DIGITAL TWIN

Creating a

Digital

Twin
for a Pump
Simulation has long been an integral part of the
product development process; it greatly improves
product performance, reduces development costs
and gets the product to market much more quickly.
The technologies that underpin the Internet of Things now
make it possible to go a step further by integrating simulation
with products as they exist and operate in the real world. This opens
up a whole new era in value creation for companies to optimize operations and maintenance,
as well as further accelerate the new-product development process. ANSYS worked with PTC,
Flowserve, National Instruments and HPE to demonstrate this, showing how a simulation model
of an operating pump can diagnose and solve operating problems faster
than was ever possible before.
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ompanies that leverage simulation during the product development process have dramatically improved
product performance, reduced engineering and manufacturing costs, and delivered their products to market
more quickly. The Internet of Things (IoT) is now making it possible
to capture real-time data about an operational product and integrate it
with the organization’s digital information about the product, including simulation models, to optimize the current state of the product or asset. This is called a digital twin of the product.
The example of a pump typically used in process plants shows how a digital twin processes sensor data generated
from an instrumented asset and leverages simulation to predict failures and diagnose inefficiencies. This enables
an organization to take action to immediately correct problems and optimize the asset’s performance.
OPERATIONAL DATA AND INTERFACE
The pump was equipped with pressure sensors at its inlet and outlet, accelerometers on pump and bearing housings
to measure vibration, and flow meters on its discharge side. An actuator controlled the discharge valve while the valve
on the suction side was manually controlled. The sensors and actuators were connected to a data-acquisition device
that sampled the data at 20 KHz and fed it to a Hewlett-Packard Enterprise (HPE) IoT EL20 edge computing system. The
PTC ThingWorx® platform created an ecosystem to connect devices and sensors to the IoT, reveal the value of IoT data,
develop enterprise-level IoT applications, and empower end users through augmented reality. ThingWorx was used as
the gateway between the sensors and the digital data, including the simulation model of the pump. A machine-learning
layer in ThingWorx running on the EL20 monitored the sensors and other devices, automatically learning the normal
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“

Companies can use digital twins to detect and isolate faults,

perform diagnostics and troubleshooting, recommend corrective action,
determine the ideal maintenance schedule, optimize asset operation, and

”

generate insights to improve the next generation of the product.
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To demonstrate the value of the digital twin, the pump
initially was operated normally. An anomaly was
SIMULATION: THE “SECRET SAUCE”
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Creating a Digital Twin (continued)

“

The technologies that underpin the IoT make it

possible to integrate simulation with products as they

”

exist and operate in the real world.

the root cause and provide insight on exactly why
the vibrations occurred and what the effect was of
the change of flow condition on pump operation, a
3-D simulation model in the cloud connected to the
physical pump was triggered by activating a “3-D
simulate” button on the system model HMI. The 3-D
simulation showed that the drop in pressure inside the
pump caused cavitation, forming vapor bubbles. In the
pump’s higher pressure regions, bubbles imploded and
generated vibration.
By disconnecting the system model from the physical pump, the system model’s HMI could be used to try
various potential fixes. For example, the system model
predicted that opening the inlet valve would solve the
problem. To validate this potential fix, a second 3-D
simulation was performed on the offline system model
with the opened valve. The 3-D results showed no
vapor bubbles. The fix was implemented by opening
the inlet valve on the physical pump, and performance
returned to normal.
The IoT allows simulation models to connect to operating products using a platform like ThingWorx so that
industry can better understand and optimize product
performance. Companies can use these digital twins to
detect and isolate faults, perform diagnostics and

troubleshooting,
recommend
corrective
action, determine the ideal
maintenance
schedule based on
the specifics of the
individual asset,
optimize asset operation
3-D simulation model
^ Ashows
that cavitation, as
and generate insights
visualized by the purple
that can improve the
vapor bubbles, is the effect
product’s next generof a faulty valve and the
cause of a vibration problem.
ation. The potential
benefits of digital twins
are significant. The low-hanging fruit is in optimizing
maintenance and operational troubleshooting. But
as customers begin to demand outcomes and not just
products, the digital twin has the potential to be the
key to unlocking this additional value for both product
manufacturers and their customers.
How Simulation-Based Digital Twins
Improve Product and Process Performance
ansys.com/dt

^ Digital twin benefits
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