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ABSTRACT

With the rise of Internet of Things (IoT), the Digital Twin concept is creating real-world impact and driving positive 
business outcomes. While the proposition of implementing such technology is attractive, challenges arise due to 
the nature of Digital Twin, which involves cross domain and expertise partnerships. This white paper discusses the 
strategy of implementing Digital Twin as part of an overall digital transformation.

INTRODUCTION

The Digital Twin concept has been practiced by NASA since the 1960s to remotely monitor and simulate their 
spacecraft. On April 11, 1970, Apollo 13 was launched to land on the Moon, but the mission was aborted after two 
days due to the failure of an oxygen tank in the service module. The twin model of Apollo 13 allowed engineers 
to simulate possible solutions and solve technical issues even when the spacecraft was 200,000 miles away to 
ensure that the crew could land safely back on Earth. This incident shows why a Digital Twin is necessary.1 However, 
for most applications, the Digital Twin concept only took off recently due to the rise of IoT and the availability of 
increasing computational power. 

Digital Twin has been deployed to transform Formula One car racing, where real-time data is collected from the 
car every thousandth of a second, and every decision is critical to winning the race. Engineers are informed of the 
remaining useful lifetime of each crucial component through a combination of mathematical models, component 
specifications, and real-time data collected during the race. With the deployment of Digital Twin, racing car 
performance has greatly improved in terms of safety, reliability, and capability. Whatever the application, the value 
Digital Twin can deliver is the same. For this, high-performance computing infrastructure is crucial to unlock the 
potential of Digital Twin implementation. 

A Digital Twin is a virtual copy of a physical asset that incorporates real-time data captured via sensors. By 
integrating a multiphysics simulation model, IoT and machine learning, a Digital Twin can enhance the product from 
design to manufacturing and servicing. Digital Twin can be scaled from a single asset to a combination of assets 
within a system. There are four types of Digital Twin:

• Component Twin

 – This is the most fundamental twin where a virtual copy of an asset component allows engineers to study the 
characteristics affecting overall performance and functionality. An example of a Component Twin might be a 
rotor, a stator, or bearing of an electric motor. Multiple Component Twins can be examined individually or in 
combination as an Asset Twin. 

• Asset Twin

 – An Asset Twin allows engineers to observe the performance of individual components and their interaction under 
various operating conditions. An example of an Asset Twin might be the electric motor incorporating the rotor, 
stator, and bearing Component Twins.

• System Twin

 – A combination of Asset Twins forms a complex System Twin, which provides a much greater overview of 
operations. An example of this is the engine control module of an automotive vehicle that governs a wide range 
of individual assets.

• Process Twin

 – An entire production facility can be represented by a Process Twin. This enables monitoring and optimizing of the 
overall processes and workflows within the production facility. 
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From the various types of Digital Twin, people of different roles within an industry can extract relevant insights for their 
respective areas of interest. To fully uncover the optimum potential of the organization, components as small as a bolt 
and nut and processes as complex as the entire production facility operation are equally important to be modelled.

PRACTICAL DIGITAL TWIN APPLICATIONS IN THE DIGITAL FACTORY 

The capabilities of Digital Twin in bridging the physical and digital worlds to form a cyberphysical system provides 
visibility and accessibility for all levels of personnel in an organization, from operators and technicians to engineers, 
managers, and executives. There are many potential Digital Twin applications in the Digital Factory, which are yet to 
be explored. Some common applications are shared in this section. 

Product design and prototyping
Through engineering simulations using sensor data from physical products during the product design phase, design 
engineers are able to improve and optimize a design based on actual environmental conditions. Insights extracted through 
behavioral analysis on mechanical, thermal, and electrical simulations enable the engineers to model a realistic virtual 
prototype before building the physical prototype. This encourages them to be innovative in product design while saving 
time and money during the design phase. An optimized and reliable design can then be used to produce the final product.

System integration
Similar to the concept of product prototyping by experimenting with changes on the twin model, full system integration 
can be simulated with real-world environment and operating condition data before the system is actually commissioned.

Troubleshooting and diagnostics
One of the most important Digital Twin applications is system troubleshooting and diagnostics. This can now be 
carried out more efficiently by applying what-if scenarios to the simulation. These scenarios use real-time operational 
data to allow solutions to be developed on the virtual asset before being applied to the physical asset. 

Predictive and proactive maintenance 
Predictive models can be developed using historical data before being implemented in combination with simulation 
models on real-time sensor data. These then enable operators and technicians to predict and diagnose the failure before 
it actually happens. This process eliminates reactive maintenance, which involves the penalties of unplanned downtime.

Process optimization
Digital Twin provides visibility on the overall process to identify bottlenecks and reveal process improvements to 
increase productivity and improve yields. 

Advanced services provision
Through value-added, customer-facing Digital Twin models, customer support and field service can be integrated to 
provide a tailored service to the customer. Any customization can firstly be tested and optimized on the Twin model 
before being applied to the actual product. 
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Virtual sensing
By incorporating Digital Twin and predictive model, virtual sensing can be achieved when actual critical sensors are 
impossible to be added due to physical limitations. 

SIMULATION-BASED DIGITAL TWIN

The implementation of a simulation-based Digital Twin is made up of three main components as illustrated in Figure 2:

• IoT implementation with analytics capability on the actual assets

• Creation of a twin model

• Behavioral models for the twin model
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The three main components in designing and implementing a twin model:

1. Physical process—Configuration or condition of the system 

a. The condition of a system considers the past and current state from data records, which reflect changes in the 
system. These data records can be captured through sensors or scheduled inspections. The measurement 
from sensors can be classified into two types: operational data of the physical asset and environmental data 
influencing its performance. 

2. Digital Twin—A digital representation of the system

a. This is usually represented in a 3D model form that closely resembles the system structure. System 
specifications or ontologies are used to describe the system architecture including its components and 
interfaces.

3. Simulation models—Behavioral analysis

a. Behavioral analysis of the model describes the dynamic response of the system, such as the structural response 
to load, degradation, or damage. It also shows the interactions between the components and the operation of 
the overall system.



DIGITAL TWIN IMPLEMENTATION

With the right tools and application, Digital Twin can serve both short- and long-term objectives. The high-level 
system architecture is illustrated in Figure 3 and described as follows:

• Sensors installed on the motorbike send data, which is then tapped through IoT gateway to the ThingWorx IoT platform.

• Kepware (also known as ThingWorx Industrial Connectivity) is hosted on an HPE Edgeline EL300 Converged Edge 
system. This connects and manages all the operational technology (OT) systems.

• A condition-monitoring user interface is built using ThingWorx to monitor the bike’s real-time data alongside its 
operational data. 

• Predictive analytic models are contained in the HPE Edgeline EL1000 Converged Edge system connected to ThingWorx. 
Developed with the use of historical data, these models now conduct real-time prediction based on the real-time data.

• The multiphysics model simulations run on the HPE Apollo 2000 system.

• Then, the reduced order models (ROMs) are exported and connected in Ansys Twin Builder as a System Twin.

• Final validated twin model is exported to HPE Edgeline EL1000 Converged Edge system for deployment.

Business white paper Page 6

FIGURE 3. Digital Twin implementation

The same setup from Figure 3 can achieve all the Digital Twin applications: product design optimization, process and 
parameters optimization, predictive maintenance, troubleshooting, and diagnostics, as well as virtual sensing.

By using Ansys, the engineering simulation platform, simulation models for various components of the motorbike 
such as the radiator, engine, shock absorbers, and others are created and simulated with their behavioral profile. 
The engine and radiator model can be upscaled into a more complex simulation model such as a System Twin, for 
example, it consists of the transmission system, braking system, cooling system, and so forth. These simulation 
models will go into a few rounds of validation against the physical asset to help minimize the deviation between the 
models and the actual motorbike. With the computing power of the HPE Apollo 2000 system, complex simulations 
and modelling are handled efficiently. 

A validated model is exported as an ROM. An ROM is simplification of a high-fidelity and complex model by 
capturing the behavior of the source model. As the system grows to a complex model, it allows engineers to study 
the dominant effect of a system using minimal computational resources and shorter time. The generated ROM 
can be used in Ansys Twin Builder. Twin Builder is a platform of multiphysics domain components including fluids, 
structures, electronics, semiconductors, and embedded software integrated into one system.
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Figure 4 shows how each ROM component in the cooling system of a motorbike is connected and simulated as a 
system in Ansys Twin Builder. The radiator fan is modeled and simulated in Ansys Fluent. The model uses fan speed 
as its input to calculate the air mass flow rate, which then is used as an input to the radiator. The coolant temperature 
and motorbike speed are also input to the radiator ROM. The radiator ROM then calculates how much heat is taken 
from the coolant at defined air and coolant flow rates. The heat transfer to the radiator structure is simulated on 
Ansys Mechanical to observe the thermal stress and deformation effects. The coolant temperature is raised again 
after passing through the engine ROM. This system is capable of simulating, validating, and optimizing in a near 
real-time manner with high fidelity 3D results from Ansys multiphysics solutions. 

The interaction between the Component Twins in Ansys Twin Builder are validated through behavioral analysis. The 
final model is exported and deployed in HPE Edgeline EL1000 as a real-time twin model to capture the real-time 
sensor data and help resolve any deviation from the optimal conditions predicted by the analytics model. This 
creates a closed-loop system between the physical asset and the twin model. For any new issues encountered, 
troubleshooting and diagnostic steps are attempted on the twin replica before being applied to the actual motorbike. 

One of the crucial advantages of Ansys Twin Builder in this Digital Twin implementation is its ability to connect to 
the ThingWorx IoT platform, which facilitates the connection between real-time data and the twin model. As such, 
twin models are able to capture operational and environmental data directly from the physical asset. The Ansys Twin 
Builder, the Ansys multiphysics solutions, and the industrial IoT (IIoT) platform on HPE high-performance systems 
cooperate seamlessly to provide a simulation-based Digital Twin. As shown in Figure 3, HPE high-performance 
systems are implemented in the edge as well as the core of this Digital Twin implementation.

THE “EDGE-TO-CORE” DIGITAL TWIN 

Digital Twin is perfect realization of edge-to-core architecture. The modeling is executed at the core and at the 
data center while the deployment is executed at the edge, closer to the actual asset. 

The edge
The edge is the place where the assets that are being monitored reside. It is away from the data center or the cloud. 
Factories, oil rigs, remote offices, airports, power substations are typical examples of an edge location. The ability 
to rapidly and efficiently capture, analyze, and act on this data enables organizations to help optimize operations, 
redefine employee experiences, improve customer satisfaction, and differentiate business models.
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FIGURE 4. Twin Builder modeling



Rooted in the industry standards that allowed the data center to flourish—virtualization, 
automation, security, CI/CD—HPE Edgeline Converged Edge systems deliver 
Digital-Twin-ready systems explicitly designed for edge deployments. HPE Converged Edge 
systems are designed to solve several key challenges associated with Digital Twin:

• Ingesting and analyzing data at the edge are disruptive innovations that reduce cost. 

• HPE Edgeline servers are connected to the asset throughout its lifecycle, gathering and 
converting huge amounts of data into valuable insights.

• HPE Edgeline provides faster time to action analyzing data in real time, thereby avoiding 
downtime and reducing impact.

• Security and easy manageability are embedded in HPE Edgeline products.

These high-performance, high-precision data acquisition and control machines are able to 
operate in extreme conditions—bringing robust computing power, high-capacity storage, 
and integrated networking in an edge-ready form factor to remote locations. HPE Edgeline 
Converged Edge systems are the ideal choice for customers that demand enterprise-class IT 
analytics performance integrated with OT data acquisition and control systems and remote 
systems management. There are three unique models, depending on your requirements.

HPE Edgeline EL1000 Converged Edge system
Compact, ruggedized form factor with converged OT and IT is designed to meet customer 
requirements for wireless and wired connectivity and high-performance analytics. 

HPE Edgeline EL4000 Converged Edge system
Featuring converged OT and IT, this rackable, 1U, ruggedized form factor is designed for 
highly available (multinode) and high-performance enterprise compute environments.

HPE Edgeline EL8000 Converged Edge system
Featuring the HPE ProLiant e910 server blade and HPE Edgeline Chassis Manager, it has a 
flexible and modular architecture to scale and deliver data center compute capacities and 
technology directly to where data is created in the world. 

HPE Edgeline EL300 Converged Edge system
It features ultra-compact and ruggedized converged OT and IT system with edge-ready 
remote management and wireless connectivity.

The core
HPE High Performance Computing (HPC) platforms are able to tackle infrastructure 
challenges that require the fusion of modelling and simulation workloads with analytics, 
artificial intelligence (AI), and the IoT to create a single business-critical workflow. Today’s 
HPC systems must be able to handle these massive and converged workloads leading to 
a supercomputing sea change. With the imperative to navigate increasingly diverse and 
complex workloads, the next generation of supercomputers will be differentiated by exascale 
performance, data-centric workloads, and diversification of processor architectures.

HPE Apollo 2000 Gen10 system is a dense, multiserver platform that packs incredible 
performance and workload flexibility into a small data center space while delivering 
the efficiencies of a shared infrastructure. It is designed to provide a bridge to scale 
out architecture for traditional data centers so that enterprise and SME businesses can 
achieve the space-saving value of density-enhanced infrastructure in a cost-effective and 
nondisruptive manner. 

Business white paper Page 8

FIGURE 5. HPE Edgeline EL1000 
Converged Edge system

FIGURE 8. HPE Edgeline EL300 
Converged Edge system

FIGURE 7. HPE Edgeline EL8000 
Converged Edge system

FIGURE 6. HPE Edgeline EL4000 
Converged Edge system



DIGITAL TWIN IMPLEMENTATION SOFTWARE PLATFORMS

The following platforms are involved in the implementation:

PTC ThingWorx IoT platform
The PTC ThingWorx platform is a complete, end-to-end technology platform that enables industrial businesses 
to unlock the value of the IoT. The ThingWorx platform includes complete modules of ThingWorx Foundation, 
ThingWorx Utilities, ThingWorx Industrial Connectivity, ThingWorx Analytics, and ThingWorx Studio.

ThingWorx combines components such as Studio, Utilities, Analytics, and Industrial Connectivity to provide a 
seamless approach. It is a leading platform in the industry today and offers the following capabilities:

• Application design: It boasts of ready-to-scale and high-quality tools that help in creating applications, interactive 
dashboards, workspaces, and mobile interfaces. The biggest advantage is that it requires minimal coding work.

• Connectivity: It offers the flexibility to put in place a connectivity strategy that minimizes integration between 
various platforms and maximizes the market opportunity.

• Collaboration: It provides a platform that is accessible to both developers and analysts. This ensures that problems 
are solved much faster and feedback from the ground is incorporated quickly.

• Security: ThingWorx puts special emphasis on creating secure solutions and ensures role-based access to all 
stakeholders.
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FIGURE 10. ThingWorx IoT platform3

2  buy.hpe.com/us/en/servers/apollo-systems/
apollo-2000-system/apollo-2000-system/
hpe-apollo-2000-system/p/1010192759

3  ptc.com/en/resources/iiot/product-
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Ansys Twin Builder
Twin Builder combines the power of a multidomain systems modeler with extensive Zero-dimensional (0D) 
application-specific libraries, 3D physics solvers, and ROM capabilities. When combined with embedded software 
development tools, Twin Builder allows quick creation of a system model of the product. Integration with third-party 
tools is also supported.

To validate the system and ensure expected performance, Twin Builder combines multidomain system simulation 
capabilities with rapid human-machine interface (HMI) prototyping, systems optimization, and X in the Loop (XiL) 
validation tools.

To connect the Digital Twin to real-time data, Twin Builder easily integrates with the PTC ThingWorx IIoT platform by 
exporting the validated twin model to a runtime environment for deployment on physical assets in operation. 
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DELIVERING THE CLOUD EXPERIENCE ON-PREMISES WITH HPE GREENLAKE

The cloud model can accelerate business outcomes with easy access to on-demand resources, pay-per-use 
flexibility, and simplified IT operations. Yet with roughly 70% of apps still outside the cloud—due to compliance, 
security, performance, and other factors—it is not surprising that companies are seeking ways to achieve the modern 
cloud experience in their data centers. To meet today’s business demands, enterprises require agility, scalability, and 
value, no matter where their apps and data reside.

Hewlett Packard Enterprise now makes the modern cloud experience possible everywhere—across edges, 
colocation facilities, data centers, and multiclouds—with HPE GreenLake.

4  Ansys Twin Builder Getting Started 
Module 01: Introduction

FIGURE 12. The value of HPE GreenLake
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Outcome-based IT consumption delivers a range of benefits that you cannot get from 
solutions solely built from scratch or bought from the public cloud. HPE GreenLake enables:

• Pay per use—Boost financial flexibility, free up capital, better control costs, and align costs 
to business outcomes with a cloud-like experience in an edge-to-cloud platform

• Scale up and down with ease—Scale resources up and down as you need to and have 
capacity ahead of demand

• Unify and simplify your operations—Management and governance services to operate 
the infrastructure for you, to free up staff for more value-added work, to stay safe, and to 
deliver insights to control cost and risk with hybrid cloud

CONCLUSION

In conclusion, Digital Twin is emerging as one of the most effective technologies in the 
Digital Factory, revolutionizing the product development to process operation workflow. 
To realize the promises of Digital Twin in the long term, proper planning of strategy and 
infrastructure is critical. This is to ensure scalability of the implementation across the entire 
ecosystem. The key to success in implementing Digital Twin, is the strong partnership 
between the organization and the technology provider, who understands the requirements 
and workflow of the organization. CAD-IT IoT Centre offers successful deployment including 
an IIoT platform to manage the connected devices and enterprise systems integrations 
(PTC), connectivity, and computation services (HPE), as well as digital definition of actual 
assets and their simulation (Ansys). 

This Digital Twin application can be extended by incorporating augmented reality (AR) 
technology to further improve the operational efficiency in a Digital Factory. 

ABOUT CAD-IT IOT CENTRE

CAD-IT IoT Centre provides innovative enterprise digital transformation solution and 
services including (but not limited to) sensor network, control system, edge computing, 
intelligent monitoring, AI, visual inspection system, predictive maintenance, and AR-based 
guided service instruction. By leveraging the experience and knowledge of its members, with 
the resources from its partners, CAD-IT IoT Centre has helped clients around the globe in 
achieving greater innovation, quality, and productivity.

LEARN MORE AT
hpe.com/us/en/servers/edgeline-systems.html

To experience this joint HPE and 
CAD-IT IoT Centre solution in action, 
connect with us at HPE IoT Innovation 
Labs at hpe.com/us/en/servers/global-
innovation-lab.html.
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