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Claytex Services Limited

Yy
MathWorks SOLUTIONS

PARTNER

Software, Consultancy, Training

2
.
« Based in Leamington Spa, UK Partner
— Office in Cape Town, South Africa - EDUCATION

« Experts in Systems Engineering, Modelling and Simulation

» Business Activities
— Engineering consultancy
— Software sales and support
— Modelica library developers
— FMI tool developers
— Training services
* Global customer base
— Europe, USA, India, South Korea, Japan
— Automotive OEM’s and suppliers
— Formula 1, NASCAR, IndyCar
— Aerospace OEM’s and suppliers
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Model Based Systems Engineering

COMMISSIONED
SYSTEM -
OPERATIONS &

« Claytex provides software _tools_and services to support SRS
the complete systems engineering process

MANAGEMEN
« Traceability
— Reqtify connects to your existing tool chain and

SYSTEM
VALIDATION

CONCEPTOF \_ ______ . System Validation Plan ______
OPERATIONS k

automates the tracing of information 5, oo YRR veﬁ.‘.':fgfﬁou /

— Supports impact analysis and change management : v owetem S

e . 40, e il N ot SUBSYSTEM 3

« Definition and decomposition #/ERIFICATIO/ g
Component c.&

— Dymola and ControlBuild provide a hierarchical model
based approach to systems engineering

— Dymola is used to model the physics of the system

Verification
COMPONENT <rocedure COMPONENT
DETAILED VERIFICATIO!
DESIGN
( Traceability

IMPLEMENTATION

— ControlBuild is used to develop the control systems HARDWARE & SOFTWARE
and generate robust PLC code (RN TEAD
» Integration and Test Time

— Dymola and ControlBuild support Hardware-in-the-
Loop testing

— rFpro supports Driver-in-the-Loop testing
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Challenges facing Automotive

* Market demands Transmission Battery

— Improved efficiency
— Lower emissions
— Improved reliability

— Noise quality

Engine Chassis

— Driveability
— Performance
« Engineering solutions

— More active systems |
« Increases complexity Cooling

Electric drive

— Better control of existing systems
* Increasingly complex control requiring large calibration effort

— Tighter integration of all vehicle systems
« Management demands
— Faster time to market
— Lower development and manufacturing cost
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The need for modelling and simulation

Automotive products are complex systems covering
many domains

— Mechanical, Electrical, Hydraulic, Pneumatic,
Thermal, Chemical, Control, Magnetic, ...

No longer sensible to wait for prototypes to verify
that all these systems interact in a good way

— Many OEM’s share the vision of zero prototyping

It's not practical, or perhaps even possible, to fully
verify and validate control systems using prototypes

Need to use predictive models and not just
functional ones to make simulation useful from an
early stage of the project

Need a complete virtual test environment
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Functional and Predictive models

A Functional model is one that captures the key function of the model
A Predictive model allows us to predict the behaviour and explore it's characteristics

J=0.01 J=0.02
< = —e= o
T T T T
inertia_1 clutch inertia_2

The clutch is there to make sure the two inertias rotate at the same speed when engaged
Functional model

— Would reduce the relative speed across the clutch in a predefined manner

— The controlling parameter would be the engagement time

Predictive model

— Would include a model for friction and the torque transfer would be a function of the clutch clamp load,
relative speed, temperature, ...

— The parameters would include the geometry and friction characteristics
— The engagement time could be predicted under different operating scenarios
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Vehicle Modelling

* Gearbox and Driveline Rolling stock is built up from many of the
— Mechanics same systems and therefore the same
— Thermal simulation technology could be applied
_ — Hydraulics
* Engine S
_ — Electrification  Battery
— Air flow :
_ — Control — Electrical
— Mechanics :
_ — Cooling — Thermal
— Cooling system :
— Cooling
— Fuel system
— Control
— Control system
— Electrification » Chassis
— Hydraulics — Mechanics
— Active
* Thermal Management systems
— Engine Cooling — Control
— HVAC
— Battery Cooling » Electric Drive
— Power Electronics Cooling — Electrical
@ LAYT — Thermal
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Virtual Test Environment

« Complete virtual environment with high fidelity
track/road data and vehicle models

 Scaleable from workstation to full motion simulators

« Allows you to reintroduce the human test driver into
the model based development process

» Supports the development of ADAS
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Deployment and reuse of models

To unleash the real value in models we need to be able to
reuse them in many different ways

— In Motorsport we find the same models used in the
design office, trackside tools, telemetry systems and test
environments

We use open standards for sharing models between tools
— Functional Mock-up Interface Standard
— Supported by 80+ tools from many different developers

« Dymola, Simulink, Excel, ControlBuild, dSpace,
Simpack, ....

Provide engineers and programme managers with easy to
use and familiar tools backed up with complex, robust
simulations

— For example, using Microsoft Excel as the user interface
allowing access to a limited number of parameters

LAYTEX
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Simulation Controls

g

A

e
@ Run 5ingle Case
®
(X

Progress

Run All

Stop

10 Cases to be run

|

This run

|

H - & ExcelULxlsx - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER TEAM FMI Blockset
T‘ > Documentation
EB:I = License Manager
New  Edit | Show Simulation ‘
Contrals About
Setup Simulation Help ‘FM' B’ockse' ~
K20 | X Jx . v
A B C F G H =]
1 FMU Details
2 Path C:\Users\Mike\Documents\Dymola\PTDynamics_Experiments_DriveCycleMT.fmu
3 Identifier PTDynamics_Experiments_DriveCycleMT
4 GUID {25730af9-e392-423c-817d-cf323775b424}
5 |Description Car with manual transmission in closed loop
6 Author
7 Generation Tool Dymola Version 2016 (64-bit), 2015-04-15
& Generation Date 2013-08-13T09:27:02Z
9
10 Simulation Settings
11 |Start time 1]
12 |Stop time 1180
13 Step size 0.1
14
15 Parameter List Case Setup
16 Name Units Description 1 2
17 vehicle.chassis.body.m kg Mass of rigid body 1500
18 vehicle.chassis.aerodynamics.Cd Drag coefficient 0.3 0.31
19 vehicle.chassis.aerodynamics.A m2 Frontal area 2
ZE vehicle.transmission.ratios[0] Gear ratios 4,68
21 |vehicle.transmission.ratios[1] Gear ratios 2.53
22 vehicle.transmission.ratios[2] Gear ratios 1.687
23 |vehicle.transmission.ratios[3] Gear ratios 1.215
24 wvehicle.transmission.ratios[4] Gear ratios 1
25 vehicle.transmission.ratios[5] Gear ratios 0.837
26 vehicle.transmission.ratios[6] Gear ratios -4.273 |
27 vehicle.driveline.rearDifferential. pinionTeeth Number of teeth on the pinion gear 39
28 vehicle.driveline.rearDifferential.crownwWheelTeeth Number of teeth on the crown wheel 120
29
30
31 Outputs
32 controlBus.chassisBus.longitudinalAcceleration

_____________

Connector of Boolean input signal
rean —
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ISO 26262 — Road vehicles — Functional Safety

« Similar in concept to IEC 61508 and EN50128 in Rall
« Goals of ISO 26262
— Provides a lifecycle safety framework

— Covers functional safety aspects of the entire
development process

— Provides a risk-based approach for determining risk
classes (Automotive Safety Integrity Levels, ASILS)

— Uses ASILs for specifying the item's safety
requirements to achieve an acceptable residual risk

— Provides requirements to ensure a sufficient and
acceptable level of safety is being achieved

 What does this mean?

— You need traceability throughout the development
process

— You need to generate and keep evidence to support
your decisions
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File Edit View Tools Reports Help
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[ Management View I 4 Coverage Analysis Viewl %, Impact Analysis Viewl 37 Graphical View | [ Requirement Details l 12 Link Details]

Overall Quality: 83%

_24

Project Details
5 documents
Storage: File

Size: 204 ko

Requirements

24 requirement(s)
4 uncovered requirement(s)

1 derived requirements)

Project Overview

(& Cruise Control SRS)

77% 88%

2

() Test Report

[@ Crusie Control Design]
/ "
75% 87%
Information: Rule Check:

Document Test Report My_Tests' defines 7
requirements and contains references to 8
requirements.

Document Test_Report.doc’type is ‘My_Tests'.

+ || #- Derived requirement (1)

=+ Uncovered requirement (4)
~%JEDS_Req3
r % JEDS_Req7
[ﬂSL_REQ_oos

- %.JSL_REQ_006
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Summary

« Automotive is moving towards “zero prototype” development process

* To achieve this requires tools and processes to support the whole
systems engineering process

— Traceability

— Model based approach to systems engineering
» Simulation based on predictive models

 Potential for automation of repetitive
tasks, DOE, reviews

— Reuse of models

— Virtual test environments
* For further information:

— www.claytex.com

— 01926 885900
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