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2. PERARED S ILRREHE

2.1 WAFEavET+H

AR & B0 BB ERZEEL, HEHIEH
AE N OKE AR R REE TN TV B 50kW & L
Te. VA RIEHIEFTOBHICE U 7ZHES (Fig. 1) &L,
I E —HRETDREFINEAATRER LNVICRE LTz, &
To, BMEDEEEICREINSGC L2EmL, BehidEs
BEIRONK S ICHEREb RS S L& Lz, E5iC, O
A b EEREE BRI WNLY 5728, HEFE®Z Y 21—

U, MRS AT Lzl T i L.

2.2 hERNFEEHOLHRBE

FhEFl & LT, FEICHIE LIz IGRE O T ERE TR LR
IR
1)JE HBEEE
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Fig. 1 Power generation and wind turbine size
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Fig. 2 Power curve of wind turbine
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2)F ) UREE (Fig. 3)
FEEE D BEERIA 2 A 7 (TR )
R R EERL iy
IR E sk A AR )
Fh 7 L—3F S R LT L —F
— % . M — 42X T L—F
FHIY A X L44XB22XH2.4m
(17K L3.0XB 1.7XH 1.2)
1 5,212kg

J VB R

Fig. 3 Inside the nacelle

3. AR TOtERETER

3.1 R ITOER

COFE ot AU ERTNETICRE EITFEV A
TLALYY =7 7 (LARSE) ZisHd s Lic L.
SEZ#MH T 5T & T, Bt TIEARERTH S )85 EH
TV EVIFHLOWHERNRICBNTE, YT AT L,
T, BMEEES AT LEEEOERDDEND, HhE
WG ZRO 3 C L &atd 5 EAMREL 55, £
To, VFETO AOFHARZHEL, SREEICBOTHR
AR 2375 % 2 & T, KRIMOR i ZEAT 5 &7%<,
SR SRR 2 FTREIC 97 5.

BRI 7R a6 & 32 BRI DV TRETLIE TR T

Use it as a private
power source

Connect to a low voltage power

distribution network

Ensure reliability
Cost reduction

Reduce environmental
impact

3.2 N— KL RT LS

FNDORE Y ZT Lh 5 F eIV AT LANDER A T—
A —ABKNC & 0 53H Lz (Fig. 4). RidRO@O, HRN
BIEJRE L CoRER T &, REAMKBZIET 57
SHHEHBEHDOE—X « A 2 N—=Z D) 21— A G DA FE
CBWCHEBETHLZ DN

KT, FRIVOKERE - B ERZRNG <L, 8H
KOG LB 2 ET 2728, RSN T
Z/NRIE SR ERE A RS, TRV Y AT LAME S TS
DOMRE L, MRER, FAEER L OYMHEODIN-OUTZ
a7 F X MRS THHREC L7z (Fig. 5).

(HEE1] 3BT 2 — FEEROERK

(HhE2] fElmls % —  femlkées
UKGE3) TlhA (2192 — Tl L—
(HhE4] FEEMREZHERFT 2 —  IREIREAS

(HRES] IRAEZEMH - 5T 5 —

HWHIRay ha—ba=w b

Cooli.ng system Control unit for cooling system
kil

| Skl
jr=-====--§N|| [
== H‘:-lff':"":ir' -1 N
gE [ el = ‘B =
L SER N S i e
|’|F [',l“ -[ . EHEH HiE)
ower generator | f . o
| I: & speed increaser Li F:II-._
Brake system | Yaw control device
' adhill =
| |

Fig. 5 Context diagram

transmission system

Contribute circuler
economy for society

JATCO
Generate Max
50 kw power Expand the compitency of
Power generation &
Reuse
Mot./Inv.

Fig. 4 Use case diagram for wind turbine system
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ZTOETHREROERZERL, HEMEZEID T, 3

i

MrikatZE M Uz, TEAIYR—% 2 h & UTHERK
W EE D EEEISGE TR OE— X « A 23— &
ZRH UTe. 7z, Sl MEmECROD 72 8 FHill[A145 13 60rpm &
L, HdEOF V10282952 LT, E—XZRAR

RCHIETE B X5 et Lz,

Co LTt E NI s

D EREZ Table 1, Fig. 61/~ .

Table 1 Function and specifications for wind power

Request (R)

Function (F)

Specifications (L)

Generate electricity

Generate electricity

Motor regeneration output *Kw

Voltage 240~400V

Transmit power
(Determine the motor
operating point)

Speed increase ratio 102.8

Transmit power
(Ensure reliability)

Spindle maximum input torque 7,958 Nm

Spindle maximum speed 70 rpm

Ensure quietness
(Main shaft speed 60rpm)

Reduce transmission loss

Transmission efficiency *%

Operate continuously

Control inverter water
temperature

Water cooling mechanism
(for commercial vehicle use)

Lubricate gearbox parts

Built-in electric pump

Fig. 6 Exterior of power generator & increaser

Nacelle and
tower side

Hot air
increasing
gearbox

Wind turbine

blades Circulating

lubrication oil

T LTSNz F IV AT L&, 130580
MBECHE I E N, HEIHBXUEEKSRESIRL, A
RIE N FEMRORF a7 N EERET iHR 2%
B U7z, FLAEHIC B 2 58 #I A 338 2 b e
W, BmIERICIY T, ESIKiHRON BV TES
(Table 2).

Table 2 The reuse rate of automotive parts

Nacelle ASSY 29% Approximately 40%
Power 18% A ) o
generator & o pproximately 50%
increaser Motor «

Inverter <«
Lubricating oil pumg —
Sensor «~
Lubricant fluid —
Gear
O-rings, etc.
Nacelle system 12% 16%
Cooling system —
Coolant —
Sensor

3.2 HE S R T LERET
JEIFEEBERDO T X T LD S B, X FEERK
DOHEFFEELDTZDICLL R D (1) ~ (4) DOl Z#HY L
7z.

(D) FEERRO KT HIAR OV EH) S il #

()R O g S I & R R

Q) bR I D < WlREE OB/ 1

(HELHAREEMIE,  EALS AT Lfg ik 72 B0R
HHITEIBHFEHIPH Z Fig. 71T .

Ground syster

Cooling and lubrication ) side
controller (PLC) Machinery
v " Ground system
‘aw motor,
Pitch angle actuator, controller (PLC)
DC Power supply

circuit breaker,
etc.

A,
()
A 4
In-Nacelle
controller (PLC)

(4) Requesting system
stop in abnormal
condition

(Variable voltage, Variable friquency)

Wind i
Torque/ !
Rotatiog Motor/ Inverter [ | Power | ac
Torque/Rotation | Generator (AC/DC) [==========~ ! conditioner | 3o
High-speed (forEV) e (forEV) D 350 (DC/AC) —
Wind
5@ 50/60Hz

Fig. 7 Concept block diagram
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JAIFEEY AT L e U TRAID D TH O,
FIHFIHFIETH 2 M1 FEEERA — L HEH L
3575 % LB TH - =78, FERMAEOBAREL &
BEE DR WHANHEEGHETH > Tc. T TEA
LF v — REDSEDY — )VEEHANWSE C & T, W
WTOMRDOIERKZ T W TE . HFEBHF
CHIE AR E A E LR DR A I T F v — R D—
il 7% Fig. 817139,

Out of Cooling and lubrication system Out of
scope boot sequence scope
Main Cooling system boot request ‘ OFE | ON
PLC Inverter boot ready ‘ OFF I ON
] S
Cooling system boot status ‘ OFF 5]'
T
Sleep state -

Cooling & lublication

system state N
Cooling and Wakeup state |

picatonle eW/P PWM Command ‘ 0% Eaid I

Fan PWM Comman d ‘ 0% |

I = I

O/P Revolution Command 0 rom |
i e ]
‘ D A
@W/P revolution monitor ‘ 0% 41/-’ (reach Ihreshbld)‘
= [

|

| |
Fan revolution 0rpm | ‘ |

| v
L | P
€OIP revolution monitor 0rpm 4~ {reach threshold)

Fan

Fig. 8 Timing chart

IR 7Ot A & U T Sk TREEMIICER T L
T > b Model Based Development (24 FTMBD) 7' 1
L AZEMA L. 2hic XD dNORIEET IV A
72 ) OiEH & HE B X O REI Y A D Y
THVA[HE L 73 B, FHEHEN— F T = 7 HVRTEMD
E% B /» 5 Model In the Loop Simulation (24 N MILS)
*® Hardware In the Loop Simulation (24 HILS) TH:
REO 7B Y ha—TF 0 YIUMAEEE TR D LW o Te A
Uy b H 5.

SEEFEEXMIPNHAI PR —FTH S
Programmable Logic Controller (L PLC) Z$¢H L
7z MY, PLCICIF M HEHEDCEFEN— A TDOMBDD
FHFEEREEM B i S T W iah o Tefzsh, 4 [EIPLCHA)
IMBDEREEOWEEE L PLCEIEH DRX—AV T FU x
7 ONEBIFZTT > T2, PLCIAIIIMBDEREI LV 7
Y 7 WG OEE 2 Fig. 9IC/Rd .

F7z, MBD7'1tz R &K O FHEFRICHHFE S N7zl
TFILDO AT E&Fig. 101539, ARSI A 7%
EDNMMZEIZLIza7 7 ) r—3a Vo iz
IRLTWBD, Fig 7ICHEUTMERERE L x> TV 5
b5

o = = Model In the Loop L l Hardware In the Real
In-house existing { —h—m Simulator /-3 Loop Simulator | | oo
model library g —= (MILS) N (HILS)
B LTI PR PTOPOIN . C-Code [m - > _wm__| C-Code oo . NG :
: - :

ECU-ROM i generatiol eneration : PLC-ROM

! T ] =

Control models
S T T User's development area
i : (MBD/Legacy C-Code)
: : PN

s

. | 3 g

N ]
ECU Supplier's 5
development area

 Main process

a1

u

PLC-OS (Linux) |

Fig. 9 Overview of MBD development environment and
software structure

=

;[: = l _ -

. . £o ! 1 -
— et = :
— (8)Auxiliary machinery | ===+ i
= starv'stop control s i
2 —t =
3 s 3 = 1—

— J B =
(4) Temperature monitor —— i -

(Fail mode detection)

+
—
¢
¥

Fig. 10 Control model diagram (core part)

MILSKRGFIC B W T, coar7iic s> &
T )V 7 Pk U T2 B CREAICEIEMGEZ 2 L, #i<
HILSHREE T THa¥E L CW/ZPLCOX— XY 7 |k
Y 7 ERSREE - A ETIVERSE L THEITIER
ICE LW, EPLCE HWIMGEEZTT-> 2. T hic
KOEEINZ YT T F 2 T— X OEHHIPHIC
BTl &R EES 2 2 & 2325 tElaiic
R T E 7z,

Z 1 5PLC N DOMBD;# H & MILS/HILS:#E A 1< &
D, BEETIVSATZYDMEMH, HmENEF—L
MR CORXE, Mito7arra—7ro > FIck b
BRI DIEMZ XS C N TER. T SICHEIRM
R E UTC, WO FER N T OPLCHIEIBIFEIC
BWTE, MBD@EHHENEH T RIEIET IV 1T
V) EHEHA LB AF—LOWERI LW TE
TEMTEIZEEZS.
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3.3 EERIREL

EEREE L AT & FARIC BRI b A TH
WHNBZVETOR Azl Lz, 2% TR CikdEZz
ML, SR U ETROTRICHESD TIEZ BT 7=
o, BIHETHEMIBEINZ Y X 72z % L
MTER. Sh, TEZYTATL, TR, &
HD3DICKI L, TR TERMARIC T S MGEEE
i L7z,

5 TR & MG H O R f% 7% Table 312719 .

RDICT T AT LI CHGEEZ 1> 7. 72X
T L, FEERE B A G DY IIRRET, FE
EBARE, WAUKR O 7R & 8 EH O AT 75 PEfE
EASHEMEMGE 21T > Tz,

R, FrRVICTHGEEZTT> T2, FRIbiE, ¥E
BN O BdRg & JHA =y s fB G IRRET
EHEICEEES Y, HETWIC K2 880ES - 5
1 —7r 2 A5 E DORERERGIE ) CEFEMERMGE 217 >
Tz, & U CTIRIRICEAEEDIRAE TG IR ERE, HEEE,
MM DOREEZ B E ST > TV 5.

Table 3 Relation between each process and testing items

Process Performance | Functional Reliability Durability
verification | verification | verification | verification
Sub-system O O
Nacelle O O
Wind turbine O O O O

2T, Y7 AT LDMGEEY AT L7 Fig. 111
KRG YT VAT LICTRETZHRANRNLVIIEH
8,000NmIC &9 5 /s, HEJHICHEKINS O
K= b Z2MGEEd 2 BIEEDORE Tl NIcd 52 &
MTERWV. LML, WMEET 2 7D HHIC K7z
BALEGG, GREEAIAXNDFETSEEE
12, EMAIC K SHFEHENDENNERZEINS.
T DY, BREFICHEB D T2DDIERZ R L, |1
DB E UTHEHL, s zREHE U THER
T EMALY AT L7Z8WE LTz, T ORE, MEET A
T LB A TR b KIEIC KT % 2 EAATEE L I
D, HICHRBABICEEZ IFT &k, Mtz
{7192 EEMTE.

Pewer  Cooling system
supply  used for testing

supply
Gear box used
for testing m
T

/( / Gear box
Generator
used for testing
[1]

Ilnverterlused
for testing

Cooling system Power

Main shaft used
for testing

Controller used

for testing - - Controller

Fig. 11 Test system of sub-system

RIS FVIVOREGIES AT LN Fig. 12179, F &
JWiE, Efhe ZoRMa=y N RT, RERHI= Y
Moy FAHAEDEINTWS. L
L, OO —ZNHREINTWIRNT LICXD,
JEl75 & DOHV )T EHh 72 [BliR & SRGEEZTTS T EMWT
Tixholzlzs, FEMZHEKE U TIHEX B,
ZORER, MHAETHICXZEE R CES) - 21—
o An ERRERGIE /R E R TH T N TE T

Cooling system

Gear box

Front bearing

Main shaft
|'_\l o -
Ir-
] B )
Generator — | ' - . | | - Yaw gear
Inverter g/-
l

Yaw control device /ﬁ

Rear bearing
Brakesystem

Controller Power supply

Fig. 12 Test system of nacelle
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YT AT L, F IV OGRS S D — % Table 4
IZ/RG. Table4X D, HARGECERMAEZTGE L.

4. RELFER

Table 4 Testing results

Process

Items

Verification
results

Sub-system

Rated power

Rated speed

Rated torque

Efficiency

Maximum coolant temperature in
generator

Maximum oil temperature in gear box

Nacelle

Sequence operation of
start-stop

Rotating operation of main shaft

Operation of brake mounted on main
shaft

Yaw turning operation of nacelle

O] O|0| 0O]O| O]0|0|0|O

C T C, JMHEMERED AR L 7% B FEEERL &
AEAS B 2 Fig. 131CR9. B #@ Y7
FYIZHRET D LT, HEHHE—ZDOFFED
HWEEZEHT 2 2 EARREL 2D, HUf/xyEE

K& DR A5

WIRZFEBETETNDE I L5,

Torgue[Nm]

RIT, HEARRE O E RS SR Z Fig. 14119,
G, TV — 275 8 H B m ARG E 2 JE L
HI %7, #Hiizzdla s v 7 Z2#0 A TZPLC
IR L TWBE D, E—XEE, 123—
ZIREHICHFAHIHAZ TElo, EEE LTEREIN
% ERE O E G EILIC BV T REZR W T & DRRGEE

T&Te.

Rated power condition |

e-maotor speed[rpm]

Fig. 13 Efficiency testing result

Good

Efficiency[%]

Bad

Limit temperature of e-mator coil

Temperature of e-motor coil

Temperature of power medule mounted on inverter

Temperature['C], flow rate[L/min]

Temperature of cooling water
Ambient temperature

Time[min]

Fig. 14 Temperature testing result

C 95 U CHEEGEAB IR EE N )V 72 FEEE R
DRI FEE R T —ICHPPAATE. F IV ZFig. 151,
JEl 15 E R Fig. 161”9,

Gear box  Brake ear box

Front bearing
Main shaft
Cooling
machine

Measuring devices for testing
Front bearing

Gear box Brake Gear box Main shaft

Fig. 16 Wind turbine generator
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5 F&E®H

EREE R ZET O [E PEF)SOKW E ) 36 - VB FRIC
PRER L, SEREREOUEZTE T E 87, HEIEHE M Z
ZRIHT B C & T, BRI O, 3 X MK
DEIARDIL > Fe. BRI, FEEITTIREOE—X,
A 2 N— Rl LB RET X OS2 MR
RECE. 2k b, HEEHEE O H TREMEZ
WERR T &7z, AT, CVTORIF i L CTHREMENT
EI=SEEXARFAFRICE AN TH 5.

6. HEMNE

L%, TRV AT LISy T R L, FEE
MBI, T LU THREDOENZHIET 250 (B~
=AY MICHHEL T FETHS. T DOFEFl
HEETEHZE, DEDE—XR, A N—&, JH#H
BNy T ) EBEZOE FICEINT (EVEEINT)
ckickn, YATLY TS A (Tier 0.5) & L TD
BT LIRS,

1. BEXH
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