work in two shifts: morning (06.00-15.00) and afternoon (14.00-23.00), i.e., 9 hours with 1 hour break. 

The break time is distributed uniformly (45, 75 min). Table 6 describes the current staffing. 

 

MMCos Shared SvTn per shift ME per shift 

3 2 SM and 2 GM 1 SM, 1 GM 
Table 6: K&A-RST-BGU staff  

Appendix 2b  Customer Characteristics  
Customer characteristics are described in Table 7. All K&A-RST-BGU customers work 5 days a week in two 
working shifts: morning (06:00-15:00) and afternoon (14:00-23:00).  

Name Location 
Distance 
from 
Munich  

Machine 
type 

Customer size 
Number of 
machines Contract type  

C1 Ingolstadt 80 Grinding Medium 28 Full service 

C2 Munich 25 Grinding Small 7 Full service  

C3 Ingolstadt 80 Spinning Small 6 Full service  

C4 Nuremberg 170 Spinning Medium 46 Limited service 

C5 Ulm 150 Grinding Medium 33 Full service  

C6 Füssen 130 Spinning Medium 31 Full service  

C7 Munich 25 Spinning  Small 7 Limited service 

C8 Ulm 150 Grinding Medium 44 Full service 

C9 Nuremberg 170 Grinding Small 8 Full service  

C10 Füssen 130 Spinning Small 10 Full service  

C11 Ingolstadt 80 Grinding Small 6 Limited service  

C12 Füssen 130 Spinning Small 5 Full service  

C13 Nuremberg 170 Spinning Medium 20 Limited service  

C14 Nuremberg 170 Grinding Small 7 Full service  

C15 Ulm 150 Grinding Medium 22 Full service  

Table 7: K&A-RST-BGU customers 
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Appendix  2c Fault Types 

There are ten fault types that can be reported, five per each machine type (GM, SM). Fault characteristics in both the traditional process and ComVantage-
based process alternatives are described in Table 8.  

Fault  

ID 

Report 
description 

MTBF 
[hour]  

 

As ςis analysis 

Time  [Min] (min, 
frequent, max) 
Success rate [%] 

To-be analysis time 
(min, frequent, 
max) [minute],  
success [%] 

Possible faults and 
their probability [%] 

Fixing procedure and time 
(min, frequent, max) 
[minute] 

Can be 
fixed 
from 
distance? 

GM1 

Control display 
indicates: "Wheel 
life 10% 
remaining"   

 

3000-3500 

 

SvTn: [5,17,20], 90% 

ME: [7,12,15] 

SvTn: [15,22,30], 
100% 

ME: [12,15,20] 

Indicator correct ς 80 
Alert line operator to expect 

GM2  [5,7,10] 

Yes  

 
Indicator fault ς 20 

Clean and reset indicator 
system [20,32,40] 

No 

GM2 

Control display 
indicates "Wheel 
life 5%  
remaining"   

150 ς 200 
after GM1 

 

SvTn: [5,17,20], 
100% 

SvTn: [15,22,30], 
100% 

Indicator correct wheel 
must be replaced. Can 
only come after GM1 ς 
correct indication 

Change wheel [20,30,40] 

No 

GM3 

Control display 
indicates 
"Grinding table 
cannot move"  

500-1250  

SvTn: [20,40,45], 
75% 

ME: [25,32,35] 

SvTn: [30,40,55], 
90% 

ME: [30,35,40] 

Grinding table motor 
fault - 20 

Replace damaged motor 
[40,75,80] 

No 

 
Home sensor fault ς 30 

Replace home sensor 
[20,35,40] 

No 

 Torque parameter un-
calibrated ς 50 

Adjust torque parameters 
[10,18,20] 

Yes 

GM4 

Control display 
indicates: 
"Grinder door 
open"  

500-1250  

SvTn: [20,40,45], 
75% 

ME: [25,32,35] 

SvTn: [30,40,55], 

90% 

ME: [30,35,40] 

Door valve fault ς 20 
Replace damaged valve 
[40,75,80] 

No 

 
Door sensor fault ς 30 

Replace door sensor 
[20,35,40] 

No 
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Fault  

ID 

Report 
description 

MTBF 
[hour]  

 

As ςis analysis 

Time  [Min] (min, 
frequent, max) 
Success rate [%] 

To-be analysis time 
(min, frequent, 
max) [minute],  
success [%] 

Possible faults and 
their probability [%] 

Fixing procedure and time 
(min, frequent, max) 
[minute] 

Can be 
fixed 
from 
distance? 

 Air pressure filter fault 
ς 50 

Replace filter [10,18,20] 
No 

GM5 

Control display 
indicates 
"Grinding Table 
home not set"  

500-1250  

SvTn: [20,40,45], 
75% 

ME: [25,32,35] 

SvTn: [30,40,55], 
90% 

ME: [30,35,40] 

Home sensor fault ς 40  
Replace home sensor 

[20,38,40] 

No 

 Home parameters 
require tuning - 60 

Tune home parameters 
[10,18,20] 

Yes 

SM1 

Repeated 
occurrence of 
error message: 
"Positioning not 
OK"  

500-1250  

SvTn: [10,22,25], 
85% 

ME: [7,12,15] 

SvTn: [25,35,40], 
95% 

ME: [12,15,20] 

Positioning motor fault 
ς 60  

Replace motor [20, 70, 80] 

No 

 Sensor fault ς 20 Replace sensor [20, 35, 40] No 

 Jammed component ς 
20 

Reset system [5,9,10] 
Yes 

SM2 

Repeated 
occurrence of 
error message: 
"Yarn not found" 

500-1250  

SvTn: [10,22,25], 
85% 

ME: [7,12,15] 

SvTn: [25,35,40], 
95% 

ME: [12,15,20] 

Yarn transfer system 
fault ς 30 

Replace components [20, 
70,80] 

No 

 Sensor fault ς 30 Replace sensor [20, 35, 40] No 

 Dirt on sensor shield - 
40 

Clean shield [10, 17, 20] 
No 

SM3 

Repeated 
occurrence of 
error message: 
"Starting yarn is 
bad" 

500-1250  

SvTn: [10,22,25], 
85% 

ME: [7,12,15] 

SvTn: [15,25,30], 
95% 

ME: [12,15,20] 

Yarn transfer system 
fault ς 30 

Replace components [20, 
70,80] 

No 

 Sensor fault ς 30 Replace sensor [20, 35, 40] No 

 System parameters Tune parameters [10,18,20] Yes 
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Fault  

ID 

Report 
description 

MTBF 
[hour]  

 

As ςis analysis 

Time  [Min] (min, 
frequent, max) 
Success rate [%] 

To-be analysis time 
(min, frequent, 
max) [minute],  
success [%] 

Possible faults and 
their probability [%] 

Fixing procedure and time 
(min, frequent, max) 
[minute] 

Can be 
fixed 
from 
distance? 

require turning ς 40  

SM4 

Repeated 
occurrence of 
error message: 
"Yarn is broken" 

500-1250  

SvTn: [10,22,25], 
85% 

ME: [7,12,15] 

SvTn: [15,25,30], 
95% 

ME: [12,15,20] 

Yarn transfer system 
fault ς70 

Replace components [20, 
70,80] 

No 

 
Sensor fault ς 30 Replace sensor [20, 35, 40] 

No 

SM5 

Repeated 
occurrence of 
error message: 
"Starting yarn is 
broken" 

500-1250  

SvTn: [10,22,25], 
85% 

ME: [7,12,15] 

SvTn: [15,25,30], 
95% 

ME: [12,15,20] 

Yarn transfer system 
fault ς 30 

Replace components [20, 
70,80] 

No 

 Sensor fault ς 30 Replace sensor [20, 35, 40] No 

 System parameters 
require turning ς 40  

Tune parameters [10,18,20] 
Yes 

Table 8: Grinding and spinning machine faults 

 

Additional process times -  

MMCo opens a service request U(15-20) min.  

MMCo assigns a SvTn to the task U(10-20) min.  

SvTn informs the MMCo by phone there is not enough time the SvTn U(5-10) min. 

MMCo re- assigns another technician to do a job (10-15) min. 

SvTn updates the MMCo by phone to close the service request in the CRM system U(10-15) min.  

ME analyses the fault and guides the SvTn (15-45) min.  

MMCo fixes a permission problem Triangular (1, 5, 20)   
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Appendix 2d Assignment Algorithm  

The SvTn assignment algorithm, described in Figure 15, is used while assigning SvTn to a new maintenance 
task in the ComVantage-based corrective maintenance process alternative: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: SvTn task assignment algorithm 

 

  

T_duemax=maximum service interval according to contract 

T_travelmax=Maximum travel time 

Vmax=maximum velocity (80km/H) 

T_overmax=curtseys overtime (2 hour) 

Procedure [Task]=Select request(ServiceList) 

Begin 

For i=1:Length(ServiceList) 

 ServiceRequest=ServiceList[i]; 

  NewList[i].T_D=distance(Current location, ServiceRequest.Location)/Vmax 

  NewList[i].T_finish=NewList[i].T_D+ ServiceRequest. TaskEstimateTime*) 

  NewList[i].Mark=NewList[i].T_D/T_travelmax+(ServiceRequest.Tdue-Tnow)/T_duemax 

Endfor 

Sort Ascending(NewList by T_finish) 

T_Thresh=(TEndShift-Tnow)+T_overmax 

Icut=Max{i |T_finish[i]<T_Tresh} 

{ƻǊǘ !ǎŎŜƴŘƛƴƎόbŜǿ[ƛǎǘώƛҐмΧLcut] by Mark) 

 Task=NewList[1] 

End 

*  TaskEstimeTime (for each service request)=Most Probable value for analyzing fault +  Most Probable value for fixing 
fault 
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Appendix 2e  Warm -up Time  

The warm-up time was graphically determined based on worker utilisation.  The utilisation examined was 
of SvTn, ME, and MMCo workers (Figure 16). The warm-up time was determined by the utilisation of SvTn 
that was slowest to converge. Based on the graphs a warm-up time of 6 months (2880 hours) was 
established and accordingly a total run time of 48 months, simulating 6 months of warm up and 3.5 years of 
maintenance. 

 

 
Figure 16 Utilisation of SvTn, ME, and MMCo workers 
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!ÐÐÅÎÄÉØ σ 0ÌÁÎÔ %ÎÇÉÎÅÅÒÉÎÇ ÁÎÄ #ÏÍÍÉÓÓÉÏÎÉÎÇ  
The fault inter-arrival time for the commissioning customer is distributed exponentially. The initial value of 
the mean inter-ŀǊǊƛǾŀƭ ǘƛƳŜ ƛǎ ǘǿƛŎŜ ǘƘŜ άǊŜƎǳƭŀǊ ƳŜŀƴ ƛƴǘŜǊ-ŀǊǊƛǾŀƭ ǘƛƳŜέ όǘƘŜ .ŀǎŜ ƻǊ ǘƘŜ IƛƎƘ ŀǎ ŘŜǘŀƛƭŜŘ 
in Table 2). The mean inter-arrival time increases (rate decreases) in a stepwise manner until it reaches the 
regular mean inter-arrival time.  There are 10 steps, one every 72 hours (Figure 17).  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Run Name Location 
Distance 
from 
Munich  

Machine 
type 

Number 
of 
machines 

Contract type  

Small 
C9 Nuremberg 170 Grinding 8 

Commissioning 
customer 

C2 Munich 25 Grinding 7 Removed 

Medium 
C5 Ulm 150 Grinding 33 

Commissioning 
customer 

C8 Ulm 150 Grinding 44 Removed 

Table 9: Removed or re-designated as commissioning customers (with respect to Table 7) 
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Figure 17 Mean inter-arrival time of the commissioning customer 
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