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Johnson Controls Accelerates Industrial Controller Development for 

Magnetic-Bearing Centrifugal Liquid Chillers

Challenge

Develop an advanced controller to maximize

the efficiency of magnetic centrifugal chillers

Solution

Use Simulink and Stateflow to model, simulate, 

optimize, and verify the control design, and use 

Embedded Coder to generate C code for PIL testing 

and production deployment

Results
▪ Design iterations reduced from months to days

▪ High-quality software delivered

▪ Development accelerated

“Using our previous approach, we’d still be working on the 

controller. With Model-Based Design we not only shipped it 

sooner; we also delivered a much more stable product. The 

controller is so finely tuned that 99% of our customers run the 

default configuration with no adjustments.”

- Curtis Crane, Johnson Controls

Link to user story

The YORK Magnetic Centrifugal Chiller 

(YMC2) system from Johnson Controls

http://www.mathworks.com/company/user_stories/johnson-controls-accelerates-industrial-controller-development-for-magnetic-bearing-centrifugal-liquid-chillers.html?by=company
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• Simulink

• Stateflow

• Embedded Coder

• …
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What Is MATLAB

From Tools on the Side , MATLAB Community blog, Posted by admin, June 9, 2008

https://blogs.mathworks.com/community/2008/06/09/tools-on-the-side/
https://blogs.mathworks.com/community/
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What is Was MATLAB

From Tools on the Side , MATLAB Community blog, Posted by admin, June 9, 2008

https://blogs.mathworks.com/community/2008/06/09/tools-on-the-side/
https://blogs.mathworks.com/community/
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What Is MATLAB

…in 2023…

…after 30 releases… 
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Who Uses MATLAB

From «About MathWorks»

https://www.mathworks.com/company.html?s_tid=hp_ff_a_company
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Why Using MATLAB - Applications

From Solutions

https://www.mathworks.com/solutions.html
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Johnson Controls Accelerates Industrial Controller Development for 

Magnetic-Bearing Centrifugal Liquid Chillers

Challenge

Develop an advanced controller to maximize

the efficiency of magnetic centrifugal chillers

Solution

Use Simulink and Stateflow to model, simulate, 

optimize, and verify the control design, and use 

Embedded Coder to generate C code for PIL testing 

and production deployment

Results
▪ Design iterations reduced from months to days

▪ High-quality software delivered

▪ Development accelerated

“Using our previous approach, we’d still be working on the 

controller. With Model-Based Design we not only shipped it 

sooner; we also delivered a much more stable product. The 

controller is so finely tuned that 99% of our customers run the 

default configuration with no adjustments.”

- Curtis Crane, Johnson Controls

Link to user story

The YORK Magnetic Centrifugal Chiller 

(YMC2) system from Johnson Controls

http://www.mathworks.com/company/user_stories/johnson-controls-accelerates-industrial-controller-development-for-magnetic-bearing-centrifugal-liquid-chillers.html?by=company
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What Is Simulink
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DESIGN

Traditional Design Process

INTEGRATION AND TEST

Emb. Code

IMPLEMENTATION

REQUIREMENTS
Cannot validate design

against requirements

Manual coding is slow, 

buggy, and hard to verify

Can only find problems

using hardware prototypes

Control ElectricalMechanical

Cannot test or optimize

fully integrated design
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DESIGN

Model-Based Design

INTEGRATION AND TESTINTEGRATION AND TEST

IMPLEMENTATION

Emb. Code HIL System

REQUIREMENTS
Cannot validate design

against requirements

Manual coding is slow, 

buggy, and hard to verify

Can only find problems

using hardware prototypes

Save time by automatically

generating embedded code

Detect errors right away 

with continuous verification

SYSTEM LEVEL DESIGN

Control ElectricalMechanical

Cannot test or optimize

fully integrated design

Optimize design in a single 

simulation environment
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Simscape

Lower costs

using HIL tests

Uninterrupted Workflow
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PART, DEVICE DESIGN

FE Tools EDA Tools

Model-Based Design
System and Component Level Design

INTEGRATION AND TEST

IMPLEMENTATION

Emb. Code HIL System

REQUIREMENTS

SYSTEM LEVEL DESIGN

Control ElectricalMechanical
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Refine system-level model

Use cosimulation

to verify refined design

Refine requirements

for component design

€

http://www.zmulate.com/examples/bevel_gear_stress.png?attredirects=0
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Build Accurate Models Quickly

▪ Simply connect the

components you need

▪ The more complex the

system, the more value

you get from Simscape

▪ Resulting model is 

intuitive, easy to modify,

and easy for others

to understand

FSpring = kSpring*(xMass)

FDamper = bDamper*(
dxMass

dt
)

d2xMass

dt2
=
−FSpring − FDamper

mMass

Input/Output Block Diagram Simscape
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Politecnico di Torino and EMA Global Develop a Multidomain Hypercar

HVAC System Through Industry-Academia Collaboration

Using MATLAB and Simulink, EMA Global partnered 

closely with Politecnico di Torino to develop an HVAC 

system for a custom-built, multimillion dollar car

Results

▪ Developed detailed HVAC system modeled 

across six different physical domains using 

Simulink and Simscape

▪ Calibrated, optimized, and tested an accurate 

HVAC system controller without relying on 

hardware

▪ Shortened the overall development time for the 

controller using Model-Based Design “This project was a great opportunity for EMA Global to 

collaborate with both MathWorks and Politecnico di Torino in 

applying a state-of-the-art automotive engineering approach 

that we can now continue to use moving forward.”

- Mirko Zanotel, EMA Global Engineering

Link to article

Model of the refrigerant cycle

https://www.mathworks.com/company/newsletters/articles/developing-a-multidomain-hypercar-hvac-system-through-industry-academia-collaboration.html
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Simscape Products

▪ Simscape platform

– Foundation libraries in many domains

– Language for defining custom blocks

▪ Extension of MATLAB

– Simulation engine and custom diagnostics

▪ Simscape add-on libraries

– Extend foundation domains with 

components, effects, parameterizations

– Multibody simulation

– Editing Mode permits use of add-ons

with Simscape license only

– Models can be converted to C code
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MATLAB, Simulink, & Simscape

▪ Get more value from your model

of the physical system

▪ MATLAB

– Automate any task (build, test, analyze)

– Streamline testing (parallel computing)

▪ Simulink

– Design and test algorithms

– Test embedded software

without hardware prototypes

S1

S2S3

Integrate

and Test
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