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Abstract: The large difference in response speed between the governor and the converter of the full-power variable-speed
pumped storage unit (full-power VSPS) under power priority control brings about the potential risks of speed undershoot,
oscillation and even instability. Therefore, a linearized model of the full-power VSPS under power priority control is es-
tablished, and the key influencing factors of the unit speed stability are extracted. Accordingly, an analytical expression of
the speed stability domain with the governor control parameters as the independent variable during the unit output regula-
tion is derived. Compared with the conventional stability domain calculation method, this expression greatly reduces the
amount of calculation while ensuring the accuracy. Based on the proposed stability criterion, the influence of the unit
working head on its stability domain and the influence of the governor parameters on the unit speed characteristics are an-
alyzed, and a simple method for real-time calculation of the optimal value of the governor control parameters is proposed.
Simulation results show that this method can be adopted to effectively suppress the speed oscillation phenomenon during
the output regulation of the full-power VSPS.
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Table 3 Main parameters of three units

P ANFHAH T FEUE
WL 1 L4 2 ML 3
wn/(rad-s™") 30n 40n 50m
k 0.2 03 0.5
Tuls 2 1.5 1
R -0.5 -0.6 —0.4
ok 1 1.2 0.8
R 1.5 1.2 1.7
K 1.5 12 1.7
R 0 0 -0.1
Ok 0.3 0.2 04
R 0.7 0.5 0.3
Ak 0.7 0.5 03
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Fig.11 Verification of the governor control parameter optimi-

zation scheme

PRz G, HIR R B0 e SR B S ik
BN [ R R AR SC VI A, XASIE T
AL BB TT R &

4 i

1) FENUHUIN B RUBE R 257 1 R TR A e 1%
il 4 TR AR A B LA/ IME SR, o T HLA
R LR R, R T B K T AL
IS R BB AR

2) HETFRIERHES T LLRIES: PL S EONA



—HL PNEZE, I, . eTRAE BN

o Gk e M i S A

1607

RN E R, FEEIN T HREIE R E LA
RN SRR E Y KR, HA[IPHEE
I e A

3) EMESHT T UL AR 7K Skt R e S8 i 52
PR, T LA e A S 4 AR 7K Sk PR 38 i 44
/AN, R HLZHAE S e A 7K SR AL B RS e 1 o 22

4) SEME T TR A ] S BN LA T
MR, AR T PR R4S
EHIZEIE R I TREBREY 07 E AR
SR, 7R H S K TR A Re S AT
PR E RGNS

B 3% D84S 1) 9 2% il (http://hve.epri.sgec.com.cn).o

S Hk References

(11 ZER, x5, FilE, & LU E RV L) RGUIR R
SEFFTLLRIR[I]. mEEEEUk 2024, 50(3): 1165-1181.

LI Guoging, LIU Xianchao, XIN Yechun, et al. Research on frequency
stability of power system with high penetration renewable energy: a
review[J]. High Voltage Engineering, 2024, 50(3): 1165-1181.

2] Bk R, AIKE, XNRFE, & BRI RGNS FE R ERT
FEER[T]. EHERA, 2022, 48(9): 3367-3383.

GENG Hua, HE Changjun, LIU Yushuang, et al. Overview on transi-
ent synchronization stability of renewable-rich power systems[J]. High
Voltage Engineering, 2022, 48(9): 3367-3383.

B]1 @ W, &%, Bk, E DEREDE SR AR RS AL

ZHANT SRE SR GRN]. wREROR, 2023, 49(11):
4571-4583.
HUANG Meng, LING Yangjian, GENG Hua, et al. An overview on
multi-VSCs interaction analysis and stability controls of grid-forming
converters with power synchronization control[J]. High Voltage Engi-
neering, 2023, 49(11): 4571-4583.

[4]  XUFFRE, & &, R, S5 RS UASEAKE B AL
BB AT RI]. AR ROR, 2020, 46(7): 2407-2417.
LIU Kaipei, ZHU Shu, FENG Xin, et al. Electromechanical transient

modeling and model predictive control of doubly-fed variable-speed

pumped storage power plant[J]. High Voltage Engineering, 2020, 46(7):

2407-2417.

(51 % =, FEW, X537, 55 oK E el B 2R ) ST
). EHERA, 2015, 41(10): 3288-3295.
LIANG Liang, LI Puming, LIU Jianing, et al. Study on the control
strategy of pumped storage power station for frequency regulation[J].
High Voltage Engineering, 2015, 41(10): 3288-3295.

(6]  Th/hae. ARAES N FH—A MK & Rk pLAL))].
2022, 52(2): 3-10.

MA Xiaoliang. New applications of frequency converters

e,

variable

speed pumped-storage hydropower facilities[J]. Electric Drive, 2022,
52(2): 3-10.

[77 CHEN Y H, XU W, LIU Y, et al. Reduced-order system frequency
response modeling for the power grid integrated with the type-II dou-
bly-fed variable speed pumped storage units[J]. IEEE Transactions on
Power Electronics, 2022, 37(9): 10994-11006.

(8] XB==f). wiARH K B REMLAL B 2518 4T R g 143 2 M 1 Pk g
fi[D]. ik VHALARMABIEIRY, 2023,

(9]

(10]

(1]

(2] 1

(13]

[14]

[15]

[16]

(17]

(18]

[19]

DENG Yuwen. Transient operation stability analysis and regulation
performance evaluation of variable speed pumped-storage units[D].
Yangling, China: Northwest A&F University, 2023.

BRT4F, BGE, BUESC, 5. HhuKE RENLAL/ MBS S IR IR Rtk
5T A RIRHERD]. REHER, 2023(1): 37-43.

SHAO Zixuan, YANG Weijia, LIAO Yiwen, et al. Correlation law
between sustained oscillation characteristics and operating point of
pumped storage units under small fluctuation[J]. Large Electric Ma-
chine and Hydraulic Turbine, 2023(1): 37-43.

CHEN Y H, XU W, LIU Y, et al. Small-signal system frequency stabil-
ity analysis of the power grid integrated with type-II doubly-fed
variable speed pumped storage[J]. IEEE Transactions on Energy Con-
version, 2023, 38(1): 611-623.

CHRISTE A, FAULSTICH A, VASILADIOTIS M, et al. World’s first
fully rated direct ac/ac MMC for variable-speed pumped-storage hy-
dropower plants[J]. IEEE Transactions on Industrial Electronics, 2023,
70(7)' 6898-6907.

A, AR, BN SF EThEAREAK R R LA T s
HFRED]. B Ash ik, 2024, 44(3): 166-171, 179.
DING Lijie, SHI Huabo, CHEN Gang, et al. Control strategy and reg-
ulation characteristics of variable speed pumped storage unit with
full-size converter[J]. Electric Power Automation Equipment, 2024,
44(3): 166-171, 179.

), M, BT SF ThRASEAK E LA PR T %
BEUME SR ARG AL, 2022, 46(4): 162-169.

SHI Huabo, WANG Yuhong, TENG Yufei, et al. Small signal model-
ing of variable-speed pumped storage unit with full-size converter in
fast-power mode[J]. Automation of Electric Power Systems, 2022,
46(4): 162-169.

EITM, XTEE, Z R, A AR E BEA EIR XU R
P RIS RGBS, 2021, 45(17): 61-69.
WANG Fangzhou, LIU Kaipei, QIN Liang, et al. Impedance modeling
and stability analysis of power system with variable-speed pumped
storage and direct-drive wind turbines[J]. Automation of Electric
Power Systems, 2021, 45(17): 61-69.

ET7, EEE, TR, SF. AR i B LA S B LA
FIBIT RGMME S RGENTII]. BT EBML B, 2021, 41(7):
65-72.

WANG Fangzhou, TAN Tianyuan, LIU Kaipei, et al. Small-signal sta-
bility analysis of combined operation system of variable-speed
pumped storage unit and direct-drive wind turbine unit[J]. Electric
Power Automation Equipment, 2021, 41(7): 65-72.

WA, KB A FEALZE R AR SR s S 1 R AR P ) DL AL T
[D]. BB PR, 2021

LAI Xinjie, Research on stability and transient process control opti-
mization of hydro-turbine governing system[D]. Wuhan, China:
Huazhong University of Science and Technology, 2021.

LAI X J,LIC S, GUO W C, et al. Stability and dynamic characteris-
tics of the nonlinear coupling system of hydropower station and power
grid[J]. Communications in Nonlinear Science and Numerical Simula-
tion, 2019, 79: 104919.

HOOul, AR, ARG, SE. 3R ) R SR IRAIHR Y KK R
THBESHRAEHIT ] BNER, 2020, 44(6): 2135-2142.
XIAO Can, WANG Delin, LI Zhenpeng, et al. Research on parameter
optimization control of turbine governor for suppressing ultra-low
frequency oscillation in power systems[J]. Power System Technology,
2020, 44(6): 2135-2142.

SRS, JEEE, AT 58, A KECHLHE SR DD E AR g
VAL AR AR E AT FE[]. ARl TRESAAR, 2019, 35(17): 50-57.



1608

i LR AR

2025, 51(4)

[20]

(21]

[22]

(23]

[24]

[25]

BAO Haiyan, LONG Liting, FU Liang, et al. Stability of load regula-
tion transition process of hydro turbine governor in power regulation
mode[J]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2019, 35(17): 50-57.

BRIZAT, FCHL, XIEA, 2. flK TOUUSTAT A il E PN
PSR T DA G R ELD]. o E AL LAR AR, 2022,
42(3): 942-956.

CHEN Yahong, DENG Changhong, LIU Yujie, et al. Electromechani-
cal transient modelling and active power-frequency coupling
characteristics of doubly-fed variable speed pumped storage under
pumping mode[J]. Proceedings of the CSEE, 2022, 42(3): 942-956.
RN, F T 2R 2K # R i S 2 PR R R4 23 D).
Wi THIRARMABHECR S, 2017

LIU Jinyang. Characteristic analysis of typical transient of pumped
storage power station based on characteristic curve[D]. Yangling, Chi-
na: Northwest A&F University, 2017.

ot R, 0, BREE. AFENURR XD T I SR W T A A 5
[3]. KFIZ4R, 1998, 29(2): 7-11.

YANG Jiandong, LAI Xu, CHEN Jianzhi. The effect turbine charac-
teristic on stable sectional area of surge tank[J]. Journal of Hydraulic
Engineering, 1998, 29(2): 7-11.

CHEN Y H, XU W, LIU Y, et al. Modeling and transient response
analysis of doubly-fed variable speed pumped storage unit in pumping
mode[J]. IEEE Transactions on Industrial Electronics, 2023, 70(10):
9935-9947.

AR, AshEGRIM]. B dbnt. B R, 2019:
107-108.

HU Shousong. Automatic control theory[M]. 7th ed. Beijing, China:
Science Press, 2019: 107-108.

LIU G C,CHEN DY, LI H H, et al. Dynamical assessment of a PTGS

with time delay[J]. IET Renewable Power Generation, 2019, 13(14):
2594-2603.

[26] RSk, 2= AR, R4, S WBUREHK & e A Tkl R

RS0 B, 2023, 44(10): 41-50.

JING Haoran, LI Jia, ZHAO Hongsheng, et al. Modeling and simula-
tion of operating condition conversion of doubly-fed variable speed
pumped storage[J]. Electric Power Construction, 2023, 44(10): 41-50.

—hi

2001—, 5, fldA:

F O ITT A K & REALAL R T R
et

E-mail: yh_luan@whu.edu.cn

LUAN Yihang

Ph.D. candidate

INEEGRIEIER)

1975—, 9, 4, #i%, #He

F W FIT R E A TR RN
FELRE R B4 AT S TR R

E-mail: jjsun@whu.edu.cn

0
R0

SUN Jianjun

Ph.D., Professor

Corresponding author

WA 2024-09-05 f&EIHY 2024-11-01  4iiE FETF



Mk A

K@) B IR B RIE

a, =JT’ T, T.euo,

a, =3JTT,w, + JT'T, ey 0, + T, T T, T,e,e, —
T.T'T,Tepe, + DT, e, 0,

a, =3JT w, -3T,,T'T,e, +3DT T,0, +

24JTTeqha)+TTTe TTTehe+

DT’ T, 40, +T, . T’T, , ( €ne, eqyeh)kp
a, = 24JT,0, 3T, T e, +3DT w, + 24JT, e, +
247, T, Tieye,, — 24T, T, Toeye, +24DT T e 0, +
2 2
3TmnT:' eya)nkp +7—;n117; T C() ( qhe eheqy)k'

a, =24Jw, - 24T, T,e, +24DT, @, + 24DT, ¢, 0, +
24T, T, ee, — 24T, T e, e, +3T, T e ok —
24T, T o, ( €ne, — €€, )k

p
=24Dw, - 24T, e, +24T, e 0.k, +
2T, T, 0, (eqe, —eyey )k
= 24T, e, 0.k
bo =-T'T,T,e,
b =-T'T,e,, 31T, + T, I T, ko, (e,e, - e,e, )k,
b, =-3T7 - 24T, T e, +3T,, T e ke, k, +
T, . T'T ko, ( qhey—eheqy)ki
by = 24T, - 24T, ¢, + 24T, T, ko, (eye, — e e, )k, +

3T, I e koo, k;

b, =24+ 24T, e kao,k, + 24T, T ko, (eye, —e,e, )k,
b5 = 24Tmneyka)nki

Mk B

FIFH Routh-Hurwitz &€ HHE TR (@) iR &
GRIERRWR, K REF0E RN aos ais 1.
rai~ 1515 ret YINIEAEGy R W3R i 47 j Vot R
IfH):

M C
() & T R AL R IE RN
a, =JT,T e,
=JTo, +JT ey0, +T, T.Tee, —
I T Tene, + DT T e, @,
a,=Jo, -T,Te +DT,o,+
DT e, + T, T ee — T, T ee

T Ta)(qhe —ee, )kp

a;=Daw, -T e +T ek, +
T.T, 0, ( €ne, eheqy)ki
Tmneya)nk1

b(; =-T,Te,

bl =-T, -T,ey +T,.T ko, ( €ney eheqy)kp

by ==1+T, e kak, +T,.T, ko, ( €ne,y eheqy)kl.

by =T,,eko,k
MisR D

B a;=0 5 kiRl 52 50 B D HHE A -
e, (TmneX —Dw ) JT, 0, +JT ey, + T, T T ee, — 0
— <
T, (eheqy qhe) T T, Tene, + DT, T e,

mn-w

FisR E
R(10). KA EEL =0 (=& E1 fix.

0.04

—— R(10)
— R(11
0.03f a;iO )
]
2 0.021
=
R BEs ===
0.0lF— =~
1 1 1
0 0.01 0.02 0.03 0.04

R0 1 28

EIEl  Fase B0 o A SCEIE
Fig.E1 Related validation of stability domains theoretical

analysis



MR F

X =

X, =
X3 =

Xy =

X5 =
Xg =

X, =

KA B IR RIALN:
ﬂyyun%%+Tsz%%_%qp

mn~w’y
DT, Te,0,

T, (eh Cay ~ an ey)
JTmnTwTyeqheya)j

Jo,-T,.Te +DI o, +DT e,0, +
TmnTw (eheqx ~ €n )

T.e.—Do,

JT, T e,0,

T e

mn>-y~’n

Mk G

€y
Cay

qh

e, = kibgy +bb, +

IR KEE NS A8 R AN PRI RIE AN -

e = (k5k6y + sk )\/ﬁ
e, = ksksoN'H + kb H

kskgyo + bskgo
2WH

=k kyy ++b, kg

= k kg + ks bNH

_ kybyy +bybg

2/H




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


