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Combining low-power auxiliary converters with
diode rectifier units (DRUs) in parallel to replace large-
capacity modular multilevel converters (MMC) is an
effective method to reduce the cost of the grid integration
of distant offshore wind farms (OWFs). Currently, most
research on hybrid converter schemes still focuses on the
topology and the control strategy of auxiliary converters.
Studies on the operational mechanisms and harmonic
characteristics of the Offshore Wind Farm - Diode
Rectifier Unit - Voltage Source Converter (OWF-DRU-
VSC) system are less common.

Traditional analyses of three-phase DRU typically
assume a constant AC voltage source and a DC load.
However, in the OWF-DRU-VSC system, the OWF
exhibits current source characteristics, and the auxiliary
converter acts more like a large capacitor connected to the
point of common coupling (PCC), rather than a strong
voltage source. Additionally, the DC side of the system is
controlled by the onshore converter station, not merely a
DC load. The harmonic component produced by DRU is
no longer in the form of current but in the form of
harmonic voltage at PCC. If not handled, this harmonic
voltage will not only influence the operation and control
of OWFs but also further deteriorate the power quality of
the offshore AC grid. In severe cases, this may even cause
the wind turbine to shut down and disconnect from the
grid.

To address these challenges, this paper conducts
comprehensive analyses of the commutation mechanism
as well as harmonic characteristics of a DRU-VSC hybrid
transmission system with OWFs integration and proposes
a novel harmonic voltage suppression strategy. The
contribution of this paper mainly lies in the following
aspects:

1) The commutation mechanism of the OWF-DRU-
VSC system, which is shown in Fig. 1, is studied based on
a simplified equivalent model. On this basis, the harmonic
component and reactive power consumption for 6-pulse
and 12-pulse DRUs are further calculated and presented.

2) A detailed equivalent model is developed
considering the effects of AC and DC side inductors. This

model confirms the validity and accuracy of our
assumptions, offering guidance for the design of AC and
DC parameters as well.

3) Based on the modeling and analysis, a harmonic
voltage suppression strategy is proposed for the auxiliary
converter, significantly improving the power quality of
the offshore AC system.

4) Finally, a detailed simulation model is built in
MATLAB/Simulink, with further real-time Hardware-in-
the-Loop (HIL) simulations conducted on the RT-LAB
platform. The simulation results verify the correctness of
the analyses and the effectiveness of the proposed
harmonic suppression method.

Fig. 1 The actual conduction circuit before, during, and after the

commutation process of diode Ds to D;



) o [ L T AR
YRR
s Proceedings of the CSEE
ISSN 0258-8013,CN 11-2107/TM

INenBH

(hE BN TEZER) MEERKIR

RH g X2 DRU-VSC R & #iftis H R G AR LR 518 i ot 7t

= EEE, MACHT, TREER, TR, R

DOI: 10.13334/j.0258-8013.pcsee. 240697

WA A 2024-03-28

Mg E R HE:  2024-07-05

g1 g ERE, MATHT, JTREER, TR, . i EXUEZ DRU-VSC IR G iz

Hy RGEHELER S B BT FC[/OL]. o [E L T 4.
https://doi.org/10.13334/j.0258-8013.pcsee.240697

@NKif oL

www.cnki.net

WIS ER: EdmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g & R S5y
B HEMBARCLE, HEEFRATIF B8 FE TR HEROE i de 5 H e fa 4 )
FIRE R (RIEM S 2R HERRE R, WTEAE AR B IR . BN e A
AR 2 HL DU Y CUfh E ) BV s R P B e 1 o S P S8 Al I 2% 1 AR A B e AUAF £ (il
R ERZEB) A1 CITI AR BAE Y A RE s 2 ARWE TR A B . Bl Rl 77 &g
BB TUSCSR R, AR ARANGGAT 9 S AR ABUT s R fh N 2 LA R 15 [ A R 5T i
AR BOARDRIE, IEB MG —HIVETE 5507 f79 . 87, A0, g th R ROt ERRESS
N ERF ERAI A BRI, SR ERG — 25, AMRBSOESCEH | 1EH . HUE A FRAER A2,
FURTEE T g A HEAT > B0 IE K

HREEIN : 40U TR EE I S (R E2EARIIT] OsfiBoO) By REHARAREL, £ (FE
FARWIH (MZRREO) HARESRE T & LA 5 405 T N 7 — SR i, DL BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN E R . B (o B AR (RIZRRO) A2 B 5l
R H R SRR PR 286 3 4 0 HH ) (ISSN 2096-4188, CN 11-6037/Z), it LAZS 29 BT IR I 285 ik b X 4%
RSN IE AR



2024-07-05 14:32:06

https://link.cnki.net/urlid/11.2107.TM.20240704.1630.003

S R = N v P D &S

Proceedings of the CSEE

©2009 Chin.Soc.for Elec.Eng. 1

DOI: 10.13334/j.0258-8013.pcsee.240697

B LEXEBZ DRU-VSCE&E

mu_ﬁﬁgﬁﬁﬁﬂﬂﬂ

I 518 R ANHI 5T

FU, BN

*‘%ln\? —]:‘j%i’ /T\}l_t
(WA E A F TR EHHFTHELFRE(LEGEX

%), kBT KR 200240)

Research on Commutation Mechanism and Harmonic Suppression of Offshore Wind Farm
Integration With DRU-VSC Hybrid Transmission System
LI Zhekai, YANG Renxin”, FANG Zixi, YU Haotian, CAI Xu
( Key Laboratory of Control of Power Transmission and Conversion, Ministry of Education (Shanghai Jiao Tong
University), Minhang District, Shanghai 200240, China)

ABSTRACT: Combining low-power auxiliary converters with
diode rectifier units (DRUs) in parallel to replace large-capacity
modular multilevel converters is a key approach to reduce
offshore wind farm DC transmission costs. Current research
mainly focuses on topology and control but with a limited
investigation into harmonics and reactive power characteristics.
To address this gap, both simplified and detailed models of the
hybrid converter system are established in this paper, including
offshore wind farms, DRUs, and auxiliary converters. The
switching dynamics and commutation of the system are
comprehensively studied. It is found that voltage harmonics at
the Point of Common Coupling dominate the issue, rather than
current harmonics. In addition, the impact of AC and DC
reactance parameters on harmonic amplitude is studied, thus
offering parameter design guidance. Based on this analysis, a
harmonic voltage suppression strategy is proposed for offshore
wind power systems with parallel hybrid converters. Finally,
simulation and Hardware-in-the-Loop experiments validate our
commutation theory, harmonic characteristics, and harmonic

voltage suppression strategy.
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Fig. 9 12-pulse diode rectifier
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Fig. 10 Detailed equivalent model of the system
based on the simplified equivalent model
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Fig. 11 Voltage and current waveforms of one phase of
offshore wind farm integration with DRU-VSC parallel
hybrid transmission system
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12 RHXERERSHXEEIERHFMN
Fig. 12 Influence of AC/DC inductance parameters on
voltage harmonics
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Table2 Influence of DC inductance and transformer

leakage inductance on voltage harmonics

2 BT Lo(pou.)
0 0.03 0.06 0.09 0.135

THD(%)

0 14.63 13.59 12.74 12.06 11.25

) 10 | 1463 1359 1274 12.05 11.24
IR ENR

La(mH)

20 14.64 13.60 12.75 12.05 11.24
50 14.70 13.67 12.80 12.11 11.29

100 | 1482 1378 1294 1225 1142
R3 RUIARIE B AT B E IR Y R0

Table3 Influence of wind farm filter inductance on voltage

harmonics
YEE R Lo (WH) 30 20 10 5 1.2
THD(%) 13.35 12.77 11.40 9.78 7.55

R A& B TS . BRI, Leiner FEBK, PCC HLE
THD K

2) RRE AR IR A s 2 R R Le R 1N 2 SR
JEAN AL ] AR A L R 2R HHIE] 11(R), LeHIME
K, PCC R o AH bE — B ) v Fs PR AR S B T
MEEAN, B R~R, R IX A, 6515
PCC H1 s (1 1E 5Z AR L sy, B THD PR e thi) s

3)FEAZ LN L IR SRV I Y FRL R, B
HUB K 5N & 5 BUR B AE RAZ I H L R 1
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AR TR R B MR, A2 SR
FOTERAE ARG BT o 3 — U T DASEE S R A R B AT
Zefige, T —ARE K RC S L e L SE e 2l
HLBR VR, A AR I B R AT B
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DRU FEASZS T % S A Iy 1898 L L, 3
3 PCC AbHE 22 I B B BR BT , H R 1 R 2
BEE LT HAANX —REIEREE TR, &
it BRI i A7 R0 FLRE o B 3 R k. DRI,
2275 18 PCC Ak F Hs 153 PR 4] SRS
4.1 EIRK R NG IR

HI SCHER[27] 7] 50, 14245 VSC R B R 8
TERSAIBATI ML HE RIS AT, AR EAS iR A
PCC Ak o [AI Ao 0ok ol Bl 00 e i P 428 1) S AT 24
Bk, BESAEYE SR PCC R AR A5 78 1Y) [R] I S 3 A7 U
JEV% (Active Power Filter, APF), X153 LK IEATH
R, g LA R P R BE T .

IE

13 R EE EHIH R IR
Fig. 13 Principle diagram of harmonic voltage
suppression
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14 &K EHNGFE

Fig. 14 Harmonic voltage suppression method
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S5 78 45 B R A5 380 00 80k 82 O 1 D8 D R A A
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5 HESSRRIE
51 AERZGSH

PLSCHR[271 BT #if - X4 DRU-VSC HHciR
Gk T RN, T MATLAB/Simulink *F
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A DhTh# A 100MW. 7 E REC SR Use-
O ], ) B m B2 L R Y 1E E Y 100k Ve
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- XU 22 DRU-VSC IR A 4 iitisk i 22
RS EA R 15 Fis. B/ 15)~(c)ikik
A S BOA R M A ThEh 2 AR AL
AR, DA RS R AR AR A DI Th

15(d)~(H) MK AR R Gt Ja s BOX I T A TE )

15 8 EREZ DRU-VSC #ERARREL RS
B ETESR
Fig. 15 Start-up stage simulation results of DRU-VSC
parallel hybrid converter system integrated with OWF

16 & EREZ DRU-VSC #ERARREL RS
RSHESER

Fig. 16 Steady state simulation results of DRU-VSC

parallel hybrid converter system integrated with OWF

B IRALAR AR ) C D D% . DRU JHFERI TG .
Bl 16 NIRRT RGIERE FHEMEIE.
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I, T RTUEH, £r=672s 1=
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Jita TV VS 38 PR ) A b R A R IR ) R R
AR EPIE A 17 frzr, PCC LK [ THD A 7.58%.
WA ERA, HUL1 RA 13 g N E. -
K37« R 281 DRU (227 IR THD #4576
5% LT, X RN b R0t A AT A FEL IR TR R
G HLROE B B A B AR . S B A8
BN SR D L LAGERE PCC W EAIR AR E .

17 IEKBEMGEHESER
Fig. 17 Simulation results before the harmonic voltage
Suppression

18 #MZE 11 RIEKBEFAELER
Fig. 18 Simulation results after the 11th harmonic
voltage suppression

19 #M2 13 RIEEBRERAESER
Fig. 19 Simulation results after the 13st harmonic
voltage suppression
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g5 . i 20(a)T LLEF] PCC HLUE THD H 7.58%
P22 3.16%, HLREJTE49 3 2 52 - LRI 2 5%

20 AME 11 R 13 RIEKBERFESR
Fig. 20 Simulation results after the 11st and 13st
harmonic voltage suppression
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21 WHEFIBRTE
Fig. 21 Experimental platform of HIL

E 22 B ERIAREMRASTITRIERIG LR

Fig. 22 Experimental results of steady-state operation
and harmonic suppression in AC grid of OWF

6 i

ASCHUE B X2 DRU-VSC JEBER & #uiti%
HH R G0 1 8 A AL DA 3 D 0 T R 1 R T 4 THI 4y
B, PR EBA R TR T RGN
e, BT REM TSR E . TR

D5 ®EMAEEBAEAR, B EXES
DRU-VSC FHBIR A ik i R4 h 22 il PCC 4k
TELEROR B L, T VS U3 IR AR /N

2) 384 R IR HUATLZEL P g0 0t P J 2 5 PR FELATLZEL P
R I T AR, AR SO R A R B O
#, MIM{H45 PCC 4b H R I K

MK DRU i EaHRYL, Retsdid s
HA R LI 2 ) AR AN 26 SR e PCC L R, kT
3% PCC HIRET &5

4)DRU Bt HL BT R I S A A Rg e, &
BHN T RAWAR SR, TEBRRAN
W LS T

FETHTR AT, AR T X2 VSC-
HVDC JFIIR A 4002 tH AR Gt 1018 U v e #k) 36
WS, ) FH 4 B A0 R BT T O PR R AT A VR
T OO 1 A U FEL Y (1 LB T

AR, AR SR B S EARAY DL R T iX — A Y
LH IE A EBRRE ST EA REH T
KRICFTIRHE - XA IR & ik B g s, X
T RS AR B TR R R R I, BT
B T BB A 5 ik B — 3 PR A E P ANME



13

S 3Rk

[1] Wefh, REKHT, WA, . i EXOERREIFMN RS
B HlER[T]. mHERAR, 2021, 47(10): 3397-3413.
YAO Wei, XIONG Yongxin, YAO Yahan, etal. Review
of voltage source converter-based high voltage direct
current integrated offshore wind farm on providing
frequency support control[J]. High Voltage Engineering,
2021, 47(10): 3397-3413 (in Chinese).

[21Z=2E, TG, FEXAR, 5. g XI5 i R s i i

NI, R E AL LRESAR, 2022, 42(14): 5169-5181.
QIN Yao, WANG Han, ZHUANG Shenglun, et
al. Analysis on high frequency resonance of collector
network in offshore wind farm[J]. Proceedings of the CSEE,
2022, 42(14): 5169-5181 (in Chinese).

[81 #i=Hr, ETH, WRig, S5, HLALBME -2 A Er XH
Y- REIF M R G BOTED]. ARG AL,
2021, 45(21): 103-111.
YANG Renxin, WANG Xiaohe, CHEN Qing, etal. Fault
ride-through method of flexible HVDC transmission
system for wind farm integration based on coordination of

distributed
resistors[J]. Automation of Electric Power Systems, 2021,
45(21): 103-111 (in Chinese).

[4] EBMN, Dok, 7RO, 5. XA SR T
SR ELEL]. B AL TR 54, 2014, 34(31): 5459-5466.
WANG Xifan , WEI Xiaohui , NING Lianhui, et
al. Integration techniques and transmission schemes for off-
shore wind farms[J]. Proceedings of the CSEE, 2014,
34(31): 5459-5466 (in Chinese).

[5] XU Jianzhong, ZHAO Chengyong, XIONG Yan, et
al. Optimal design of MMC levels for electromagnetic
transient studies of MMC-HVDC]JJ]. IEEE Transactions on
Power Delivery, 2016, 31(4): 1663-1672.

[6]LI Zhekai, LIANG Liliuyuan, YANG Renxin, etal. The
virtual admittance control of sending end converter for
offshore wind farm integration[C]//2023 IEEE 14th
International
Distributed Generation Systems (PEDG). Shanghai: IEEE,
2023: 133-136.

[71 EWms, FEAE, 7w, 55 B2 dor B

TARIBCERRL ], b E L AR 2R, 2011, 31(24):
1-8.

WANG Shanshan, ZHOU Xiaoxin, TANG Guangfu, et
al . Modeling of modular multi-level voltage source
converter[J]. Proceedings of the CSEE, 2011, 31(24):
1-8 (in Chinese).

[8] LYU Jing, CAI Xu, MOLINAS M. Frequency domain
stability analysis of MMC-based HVdc for wind farm
integration[J]. IEEE Journal of Emerging and Selected
Topics in Power Electronics, 2016, 4(1): 141-151.

wind turbines and braking

Symposium on Power Electronics for

[91 %Ja, wA-Hr, S, 5. i X ERIE D5 IEM
HARLZER). BAIRFZE, 2021, 4521): 2-22.
CAI Xu, YANG Renxin, ZHOU lJiangiao, etal. Review
on offshore wind power integration via DC
transmission[J]. Automation of Electric Power Systems,
2021, 45(21): 2-22 (in Chinese).

[10] 7hET, BRRAE, 2k, 5. BERMELNE B EENN

% WL A5 2 LR FL R AT 42 ) SRS A AL 0] o [ R L
FE2E4R, 2015, 35(4): 776-785.
SUN Wei, YAO Liangzhong, LI Yan, et al. Study on
operation control strategies of DC grid with multi-voltage
level considering large offshore wind farm grid
integration[J]. Proceedings of the CSEE, 2015, 35(4):
776-785 (in Chinese).

[11] MENKE P, ZUROWSKI R, CHRIST T, et al. 2nd
generation DC grid access for large scale offshore wind
farms[C]//14th Wind Integration Workshop. Brussels,
Belgium, 2015: 15-21.

[12] PRIGNITZ C, ECKEL H G, ACHENBACH S, et
al. FixReF: a control strategy for offshore wind farms with
different wind turbine types and diode rectifier HVDC
transmission[C]//2016 IEEE 7th International Symposium on
Power Distributed
Systems. Vancouver, Canada: IEEE, 2016: 1-7.

[13] BLASCO-GIMENEZ R , ANO-VILLALBA S ,
RODRIGUEZ-D'DERLEEJ, etal. Distributed voltage and
frequency control of offshore wind farms connected with a
diode-based HVdc link[J]. IEEE Transactions on Power
Electronics, 2010, 25(12): 3095-3105.

[14] BLASCO-GIMENEZ R , ANO-VILLALBA S ,

RODRIGUEZ-D'DERLEE J, et al. Diode-based HVdc link

for the connection of large offshore wind farms[J]. IEEE

Electronics for Generation

Transactions on Energy Conversion, 2011, 26(2): 615-
626.

[15] BERNAL-PEREZ S, ANO-VILLALBA S, BLASCO-
GIMENEZ R. Stability analysis of HVDC-diode rectifier
connected off-shore wind power plants[C]/41st Annual
Conference of the IEEE
Society. Yokohama, Japan: IEEE, 2015: 4040-4045.

[16] CARDIEL-ALVAREZ M A , ARNALTES S ,

RODRIGUEZ-AMENEDOJL, etal. Decentralized control

of offshore wind farms connected to diode-based HVdc

Industrial ~ Electronics

links[J]. IEEE Transactions on Energy Conversion, 2018,
33(3): 1233-1241.

[17] YU Lujie, LIRui, XU Lie. Distributed PLL-based control
of offshore wind turbines connected with diode-rectifier-
based HVDC systems[J]. IEEE Transactions on Power
Delivery, 2018, 33(3): 1328-1336.

[18] LTRui, YU Lujie, XU Lie. Offshore AC fault protection

of diode rectifier unit-based HVdc system for wind energy



hOE L

T B % ik

transmission[J] IEEE Transactions on Industrial

Electronics, 2019, 66(7): 5289-5299.

[19] LIRui, YU Lujie, XU Lie, etal. DC fault protection of

diode rectifier unit based HVDC system connecting
offshore wind farms[C]//2018 IEEE Power & Energy
Society General Meeting. Portland, USA: IEEE, 2018:
1-5.

[20] RAMACHANDRANR, POULLAIN S, BENCHAIB A,

etal. On the black start of offshore wind power plants with
diode rectifier based HVDC transmission[C]//2019 21st
European Conference on Power Electronics and
Applications. Genova, Italy: IEEE, 2019: 1-10.

[21] NGUYENTH, LEEDC, KIMCK. Aseries-connected

topology of a diode rectifier and a voltage-source converter
for an HVDC transmission system[J]. IEEE Transactions
on Power Electronics, 2014, 29(4): 1579-1584.

[22] doitiek, ik, BRHLRS, 4. KHUBLHRE L 2 i R A

PREHIRERIEH RG], B RGANL, 2021,
45(21): 120-128.

MENG Peiyu, XIANG Wang, DI Shimin, etal. Hybrid
cascaded HVDC transmission system with multiple voltage
levels for large-scale offshore wind power[J]. Automation
of Electric Power Systems, 2021, 45(21): 120-128 (in
Chinese).

[23] E3ft, TR, BInk, 2. BT ERERRRTIE

AR B R B RG], B RS A B, 2021,
45(21): 129-138.

XIA Jiahang, WANG Chenxin, ZHAN Ruiqi, et al. Hybrid
DC transmission system for offshore wind power based on
current source converter[J]. Automation of Electric Power
Systems, 2021, 45(21): 129-138 (in Chinese).

[24] F200, BRRE, ¥ FE, . gL XHEZL DR-MMC Jf

IR & ELRUIE Y R G0 2l K o 4 ) SR )] A BRAE IR
HELR, 2020, 3(2): 117-124.

CHENG Fan, YAO Liangzhong, XIE Lijun, etal. Start-
up and coordinated control strategies for offshore wind
power transmitted by DR-MMC parallel hybrid HVDC
system[J]. Journal of Global Energy Interconnection, 2020,
3(2): 117-124 (in Chinese).

[25] FARIR, S0 ARBATR & R B XA B[], th

E ML TR, 2018, 38(19): 5821-5828.
CHANG Yiran, CAI Xu. Cost-effective hybrid HVDC
converter for offshore wind farms[J]. Proceedings of the
CSEE, 2018, 38(19): 5821-5828 (in Chinese).

[26] J7HEER, i, iR, & RE AN B X BRI

SR SR HI0]. B E BRI R, 2021,
41(24): 8546-8559.

FANG Zixi, CAI Xu, SHI Xianqgiang, et al. Topology
optimization and control of the hybrid DC converter for

offshore wind farms[J]. Proceedings of the CSEE, 2021,

[27] FkERE, YRR, #A,

41(24): 8546-8559 (in Chinese).

&, HTREGERRAEN
i ERRIE RGN E B HRIE )] i EEOR, 2021,
47(8): 2698-2707.

FANG Zixi, AISIKAER, CAIXu, etal. Startup strategy
of transmission system of offshore wind farms based on
hybrid DC converter[J]. High Voltage Engineering, 2021,
47(8): 2698-2707 (in Chinese).

[28] LI Zhekai, HAN Kun, CAIXu, etal. Frequency-reactive

power optimization strategy of grid-forming offshore wind
farm using DRU-HVDC transmission[C]//7th Conference on
Energy Internet and Energy System Integration. Hangzhou:
IEEE, 2023: 1193-1199.

[29] BIDADFAR A, SABORIO-ROMANO O, CUTULULIS

NA, etal. Control of offshore wind turbines connected to
diode-rectifier-based HVDC  systems[J] . IEEE
Transactions on Sustainable Energy, 2021, 12(1): 514-
523.

[30] EJk%. WP AMHIA T ThHRAMEM]. 2 AR AbxT: L

fik oMb R AL, 2006: 67-72.

MR A: RERRGSH

RAl FRAFEERLGESH
Table A1 Simulation parameters of the detailed

equivalent model

BT H Sy
e A i Sv(MVeA) 100
e HinBE Up/kV 100

I EE HE Usioae/kV 42
A BH 2 S % B R/Ohm 0.845
AS TR A K L/mH 40.3(0.15p.u.)
RIEB A Cool uF 15.747
ELR BT Lo/mH 10

x®A2 MERZSH
Table A2 Performance comparison between Simulation

system parameters

L 24 HE
BIEMAL. P 0.69kV/35kV. 0.07p.u.
MM 3 I LR 1.2mH
PR A 7.9mF
HUE D)% 100MW
HIRBHEHE 100kV
12 fikJ% DRU ) 35kV/42kV/42kV
AL R
0.06p.u.
LI 8 I L 20mH
AR, WP 35kV/24kV. 0.09p.u.
TR FlE HIE 10mF. 0.9kV
GBSk )
T A5 112
AL IO R AL 4 42
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W Uk 10mH AFEAA L. J¥PL 50kV/220kV. 0.14p.u.
SO H o o L JR m
IR LA 120puF [ W %‘ 75mH
R LI 2.345mH TRERZR ., BlE R 0.25mF, 10kV
A o 2 A7 HL B 100Q W TR 5 10
MiskR B XEHXEEMHDBRER
\/6 UD ] 2 H
=— sin + -2, 8IN 14, COS Bl
w=5 1 COS%«/ My + " = 244, SIN 1 COS 14 (BD)
. 2 . 2
B U, sin[(n-1) g, /2] N sin[(n+1) g, /2] ]
" nzl-cosu, n-1 n+1
1
sin|(n-1) g, /2]|sin| (n+1)u, /2 2
2 U )y } R )ty ]cwyu , n=6k+1 k=123L
n-1 n+1
3(V6-2)
U12—l:—UD
g (B2)
3(V6-+2)
1 =(-1) ——=U, , n=12k+1 , k=123--
nzx
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