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About Whirlpool

e World’s leading major Home Appliance company

e Foundedover 100 years ago

e ~%21billioninrevenuein2018

e 92,000 employees and 70 manufacturing and technology research centers

e 1in 3 employees volunteer for taking care of our neighborhoods and the planet
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Limitations of Traditional Software Development Process Whirlgool

REQUIREMENTS
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ANALYSIS

[ Poor Requirements Management ]

e  Missing linkage between
requirement and software
code.

° Unfreeze requirements
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The Waterfall Model

TESTING

DEFPLOYMENT

[ Manual Code Implementation ]

a P mA,
a %

79

e  Squeezed timelines.

e  Software Integration with cross
regional teams in workforce.

° Less readability , difficult debugging

e  Variation inimplementation method
from developer to developer.
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Conception Design Development Testing Release

Time when bug is found

[ Hardware requirement for Verification

—

e  Setup & Maintenance Cost
Involved.

° Difficult setup replication.

e  Hardware availability.

° Safety of Tester.



MBD process in Whirlpool....Few years Ago
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Requirements

ood o

Control Model Development and

Code Generation

Model development in
Simulink using Stateflow

Primary level verification using

Signal Builder and m- scripts.

Rapid Control Prototype

Data acquisition during
development phase of control

model }

Model verification on machine
without dependencies on other
software components

cpalers™

Direct deployment on machine
for testing.

Hardware setup issues

Safety concerns

Delayed testing due to other
software dependencies

o o oo

MIL/SIL

Design error checks
Black Box & White Box
Testing for control model
Both Unit Level and
Integrated Level Testing
Coverage Report Analysis

Hardware dependency and
setup issues

cha\\enges

Unavailability of Model
Requirements
Unavailability of inputs that
replicate system behaviour(
Level Testing)

2

PLANT MODEL FOR CLOSED LOOP
MIL/SIL

1 Leveraging physics based
Plant Model for closed loop
simulation

Whirlpool Corporation - Confidential




Current MBD Workflow in Whirlpool
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Requirements

_____ o ——— ¢ S ——

o

MIL / SIL‘ Simulink V&V,SLDV I

Rapid Control
Prototype

Stateflow,
Fixed Point Designer

Code Generation

& Integration

ments

Shared files

look]_iul6lu32ni6tusd

lookl_julblu32nletug

Code Generatid
'"TimeToDryMoc

Model Information

Code Information

System Tacget File

Hardware Device Type
Simulink Coder Version
Timestamp of Generated Sour
Code

Location of Generated Source
Code

Type of Build

Objectives Specified

Verification on
machine

) Embedded Coder
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Summary of MBD algorithm in different whirlpool products Whir

Algorithms Developed / Platform

4

Mumber of Algorithms Modules

Dizhwasher HA Refrigeration

Platforms

[ |
VA

Wet Inertia

LUMC

UM Sensing
TemperatureControl
Shifter Feedback
Sensed Drain
Plugging

OWI Calibration
Defrost ADC
Convective Defrost
Airlock

AGI Torgue Detection
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Universal Motor Controls Development = 77 e
Layer 1: System Requirements
- Requirements breakdown [ Control System ] [ Universal Motor ]
- Class Diagrams for Controller using SysML l

- System Engineering Support for development of Layer 2: Control System

T---

Universal Motor Plant Model

- Verification at Module level as well as integrated

Layer 3: Motor Controller Algorithm Requirements

Gain .
[ Soft start ][ PID ][ Scheduler ][ Tapped Field ]

|

{Layer 4: Motor Controller Model Requirements

level.

(T T

Gain .
[ Soft Start ][ PID ][ Scheduler ][ Tapped Field ]
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Algorithm Modeling Using Stateflow & Simulink 7 Cew

e Algorithm requirements have been <

implemented as a Simulink® model e — I

. . . . . === N R
- Floating/Fixed point, Fixed step size —1 e e e =)
— Use most convenient tools (Simulink, | I -- e e =
Stateflow, MATLAB code blocks) o | ————
— Use referenced model Ww ““““ - .“"“‘7111
— Use of Data Dictionaries
— Capturing Model Metrics a— \

; s ] E—— @
— Traceability T =
Stateflow, Matlab Functions, - L - )
Simulink Blocks, Fixed Point Designer |
= — —— -
i — -
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Universal Motor and Washer Dynamics Plant Model Whirlpool

Plant Model Development Open Loop Validation

parameter Real m t = 12.176;//tub masalZ. 178 Irms Validation @ Tload = (0.3 Nm) Speed Validation @ Tload = (0.3 Nm)
parameter Rezl m_d = 15.7%; //drum mass 3.52 m Epims A simims m exp_speed A& sim_speed

parameter Real m u = 0;//unbalance mass
parameter Rezl m bl = 0;//mass of water ringl
parameter Rezl m b2 = 0j//mass of water ring?
parameter Real e = 0.25343;//unbalance radius
parzmeter Bezl d = 0.255;//balance ring radius
parameter Rezl I 2t = 0.54;//tub inertia

|
|

{

Irms (Amp)

motor speed (rad/s)

parameter Real I zd = 0.35;//drum inertiz 0.8382¢
parameter Real E=2800;//spring Co-efficient (N/m)3300

i 1 1

parameter Real Cd=200;//Damping CoefficientiB motor Speed (rad/s) Speed (rad/s)
- e parameter Real T £=0.&;//iriction torguel
Hasg T : T parameter Rezl C_bl=0.1;//viscous drag co-efficient of water ringl

paremeter ezl © b2=0.1;//viscous drag co-efficient of water ring? Closed Loop Validation W|'th Basic Control

parameter Real D r=0.01%;//viscous drag co-efficient of machine shaft0.001

spinLogic_ FMU targetBasketSpeed spinLogic_FMU baskeiSpeed ¥5(4)

BasketSpeed

SO0 —

s00 r-—u;..‘..‘m - Model Data
for Plant Model Development 001 / o R A

ToO

Test Data
- Model Based System Engineering team support

300 —

- Use of Dymola/Modelica environment 200 |

- Calibration of Plant Parameters with Real Time ]m

Test Data P N S S S — — I —
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Integration of Control Model and Plant Model

UM_Controller

Complete Plant

{6 0001 innasety

Unesal Mo HA_lesarics Caupes

=

2 mcho,_speact . .@

Closed Loop Response
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W Speed_Filter_Motor_Speed W Umc_Speed_Ref
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- Use of Functional MockUp
units for leveraging Dymola
Plant Models in Simulink

- Provides Capability to find
robustness of the logic at
system level.

- Allows to perform System
Level verification

Simulink PSP Toolbox till 2016

Inbuilt Simulink FMI kit feature -

2017 onwards
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Verification and Validation Whirlpool

Simulink Design Verifier

ine RO

Test Case Generation = %ﬁf’?ﬁ £
in RQM o z
Automatic Design Error [~ [ oo o i
== === Check : AR H{
Pregfare Test Cases [ B 2l 2 simulinkvay
for Simulink models | g
linked with DNG . T
quirement Test Harness —~~- {
Model Requirements ir DNG Simulink Model S .
= “ ;/Q':;x;;x
Ei Harness model e ———
—— allows testing o =B
e = the component| = j l =
in simulation Y
Coverage Coverage Report by Model
Analysis It st
Test Report From i e (e X
Simulink V&V - Raising defects in RTC and Simulink Test Decision | tTTTY
updating results in RQM - coverage, [ == ¢ nm e
condition fi == - '.:_'“' -
N ) . —= e ===1 coverage, |
Simulink Des'gn Ver’ﬁer - — Report Generated by Test Manager MC/DC Ay v e v
= o . coverage |[=
Simulink Coverage & Test - e i = Produces report
- - analysing Pass/Fail
Whirlpool Corporation - Confidential conditions.
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Requirement Linking from Simulink to DNG

Configure Requirement
Requirements Settings E -
e e Lot Select Project Area
from DNG

Linking to the active selection within an external document:
Enabled applications: Word Excel DOORS,
(path retative to currefl=] Link ton Smuiink Fresmaster nteace =%

Document file reference:

Requirements | Document Index

Selecting Requirement

Apply this user tag to new links:

<Mo description entered=

When creating selection-based links
lodify destination for bidirectional linking
[T store absolute path to model file
[7] use custom bitmap for navigation controls in df

<No custom bitmap selected>

[Z] Use Activex for incoming links (backward comy Copy

. s Simulink Implemented
link in DNG

Description <No description entered>

Document type: [oSLC Resource

Document: C hetps:/rm.whiripool anclouf

Location
(Typedentiier

Changes made in this dialog have immediate effect

User tag:

%

aments i th scton sha gl

Simulink Requirement Toolbox - V e |
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Application of Simulink V&V & Design Verifier Whirlzool

[ Simulink Validation & Verification } [ Simulink Design Verifier ]
1. Cumulative coverage results on multiple tests Check for risks of software design errors prior to
Summary implementation

Integer overflow, division by zero, range violations, dead logic

Overflow ldentified No risk of overflow
|
2. ldentified missing coverage '
LightDiF ato LOF) ;_M‘L‘
] Fix SN
o | LN I 17 e
32 I msst booian =) i out
MinLighiCif - A R -
69 z ﬁ DataType = uintd
eny
a2 | Integer rounding mode: | Simplest
| Saturate on integer overflow
— Example: Modify block i o
- . N
3.  Traceability between DOORS requirements parameter —
and Model
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Code Generation and Integration

Achieving Optimized Code: (reference MATLAB EXPO 2018)

Variant Subsystems, Auto- Code Generation ____Interface Code___

Code Generation Report for ‘Ume’

- Use of Model Advisor to apply and establish best
Modeling practices
- MAAB/MISRA C, ISO/IEC Standards etc
- Simulink and Stateflow guidelines

[rovsn——

- Model Advisor Guidelines

\ / > [ £ Modeling Standards for DO-178C/D0-331

> [ 3 Modeling Standards for EN 50128
@ > [ &2 Modeling Standards for IEC 651508

Fill_CodeGen for integration il
a ﬁ HADQG,Windy,UMngEvEHADQ dy UM Dev Workspace - _PROJECT_TEMP > D [EI] Mode“ng Smndards ror IEC 62304
AutoCode Wrapper Integrated " g :‘[H"‘UQG"\”"[""UM D= pace - 1ARFX) > [ [C3 Modeling Standards for IS0 26262
esign
Generated @  Code Q Sthl‘ivafe - Gt dori) > [ &3 Modeling Standards for MAAB
from PEEEED Wil e _ > [ £ Modeling Standards for IMAABR
Simulink main Firmware b & lib (HADG Windy UM Dev Workspace - IAR_RX)
b (& lib_EmbOS (HA09G Windy UM Dev Warkspace - EMBOS_LIE_RX) > I:‘ [Ej Medeling Standards for MISRA C:2012

b & linted

& G listings
b Gy loading
b @y obj
@y settings
4[5 source (51 loaded)

4 3 Category (12 loaded)
4 7 Application (6 loaded)

4 3 ApplicationWasher (HA09G Windy UM Dev Workspace - APPLIC|
b () APDOTApp
I (2, ConditionedParameters
I i Moniters (1 loaded)

m

- 5? Pm(eussﬁi (2 loaded) RAM ROM - .
» S ?,?; [B:‘k ) B ogg':‘.'éargg?s Model Design
Embedded Coder, Lt o ‘
Fixed Point Designer, ‘ Delivery of complete |
Matlab coder,

package to the stream

Simulink Coder P
F e - Configurations For

e e S Code Generation

Execution Speed »
,1\/'
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Advantages of Model Based Design e

Consistent design flow from conception to implementation using same language
Detecting errors in early stages of Software Development

Easy to deploy code in different projects by managing variant subsystems.

Easy to handle change requests without impact on timelines.

Very few defects in released softwares

Early observation for unexpected emergent behavior.

Lo d o oo o

Good Test Management
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Whirlgool  KitchenAia® MAYIAG (i) iInDesiT [INTRA BRASTEMP

AMANA  JENNAIR  @auknecht  qcros®  DIQUARE

*Whirlpool Corporation ownership of the Hotpoint brand in EMEA and Asia Pacific regions is not affiliated with the Hotpoint brand sold in the Americas.

imm
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THANK YOU!

JOIN THE CONVERSATION

¥ @WhirlpoolCorp
{3 LinkedIin.com/company/Whirlpool-Corporation
W WhirlpoolCorp.com
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