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SDC - The problem!
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SDC - The problem!

Consider the initial value problem Picard form over [t;,ti11], { = 0..L — 1:
d integrate t
au(t) = f(t,u(t)) :\%: u(t) = wo + / f(ryu(r))dr
to

u(to) =ug, t€ [O,T]
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SDC - The problem!

Consider the initial value problem Picard form over [t;,ti41], I = 0..L — 1:
d integate t
au(t) = f(tﬂ//(t)) over ¢ u(t) = ug + / f (7'7 u(‘r)) dr
to

u(to) =ug, t€ [O,T]
for partition 0 =tp < .. <t =T.

Discretization using quadrature weights leads to collocation problem over [t;, t14+1]:
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SDC - The problem!

Consider the initial value problem Picard form over [t;,ti41], I = 0..L — 1:
d £ = ¢ ¢ integate t
au( ) = f(t u(t)) ot u(t) = uo —l—/t f(ru(r))dr
0

u(to) =ug, t€ [O,T]
for partition 0 =tp < .. <t =T.

Discretization using quadrature weights leads to collocation problem over [t;, t14+1]:

(Im — AtQF) (wi41) = w (1)

Collocation problem for time domain [0, T7:

Im — AtQF ui Uuo
— I — AtQF uz 0

C (ﬁ) = ) ) . =
— IM — AtQF ur, 0

)

1w, Emmett, M. L. Minion, Toward an efficient parallel in time method for partial differential equations,

Commun. Appl. Math. Comp. Sc. 7, no. 1, 105.132, 2012
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Collocation problem - The iterative solvers!:2

GauB-Seidel on coarse level (serial):

The parallel full-approximation-scheme in space and time for el ic transi imulati e

Lisa Wimmer 4/21 WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (¥) = (Irar — I ® AtQaF —E® 11) (W)

The parallel full-approximation-scheme in space and time for el ic transi imulati e

Lisa Wimmer 4/21 WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (¥) = (Irar — I ® AtQaF —E® 11) (W)

The parallel full-approximation-scheme in space and time for el ic transi imulati % BERGISCHE

A o UNIVERSITAT
Lisa Wimmer 4/21 WUPPERTAL



Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (¥) = (Irar — I ® AtQaF —E® 11) (W)

to t1 to t3
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

¢ ° ¢ ° ¢ ° ¢-
to ty t2 t3
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

¢ L ¢ ° ¢ °

to Solve* t 2
~ ~k
(If,I - AtQF) (dy) = o

*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

send ic: Ha

¢ L ¢ ® ¢

to Solve* t 2
~ ~k
(If,I - AtQF) (dy) = o

*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!:2

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

send ic:

=
-

&

—l
¢ L ¢ ® ¢
to

Solve™ t1 Solve t2

t3
(15 — AQF) @¥ = ao (g — A1QF) (W) = i

*: a tilde marks values on coarse level
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— —
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Collocation problem - The iterative solvers!:2

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

send ic: Ha

=
-

send ic:

L ° ¢ ® ¢ ° -
to Solve™ } t1 Solve } t2 Solve } t3
(15 — AQF) @¥ = ao (g — A1QF) (ty) = mak (15 — AQF) (Fs) = 1k

&

=1

*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!:2

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

L rrek P —— : ~k
send ic: ay send ic: a, o send ic Qg
¢ ° ¢ ° ¢ ° ¢--
to Solve™ t1 Solve 2 Solve t3
~ ~k - ~ ~k ok ~ ~k -k
(If,I - AtQF) (dy) = o (If,I - AtQF) (3) = 11k (If,I - AtQF) (Wy) =118k
*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!:2

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

P P . ~k
send ic: ay send ic: a, o send ic Qg
¢ ° ¢ ° ¢ ° ¢--
to Solve™ t1 Solve 2 Solve t3
~ ~k 5 ~ ~k ok - ~k -k
(If,I - AtQF) (dy) = o (If,I - AtQF) (3) = 11k (If,I - AtQF) (Wy) =118k
Jacobi on fine level (parallel):
*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

=
-

&

send ic:

—i
¢ ° ¢ ° ¢ ° ¢--
to Solve™ t1 Solve 2 Solve t3
(T — AQF) (@) = 60 (T — AWQF) (i) = 11t (g — AWQF) (i5) = 11dih

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

*: a tilde marks values on coarse level

The parallel full-approximation-scheme in space and time for electr ic transi imulati *

Lisa Wimmer 4/21

BERGISCHE
UNIVERSITAT
WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

=1
=

&

send ic:

—
¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve i3
(T — AQF) (@) = 60 (T — AWQF) (i) = 11t (g — AWQF) (i5) = 11dih

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

*: a tilde marks values on coarse level

The parallel full-approximation-scheme in space and time for electr ic transi imulati &

Lisa Wimmer 4/21

BERGISCHE
UNIVERSITAT
WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

=1
=

&

send ic:

—
¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve i3
(T — AQF) (@) = 60 (T — AWQF) (i) = 11t (g — AWQF) (i5) = 11dih

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

to t1 to t3

*: a tilde marks values on coarse level

The parallel full-approximation-scheme in space and time for electr ic transi imulati &

Lisa Wimmer 4/21

BERGISCHE
UNIVERSITAT
WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgg (ﬁ) = (Iom — I @ AtQAF —E ® H) (7)

=1
=

&

send ic:

—
¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve i3
(T — AQF) (@) = 60 (T — AWQF) (i) = 11t (g — AWQF) (i5) = 11dih

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

—o—"oo—0o—9¢—00—0o—0—¢—0—0o—0—¢-

to t1 to t3

*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgg (ﬁ) = (Iom — I @ AtQAF —E ® H) (7)

=1
=

&

send ic:

—
¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve i3
(Tt — A1QF) (&) = o (T — ALQF) (i) = 11k (Ig — ALQF) (i) = 11}

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

—o—"oo—0o—9¢—00—0o—0—¢—0—0o—0—¢-
to Solve 1 Solve t2 Solve ts
(Inr — AtQF) (W) =up  (In — AtQF) (W5) = ul}  (In — AtQF) (Wh) = uf 7}

*: a tilde marks values on coarse level

The parallel full-approximation-scheme in space and time for electr ic transi imulati &

Lisa Wimmer 4/21

BERGISCHE
UNIVERSITAT
WUPPERTAL




Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgg (ﬁ) = (Iom — I @ AtQAF —E ® H) (7)

=i}
N

send ic:

=1
=

&

send ic:

¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve t3
(Tt — A1QF) (&) = o (T — ALQF) (i) = 11k (Ig — ALQF) (i) = 11}

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

— — —
—o—"oo—0o—9¢—00—0o—0—¢—0—0o—0—¢-
to Solve t Solve t2 Solve t3

Iy — AtQF) (d%) =uo  (In — AtQF) (Wh) =uf ) (Iu — AtQF) (Uf) =uf7;

*: a tilde marks values on coarse level
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Collocation problem - The iterative solvers!»?

GauR-Seidel on coarse level (serial): Pgs (€)= (Ira — I ® AtQaF — E® 11) (W)

=1
=

&

send ic:

—
¢ ° ¢ ® ¢ ° -
to Solve™ t1 Solve t2 Solve i3
(T — AQF) (@) = 60 (T — AWQF) (i) = 11t (g — AWQF) (i5) = 11dih

Jacobi on fine level (parallel): Py (ﬂ) = (Irm — In ® AtQAF) (ﬁ)

— — —
—o—"oo—0o—9¢—00—0o—0—¢—0—0o—0—¢-
to Solve t Solve t2 Solve t3

k k—1 k k—1
Iy — AtQF) (d%) =uo  (In — AtQF) (Wh) =uf ) (Iu — AtQF) (Uf) =uf7;

*: a tilde marks values on coarse level
2. M. Bolten, D. Moser, R. Speck, A multigrid perspective on the parallel full approximation scheme in space and

time, Numerical Linear Algebra with Applications 24, 6, 2017
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PFASST Algorithm?!2

1. Execute Jacobi solver on fine level in parallel using P,
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PFASST Algorithm?!2

1. Execute Jacobi solver on fine level in parallel using P,

2. Compute 7-correction
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PFASST Algorithm?»2

1. Execute Jacobi solver on fine level in parallel using P,
2. Compute 7-correction

3. Execute GauB-Seidel solver on coarse level in serial using Pgs
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PFASST Algorithm?»2

1. Execute Jacobi solver on fine level in parallel using P,

2. Compute 7-correction

3. Execute GauB-Seidel solver on coarse level in serial using Pgs
4

. Correct solution

The parallel full-approximation-scheme in space and time for electr ic transi imulati & BERGISCHE

A o UNIVERSITAT
Lisa Wimmer 5/21 WUPPERTAL



PFASST Algorithm?»2

1. Execute Jacobi solver on fine level in parallel using P,

2. Compute 7-correction

3. Execute GauB-Seidel solver on coarse level in serial using Pgs
4

. Correct solution

coarse
y
weep
] ine
€
‘5 sweep
c coarse
.0
s comm.
S fi
2 ine
g' N comm.
o }8
o ]
e
[9)
— ) =

The parallel full-approximation-scheme in space and time for el ic transi imulati e

Lisa Wimmer 5/21 WUPPERTAL




PFASST Algorithm?»2

1. Execute Jacobi solver on fine level in parallel using P,

2. Compute 7-correction

3. Execute GauB-Seidel solver on coarse level in serial using Pgs
4

. Correct solution

coarse
y
weep
] ine
€
= sweep
c coarse
.0
s comm.
S fi
2 ine
= comm.
I .
o 2
o ]
e
[9)
o

to p, t1 p t2 p, t3 p ta

3. Fabian Koehler, PFASST tikz, https://github.com/Parallel-in-Time/pfasst-tikz, 2015

The parallel full-approximation-scheme in space and time for el i i imulati el

Lisa Wimmer 5/21 WUPPERTAL

o



DFG Project - PinTSimE

Members:
Prof. Dr. lDr. Prof. Dr.-Ing. M. Sc. M. Sc.
Matthias Bolten Robert Speck Andrea Benigni Julius Strake Junjie Zhang
(BUW) (Jsc) (FZJ IEK-10) (FZJ IEK-10) (FZJ IEK-10)

The parallel full-approximation-scheme in space and time for el ic transi i i * e
Lisa Wimmer 6/21 WUPPERTAL




DFG Project - PinTSimE

Members:
4
i \
Prof. Dr. Dr. Prof. Dr.-Ing. M. Sc. M. Sc.
Matthias Bolten Robert Speck Andrea Benigni Julius Strake Junjie Zhang
(BUW) (Jsc) (FZJ IEK-10) (FZJ IEK-10) (FZJ IEK-10)

» PinTSimE - Parallel-in-Time Simulation in multimodal Energy systems
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» PinTSimE - Parallel-in-Time Simulation in multimodal Energy systems

» Multimodal - Energy system in which different energy grids are connected such as
power grid, heat grid, gas grid,..
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» PinTSimE - Parallel-in-Time Simulation in multimodal Energy systems

» Multimodal - Energy system in which different energy grids are connected such as
power grid, heat grid, gas grid,..

» First focus lies on DC power microgrid
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DFG Project - PinTSimE

Members:
b W
Prof. Dr. Dr. Prof. Dr.-Ing. M. Sc. M. Sc.
Matthias Bolten Robert Speck Andrea Benigni Julius Strake Junjie Zhang
(BUW) (Jsc) (FZJ IEK-10) (FZJ IEK-10) (FZJ IEK-10)

» PinTSimE - Parallel-in-Time Simulation in multimodal Energy systems

» Multimodal - Energy system in which different energy grids are connected such as
power grid, heat grid, gas grid,..
» First focus lies on DC power microgrid

» Goal: Simulation faster than real-time
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Part 1l

DC microgrid model

» Components

» Switching processes
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DC microgrid

The parallel full-approximation-scheme in space and time for

Lisa Wimmer

Grid

DC/DC

Converter

Household

DC/DC
Converter

Household

DC/DC
Converter

*’—1 Pi-line }J—{ Pi-line }—‘—1 Pi-line }J—{ Pi-line }—’7 ---

DC/DC DC/DC DC/DC
Converter Converter Converter
[ [ [
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Pi-line model

i vy R, v Ly v3 i
X i
1R, L
iR, R
wy e, ic, R,
vt
Pi-line model
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Pi-line model

. U1 Rrr Vo L7r v3 s
. 0 i
A
. i
1R, Lx
iR, R,
wy i (TZC ic,

—_Cyip, ;Rc
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Pi-line model

Model can be described as
ODE System:
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Pi-line model

Model can be described as

i ”1@”2 ,\/’U(LS&S‘ v ODE System:
. Z‘L,,
i (Sh Su(t) = Au(t) + 1)

wi e [T G ic, [T=Cain, gm

Pi-line model
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Pi-line model

Model can be described as

. 1 Ry v Lx 3 i ODE System:
- ir, d
ir, (R, - %u(t) = Au® + 1)
vo ic, | _C1 ic, | _—___ Cyig, ng Properties:
vt

Pi-line model
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Pi-line model

Model can be described as

i v Bew Lew i ODE System:
i PLn d
in, (S, " Zult) = Au(t) + (1)
vo e p— ic, | T —Caig, §R£ Properties:
VT P serves as transmission
‘ line in DC microgrid

Pi-line model
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Pi-line model

Model can be described as

i i e i ODE System:
‘M\/\’/ —
. UL, d
1R,
in (Sh, Zult) = Au(t) + (1)
vo e p— ic, | T —Caig, §R£ Properties:
VT P serves as transmission
‘ line in DC microgrid
» no special events in the
Pi-line model simulation
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Buck converter model
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Buck converter model

v.(Ftiv.

Buck converter model with the states
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Buck converter model

v Sl
A
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Buck converter model with the states
FS={S=1,5 =0}

and
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Buck converter model

v Sl
A
~_
is
iR, R,
Ci " ]ic, S2
Y
Ve Tivd

Buck converter model with the states
FS={S=1,5 =0}
and

SS={51=0,5 =1}
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Buck converter model

Each state can be described
as ODE System:

Buck converter model with the states

FS={S=1,5 =0}
and

SS={51=0,5 =1}
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Buck converter model

Each state can be described
as ODE System:

< - FS: %u(t) = Ayu(t) + f1(t)
(Ot ss: %u(t) = Agu(t) + fo(t)
Buck converter model with the states
FS={S=1,5 =0}
and
S8 ={81=0,52=1}
The parallel full-appreximation-scheme in space and time for e ic transient simulati oy Y B
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Buck converter model

Each state can be described
as ODE System:

< - FS: %u(t) = Ayu(t) + f1(t)
(Ot ss: %u(t) = Agu(t) + fo(t)
Buck converter model with the states Properties:
FS={5=1,5=0}
and
8§ ={5 =0,8 =1}
The parallel fullapproximation-scheme in space and time for e tranient simalation gy S,



Buck converter model

Each state can be described
as ODE System:

d
FS: au(t) = Au(t) + f1(t)

d
SS: au(t) = Aqu(t) + fa(t)

Buck converter model with the states Properties:
FS={S=1,5 =0} > converts large input
voltage in a smaller
and output voltage

SS={51=0,5 =1}
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Buck converter model

Each state can be described
as ODE System:

FS: —u(t) = A1u(t) + fi(t)

d
SS: au(t) = Aqu(t) + fa(t)

Buck converter model with the states Properties:
FS={S1=1,8 =0} » converts large input
voltage in a smaller

and output voltage

» switching produces
many discrete events

SS={51=0,5 =1}

The parallel full-approximation-scheme in space and time for electr ic transi imulati & e
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Battery drain model

SV v3 SC v4

iR R i |—_—C
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Battery drain model

SV v3 SC V4

Battery model with the states
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Battery drain model

SV v3 SC V4

Battery model with the states
FS={Sc=1,5y =0}

and

The parallel full-approximation-scheme in space and time for el ic transi imulati % BERGISCHE

. o UNIVERSITAT
Lisa Wimmer 11/21 WUPPERTAL



Battery drain model

SV v3 SC V4

iR §R ic |—__C

Battery model with the states
FS={Sc=1,5y =0}
and

SSZ{Sc:O,szl}
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Battery drain model

Each state can be described
Sy w S as ODE System:

iR §R ic |—__C

Battery model with the states
FS={Sc=1,5y =0}
and

SSZ{Sc:O,szl}
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Battery drain model

Each state can be described
as ODE System:

d
FS: au(t) = Aru(t) + f1(t)
d
SS: —u(t) = Asu(t) + f2(t)
c dt
Battery model with the states
FS = {Sc = 1,8 = 0}
and
SS = {Sc =0,5v = 1}
Iit: c;ir::::qu"—approximation—scheme in space and time for electr ic transi imulati . % ;,E?,%Z‘EE&:



Battery drain model

Each state can be described
as ODE System:

d
FS: au(t) = Aru(t) + f1(t)
d
SS: —u(t) = Asu(t) + f2(t)
—0c dt
Properties:
Battery model with the states
FS={Sc =15y =0}
and
SS ={Sc =0, =1}
Iit: c;ir::::qu"—approximation—scheme in space and time for electr ic transi imulati . % ;,E?,%Z‘EE&:



Battery drain model

Battery model with the states

FS={Sc=1,5 =0}
and

SSZ{Sc:O,szl}

The parallel full-approximation-scheme in space and time for
Lisa Wimmer

Each state can be described
as ODE System:

Fs: %u(t) = Avu(t) + fi(8)
ss: %u(t) = Asu(t) + fo(t)
Properties:

» capacitor supplies
energy
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Battery drain model

Each state can be described

Sy v3 E'C; o as ODE System:

d

FS: %u(t) = Aru(t) + f1(t)
d

SS: au(t) = Asu(t) + f2(t)

iR §R ic | __C
Properties:
» capacitor supplies

energy

» when energy drops
below a reference

Battery model with the states voltage, switch to

FS={Sc=1,Sy =0} voltage source
and

SS:{Sc:O,szl}
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Battery drain model

Each state can be described

Sy v3 E'C; vy as ODE System:

d

FS: %u(t) = Aru(t) + f1(t)
d

SS: au(t) = Asu(t) + f2(t)

ir R ic |T”ZC
Properties:
» capacitor supplies

energy

» when energy drops
below a reference

Battery model with the states voltage, switch to

FS={Se=1,Sy =0} voltage source
» only one single discrete
and event

SS:{Sc:O,szl}
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Switching processes

S

—c/o—

Sy =0

I
—
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Switching processes

S1=1 Switch
=4

—c/o—

Sy =0
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Switching processes

S1=1 Switch
=4

—c/o—

Sy =0
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Switching processes

—0/0—

—_———
S1=1 Switch S1=0
...4.#"”"‘;>... ———o—
S =0 S =1
> discrete events
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Switching processes

——e— —0/0—

S1=1 Switch 51=0
—c/o— —_——
52:0 ,5’2:1

» discrete events

» for models: switching from one ODE system to another
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Switching processes

———
S =1

—c/o—

Sy =0

» discrete events

—0/0—

S1=0
——o—
So=1

» for models: switching from one ODE system to another
> needs to investigate their behavior in SDC (and PFASST)

The parallel full-approximation-scheme in space and time for el
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Occurence of a switch

Two possibilities, where a switch can occur:

The parallel full-approximation-scheme in space and time for el ic transi imulati * BERGISCHE

. o UNIVERSITAT
Lisa Wimmer 13/21 WUPPERTAL



Occurence of a switch

Two possibilities, where a switch can occur:

» on a time step
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

th=71 T2 T3 T4 T5 =t
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

th=71 T2 T3 T4 T5 =t
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch
(everything is fine)
@ @ @ ®
th=71 T2 T3 T4 T5 =t
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch
(everything is fine)
@ @ @ ®
th=71 T2 T3 T4 T5 =t
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch Switch
(everything is fine) critical
@ @ @ ®
th=71 T2 T3 T4 T5 =t
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch Switch
(everything is fine) critical
@ @ @ ®
th=71 T2 T3 T4 T5 =t
Challenges:
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch Switch
(everything is fine) critical
@ @ @ o
th=71 T2 T3 T4 T5 =t

Challenges:

» Occuring of switch between collocation nodes leads to later resolution of behavior
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Occurence of a switch

Two possibilities, where a switch can occur:
» on a time step

» between collocation nodes

Switch Switch
(everything is fine) critical
@ @ @ o
th=71 T2 T3 T4 T5 =t

Challenges:
» Occuring of switch between collocation nodes leads to later resolution of behavior

» Accuracy is worse: energy monitoring is delayed

The parallel full-approximation-scheme in space and time for electr ic transi imulati @
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Part 111

Results
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Pi-line modelling - SDC

Settings:




Pi-line modelling - SDC

Settings:
> tp=0 At=10"2%T=15
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Pi-line modelling - SDC

Settings:
> =0, At=10"%T=15
» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation
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Pi-line modelling - SDC

Settings:
> =0, At=10"%T=15
» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation

> local (per subinterval) restol = 1073
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Pi-line modelling - SDC

Settings:
> =0, At=10"%T=15
» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation

> local (per subinterval) restol = 1073
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Pi-line modelling - SDC

Settings:
> =0, At=10"%T=15
» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation

> local (per subinterval) restol = 1073

Energy

I ic transi T BERGISCHE
UNIVERSITAT
15/21 WUPPERTAL
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Pi-line modelling - SDC

Settings:
> to=0 At=10"% T=15

» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation

> local (per subinterval) restol = 1073

80

— o

T Uy
— i,
Radau
DOP853

20
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Pi-line modelling - SDC

Settings:
> =0, At=10"%T=15
» IMEX SDC with 5 Gauss-Lobatto (GL) nodes used for simulation

> local (per subinterval) restol = 1073

80

40

Energy

20

- Vg
T e
— g,
----- Radau
————— DOP853

The parallel full-approximation-scheme in space and time for el
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Pi-line modelling - PFASST

Settings:




Pi-line modelling - PFASST

Settings:

» Same as for SDC,
num_ procs = 8

PR B ; I : : v BERGISCHE
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Pi-line modelling - PFASST

Settings:
» Same as for SDC,
num_ procs =8

» Coarse level: 3 GL nodes
Fine level: 5 GL nodes
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Pi-line modelling - PFASST

Settings:
» Same as for SDC,
num_ procs =8
» Coarse level: 3 GL nodes
Fine level: 5 GL nodes

> local restol = 107*?
(per subinterval)
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Pi-line modelling - PFASST

Settings:
» Same as for SDC,
num_ procs =8
» Coarse level: 3 GL nodes
Fine level: 5 GL nodes

> local restol = 107*?
(per subinterval)
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Pi-line modelling - PFASST

Settings:
» Same as for SDC,
num_ procs =8

» Coarse level: 3 GL nodes
Fine level: 5 GL nodes

> local restol = 107*?
(per subinterval)

Average number of iterations
~
o

2.4+
2.2
2.0 —=— M=[3,5]
107 10-¢ 107 107
At
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Pi-line modelling - PFASST

Settings:
» Same as for SDC,
num_ procs =8

» Coarse level: 3 GL nodes
Fine level: 5 GL nodes

> local restol = 107*?
(per subinterval)

Time

g 341 Ref -Error of Ref -Error of ¢ Ref.~Error of

S \ ef -Error of ve, ef -Error of ve, ef -Error of i,

= 10—

324

o

L 304 L

= 10 B

S 28
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8 26+ 10-5 B

€

3 249

10-7 1

22

Y22

o

] 201 —=— M=[3,5] 10-9 7 T T

Z - - 0 5 10 50 5 10 150 5 10

-5 - -3 -2 . . .
o 10 At 10 10 Time Time Time
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of only one switchl!
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiter, = 0.01
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used

Setting:
> t, =0,
At =2-107%,
T =0.02
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02

Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used

Setting: Setting:
— > to = 0.0001,
At=2-10"", At=2-10"%,
T =0.02 T =0.02
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used

Setting: Setting: Setting:
> tp =0, > to = 0.0001, > to = 0.00009,
At=2-1074, At=2-10"4, At=2-10"%
T =0.02 T =0.02 T =0.02
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |

Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used

Setting: Setting: Setting:
> tp =0, > to = 0.0001, > to = 0.00009,
At=2-1074, At=2-10"4, At=2-10"%
T =0.02 T =0.02 T =0.02

Error for case Buck_switch_on_timestep

-014 — vg
— v
—

i,
--- Switch

-04
0.00000.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200
Time
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Buck converter modelling - SDC

Buck converter manipulation: Implementation of |
Reference solution via (IMEX) SDC: to = 0, At = 1078, T = 0.02
Switch falls on time tgwiten = 0.01
IMEX SDC with 5 GL nodes used

Setting: Setting:

> o =0, > ¢, = 0.0001, > ¢, = 0.00009,
At=2-107%, At=2-107%, At=2-107%,
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Battery drain modelling - SDC

Battery drain model has internal switching: Switching depends on system dynamics
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Battery drain modelling - SDC

Battery drain model has : Switching depends on system dynamics
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Battery drain modelling - SDC

Battery drain model has : Switching depends on system dynamics
Settings:
> to=0 At=10"% T =4

» Reference value for tViep =1
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Battery drain modelling - SDC

Battery drain model has : Switching depends on system dynamics

Settings:
> to=0 At=10"% T =4
> Reference value for tViep =1

» IMEX SDC with 5 GL nodes used
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Part IV

Future work
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Future work

> Development of switch estimator (first, for SDC - then, for PFASST)
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Future work

» Development of switch estimator (first, for SDC - then, for PFASST)
» Further investigation of each microgrid component
» Parallel simulation of whole DC microgrid

» Runtime tests for PFASST for each component
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The end - pySDC & contact

» PintSimE project is already implemented in pySDC
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The end - pySDC & contact

» PintSimE project is already implemented in pySDC

» Tutorial page is under construction
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If you have any (deeper) questions, contact me on
wimmer@math.uni-wuppertal.de
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