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Different control level “
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1. Control decomposition
e Local control structure
« Strategy level for energy management

2. Various inversions of distribution elements
« Different kinds of energy management
 Inversion of the different cases

3. Analysis and strategy
* Analysis of the system possibilities

e Strategy level

4. Application to the automatic subway VAL 206



1. « Local control
and energy management »



Principle of inversion based methodology

cause effect [Hautier 96]

- »  System >
/ input output

. l measurements?

= - Control <
right cause desired effect

control =inversion of the causal path

1. Which algorithm? (how many controllers)
2. Which variables to measure?

3. How to tune controllers? » automatic control

4. How to implement the control? » industrial electronics

} — Inversion-based methodology




Principle of inversion based methodology

effect
cause 5 - > >
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right cause desired effect

EMR = system decomposition in basic energetic subsystems (SSs)

Remember,
divide and conquer!

Inversion-based control: systematic inversion
of each subsystems using
open-loop or closed-loop control
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The control scheme 1s developed as a mirror of the model

[Hautier 96] [Bouscayrol 03]



Enversion of EMR elements _

Legend conversion element  direct inversion +
disturbance rejection

Control = light blue '
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Control organization 10

1. EMR of the system
2. Tuning path

3. Inversion step-by-step  Strong assumption: all variables can be measured!
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4. Simplification of control \
5. Estimation of non-measured variables strategy

6. Tuning of controllers 7. Strategy




Management of energy distribution

Strategy




Different control level “

Energy management of HEVs:
Energy management of local subsystems
Energy management of the whole system (co-ordination of subsystems)

L

Two control levels can be organized:
- local control - Dynamic and

- system supervision . . causal models
—> Quasi-static

models »&/A

compatibility compatibility
of the <: in term of
control levels inputs/outputs

[Delarue & al 2005]



Articulation of control levels “

Local control:
Fast energy management in each subsystem
Objective: ensure the best efficiency of each component in function
of the request
Inversion of each element, step-step-step, using dynamic causal models

Global control or Strategy:

1. Translation of user’s reference to system reference (Cf. Wind Energy)

2. Coordination of energy between all subsystems

Objective: ensure the best energy distribution in function of the global
demand

Global view for decision using quasi-static or static models

Could be considered as an inversion of a global model of the system



Articulation of control & models
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From dynamical model to static model
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im-ref




Static model “
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Coherence of dynamical and static models

backward

0

4

ear-ref

Dynamic

static

What happens if EM = inversion of a static mode
and IBC = inversion of dynamical models
with differents 1/07?

Bad articulation between control levels



Energy Management of HEVs

deterministic  ("state machine / power
rule-based follower/ thermostat control. ..
Rule-based ~
Ifutz)zy q Kpredictive / adpative /
rule-base conventional...
global " Dynamic programming / stochastic
o optimization DP /
Optimization _
based _ ~Game theory / Optimal control....
re_al-_tlm_e Robust control / Model predictive /
optimization decoupling control / | control...
Energy management
(supervision/strateg
[Salmasi 2007]

driver request



2. « Application to the control
of an automatic subway »

part |: simplified system

Prof. A. Bouscayrol
(University Lille1, L2ZEP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems

SIEMENS



Example of VAL automatic subway

Traction systems of the subway VAL 206

T AT LT

/ A AVIER & \ L Z 4
! VAL ! VAL !

Actual system (4 DC machines + 6 choppers)

1 vehicle =2 car, 1 car =2 bogies
1 bogie = 1 DC machine with field winding
1 chopper for each field winding

1 chopper for the armature wining in series



Example of VAL automatic subway

Traction systems of the subway VAL 206

Studied system (2 DC machines + 1 chopper)
1 vehicle =1 car avec 2 bogies
1 bogie =1 DC machine with permanent magnets

1 4 quadrants chopper for the DC machines in series



Example of VAL automatic subway

1. EMR of the System
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Example of VAL automatic subway

1. EMR of the System

DC machines
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Example of VAL automatic subway

1. EMR of the System

DC machines
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Example of VAL automatic subway

DC machines bogies
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Example of VAL automatic subway

DC machines bogies
S > €------= > :
In series vehicle
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Example of VAL automatic subway

2. Tuning path of the System

DC machines bogies
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Example of VAL automatic subway

3. MCS of the System
DC machines bogies
——————————————————— > €----->
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Example of VAL automatic subway

3. MCS of the System
DC machines bogies
chopper D in series D > vehicle
€--=-==-= > _ €---------e-- >
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Example of VAL automatic subway

3. MCS of the System
DC machines bogies
chopper D in series D > vehicle
€--=-==-= > €-------=----- >

/ ind-ref

u Hi-ref ot-ref Vrame-ref

Current controller /




Example of VAL automatic subway

3b. Strategy of the System

DC machines bogies

/ ind-ref
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k
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Example of VAL automatic subway

4. Simplification of the control

DC machines bogies

chopper in series vehicle
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Example of VAL automatic subway

4. Simplification of the control

DC machines bogies

kp=1/2, equi-distribution

Uyirer  lind-ref

A Ft%

ot-ref Vrame-ref

mect-re Strategy




Example of VAL automatic subway

4. Simplification of the control

DC machines bogies

m,,
efi : Vrame-
mes
ﬂ[ ‘ZI_C, £ ot-ref  Vrame-ref
Hi-ref  "Ina-re

Cmcc 1-ref



Example of VAL automatic subway

4. Simplification of the control

DC machines bogies
D in series G > vehicle
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Example of VAL automatic subway

4. Simplification of the control

DC machines bogies
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Example of VAL automatic subway

5. Estimation of non-measured variables

DC machines bogies
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Example of VAL automatic subway

DC machines bogies
D in series O > vehicle
chopper
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2. « Application to the control
of an automatic subway »

part ll: real system

Prof. A. Bouscayrol
(University Lille1, L2ZEP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems

SIEMENS



Complete VAL automatic subway

- EMR of electrical part -
rail filter parallel chopper MCC in series bogies
€---> €-------3 > €------ > <--mmo> <mmm e e et > <---->
Ufiiter ligla1
> :Zr T mach
. ¥ T ] iarm ! Seq
Vioe ’ﬁlte'ml:’ filte Utiter Uchopz_tarm I| £ oat1
S . e 9
iﬁlter Utilter itot U, T m hlarm C1ot
R\ it cho
ilter PZ‘ Seq
P4
* R - £

/[ [/ /7 S/

1
o lrccecy




Complete VAL automatic subway

- Control of electrical part -

rail filter parallel chopper MCC in series
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Complete VAL automatic subway

- Control of electrical part -

rail filter parallel chopper MCC in series bogies
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Complete VAL automatic subway “

- Control of electrical part -

rail filter parallel chopper MCC in series bogies
€---> €-------3 > €------ ><€---~--- > € > €-=-->

> :Zr R Q T mach
/ ) v 7(Seq

V ]
e R R _e_l 'Qbog1
Om - =/
) ) Y/

R 0 Seq
< n Y
- Y
1
| .
1Uritter-mes / Iield2-ref
| t - +
] K'E_l |

I arm-ref2

T

mach2-ref

chop2-ref
P Actual control;

no possibility of independent torque




Complete VAL automatic subway “

- EMR of mechanical part -

motor  differentia  brake gearbox wheels contact chassis environ.
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Complete VAL automatic subway “

- Control of mechanical part -
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Complete VAL automatic subway

- Control of mechanical part -
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Complete VAL automatic subway

- Control of mechanical part -
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Complete VAL automatic subway “

- Actual control of mechanical part -
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Complete VAL automatic subway “

- Simulation model -

Matlab/Simulink™ electrical part mechanical part
E!\faIEI]E_t:untmlﬂ 5 ;[EIEI

File Edit “iew Simulation Fommat Tool: Help

aaaaa
alfgrgnded  fgdn COMOLS Jaroue MObg Cofact

ro alsaus reaucERr g
ni <

CCCCCC

"""""

Actual control




Complete VAL automatic subway “

- Validation model (1) -
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Complete VAL automatic subway “

- Validation model (2) -

Test at normal operating . Test at maximal torque
20 . . . : : :
: — |— experimental = |
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___ simulation L1 e s s o
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2. « Application to the control
of an automatic subway »

part lll: anti-slip strategy

Prof. A. Bouscayrol
(University Lille1, L2ZEP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems

SIEMENS



New subway control “

- VAL 206 and control -

SIEMENS VAL Automatic Subway:

Lille, Paris airport, Chicago, Taipeh...

Actual control :> * identical torque for 4 motors
VAL 206 » global anti-slip (cancellation of torque)
D g.[] D Q4-mes
¢ I Eee et
I I Tref : Vref
T1-ref Q1-mes T2-ref QZ-mes T3-ref ‘Q3-mes T4-ref‘Q4-mes
1l 1 1l i V.
? —

ndependent controls with same power structure‘;’”’
Performances with local anti-slip?

ST




New subway control - 54

- Anti-slip control -

—
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- QWQW”” s Actual control:
Qs e strategy /& L; slip detection
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New subway control “

- Philosophy of the strategy -

Normal operation: Slipping on bogie 1:
equal distribution of traction forces cancelation of F,,,, and new
1 distribution of other forces
kp =kp1 =kpy = ky1 = ky =5
( 1
U 1 kp =7
FBogl :FBog2 :FBog3 :FBog4 :ZFtot 1kpy =kyo =1
kp1 = ky1 =0
Fror = ZFBog—i
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wh12 _mes
Q —

e
wh11_mes strateg ko

FBogl =0

FBogZ = FBog3 = FBog4 ==L

Fror = ZFBog—i



New subway control “

- Simulation results -

Loss of adhesion of wheel no. 1

actual control

New anti-slip strategy
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Inversion based control = inversion of EMR
inversion of dynamic causal models
a unigue Maximum Control Schemes

Strategy Level = inversion of a global static model
global model and local dynamic models must have same 1/O
different strategies are possible

Efficient energy management of EVs and HEVs
Well-defined local controls of subsystems
coherent articulation between control levels
efficient strategy level



J. N. Verhille, A. Bouscayrol, P. J. Barre, J. P. Hautier, “Validation of anti-slip control for a subway traction system using
Hardware-In-the-Loop simulation”, IEEE-VPPC’07, Arlington (USA), September 2007 (common paper L2EP Lille and Siemens
Transportation System)

L. Horrein, V. Derache, A. Bouscayrol, J. N.Verhille, P. Delarue, “Different models of the
traction system of an automatic subway”, ElectrIMAC’11, Cergy Pointoise (France),
June 2011 (common paper of L2ZEP and Siemens Transportation Systems).

A. Bouscayrol, J. P. Hautier, B. Lemaire-Semail, "Graphic Formalisms for the Control of Multi-Physical Energetic Systems",
Systemic Design Methodologies for Electrical Energy, tome 1, Analysis, Synthesis and Management, Chapter 3, ISTE
Willey editions, October 2012, ISBN: 9781848213883

C. Mayet, L. Horrein, A. Bouscayrol, P. Delarue, J. N. Verhille, E. Chatot, B. Lemaire-Semail, “Comparison of different
models and simulation approaches for the energetic study of a subway", IEEE transactions on Vehicular Technology,
Vol. 63, no. 2, February 2014, pp. 556-565 [IF 2.063 en 2013] (common

paper of L2EP Lille and Siemens Mobility)



Thanks for your attention!
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