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~7"  Standard Library HVDC and MTDC Models for
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NATIONAL LABORATORY

« Sponsors: DOE Wind Energy

Technologies Office (WETO) and Standard Library HYDC and MTDC
Grid Deployment Office (GDO) Model Specifications for Offshore
Wind Planning Studies

* Objectives:

« Collaborate with WECC MVS, / / \ \
PNNL | @

HVDC manufacturers, software S GE Vernova @| Powerworld | @] WECC

vendors, trans:m|§S|on planners, o [Erri @ [Siemens Eneray ] 4 SSLF ® —

and research institutes to develop

standard library HVDC and @] Hitachi Energy A PSS®E @| Eversource

MTDC models A TSAT - NYPA
Research HVDC Software Transmission

Institutes OEMs Vendors Planners
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« Approach: Develop separate HVDC models the can better represent HVDC technologies
used by Siemens Energy, Hitachi Energy, and GE Vernova

Standard HVDC models

VHVDC_A1 model HVDC model #2 HVDC model #3
|
\ 4
Siemens EPRI* Hitachi PNNL*
Energy (subcontract) Energy
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7 Engagement with MVS on VHVDC_A1 Model
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« The DOE HVDC/MTDC modeling project was introduced at MVS in Jan. 2025
« The initial version of VHVDC A1 model spec was presented at MVS on Sept. 11th, 2025

« Multiple small group meetings was held with domain experts and software vendors to
iImprove the spec during 2025

« The updated VHVDC_ A1 was sent by the MVS chair to all MVS members on Nov. 11, 2025
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« Siemens Energy provided a UDM and detailed control blocks for an HVYDC model

* Interconnection applications
* |slanded wind farm applications
 PNNL develops the VHVDC A1 model specification based on Siemens Energy’s inputs

* Incorporated comments from WECC MVS members and software vendors

PNNL plan on developing VHVDC A1 model

Benchmark PSCAD Benchmark PNNL's Support benchmarking
Develop model and Siemen’s Develop PSSE PSCAD and PSSE with software vendors’
PSCAD model PSSE model model models models
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 Model applications
* Interconnection and islanded wind farm applications

« Support general planning studies, except DC-side faults and contingencies within an
islanded wind farm.

 HVDC configuration representation
* Inherently represent a point-to-point monopole HVDC link
« Abipole HVDC system can be emulated by combining two monopole links

HVDC System Model
POI - T T T T T T T T T T T T T | POI

Same or

different POls

I

Same or : ________________
different POls |
I
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* Model specification structure
« HVDC power flow model and setup in commercial tools
 Interfaces of HVDC converters at AC and DC side
» Control of Side-1 and Side-2 converters
* Interconnection applications (both converters in grid-following mode)

« |slanded wind farm applications (one converter in grid-forming mode and the
other in grid-following mode)
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POI ~ = POI
O—
AC grid © | q,____l___l_ = I o

Side 1 Side 2

Figure: Power flow model of a 2-terminal bipole HVDC system.

AC grid

« The power flow solution for initialization is obtained from the AC-DC power flow in commercial tools.

« Each HVDC converter connects to the AC grid via a two-winding transformer, with the two poles
modeled as separate links.

 The AC-DC power flow solution relies on the control modes of Side-1 and Side-2 converters of each
HVDC link. The following two options are allowed:
» Option 1 (for interconnection applications): Side-1 converter controls DC voltage, and Side-2
converter controls AC active power with a positive or negative power set point.
» Option 2 (for islanded wind farm applications): Side-1 converter controls AC active power with
negative power set point, and Side-2 converter controls DC voltage.




‘7/ Converter Interface with AC and DC Grids
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o) o—YY Y __ o
Z.=R+jX
Oz O vics. —* r.y () L.
Figure: Equivalent interface of a GFL converter with Figure: Thevenin-equivalent representation and converted Norton-equivalent
the AC grid. interface of a GFM converter with the AC grid
Q DC injection current
_>Idc <f> — Ve ] = Pdc - Pac + Boss
R A
o dc dc

Figure: Equivalent interface of a GFL
converter with the DC grid.
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Interconnection
applications

Islanded wind farm
applications

dc dc de Rdc
2 2 2 2
— AMA—YY Y YL AAA "
I, I, =T
Cl Cdc Cz : :
— T> :\ Vdcl ==l Vdc == lVdc2 |] : 7 —CT)
La :—q;l—— e 1,249,
| N

Only enabled in
islanded wind farm applications

Figure: DC line model in an HVDC system.

DC dynamics a’(Vdcl) g
1 del /1
L,dd,) R, dt
—= :Vdcl_Vdc_]ll_c
2 dt 2 d,) .
Cdc dt _]ll 112
L, d(l,) R,
e =V, —V,,—1,—% d(V,,
2 dt ) C, (dc; ) =1, Iy +1,,
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Grid Converter HVDC conve.rter Grid Converter HELE convel.’ter
side bus side bus r riprgeﬂanon] side bus side bus representation
B [~~~
o | ( gé >—< I | O—“—I- | o | CID_‘ I I~ (: ) l "
V Pac Qac I 4+ I Vac [ | A I
o I * I
PL o
l L_, 7 - PLL xyClq V.Z0,
§P L Converter d
> c I qx s 5 R Converter
ontro Ty . Control
5PLL
Figure: Measurements and PLL in grid-following mode. Figure: Measurements and PLL in V-F mode (Side-1 Converter in
islanded wind farm applications).
S = 1 tan”" (E) (No PLL angle freezing even
PLL — o
1+ L) e at low voltage condition!)
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1
dl_ref rate_up
1 —
V . . I/acl _Idl_max / Idl_max
ac > ”
$Tyger 1+l Look-up table /
[dl_ref_rate_down
Idl —_— ! _—
Aldl_ctrl_max
+ K 1 + ++" Idl_cmd
dcl o Vdc1 TVdcl Ky +%
14 — —Al,,
dcl_ref _ctrl _max
- dedcl Id]_max > -1 ]dl_min
> / > KVdcl_dyn

—db

Vdcl

Figure: Side-1 converter in interconnection applications (active current command generation).

Active current reference
for the Side-1 Converter is
generated based on the
DC bus voltage controller.
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Qacl _cmd

—

~ X

I/acl 1 ‘|"

STyaer 2+l

ST, +1
V71 long AI ql _ctrl _max
]ql_ctrl_max Iq]_max ]
Qacl _cmd 1 +:;!\ /_ +: /_: 1 ﬂd
Q + _? sTuq1 L ~/ _/ .huj _/
acl — 7 Freeze State if —I gl _ctrl _max —/ gl_max
—Al gl ctrl _max F reezeSz‘ate'1 =TRUE -
, , Reactive current reference
| X] — . | FreezeState, . .
v State freeze logic|—— for the Side-1 Converter is
acl_hl i generated based on reactive
dropl 1 power' ContrO”er
deacl_ dyn 1 ql _max
acl_ref
-I:_f.\ > /_/ KVacl_dyn _//—
I/acl 1 ‘ _deacl_dyn _Iq]_max

Figure: Side-1 converter in interconnection applications (reactive current command generation).
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Ly rerand

x—

cl _max

l

dl cmd
—’

Circular
current
limiting

e

!

1 di_ref
EEEEEE—

gl ref

gl _cmd

to
Xy

" The active- and reactive-current references
ffrom the main control are used
to syntheS|ze the phasor reference current

Ly ortJL,; rto interface with the AC grid.

] xi _ref

Iyi _ref

Figure: Side-1 controller current limiting control.

in Interconnection Applications (cont’d)

Circular Current Limiting Control

. 1 2
Idl_cmd +]Iq1_cmd cl_cmd cl_max e
]dl_cmd +]] 1 _cemd Icl_cmd Icl max
kl
where: ] cl _cmd Zecl _cmd ] dl _cmd
k . Ic]_cma’
i
cl _max

+ jI

ql cmd

~—e—» ldl_ref £ jlql_ref
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Side-1 Reactive Power Control (Outer Loop) in
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Qacl_max Qacl_ref_rate_up

Qacl_ref _//— //
Qacl _min Qacl ref rate down
Kdraop]
- L

V e 4 s - d/bz‘w] AI/vaclimax 1/_ 2\ Qacl_max
acl_re I /— K ) < V=

_ _/ iul _/
-« — — Fla
_de | A Vacl_max j Freeze State if 3 O madel g Qacl — Q‘"’l—“’"d
Ver 1 o 0. | min I_TreezeStatel 0 -
Fi® +1 1X] =TRUE

- State freeze logic -
dI/acl_? 10
Tdm; ) Reactive power command can be generated
y using one of the following objectives:
P fign——— « Controlling reactive power
pf max QHC max L4 i
of; i L Sl 1 Controlling AC voltage

LIX| ———(acos[— tan gz —~ 7 « Controlling AC power factor

pﬁ_min Qacl_min pf1_order s+ 1
|
Bzcl T 1 IX]
pSt+

Figure: Side-1 reactive power command generation control in interconnection applications.



- ~"  Side-1 Converter Model
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Side-1 converter operates in V-F mode

I/acl_ ref [

ql _ctrl _max_w ]ql Vc]_max_
‘ / ' | / "
V | 1 % i gl _max w s 1 1
1 o K + LU /[ ;I N | = - cl
ST +1 Vacl w 1

—( K + >
iacl_w
Vacl _f3 STVacl_w & ]_/ STIql_.f_W+1 SI;acl_W I/Lll Hcl
I 7 "4yl max w _F 0
gl el max w ¢l _min w cl

KVac]_ﬁv_w

Figure: Main Converter controller of Side-1 in wind park applications.

| _Kuer cn A DC chopper prevents DC voltages following
Ve 5. $Tiaer cu +1 a fault at the AC side of Side-2 converter.
Id 2 CH
" + c2 _ _ max 1 . — _
:CL—'KVdczc'H +é+ _//_ ' Inom_('H —< Idc2_e]7 dc?2 ICH
Vdc2 (negative) \\Idd CH max 0
Ct_m t
L j(VchICH)a’t >FE., . — trip the chopper
STVch_CH T -
— 0 0

Figure: Chopper Controller. 17
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|rIslanded wind farm

d2 max

1
applications I d2 —»
Al sTy,, Ly +1
d2_ctrl _max ]d2 -
1 + + f
Vdc?2 TV e S
J_AI d2 ctrl _max 1 d2_min
dedc 2 I -
K d2 _ref rate_up -1
/ > Vdc2 dyn — f
_dedCZ I d2 _ref rate_down
_IIEe;c o_n;ec_ti;n _____________________________________
| applications
V — ! N I/ac2 -1 d2_max IdZ_Vac_max I
a2 | T Vaca f1 s+1 Look-up table L, d2_ref 7rat€_up Ji
min /
Vd 9 N Vdc2 - ]dZ_ max I I d2 _ref rate down
C
Look-up table I/ 42 Ve max

ac2_ref lim

1

1y
A7

d2 ctrl _max

V
2
ac STsz_,ong +1
PacZ —=m
+
ac2 _ref _rate up
Bch_ref /
/

Figure: Side-2 converter active current command generation controller.

ac2 _ref rate_down

ac2_ref _lim

1

/_
1 + ~
. % f
L apc2S | — Freeze State if
_/ FreezeState, =TRUE
_A[ d2 _ctrl _max ]
d2 ref rate up
d2 Vac _max
{1 /
4

Vdc2 -1 d2 min
Look-up table

d2 ref rate down

Side-2 Main Converter
Model

Side-2 converter active current control
includes control for both interconnection
and islanded wind farm applications.

Op_Mode [d 2 cmd

/.—>
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Q2 ema . Reactive current reference for the Side-2 Converter
/ IS generated based reactive power controller
Vier . : : ‘ (identical to Side 1)
S Vf2 lon +
g AI q2 _ctrl max
1 + Iq2_ctrl_max Iq2_max I
QacZ cmd NG > +‘O /_ +‘O /_ » -1 a2_enq
a - S];tqz e — _ _ I—/ +4 —/
0) | —7 Freeze State if % q2_ctrl_max Ly
ac? _AI qs_
g2 _ctrl_max F reezeState2 =TRUE I/ 2 max
> |X| " . Id27cma‘ [d2 ) I 3 of
State freeze logic[— FreezeState, - R | 52
dv. ., . i Circular dg
- T current to
drop2_1 limiting Xy
V deac 2 dyn ] — Iq 2 jef~ _Ii 2rdf
- 2 max >
ac2 _ref + ‘ /J K q/__ Iq27cmd
j/ . Vac2 dyn _/
I/acZ . 1 _deaCZ_dyn _IqZ_max

Figure: Side-2 controller current limiting control.

Figure: Side-2 converter reactive current command generation controller.
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W/ Side-2 Reactive Power Control (Outer Loop)
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Qachmax Qac2_ref_rate_up
Qachref J/_ //
QacZ _min QacZ _ref _rate_down
QacZ_max _J
V _ deac2 AI/acZ_max 1/_ 2\ Qachmax
O SO K C 0w o
—db —AV, 2 '-I?raeze State if 3 mode2 g Q | *-ac2_cmd
Vaer I e o —/ FreezeState —* aez-mn
T Tuus ! X| Quc2_min “TRUE °
State freeze logic ——— . .
dv,, 3 T FreezeState, , Side-2 reactive power command can be
Thors 2 generated using one of the following
objectives:
fpfz—’ef ign] 0 « Controlling reactive power
p 2 _max ac2 _max . .
Py TR fao—{n |y 1 Controlling AC voltage

PL i 0., | Lo oS+l « Controlling AC power factor

(identical to Side 1)

1
T,,s+1

P

ac?

X

Figure: Side-1 reactive power command generation control in interconnection
applications.
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