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Measure and research on the efficiency of wind turbine drive chain
based on nacelle transfer function

YU Qing-qing, YE Hao, FANG Yu-feng, PAN Te, SUN Dong-jian, REN Jing

(State Key Laboratory of Wind Power System, Zhejiang Windey Co. , Ltd. , Hangzhou 310012, China)
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Abstract: Aiming at the problems of high cost and difficulty in the traditional measure method on drive chain efficiency of domestic wind tur-

bine, the optimal fitting of nacelle transfer function (NTF) based on divided-interval was researched and effectiveness of NTF was discussed.
==}

In addition, a new method to measure the drive chain efficiency more reliable and convenient was proposed. By using this method a test was
taken on a 2.0 MW wind turbine in a flat terrain and wind farm to measure its drive chain efficiency. The experimental data was verified by
the results by traditional method. The results indicate that they were coincided well, therefore by this method nacelle drive chain efficiency
can be measured accurately and greatly reduces the measurement costs and implementation difficulty.
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0 3l

H T E R 3R 58 45, ML AR AN [R) 3R 85E T 1Y

HAELbratT

BT BRI T HLAH B I 32 1) SR W I &, ([ 4541
Priz T
& e SR T AE 22 5, HL BB BT & 1 XU TR L AR LA

R Ay 3, 1 sh B AR e AR X AL AL 1

AE =2 Wi JC A
2, EEE RN XU S 4R R LA RO

E!/I]rﬁ‘lo
FURI 151 A5 22 X 1l 3 1 5 s A% Sl B AR 1Y

M RE S B T Z R TEE B B 22
5, CH WA RG24 5 Ll RcRc il B 2 4
! |

i #2017 - 10 - 31

Tk R A REMN AT AL 52 Br A% sl a0 w45 0 R
BE&WA . EEZFHE TR H (2015BAA06B01)

FIHT, P A BT KR AL 21 A% 2 5% 2503 A ik

A LU PR g8 i UL s (1) FEERAR T 00T A%
BB N ARTENE (1986 — ), B Wil FEA, TAEIW, 32 A KB HLLH A9 ML LA AE 7 T AT 55T . E-mail : yuqq@ chinawindey. com



- 530 - L B

T 1% $35 %

S BE b BN B ) AR S BEAT RN %7 0
5 R RS B T 00 AN AT I 45 R B v g R S R
A, BRI AL 22 4F I B LA TG 3% o AT 0 3 A
(2) 75 XUEL 37 M) FH 0 DA 458 4 8 0 48 % 3 A S5 30
Geit, Tk BARTRAN T HTE BBk (ER AT A
A T D I | A O S R T, TRk S B
Sz

PRI, A3 40— Fh B T HLAG 12 128 PR K (NTF) 1Y
DAL A Sh R AR T7 i, A HTHLAG KU T 75
Fi4 JRIEE , 388 1o ATLAE A2 def bR A OC R AB8 TE Dy 5 T LS
HORENE RIS WAL

1 1% ik A B S B A 41

K7 K LA A Bl Bt 2 RV RE i Ak ok H BB ) B A
UL AL sl 6 & 17 XS ARl AR B4 | ek
IA 25 B & HUMILIR) LA R B 5 Ak A B 35 43, IXURRL AL
2 A s P RN A iy 2 A 45 XU BE A 3K, BB A% s AN AL
BB A I, SR XUBEFE TE A LR AE , PR LA RE S 1L
ML RR AL A R AE A BE AR, TR
ML SRS

K7 Kk AL g fe A R s an 181 1 B

gy EEEER ! i

it 1 BLbRE i
B Xk LA RE R A0 A2

Ty & L HLA BT 2R 0 2 XU sl g, R /NeT L)
HI I P, RFRITR NI 245 BRI 8] ¢ A, LA E
v FE A A BRI B IR .

RIR P, ik h .

P, = JpAv (1)

AP p— 25U jo— RV JE  A— HLAL I 1K

JRURE AL TR T XU K IR B R 2 48 X T 1Y)
ZhARE, ML XUFE i th R A1 40 AL B R 5L, S8 UK
REFIHUMAE A0S , IUFE 1y Hh DR B O AL 3h R 58
F AR W EAL B R G A TN «

P, =M =Pmn, (2)
AP, — EEH RGN AI R M, — EEDRG
A AR 0, — FASh RS, — KA

I

FHZ,

FHEMRFHREELBRARERRE, KRG
PUR R 40 R LR & L R G it e Do R

P, = BUlcosg = P, 1, (3)

Ao, P,— XUHL LA S i H D8 (I D3R Bk S HL
HPFES 15D32) ; U— KUBLAILZH 2k L 5 1— AL
HIBILAH 0 2% L 0 5 coso— TR KK, — 123 R &

M1 ~ 3) ATLVE A& SRR AT 5 43 S K
R R AL 3 R GE R BRI A5 4% 2l ik RO
AT 2 ARG I RUE R L R g
BE | F AL B R G N R UL e WL A R ) R AR
/€ AR

7 %2 M AL A% e 8 3R DN ke 1 = 8 Pl 0 XU
PR ARHTT TR R A T | B B R A T
FRAE BT3B A% 8 DX T 12 R B T KB 4
PRI A 2 pl I DRI DA R DR IR ) S 46 0 R T2 % 41
B, TR ARG KU AR A AR SRS B A
SCA A I T 2 FE LR XU TR R AR e A T AL
RS E P B A% 326 bR BCAE R R IO ik B2 5 D 3 253
KA IT FE BRI R RS L IS TR
LR HLUE S B T R AR A A R R T %
BTN S AR SRR T T R AL s ik 5 5 55
59 FREFIOTFEI AR ERER S TEIL T
ot T RERXEHLLAREE S, IR
RS A TT B | IF BEIEA T AR W 4% BB A H , A%
SRAEALHLL CAN 8458 117 20 [F] 25 2R 4 A E L

B SR ES T
& BhAE SRS B NS AN 2 Fes
I L HBTEE R et
WA
SRR T 1,
(. =
s | _
gem (’t)
a3 S
v AR
(o)
7 iz =
WU, i, x| FIEES ®

Ay (CANB £ -

i

SRR ) J—.
, =
op } Wi | -y 5
¥
FREHITT

B2 AL BERCR IR B A A



%55 4

ARG , 55 TG A& 1 R ) KU WLZL % 3h B S8CR MK 5 WF5E - 531 -

2 MG L% R K A
2.1 WU R T

T HLIE XU T2 e 7 B e AR TR XUAe I
5y 5% WEEFNAILAR 2, S 25 & A W A8 S B 1, BILAR
DA 5 I PR XL 2 B — mé’]@éﬁt%%,%ﬂﬂﬁﬂﬁ
FIFH BRI R MEIE R e %8 = BE 4R 0 5 B H o K,
— e i PREFR A LA A% 326 BRI

Z:7% TEC61400-12-2 brifE R %) Bin J7i% , 245 0
KIE X FHLAE K LA 0.5 m/s KUGE S X [a], #I R

HION R B A Bin DX ] A HLAE XU 24 8 A
I R AR

N;
1 i
= — V . 4
Ni j; nacelle,i,j ( )

- ]1/7’ ; Vl'ree,i,j (5)
AV, — FEXIE] i GOHLAE KGEE MV, — 76
DX Ji) B 0 XS IR S5 Vo, — FE DX IR 2 PP 5FS
JAEIHUIR G V..., — TEDCI] ¢ PSS A AT XU
IR 5 N, — 2 X I i (I RS e
FI T AU AR B X ] i 1 RO R IRHE s,
o, :

Vieeivt = V.
T Vnucelle:i+1 - Vnar:e:]]e,i ©
0; = Vieei = 8V icetie.s (7)
LT RHLAE £ A
Vi = Vs = 0, (8)

Hrfr. v, —*Um%{ﬂﬂm#ﬂpﬁuﬂ'ﬂi‘*ﬂ i 5591
F1XT M P 518 B9 <0 i AR 48 IR TS W E i LR
Veene— DA AU T SE I,

BLAE 1% 328 pR B2 SC R B3 DX [E) P A9 B XU
Ve VER V. B RREL, NTTSEER — 38 2 [l e AR U5 %
2, FUE SR/ N XGH X 1] 28 i ARG X [8] N A %, S Feidf
NTF 4Mfe

TESEBRNL A, G SRALAE KU AL 356 pRE i A1 2
IR 2 Bz S MRS ﬂﬁ%uﬁé& 0L A5 15 3 bR
B, W B IE i AL 3o PRBA A R

2.2 HgfEERHERERE

WUHEAZ 13 pR B0 N, FH e 16 e — 58 S0k, Wl 2 7E
I PR S SRR AL K 71 T PPRAS |, %F NTF #4574
PR A ML 538 bR BCE RS A IR AR A 1 3 R

(H A XL A 3RAS T PR 16 PR AR, XU HLZH B J&
L) |

HUHAAN LB AT
A — AL

T

o

HIEF A

BS54
W—E A =1
| |
g

K3 HUARTL 3 s ECE SR A i A

2.3 HLAEAEIE R EHI M
ABIFFEAERA E HUAE 15 3 oK B S d i LU,
%ﬁlﬁméﬁﬁﬁﬂ%;&fﬂ" T ek S HLAE KB AR I L
I EIE NTFABIER V., , T B3R5 20281k, &
%XT{P‘EF 10 min ¥i’3ﬂ1_1_ﬁﬁ{ﬁ4k&fi,ﬂﬁﬁ?
B AT FIBR e 2 T HOALAR U -

1
Vn = VflOmin (’0]0"‘“‘ ) 3 ( 9 )
Po

KV, — SR HLAR A V.., — #RAE NTF B IE
JG 1 10 min %ﬂjMﬂAﬂL,pw mm—lO min PP H) 25
WL spy— i VR

BGOSR EAL B R P 23 DX T 5CAR 3 B oA
IS BIEARLL 0.5 m/s 231X, M A1 ~3) 5
BI85 K X ] A AR R AL Bl RGEACR, 445
Fibsife s SOE BT M. T gt bR b
B A AT LR [ — R AN R HLAL 80 AN ]
G AN FIDLEL AT A i) B A, Al mT o R A8 2247 I 4 )
—HLALHEA T AN LU

3 MR X5 o

WA LR BIE T, BT HLNG 15 18 pR B 35, 2
FREPEWLRERIGE G 2.0 MW XU & B BLAL I e 81
Dyt BRI BN CHATHLAE 13 R L,
HAIE AT S AU % 128 ek B A B 205K n] i i A 2k
KrAr (LA, R0 XU 80 3 15 6 7 ] — ok i) %o 3%
PLA AT % S 25 A K, 5 P 2 B I 285 2R A7
Hexs

POXHLAE FES AR 1 iR,




532 - Mooowm T & %35 %
*F1 #WilNEANEIESYH
i ) 7 K/ IR/ I X/ . N h N
WIS RN > : N pmhoERERE s REERm EREE
(m-+s™) (m-+s™) (m-s™)
2 000 9.2 2.5 20 90 115 10 405

AR TEC61400-12-1 Fh5E 1Y B3 IX 3 7
2, E SR LA A RO X, AR 0 X R b v SR
e R . AR MADREE SRR E D
1 Hz, D8040 | 27 500 SR A 8 2 /00 50 Hz, £
HEATBOHE 3 T st 5 K BT B DA () SR B SR b
28 F PR 1% 35 R B8, K DL AE XU T 55 R AL
fitt H A 9 K

F R AT T ML R LR 1% 326 PR SR vk 5K
MR . S XA SRS A 4 R

0.50
045
0.40
0351
030F
0251

WEEF I Z 7,

020

0.15F
0.10 1 I 1 1 L

v/(m-s™)

(R Sl oy DS B s

Je AL B RGP 5 7R

LB Ry,

088 L 1 1 1 1
2 4 6 8 10 12 14

v/(m-s™)

K5 SCf o R GERCR B A

AR5 AR

AHIF TR T LA A% 128 PR B S0 XS 1) FH R
FEJ(EL ) FE 00 DX 00 2 1) S 90 XA A FH RS S A T
Fexst, RS I % A&l 6 Fas

0.50

045}
0.40 |
03sF °

030 F

025F  —a W KUK TAYME

REEF FZ 7,

020F o NTFFEHIH
0.15F
0.10 1 1 1 L
2 4 6 8 10 12 14
v/(m-s™)

Ko XAEH AN LR

AT SRS AL £ 126 R B 52 DA% 3l R G
S LTI P A 0 14 S A% 3 R S8R
HEAT LEXT 2 3 R GERCR X L& 7 P,

0.935

0.930
0.925
0.920

0.915

—a— I REH P 3 B
-0 NTFFE¥{E

0.910 |-

LR,

0.905 +
0.900

0.895 el | 1 1 1 1
2

v/(m-s™)

K7 AL RGN LA

MIE(6,7) T 5,
(1) B3 DX TR AL A% 328 oA 50 75 19 1% Bl ik 2
45 S T XA 1 45 R A — 3
(2) FI 53 D) B A% 356 pR RS 7 R L L2 A%
Sl RSN AT AR S B
(F#% 539 W)

AT, W, O, A ST MU AL b bR B KU LA A5 SRR IR 50T 1] . ML TR ,2018,35(5) 1529 - 532,539.

YU Qing-qing, YE Hao, FANG Yu-feng, et al. Measure and research on the efficiency of wind turbine drive chain based on nacelle transfer function[ J]. Jour-

nal of Mechanical & Electrical Engineering, 2018 ,35(5) :529 —532,539.

CHLH T#) 2435  hitp . //www. meem. com. cn





