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1. 7=

(" ACDrive & AC Motor 48X &3 )

1. DC RE{L} A4 RE{ Q| £ A|0{0] HISIK| AC 2E{ AL Al

« QEQ| FRI} ZHH3IH Compact

« B4 HHo| o)

o — 9 —
O H= = 0O =9
- soewstugaEs

2. YHKHO! Fan, Blower Damper & AME BE| E= 7|43 2545 Hofi4hA] CH| AC Drive AL Al

. 7Y, STt TRt Soj| oSt ot LA
. Trip YOI HH EREHOE M I|S & 4 YIS HE
- 7HCHSHRHE|R D FOfLh A
« CH0| B3 75 Y A7IRIEH 7|5 MBO2 17 2191 A 20|
. QIS SEA0] e
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2. Electric Motors

= S| - HI|0HRIE 7[A0H 2| = tHet
12471 - 71 AR I0IIM A7 | R|S At
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= H717|AH EA]

O| 7| 2E{7HIHEE

ogk

01| 2fofi CFet 7

. Motor &
x dnd, MEld, 37], iU &= 2 7HE S CHfet 2
With permanent
magnet
— DC Motor
Without permanent
magnet
M5
: — H|S7| S| /US|
Electric motor — 1 .
Asynchronous Induction motor
— AC Motor —
2 S717
Reluctance
=7 HET
=/Es2l il Bine (EC)

Synchronous

SN S7171
Permanent magnet

HUY RS
Wound rotor
S /US|

Squirrel cage rotor

Synchronous
reluctance

Switched
reluctance

Interior mounted
magnets

Surface mounted
magnets



2. Electric Motors

2.1 Motor O[3} |

Air Gap

[ Motor & PR L=

Steel Laminations

Stator

| //;W :
| 2

i Urrrrre ////////' S

Conductor Bar

( Stator) (Rotor)
Stator Rotor
+ Core(&3E Lamination) 0| Coil& Windingst 14 £& » Core(ZZ&El Lamination)0il Coil CH4! Conductor Bar7h A=l 3| 22

- HH0| 2 SEEH, A 2A7FA| M2 E.

" Power and Torque )

P_Tx (2><7r><n) N (Txn)
Power [kW] : 2E{2| 42 &3 (1 hp=0.746 kW, 1 kW = 1.341 hp) 60x1000 9550
Torque [Nm] : 2E{ Shafto| 3| ZH% (1N-m=0.102kgf-m, 1kgf-m=9.807N-m) 1 Px9550 _ (\E x V| xIxcosB x 77)>< 9550
n 120 x f/px (1—s)

( The typical industrial standard rated output power in [kW] and [hp] )

018 025 037 055 075 110 150 220 300 400 550 750 11.0 P=Power [kW], T=Torque[Nm], n=Speed [RPM]
p=RE I, V=28 ML [V], =238 HF[A]

1.00 2.00 3.00 500 7.00 10.00 15.0 n=0E 58, coso=2F A=
150 185 220 300 370 450 550 750 90.0 1100 1320 160.0 200.0
20.0 30.0 400 500 600 750 100




2. Electric Motors

_ ACand DC Motor H|z )
DC Motor

42} : 17| A} (armature) , A ZAH commutator), 2214 (brush) 2 4
42} : A 2= (field poles), Z2{| (frame) 2.2 719
A} HM 0} SR A0 e VT2 M= A7 [ 40| 2f5l & MAL 2|

oN X

cHEjRPh 7| AMLZ OIRE|D 2 27| Xl RA| B+ 2 WA 2R

| @HI|9Motor 22| )

X HEE A3 ME A 242 42 2180] 2fsH

oot
mfo

=
0x
ot
o

E b

» & (F)0I 2471% (B) S 7t2 22 B2I01= ZH0f 7512 uf eto| REECt.
SH7H S 20| YR B HF ()7L

2E

« 2H|0f| 22= MR st Z2 o] 2 Y=o w2t 2 (F) o] 2y

A%

27| R HE[O|A Ap7 |22 S AHA0f| 2fah Tl
o

S

o
P2 AT H| 0|7} 2 (SRS £ 20| Y3k 0|2 |= DC Y2 Z2/H|0)
5|

c

AC Motor

« DAt (Stator) @t 3| XA} (Stator) 2 A
« DC ZE{0] H|s &M ZHAstn 410

—
- UHHHOR THYE 4 U ED EMS ZECE

a) Generator principle b) Motor principle

(27| R 22l

ZE{Of| A= DA A0 LY VR 27| Y YR, 27| 3e] FEts He Alls 1M At



2. Electric Motors
( Pole, Synchronous/Asynchronous Speed )
fx120
Ny = T f = frequency[Hz], ny = Synchronous Speed [RPM], P = Pole number
Pole number 2 4 6 8 12
no [min~1] (50Hz supply) 3000 1500 1000 750 500
No [min~'] (60Hz supply) 3600 1800 1200 900 600
Synchronous rotor speed = rotating field speed
> slip @82 2 rotor speed < rotating field speed 34} LM
=4 §d P1
| Shaft output

+ Asynchronous

=o ol A
< 28 &4 )
88
« Yot B2 0| M RE{Q] Y M2 2 mE{o| Ciefet &4 2 QI5Y
RE{7t 28 £ A= &3 (Shaft Power) 2Lt 3L}
. EE1 282 BE| 2|, components, material, size(rated power), c |
opper loss
0] wret 2kt PP
Iron loss
out Fan loss
output power Friction loss /_r
( Typical losses in the motor )

P
input power



2. Electric Motors

(2.2 8EH57| )

- =174 ©
< Motor 7= 22| - §|A 2} 7|2 ) 2E|o| 3| 2lz|
Al Al Al Al
® DHALHMO| HR0| AT HE[H, ZH2Eo| HM2 HAHAM 0| k| B2 C2 52 C2 32 C2 82 C2
320f| 3442471 (rotating magnetic field) O] &AM EICt. o - Q
A orcg 2Zt01l O[5 0|15 H=7L O c1 W3 B1 C1 B1 C1 Y B1 I\ B1
@ HMOIM S ==l AH7|40]| 2f5H 2145t Rotord| M F 7t k[0, ™) Al (%) A1 (R A1 ™
L A A2 A2 A2 A2
Rotor= AF40] EIL. B2 m. C2 B2 é. c2 B2 l. c2
@ #M 20 2 Rotor?| Conductor Bar7} 2247t} i i i i
- - - | | | |
@ 0|z HHA O 2 RE{= A|&5HA 3| 45HA| =Lt | C1 Bl | CI BI | C1 B1 |
7 N G (%) < | S ™) &y | G (R Y |
. A2 A2 A2
- Motor Windings /.\1 : |1(_‘D1 : |2q32 } | |3(_‘D3 :
Velan 1
g v 2
¥ | >, }
|

2-Pole Stator Winding
( 34 2E{ Winding 72 )

,".': ", — Magnetic Field of Coil A1

Stator

@ 7|SA| Ad0ll= 77t S 2| ph=C. WEpA] A7 | 20| A E[R] §=Lt.
@Bt CH0| A7/t S =20, sief i WO 2 247 40] Fd =t
®60° & AYO| MFILSED, CHO| MFIt S=A| =Lt

AL714 g '4ek0| 60 ° 0| STHCt.
- @ 32| S|etHS} ZIH0]| Kf2t 27| 40| S| ZSHTY.
( Stator Winding0i|A Rotor Bar22| HA7| f=)  ( Winding2t Rotor Bar2| = 24| )

Rotor




2. Electric Motors

(3|12l W B3 )
©3=12 P max. _3 ® =3/2 ®max.
3|4At7|Z (rotating field) 2 24 = E 712 HIE| 2 B3 (3= 5 max. g
o AT|ZME (b, by, dy) 2 BRI F|IHALT RS T7| () E LY THH, P=3/2Pmax. P1=7 P max.
X (alternating fields) Z| Ci 24 (®max) 2| 1.5HHK #1= Omax. @o= ‘/2—3(1) max.
s Y SE Ol IE SV S22 3 $2=12Pmax.
+ B|ABHE SOt HEO| MR B|7RT | RS ELY S|

[ Motor Current?t Torque £4 |

< Slip, Torque, Speed ) T ng, TB (Break-down torque)

UHLM O = ng=ny*2/3
Induction Motor0OilA 8| MAt = S| MA7 ¥ £ = HOHECE
S|MAL7| 42| £&(ng) 2t Rotor £ (n,,) ZI0|E Slip(s) 0l2+ STt \ /I NN T (Rated torque)l
(p=RE2%, f=F0t%, ng=87|4 = (Synchronous speed) ,n, =324 2 ) 0. Ts ng, 0
|
n, —n s 0 1 n
= Mo~ no:120><f nn:120><fx(1—s)[rpm] &= 1 | 1 5 >t
Ny p p ! —»I Slip
1
T =Fxr (T=torque, F=force, r=radius) _Braking ;54_,‘ Generator

Ts :starting torque «

T, :stall torque Starting Operatin

«Q

range range
Ty :ratedtorque
ng :stall speed 2 >8xln
ny :nominal speed 0,1, nw. | (Nominal current)
Ny :synchronous speed e N
Iy :nominal current | /
|, - starting current
To. lo
s _ K [ > 1;
So 1 I'o No




2. Electric Motors

[ BEjo|STElR )

R 11 Xyqg Xog 12 Ro
— 00— 0
l91 qu Xn | | R D 1;38 xRy

« MY (U1)2 Q7I5HH, |, (stator) 2L, (rotor) 0l 157t SEM, R, (stator) 2t R, (rotor) A&t X, , (stator) 2t X, (rotor) 2|HE{ A0 2|5l A5t
« OIEE = APV |REE Edl| A4S FTHS 0| x|, transverse resistance 2! reactance R: 2t X, & E3l| A4S <A
Fe h

Afet W= 0| Soll ZECt. Ree= O 27| LZ0H| FAIECE
X, =2x7mxfxL

(X, =reactance [Q], f=frequency [Hz], L =inductance [H] )
Standard operation
Slipdi| 2J3Hi rotor A2t R, 7t HHSICE,
R, x (1-s)/s= 7|A|A 2E{ 8315 LIEHALY,
RotorZ A& = R, (A A&) + Ryx(1-s)/s

No-load situation Locked rotor situation

DB 2ASA| slip2 04 At} QE{7t Hot AEfOlA 2SS I slip2 37F Z R, x (1-s) /s A
£, R, x (1-s)/s 7H O L= 22 2|0 Rotor7} Locking AtE| & if slip2 1 0|22

AutMo 2 M =27t rotorgE Soll 42| SE = GiCt. £510] w2t S7t5tk= A F7F 2[CHof| =2

O|A2 S7t8|20lA 7| A &3HE LEH= XS M| 7H5H= A2t 2Tt



2. Electric Motors

( 'IoTElz_-I%jl _/—I:_ano:l ) n= (1-s)xfx120
p

DE &L =3 MHOR HY Jts [ { ;
o IAHZA (0 - i
=23 (Ull: pole~changing motor) (1_ S)X fx120 No. of pole pairs Slip Frequency

« Slip H[0] (0{|: slip-ring motor) My =No =Ny = p |
+ B F0H4 A0 | |
Rotor Starter voltage
[
. Cascade
Resistance coupling
Pole number control
HLH 017 HET M550, 34:0f [H2 3t oA L2 2 Hof Frequency regulation
S . 7HH 2Ot ZZO2 45 H|of
o - ZQ/ZTH4 HOIZ £ 40| w2}
1800 ’ 0 TA
12000 "~~~ TR T TTTTTRTTTTTT X
__________ [ S IO 1 2
900 E | .’ a\‘L?"’ \\\’fa \\\'g\ ° X
' HE SV S P P
2 4 6 8 as ~° : o
Slip control
Slip0i| 2fgt R E{ £ |0 HH
« Stator 1 HA i

« Rotor control 25%  50%  75% 100% n

- H&7|7} 2E 5|20] 42 (slip-ring)
- slip-ringS S5l 2E{ 3|20f| 74 X% ZFO2 ZE| S0 A HY



2. Ele

ctric Motors

] ® °| 4 1) A2 Znp47150Hz91 34 ACRE
~Motor 3 ~ 50 Hz |IEC 600346 J 2) XA & 15kW
2 No. 7 3) AE|O[E A A ML 400V, ¥ M7 27.5A, YAHM
L 15 kKW 2910RPM - 2474 7ot A 2|2 214
CLF cos¢ 0901 ¢ 4) 29230V, HA HF 48.7A, AZM
3—_| [
[ 400V ([11]—230Ve 5) IP54H3ESZ
v 2581 & _ ABTAN 6) oI S2F(155C), %% 0.9(cose)
Cat. No. [1P 54] kg 7) HAEZE2910RPM(2 Pole)2 ¥4 MY, A S0, 3A B5H0A 2| RE £
® \ o) 8) IEC60034-6 B2 2Z
\
5
74 /| ™
[ Motor HALLH YZH [ AZH ] SEHEJ| ZE )
u1 \A| w1 u1 \"A| W1 _
AKIED 53 Q- HET|
O O O o PRI} Mot F 0| 2
W2 U2 V2 w2 U2 V2 * 7t40| AH
AZiA o £ H|O{7F 22t
=
. 7| E3 7R}
. - £820| 7| 20| 220 2UCt
Ipp=v3xIp
L1 i »
UpP AMY QEHET)
Yy P » £EH07H 80
« 20| HAHELCt
L3 « 7t40| =Lt
AZM « SEZ0M 20| LIS FHTL QT




2. Electric Motors

( 2.3 &7| 837| (Synchronous motor)

% 7] BE{= Rotor7} Stator HM0| os MAE 27| MW SUs SE2 S|HFL.

Saliency
I SynRM  Synchronous reluctance motor (57| ZHEHA 2E])
W
< :

4 PMaSynRM  Permanent Magnet assisted Synchronous Reluctance motor
(BTAA F7| 2=EHA ZEY)

Ot/
s‘) r\.’c
3 3 IPM Interior mounted magnets
& S v, (A
8 % SPM " Surface mounted magnets
2 AN oy  (EHEIHA)
Yar ' &%

Induction Motor

NP7
KN 05 1 Tpm/Ttotal (FRAPA E3/24%| E3)
Ly =L, Ly =L,

Magnets Magnets

“Resulting”
magnetic field Rotor

“Resulting”
magnetic field

Stator Stator
2 e —e
a) SPM = Surface Placed Magnets b) IPM = Interior Placed Magnets
(Salient magnetiv field) (Non-salient magnetic field)

SPM IPM



2. Electric Motors

C HAAIM E] (Permanent Magnet (PM) Motor)>

(PM 2H S7I3|2 )

_ R X
+ 0] 2218 RotorS AR - L Lo
5 5 U, Supplyvoltage —_ 1l
« Stator0i| A A4 A Sl 5|27 | 21 §7|4 & 2 Rotor7} 5] L Stator current
« DE{Z Z}5kA|7]7| 25l Rotor ZHES 20OF SHC}, uP Voltage generated by permanent
maghets
i ROtOI’% %E-IE StatorOiI ?‘i%”ol 1?-55'01 °—1|7|a§1 (Back EM F)ol HEH‘QH Ry, X; Describes the coils in the stator U, U, G)

- B3 HR0| Hl2, SEE BT FT0| B using X, =3 + X

| -
« BE{ Slip, Rotor A8} & QIHE{ AT} 91O O 2 Rotor £A10| EHAiSHA| Q0 &8

[
ol H 24
. 7|E} Synchronous Motor )
Brushless DC (BLDC) Motor Reluctance Motor g
* Rotor 91z Z3 2lsli & MM At * 2t7| A2 (Magnetic reluctance or resistance) At& L TR 7« Ss Lt S o o
PEJ2SYH AU £ 5EY - QEHS7| HCE B2 YR, 02| E82 &L, 20 I 0 O
-~ Z|C{ oF 10kW ZEf « £A12 Z20|4 DRII0] OfsH LAY S /00 0 0 A
« PMBE{Q} SUSH X0 22| A + Saliency ratio0l| 2t %& 2 £3 E40| Z2t2ict.
- £2 B3 UL ot M0 2f5t 7150 2 * " saliencyratio (Ld/Lq)

Line Start PM (LSPM) Motor
« 50| HE|E(REHZT[+PMEE]) 2 AHAMO0| rotor LHEL0]| HY |
_ / \

P QEHST| M| ES UL, 5L HEYES

« Z|CH 2F 10kW 2Ef M, y — Teage
::7"(’," 'trv.\ g \/ \ —1maggnet
(o) E : | ==

Speed



2. Electric Motors

Synchronous Reluctance Motor with Squirrel Cage RUTTA

« Stator= S DE{QHEY, Rotore Gapoil 220/ 2. end winding £ha L2 e
* LPSMJ-l- 'IT}\l-ol-}" %Zl- :'I '! . .;-: T Rated torque
« Z|CH 9 10kW BEf, 58 24 G |
Synchronous Reluctance Motor (SynRM)

- Stator= SEHE7|2F QA Rotors TRTHAA X2 Y LS £3 2| 12{ A ey,

- 2 YT A 7|5 B ACERto|H TR = =

-+ E20| B4 rotor Zh A4 T4 N7

+ 0|12 B8 A0S Qo Ld Y Lq S7 22| 1N

Permanent Magnet assisted Synchronous Reluctance Motor (PMaSynRM)
* Rotor &&0fl weak magnet2 F7HES Md 7t 2 FE& 7144 S24) 5t SynRML| HY
* H|0] Z-H0|A IPMIF S
- IPM2 GAtM 0| ofsl MM E|l= EF 7} reluctance ETECH =2 HHH PMaSRME reluctance E37t A|HH A

Switched Reluctance Motor (SRM)

» Stator 2= SHEMUO| AL E|E2 DC ZE{2F FAL

* Rotor pole2 Stator pole ratio2} 20|

« FHUELZAY H VIS =7t

* Noise7t =2 42 =2 E3 2|21 52 dynamics LA

6/4 pole 8/6 pole

< Medium Voltage Motor (Ag=%) )

£ 927| lol Y2 =0|=

« 2% Power Cable 29 currentd]] 2&st 37|0] A2|%| 7|0f

SELIEM ZEHZO| MY LSt LA LA MUFE M 52 MY 28
(@]

S a
« MV E2I0|E=2.3~13.8kV, 0.2MW~40MW HR|Z 7. AdutMdo = MUE 2tH40j|AM=3.3~6.6kV, 1~4MW H

A0| | (HI 82, &4 &)



3. AC Drive

+ AC Drivel| 2 7|5 : 1A= = Z2I(0f: 400V/50Hz) S 7HH HLZZ(6):0~400V/0~50Hz) 2 H3t
» AC Drive 27}A| 8 : Direct Converter?}l 73| 2 (intermediate circuit) & Z+= AC Drive

Frequency Converters

Direct converters —L Converters with

intermediate circuit

Variable Constant
|
[ | |
CSl PAM PWM
V
Current-source Voltage-source
frequency converters frequency converters
l-converters U-converters CSl: Current Source Intverter

PAM: Pulse Amplitude Modulation
PWM: Pulse Width Modulation

< Direct Converter )

SH3|27} glo| Hets 3, LRt o 2 DX o{E2HA|0| 4 (MWL) HIMTE AL

+ 50Hz FAS FU45 2AE Fk4 H{0](2F 25~30Hz)
© 714 BEIRHE ULHHO R ALG
© UZBHSH M5 QTARO| QU OfF2I3H 0| Mol 2



3. AC Drive

C ZFS| 2 (Intermediate Circuit) = Z= AC Drive )

S| 29| & CHE 0= “DC-bus” &= “DC-link”

=732 271A] §Y : Constant intermediate circuit, Variable intermediate circuit

1 Single Phase
-
Intermed. v
circuit
' % 4

fR—
Three Phase

227

Rectifier

Un-controlled Semi-controlled Fully controlled Active Front End

Variable Constant

37 I gl E (@] ;.A"

1) A=7| (Rectifier)

Intermed.

MBI THA S 34 AC R0 SHZEIO] TS DC HUS A

.m 10

HHHH :i-

@ uncontrolled 3&7| @ semi-controlled 4 &7| rTyy ‘| ‘| ‘|
@ fully controlled d%7| @ active front-end ¥ 55! .JL_ *I ‘I *I
2) £7k3|2 (Intermediate circuit) LITT . | I

@ H27| 29+2 DC Mo 2 W5t ( Fig 3.3 Main component topologies )
@ QUIHE{Of|AM ALESH7| f5]l US DC el QH4 St

Configuration:
Configuration example Abbreviation Reference to components in
3) ?_||=|'|F-1 (Inverter) Fig. 3.3

r|r
okl
ok
Loj

Pulse amplitude modulated converter PAM lor2or3and6and9or 10
15} 7~0I-o Z{oF Ol XA AHA]
b JHHAC TR & Sl 4 Pulse width modulated converter PWM lor2or3or4and7or8and9or10
4) H|0JE]& (Control circuit) Current-source converter csl 3,5,and 9

( AC drive configuration examples)



3. AC Drive

(3.1 HAET| (Rectifier) J

AC Drive?| 4&7|= Diode, Thyristor, Diode+Thy’, IGBTZ
o QHIM O 2 Z|CH 30kW7FA| = uncontrolled 6 E2|X| AZ7|7F AR, 30kW O|AH2 semi-controlled A5 7| AFE

| Uncontrolled Rectifier )

Uncontrolled 3%7|= DiodeZ 1
Diode S2} |l2|
« CIO|REE=XHEE A-KZ SHEISFO 201 S 2| SiC},
« T FT|E A0 == GiCt
« YUH ACZHY0| WZ DC UYL 2 H2EICY,

U i
|
Uncontrolled 34 A&7|(B6-Diode Bridge) Uk

K
wt
o
d BB T ™ U
. 6HEA ME7|2t0 L B} Lqo |
+ 2t70|CO|QEL 1/337| (120°) SUA EE ot L2 T

- Lso
. DCEHUS UH (34h: 2220|131 ~1.41H, Tak: 224210/ 0.9~1.24) * D40, J]

o YR UR=HALILOLICE (F MY interference ) — -(B)

" Semi-controlled Rectifier )

. _ ) u U D, [D.]D
Uncontrolled 2&712| Diode 1.& & StL+Z Thyristor (SCR) 0] CHA! G ¥ (X* 3
) ) ] _ A K L
+ SCRAUSZ A0 ZE SUXMF Aot L SIS 20| HIHAIEl SA ot D - wt Ezz
30
|

. 27|90l 2ZAU2 uncontrolled A&7|2t 5
SCRE% 22| [——=

+ COIREHH HFEA-KZ ot Yo =0 S =4 oirt.
* Gate0f| 25l OnE|1l, A-KZ HF7t SEXZ| 9F= U OffEICE




3.

AC Drive

) Fully-controlled Rectifier )

Fully-controlled 3&7|= Thyristor (SCR) & AHESICE.

HE2 Q0| 37|= Gare 52t oS H|O{sl0] HA

SCRO| BE A EEEN| =2 25 M= 2

I

QUISE SCR FAA, S7H8|20) SIMAS M2 F Helo 2 Tk 7

Udc = 135 x Umains

X COSa

( Active Front-End / Active Infeed )

3|4
L]

El= R 2 &SEl=DCHYE F

4902 5|M

AFE (Active Front-End) &= AIC(Active Infeed Converter)
SIS 20| Mt 20| F M HYECH=S [ff 3|4

Y= dYS Yomz I=7| 2l =
AFE ALSA| 12 2|t 282

Z71 3= HQ (LCL Filter)

ofr

Uz? L+ U
T1 kT3 LkTs
Lyo .

op

Lyo
wt | 30
n?gf@f
supply regeneration
> —
FI'1£§FT3£§FT5 §ZRT1§ZRT3 RT5

L1 o—m .
L2 o— c=
L3 o—m

oN

——oOp

][+

b |




3. AC Drive

( 3.2 =7I8| 2 (Intermediate Circuit)
+85}7|

 —

SH

St ol A A

HEELS Q15 Of|LAR| T W RIS

Intermediate circuite| &gt
Eoll FHULCE BE R 3=

« ZHEIIQIHEE S
« OIHE{QtAZ7| 22|, MY ZH (interference) Z4A
Variable Intermediate Circuit
i 2) Variable DC Voltage intermediate circuit
* Chopperet ZE{Z 114
|20l 251 DC 24t 7HH

1) Variable DC intermediate circuit
+ “Choke” &= “Reactor’2tnl SH= 01 2 QIHE 2 1A
2 * Chopper 2¢
/Chapper
o*—C T

« UHIMO 2 HE AA AC E2IO|H (I-Converter) 0| AF2
3 UA
! &

U x L
| U
— =t U
t

t o

Constant Intermediate Circuit

F{THA|E{Qt OIHE{ (Choke) 2 1AM
Common DC Bus
| 7+g|z A1§ oworoq DC11°% r °|°IH1E17r+

Brake chopper

«  Z{OHAIE] : WS DCHY HES) oA AE
F49 ZHd (harmonics) ZH4
. AC ':E|-0||:|
Inverters (optional)
LN

+ QIHH : MF 2F Smoothing,
Uz1 b + Uzz
$ ’ :
Rectifiers
T Uzn  vaebeampiuge T
UZZT : = = |ﬂ |g — |ﬂ |i |Z
_ t T % ® 6

comrolled

constant amplitude

e,

uncontrolled



3. AC Drive

[ 3.3 2IHE{ (Inverter) J

AC EZ2I0|HO| Z|F THAIZ, AC 2E{0| SE2&l= 23 MY 08 LMAIZIC
« AC E210|E9| QIHE] AR}= MO|2|AE] CHAl EBHR|AE] (IGBT) 7t 0| AL EICY,
(EBNR|AE{= HAA|ER| turn on/off7t 7Hs0HH, AR RIS 48 KHZIA| AFR 71Hs)

+ OIH{E] AQIY Fp4 MEH : DE| £AT OIHE| A4S 5| T25/0{0F I, A F47}E7H5HR QIHE] 24 57}

1 singlePhase

K 2

Rectifier

-

Un-controlled Semi-controlled Fully controlled Active Front End

Intermed.

L w% ﬁ% 1
B R KA
LLTT | |

( Fig 3.3 Main component topologies )

Configuration:
Configuration example Abbreviation Reference to components in
Fig. 3.3

Pulse amplitude modulated converter PAM lor2or3and6and9or 10
Pulse width modulated converter PWM lor2or3ord4and7or8and9or10
Current-source converter (&) 3,5,and 9

( AC drive configuration examples)

Symbol

Design

Conductivity
Current conductivity
Losses

Blocking conditions
Upper limit

Switching conditions
Turn-on time

Turn-off time

Losses

Control conditions
Power
Driver

fo=1.5kHz

| fp=3kHz

fo=12kHz

wt

(A9 Fop0f HE 2E MTF)

MOSFET

IGBT

i

S —(T'i_ s
N+

1
D
Low .
- High
High Insignificant
[ert High
el Medium
IR Medium
Insignificant MEdRIm
Medium -
Voltage v;l‘z'a‘;?

(M4 H| )

—_

High
Insignificant

Medium

Medium
Low
High

High
Current



3. AC Drive

( 3.4 Modulation J

QIHE 3 HYL} FOE 7HHSE| fIgt 27HA] 2| modulation
* PAM (Pulse Amplitude Modulation)
* PWM (Pulse Width Modulation)

PWM

© UYE7H SR HYS 2 ACS2H0|H0] AL

¢ HBOMO HOf M5 24, WS N HE s

¢ 7R 2| AHBEIS W, BA Z 2T B0

PAM

« JPH ST S|2 MY = MRS A= ACEEI0|HO| AR

+ Uncontrolled/Semi-controlled ¥&7| + ZI{ &= Fully controlled F&7| A2
o AR IEHE SIS 29| THH MY = RO I7(0f| 2fsH #|0f

o 1% D922 EFO0 AFE

PWMe| £

+ A9 FMA7HOM BE| 220 E7t

2SI RMAE EUSE HRE L) Tt ALk

+ A I|E MR Al PWM AC E2H0| = 2 24910| 2/rH 86.6% X3

=t =t

PAM PWM

1.00 A
0.866 -

0.50{ £ 111105

-0.50 1

-0.866
-1.00 -

m Switching pattern of phase U

=== Phase voltage (0-point # half the intermediate circuit voltage)
==== Combined voltage to motor

( Output voltage PWM )



3. AC Drive

_ SFAVM )

Stator Flux-oriented Asynchronous Vector Modulation
(LHAL AHS A[2F H|S7| HIE{ HZ)

1,00 7

0,50 +

+ YO QIHE MYUS HET £ U= SZHHE X (Space-vector modulation) &
.+ O] tAZRYYO| F ZH2 Ny Mt M 0|, TYA AEE 2| +EC2

0E
H0 1
=
b

(=]
SAI510] £3 2Z0| Q=S 5= 2 o 100 . 0,001

« MY HE{Q| 20| HE{ MY

{0 &0 -0,501

| l—‘ -1,004

011 001 ol vl w

fﬂ 600 AVM ) { Inverter Switch States ) M, Switching pattern of phase U
\ Phase voltage (0-point # half the intermediate circuit voltage)
Combined voltage to motor

010 101

Asynchronous Vector Modulation (H| 57| HIE| HX)

- QIHE{Q| 142 8lE 7]2] 60° S LFBIAH(0EE 1) ]Al

+ SFAVM2| & K22, 60° AVM =

+ 60" 2t AX|Z, 60° THK|= SEOf Qg AW =4S HA4s

v
' o [T T 1 TN
Vi LI LI L{60°- AvMm v TTTTTIIIELL LTI T LTI feoe- avme
W I LI 1 w Il (TTTEITEALE LU M
U n n n o TTTTTTTTTTTTTITTTTT VL L L LT (TR
Vi LT L] | sFavm v [T T [ SFAVM
W u u L W LTIV (LT [T ‘©
t(s) r T T T 1
0.2450 0.2452 0.2454 0.2456 0.23 0.24 0.25 0.26 0.27

(60°AVMI}t SFAVMZE| Switching sequence H|ul)



3. AC Drive

( 3.5 Control Circuit and Methods

 —

ACEZ[O|H 7|12 75 ACEZIO|HE Hjo] R & RdE £ 4% He
o B2F 3|A Qx| AA + Simple(Scalar) without compensation control (2440 gl= the AZE}) 1:15
« BE{ Open/Closed Loop Speed Control * Scalar with compensation control (2&#|0{ U= AZ2Y) 1:25
+ H5E Open/Closed Loop Torque Control * Space Vector control (SZHE{|01) 1:100(0)
o ZIZAMEf DLIE{Z 2 AT S * Open loop Flux (field-oriented) control 1:1000
+ Closed loop Flux (field-oriented) control 1:10000
+ Servo-controlled systems 1:10000
[ms] A
ms] 3 0.1
’ Flux-vector

without feedback

1 1 Flux-vector
with
; feed-back

Flux vector with

-—
o

__ Space vector with
feed-back

Reaction time
Reaction time
)

,, feedback

100 100

compensa-
tion

calar wit
ompensatio!

-

]

oo
10 1 0.1 0.01 [%] 100 10 1 0.1 [%]
Precision: Speed (% of rated speed) Precision: Torque (% of rated torque)




3. AC Drive

(1) Simple Control method )

DE| £ 01 2t AF0| Q| ZHA| (U/f control)
+ DE&E S0HY
« OHRZEHAIE
- DE{H3Z QS

( 2) Scalar Control with compensation )

Sot2d 2 SEEYE 4= U/f control, Y 2
A3t 2t JHY.
= S| 29| shuntE S s Eg A
+ Speed setting range 1:25
Speed accuracy +1% of rated frequency
Acceleration torque 40-90% of rated torque
Speed change response time 200-500 ms
Torque control response time Not available
+ Simple Scalar control CHH| @4HE A0 £
a2t HotHS| A2 ATt
QF mEM S ZHQ
SUEA 82 =7ts
EF X0 EL g2
NS B X O{A| ZA| L
A< 0N ot HE Al 24 2

0tz 0]

I
ofm
o
A

f Rer

f Rer
=0

Af

Mains

Rectifer

-Upc

f stator

—

Ramp

Mains

il

j uo

Voltage
generator

Rectifer

Inverter control

f stator

i UDC

Inverter

Inverter

Tc

U stator|

W -

Inverter control

uo
/AR nale
Voltage
Ramp generator| AY
Load
compen- |
ik sator
Slip Current
compen- compens.
sation calculation




3. AC Drive

( 3) Space Vector with/without Feedback)

Closed loop control (with 2|5 £ = T|E48) 2! Open loop control AR 75
« BE AJEAS Y EJ MFE HEL MY (U) L 0t (f) 24 7 Voltage angle(9) 24

T =

© @ AZEtAofof His SEE S HE @ =435t #5t H30f| ofF & AL} (RA7152 Ze AZEHTH])
@ HE Limito|A &5 @ active resonance damping (55 32! Z4/)
® Open/Closed loop EIA|0] 7t& ® High starting and holding torque
@ Flux Vector CHH| 2243 SZSA| ZA| Rapid current control 22
Space Vector (Open Loop) Space Vector (Closed Loop)
© QIR & mEH Qlo|, £ 9 X |= SHE B UR « AR HM(UZLE S)0f 2fet £ T =Y
TE RO4 HEE 7|80 2 A4 + MO HE=H O AZE0f, D EM Sy X AT st =0f ol 2
« A4 A} EMZEHE Voltage vector control (static) * Speed setting range 1:1000-10000
- Speed setting range 1:100 Speed accuracy (steady state) Depend on resolution of feedback component
Speed accuracy (steady state)  + 0.5% of rated frequency ~ Acceleration torque 80-130% of rated torque

80-130% of rated torque Speed changeresponse time ~ 50-300 ms

Acceleration torque
Torque change response time  20-50 ms

Speed change responsetime  50-300 ms
Torque change response time  20-50 ms



3. AC Drive

( 4) Flux Vector Control )

Field-oriented controlO|2}1 StC} 0| A HHHe NS E5H AFSA| O, Field-oriented control2 3| HAF A 214 A
 HOE=REHL {4 ET
« RFEQ| HAGO|HE YUHSIH, At REZ AMESHH 2|2 o| RE Af5t0f| 2o MUt 2te AA

ZME QD ME= EJ M2 A5 HEE HEEH LHE PID control2 2= BE 22 7|20 2 O|E8l ZH2 2 A510] £ 5 A|0f

Space Vector (Open Loop)
« AH0M 2|22 d5= 7] ofELL
+ Speed setting range 1:1000 Mains *
Speed accuracy (steady state) + 0.5% of rated freq’ T *
Acceleration torque 100-150% of rated torq’
Speed change response time ~ 50-200 ms _
Torque change response time  0.5-5ms Y > oheed
I Us g ref dq —:VE” =iy Encoder
Space Vector (Closed Loop) T e e [/ gy Motor
- a,b —>»
« R AM(AZE S)0fl 2ot £ TE b Feld lmref Rk | A2 | ,.
. O\ HSHEE Hof AmESIO], mIEH sy s s | T e J T
+  Speed setting range 1:1000-10000 ST ¢ """"""""""""""""""""" Kty
Speed accuracy (steady state) Depend on resolution of o | P Y oy lo dref dq 2 i
feedback component model Is qref <« pudl
Acceleration torque 100-150% of rated torq’ g
Speed change response time  5.00-50 ms A\
Torque change response time  0.5-5ms Speed Position




3. AC Drive

( 3.6 Danfoss Control Principles J

VVC (Voltage Vector Control) AFE, 219} HIE{O| RIZ ) 2k | ZIp4s Z1A

Software Hardware (ASIC) Inverter

Control

algorithm

VVvC Synchronous
60°PWM

VvCPlus Asynchronous
« SFAVM
«60°PWM

< 1) Danfoss VVC+ Control %EO

VVCHE HAUY 24 PWM QIHE] HIE] HHZ WA AL
o AQAITHEIS SFAVM E=60 ° AVM AFR

« 32U UE EIE IR AA KA

« 75°C O|9t: SFAVM AR, 75°C 0|A: 60 ° AVM AMR

« DF S7t3|2 Chast

22351 HEl (no-load state, idle state)

Rs Lso
L L0

lu=uL

- DE{OIM AFRSHE MR A5 Y 24 B A2 T osiChn 7
- ARH(U)S 26 Hl0JE| (M MY, HE, R0k, £2)0| [zt 2

o]

¥ U/fHlof
* Special motor, Motor & HZ0f| 2%, ZH HA42 2E2

« DML HL(0~10HZ) A SFAtEl 52 EM

F|0

@ 2E| 25t 74 & 52! &2 (Active resonance dampening)
@ &= A|0] H|: 1:100 Open loop

O &k Yete meH glo] A £&2| £0.5%
® E3 40 @ 2E MF LimitoilM &S

5} &l (loaded state)

Rs Lsg LRre
i IO 0
iuL R,
+ u ql § Lh
i gcomp
« ZOStEJE MMSIHEAE FE MR (W 7HESR
« DE{9| £A(EF| A& HLI0|A) HASHOF SHCY.

* Ucomp: #5t & 255 A% 2 1K0M 5

HE HEE AGSH0] 2Y
© MY T AE A BEI YH O[S T|HO R AY



3.

AC Drive

( 1) Danfoss VVC+ Control -°.-;JF-I)

Mains

Inverter

©

[ f
‘ 0
‘ Mo::dor‘ lg 4*;\, g U U u
f RN TN
—S—O—'—— Ramp % . ?sgiaatc%r oL =) I &) .}{.
At ‘
| lsxo | | lsy
Load AG
| " U
| f } |
| sie X Xy
g sy /
\
f Internal frequency Upc |DC-link voltage
fs Reference freq’ set U, |No-load voltage vector
Af | Calculated slip freq’ Us |Stator voltage vector
lsx  |Reactive current(calculated) | U, | Load-dependent voltage comp.
Isy | Active current(calculated) U | Motor supply voltage
No-load current of x/y axis Nset
Isxoslsyo (calculated) Y X, |Reactance
Iy, ly,lw | Measured phase current X; | Stator leakage reactance
Rs |Stator resistance X, | Rotor leakage reactance
Rr Rotor resistance ws | Stator frequency
0 Voltage vector angle Ls |Statorinductance
B, | “No-load” © value Lc. |Stator leakage inductance
AB |Load-dependent angle comp. | Lg. |Rotor leakage inductance
10 “No-load” current value Tc |Heat-sink temp. (measured)

C 2) Danfoss Flux Vector Control %JED

Inverter

A A4

Mains
ly -
|
Rectifier
Upc
Xy f -
Flux Wset Flux Usy U
| set point ——O—— control T - = .
Speed |y — Torque oY = © -
control i control ab
¥ '
Flux
model
Nset
lsx xy /|
Speed [T [ -
estimation | SY -
ab

Motor




3. AC Drive

( 3.7 Medium Voltage Drives J

% 2421 HEZ Y| : UHEX O 2 |GBT, IGCT, IEGT AF @— L - # - — "L —@
% 2t EZR2|E FHY0| on, HEE|E 0fZ2|A|0|42| 27 AR _ :
2} 225 EZ 2|7 MEHEIC} Input Rectifier DClink Inverter Output
EE e filter

filter
(Typical MV Drive )

+ AC Z2H2L0| dv/dt % THD Zt4 @
- QIH{EIS 22 720| AQIX| XSO ‘
30

. Chao| T 388 HERIR| SO 74
+ Cascade= P1ZI5/0] 53 Mgt 24 714
- B QIN WY BR

=3 ZEPHEa gt

S YR T ks
DC-link FTHA[E{ 24QF afAl T Q

Kk

-

13-Pulee a0 | . HAI5HHOM| ALRO R 5L C}0|QC
Transformer % lﬂ B AE

Zig-Zag _T _______ {i}

Transformer Sttt Nl
5L-HNPC
- 2 FiTAIE(2} 23 HojgA o A o) O = - DC 18l A A-O| 2241 B 27}
o i Ty ol & |
H ALg2 M3t o QIO * [ 5

« J2|EE MEIJWMOZ dv/dt L THD
STt

< of

18-Pulse
Transformer

30° ®0_# *

36-Pulse o e

Transformer g

( Different MV Drive Topologies )



4. Variable speed operation

(41712 92 J

DE HIO|M AH2E= 7|2 HE (MY, 2Ot H2)0| s EIE AAR 4 Q)Ct T Px9550 nx V3 %V xIx cosp x 9550 kxV xI

no fx120/px(1-s)  f
( U/f Operation and Field Weakening> TV

~ — x|
o H(U) 2 obs(f) AHO|2] Y3t HIES 0|85H0 M@l AC E2L0|EE A|0f3tCt.
« SEHOIZAETUE (0)= ==H[(U/f) 0] 2l ZHECt.
+ AC E2{0|Ex= U/f HIZ0|| [t H|0{E 5HH, O[213H Al “U/f S H|of " 2f SHt.
Uvi] T[Nm]
800 ‘ 1

/ -|-~Ux|

/ }— max. torque decrease with factor

TLoad

£10% M 1 /

. \\ ( J Running in Current Limit )

+ BE{ Shaft Torque 2 2E{ Current2| 2tA|

h ” . = il - DE| MBS NFBICH 24 EI T HBHEICH 22 /0|
a) U/f characteristic control (ideal)

400

b) T/n characteristic (ideal) « ACE E|‘0|EE R:TLEIE il I:H Eﬂgl' 'T"I'E:IE._I Current Limit77f1|
(U/f 22lofl o3t MY ET E4) ol M2 20| 7H5SHE = AA|E|0{of ST,
- HE| MO IjR0), AC E210|E E2H2 DE| HAHML O|LfR A3t - 2 TAKS 2T UASIH BT ZABICH

« FOE B Y ke 0ld S7HAIZ &= UL

« A IO 0|H0IME REf HAYMUCR HI@FEIEE, ASUETH LA
= 0| £ H2|E Field weakening %"l“. @Eh

. AAUETFZASHH 20| BE| ETT}LAS
22 EF7H1/f ZASH= SO, stall torque: 1 /f2 ZASICL

0|



4. Variable speed operation

(4.2 Compensation J

« BE S42H[UH07| MZof| 2[AO| AetMFet ESMFE 2o 240 25|t AUsci [V]
(B THEHO|E : 7|SAl, A4 A, dE £= 7|2 He) 800
Load-independent Start Compensation Load-dependent Start Compensation o
(R85 S2A Start 24)) (55 &4 Start 24 (715 ¥ slip 24))
. HOA|StartvolageB £502 MHHOIAAMIIN - REHE 20 ol 2% ” AT
SHUYS UL (MY RAE)  IXREA, Boost, EI B E& 230 P compensation
o 7|=A| 2|2O| ETE MM Start compensation (Danfoss H!) 0|2t &= StCt, C'T! i f [Hz]
. BE{ 2 SHA| HIEAE A - MY B7He BEGASA| THA Y S| Eop MO % o
DH g 2 otsd ATINm] |
Load Compensation Slip Compensation
- ZYE DE WRE PE| HOIE oA i) BE Y A5 - Q& WS slipS YHHHO R YAATo| of 5% T 100% |
. 2 20k U 7|5 Z Voltage Boost7} 48 (THE ZE{0] 2 1% D|2H) 50% ﬁ \
+ U/f 54T S2124Q/0| LT 5O QE| ZOAF B4 E4  + QBEHO 2 Slip O[5 RMj4 2FA| HEF 27 | A fmin]
— BB REUNR SO R slip 24 ' &

+ EE MO|#H = 2H slip Fof(fg;,) 2 AteE E= FR5E AR (1,) AlLt

—~ slipZ T4 RANE (FRAUF ZHHUE 20| o K2t MEHo2 27

(4.3 Danfoss Automatic Motor Adaptation(AMA, Identification) J

+ ldentification === Auto-tuningO|2til = SiCt,

o DY A L QIEEA 5 RE| OI2t0[E| HeE ST

DB YRLE0|M SH5H= “Static(HAl)” Tt SEELE R 7M1 S8="Dynamic(21X)” 70| ACt
- HZ|FJA| BE{7} 2|5HA| OO} BiCt.
- 3[MF A BE{7} 25t/ 7| A o[ M 22| =|0{OF ST},

—_—

=
=
L



4. Variable speed operation

( 4.4 Operation J

| Motor Speed Control )
. &5 Ref 2710/ M2t RE £5 AT, -
B E5 E49| 22 F0| LEZOZ0|F

Ref. signal T

= .

a) = b) = u v W u v W

( Reference?}t Motor torque 24| )

. if 25t E3 (2E{ E3, Motor £k = Ref &= (A) Li L Ls L Ly Ls
- if 25 E3 ) RE| E3, Motor £k ( Ref £ = (B)
Overloado]| 2|5}l Tripgl0| £&= Z7t 7H55HA|2 Overload A|ZH A|GHE! TA

In, vt B S WA
| [%] 4 c ___#”/’/,//
160

I
ILIM ::
B2 1
Al st 5 I
/// T Hurah-olust 3

tA| Braking torque )

P
12
ﬂ
rklll

{ Current Limit 2} Over Current Limit )



4. Variable speed operation

( 7|'?:||"ﬁ' Ramp (Ramp Up and Down)>

* Ramp: £E7t MA5| HEE|EES=7|5
* 7184 RampOf| thet 7| & £== E2L0|20j| et CHEC,

(ZHHO = 2|4 FOH0IM 2|0 b 7HR[2| =HA[ZH)

* S-Ramp: 4= HEAH Y 28 S5 ZHA| 7124 rampE smoothing 3) < tace—>

M
3
=
3

Frequency

a) Without smoothing b) With smoothing
(Linear Ramp a) and S-ramp b) )

)

( Motor Torque Control

. E3 Ao =X
@ 7|A 2| &4 LR E Qs EF AH|gt
@Ct2| RE{7H 25HE 2 EH5h= E3 0]
« BE9|slip, HE L 20 M2} M7t EFO| A7 HRPRICE
Z, Y40l 11% ZH0j| [hE HSt2 2 E T H|0= HEstA| giCt
« Space Vector &= Flux Vector2| A2
URE Y HE WA o2 M50, ET N
E3 X|5t0| H=SICY.

FEAMGIER

fA fh e
fn —_/— fn —x
fmin.‘ fmin.‘

D‘t T T
b) < gecm

( Acceleration and deceleration times )

al

4Ol 7H& (taed) B B (tged) AIZHE

= T o= 2 0, =
At 4 ict
n,—-n n, —n
tacc =Jx 2 . tdec =Jx 2 1
Tacc Tfric)x 9.55 (Tacc - frlc ) x 9.55
J :the moment of inertia of the motor shaft and load [kgm?]
Tfric : the friction torque of the system [Nm]
Tacc * the overshoot torque used for acceleration [Nm]
Tdec : the braking torque that occurs when speed reference is reduced [Nm]
nlandn2 :the speeds at frequencies f1 and f2 [min~']
—
Droop 7Is
SHLto| RE{7F £ E H0f5t, 11 2| E20|E= U KRS

2 X510, AASL2 8915 =hlist=7Is

Example

100m ZO|[2| ZAH|0|0f WEO| Ct2| BE 1y, BE &SIV LHE 2 2Lt 25
Cf #2A 255k= <2, 0| 2Ef= O W2 E3E AIS3H0F St
- DE{0)| 255 Ze| 2 atE = 4= QlC

- BRAQ 52 ES 2 QIS0 RET &40 4= AL

- E2(et & EH0| M=ot 0L 2 Q15 & 0| & 4 ALt

0| 29 E3 Huj7t 52



4. Variable speed operation

( oldx 583 BE 7|5

)

© RE 7ISE SIS OLfAl 38RO R Lis 4 ULk,
@ 25t 250 3 oL
@5t % RE| 7140 ER3H 0147
® €| Y Hof &4

Current[%]

800

700

600

500

400

300

200

direct on line(DOL)

100

0

ACdrive
| | |

0

I I |
12.5 25 375
( Typical motor current curves )

Full load

50 Hz &speed

Softstarter (400% current limit) 2t DOL H|ul

300%

p—

250%

Start atmains

Torque [%]

\

200% \

e

150%

100% —

----

amm===T

Softstarter

-
-

»|

.

50%

0%

0%

20%

40%
Speed [%]

60%

80%

100%

AC drive (160% Overload) 2t DOL H|iL

300% -
—_ Start atjmains
S Le1m T
v 0% * u
% 250% | .." “.
(=] o’ L]
" 200% e .
. - ]
. s * '
* ‘O .
150% z :
100% 7 AC drive H
o
50%
0%
0% 20% 40% 60% 80% 100%
Speed [%]

800%
= Staft at maing =~ = . |
= 700% i
= s
[ “
S 600% -
O 1
500% 0
| et \J
400% —] '\
300%
’ / Softstarter \
200% \
100%
0%
0% 20% 40% 60% 80% 100%
Speed [%]
800%
5 Start at mair|1s
= 700% I
c "taa
g el
5 600% ey
[ x
500% !
400% 5
A
300% AC drive "
200% L
100% .
.
0% -
0% 20% 40% 60% 80% 100%

Speed [%)]



4. Variable speed operation

(ol 83 2E| Alof )

A7| M= oidoj| 7FZ2A 3= e ok 2| 4o
+ Block commutation 2} Sine commutation

reference current
4 :

A block com nutaticé)n

sine commutation

0°  60° 120° 180° 240° 300° 360°
rotation angle ¢

¢4 E3 Zt& (Constant Torque angle)
- EURHEIS y20| £, 2| S HRE0LE
HoZHe =N LY A /A

Maximum Torque Per Ampere
o A AN ESE nE{SHHA s EF0| et YA}

M2 37|18 348}

LA A& A0 (Constant Unity Power Factor control)
o AT MY HIE AO|2] ZI= 7t YUY RAIEIE2
o

—
QIBE|Q| it M2 HAS B 4 UL

AEO (Automatic Energy Optimization)
« B AL AL ZEE 0=

+ O1Z2[F[0|40] QY LEHO| =EBHH Ats

24 (Auto adjustments) 5~
Ak ZHE (magnetization level) 2 104 [HE Of| L R AH|

=2 =0

= En_ll:l'

Automatic Energy Optimisation

Start with high acceleration

EY

Speed

Motor current

Motor voltage

AEO adjustment

Automatic
load adjustment




4. Variable speed operation

Speed (n)

(4.5 Dynamic Brake Operation J N ”
Drive output frequency Braking Driving

AC EE.I‘OIEQI MI'—E-H %74' Motor shaft frequency O Q
A ' n s

AC E2{0| 20| 2fet DAt Tt (2 1Y) 2| HA Al M

Speed
EE_-I(_)_' E’E"'/;(_'Ijl (leg'i 7|7:" 0-"|_:il|7|-|1_-|7| 0-|||:|7\|§ ﬁgl-%“:l.. Clock wise moment [y |  Clockwise moment Torque (M)
. M= L Ho —[i At il
H|E ol A= E210| 22| DC-linkdi| XA Driving | v —
— AC EZIO|E = XX ESE |5}
"D (Over voltage)” SAA| E XX| ‘ Q Q
* M M
P ani Clock wise moment Anti Clock wise moment
X “EI%—-'%'. (Over VOItage) ” :'—76'- I:'EI-AOHAI }-il I:CI>I'?—I- (4-quadrant operation )
@ %% Ramp AlZH 9% T T
- OVC(OverVoltage Control) 7|52 0183t Ramp A& H& Braking o MD
- Ramp A|Zt A2 2 0|5 7{2{7F Z0{Z 4= QlCt. —t oor QL | B
@ ZE{9| oA 24HZEIE HES ML 2 ALE) el 8 +—
- DE{E CIA| A}5HAZICE (7152 AC Brake, Flux Brake, compound braking) f f f @P @P
- S B4THES 42 RE I ME " Brake chomer and recistor 3
“ ” = = rake chopper and resistor
® “Brake chopper” e} HIS{gt 242 PP
- chopper 3| 20]| oJs§ HAE MSAEO 2 21t 12 A A # % rc ine oy

AC line supply

- €, S B 2A| 2l 4 Ak

FHAC R AHAE 58517 et 3| dAHE E| ALE
© F HHU2 = 0|LA|E 2d5t7| ISt Active BFR7| AHE “ {] ﬂ
@ Common DC bUS% %6H EI‘E EEI-O |EE 0” L:|7\| _g_a- Motoring Generating Motoring Generating

@ OlIAR] 2201 A2 (O]l BHEAZ]) |

4/

¥4
3

N\

DC-link DC-link

( Regenerative braking unit )



4. Variable speed operation

(4.6 Static Brake Operation J

X RE] shafte| 2|5 2ISt Brake ¥ Coasting 7|5

(® Coasting to stop
- Motor coastingR 2 1} Fotp7t ZA| STHE| 1 (0V/0Hz), ZE{0| 20| SR %=L
- 25t £ oF ZHAOf| 2t AR 2 Il TEA| 4= Z2~4= A|ZHAQE 4= QML
X 52 3712 7152 Stop Command &3 2 +3=lC. ( 3 Motor Heating and Thermal monitoring)
S|k A| O] 7|5 O|ARE #E,
(Ref &t OHz= Stop Command2 2}-&5tA| 94=C}) T (%15
@ DC Braking 146
- AFZ OAF ot2 o|7}5 24 24 Z2 MAMF = DE ZAHEZ 4
EF—'|3 =2 0" DC A= Q17t51o —T’—o7\|'0” 7" Zl'jl = o°|“_7|o 2
{4 FatroM =2 Hls EIE MY & Sl 100
_ EF—'I _Tp_l.o:l HFAH AI?I A 0I|:_|.
1
- DC Braking0i| 223t 37}A| parameter -
. Al CZMAE IR0 o oF sz -] SE| ZAWZ 0L
Braking SIt= @ 2E slip S8 7|& 2.2 AL (10Hz 02 &) SR
OHz H¥2 H|ZYSIE 2n|
* Braking 47 : 2B 1t W5 lo 2B HZ HFE ZII5HA| Q0LOF it T | | >
. DC braking AI7: O{Z2|30l40i w2} i, 50 100 150 200 n (%]
Graph 1: Motor of rated size, e.g. 15 kW

® DCHold Graph 2: Oversize motor, e.g. 22 kW
Q5FA

- BE{9| “auxiliary heating” & 2l A QILC}.
2l auliary heating™S #IoH &2 - Ut e nois DE 25 DLIEY 4
DE0| 3HEE SSSIE R, BE fEHR|E 2[5 2B H4 MR E 215X L0t0F StCf,
@ Calculation : 2E{ £=A] & 7|HE A A

@ Electromechanical Brake o -
- ZAP7|AA| Brake's RE{ AFREE A7 SH| AFREIL @ Measurement: SEI LT AAIAH = PTCAA IS
E210|20jA 220 E Salf A0 4= ULt
- A}7| Al Al Brake AFBA| 124 ALSt
* Motor pre-magnetization (2|4 Md&

=
- 0: S0|AEQ| A2, Start command 0|% 2|2{2| pre-magnetization2 Q!

FOp4 - 20| BHS A|Zt(delay time)
|~— brake 3Hi#|

Q) . BM5} L= H|SAS}

|

[
=13
—



4. Variable speed operation

. Function Description lllustration
(4.7 Functional Safety J - =
ZE{ £ Torque/RotationS MM 5= a‘ Actication of STO
— o e L Ol E L] Z5tct. §
Td 52 Es AMARO VIS 2F0 ol /- S 22 7S (g oo torqueott |01 7152 IEC60204-10f k2 Stop | & "
— = . = . . o = — Actual frequency
LSO 42 (required safety lecel)-2 23 £4 (risk analysis) & |sTO CAT. 0 Z2i0.
Sofl do|=ct
Time >
- A
{ Safety Level and Standard) sl paesozgolBaElol | AL peaineueny
7|7;"% ngxlal.f COﬂtrO"ed StOp. § ~ 551 time supervision
Category Cat EN 954-1 Safe Stop 1 A2 YAMEo SRS AT |
Performance Level PL EN ISO 13849-1 SS1 ACHEICE
Safety Integrity Level SIL IEC 61508 / IEC 62061 0| 7|52 IEC 60204- 10| [}Z Stop
CAT. 12 &5}
—» Time *
ope o q 551time
[ EN/IEC 61800-5-2 additional functional safety function ] ol715t 2.5 AIER= Safe Limited a‘l
. SOS Safe Operating Stop Speedtu St OIS &3 7|A 7k |g| Coe
. SS2 Safe Stop 2 Safe Limited Speed | 2821 212 252 ASACH g
HH| EAS o =
. SDI Safe Direction SLS B 22| =& 22 Stop 750 —_——
2d3st EICt — Actual frequency
« SBC Safe Brake Control — SLS max. speed limit
« SMA Safely-Monitored Acceleration . Time >
« SLP Safely-Limited Position o=l 2|t £ HCHE2 £F0A B‘%
« SCA Safe Cam 71H7t S2t5tA] =5 St g
. i peed |71l £8E YRS SIFS QUL g
« SLI Safely-Limited Increment Zi;esMaxmum 5 Js#0 EEE sLset gg%j Qlajo|ct. /_\:;;;:
+ SSR Safe Speed Range ——SMS max. speed limit
« SBT Safe Break Test _
+ SQS Safe Quick Stop . Time ~_
Qg 2 k=2 = 2|5
« SLA Safely-Limited Acceleration SSAM = Z€ro s_peed E_E"l Ei S 5t 5| Standstilloutput active
i 0450 =S AR 2HUSE §
« SAR Safe Acceleration Range | high=z Azttt g
.. Safe Speed Monitor 9 2ocH. £ —Actualfrequerlwqr
« SLT Safely-Limited Torque SSM 0] 7152 To{o| 222 sHA5HALt ——Speed motor limit
« STR Safe Torque Range THeS| 7| A7 HAILE S BAIGHE
« SMT Safe Motor Temperature Gl ALE R = QUL —_
Time




Increased efficiency

A of|2] EZ= 100%=H 71 I

:OI: 10% ?\E.I?:ll-

AAEOM EE = U=
@Eﬁl'_ A2l %*l‘%

Rl 0|-)||

10%

EH 9|0133|9‘||0|*4(°F60 70%)0|-'-511|01 | &5t | =20 &2 ol 2] ZofS 2w A 13 7ts  System
53| 0122|A 01492 712 50%E 2tA[SHs Hut B = AY o] Zof A S LSS, optimization =
@ A A|AE 2| Z4B1A| 1 Z|CH 2F 60% K2 S 4 QIC}.

( Motor + AC Drive &

AC E2{0[E0f| 2foll 2tSEl= ZE{Z 2 AIAHEL| 2 E A |44

( Potential energy savings )

Adjustable
speed control

o % Direct driven 100% Flat belt 96..98%
r]System - r]Motor r]AC drive Spur gear 98% V-belt 92..94%
= Bevel gear 98% Tooth belt 96...98%
AC E2t0|E = 25}t ZHA|glo] Z4]| Alo{HLl0lA] 2E0] =Lt
T =T ™ Worm gear 95% Chain 96..98%
7% 100 i ( Transmission £& )
0&58; <
80 Power Drive System (PDS)
A:100% load
:_ B:25% load Complete Drive Module (CDM) Driven Equipment
60 T
—_ Mains & Feedi Basi Trans- Load-
- caal;?iiwg sectllcr:r? —Auxilaries . D?is::g m{sasr;;n m ma?:iine
40 Module
4 (BDM)
20 T Often named as Frequency Converter
T 2 240
07 min~"! (CDM1} PDS 2| )
0 600 1200 1800 2400 3000

% Danfoss 0[L42] &2 A4t Tools
MyDrive® ecoSmart™ (ecoSmart.danfoss.com =)
- DE{ 0|E] & =2}0|E MEHO]| (2 A AR BEY AL

(ACdrive £ 0f )



5. Energy Saving with AC Drives

C

JhH £33 ofZ2|#0| 4 )

UHtM O 2 Fan, PumpZt 3%

&zﬁ Flow= speedOl dl &l

Q, n,

H 2

il B [I:lj Presureor head= speed2 M= bl

2 2

P (nY

1 [1j Power= speed® Ml A= Ml

PZ 2

0| Z5t=tl 25t Eq= &t
oA = 2Lt ET9 BE 4= 0f H|g
P~Txn
HE AOI2 9| Z2, YYSH Bl K27t HA5t
oL |7 2 Bt

ZiH[|0|0| HEQS| A2, K7t A AL 0|57 2|
7t @57 | w20 AH| of|A2[0f] S-S O]Z|A]
Or[}.

LS 1

Operating
point System
characteristic

Pressure [bar]

Pump
characteristic

Energy required

Flow [Q] >
« 2ol W 2 HZ= swil flap, damper,

throttle2 0|8510] 52 #|0f

* Pump §d5M & M2t 2 point”} 0| SSICE.

A 100% speed, 100% torque

Torque [Nm]

Operating point

Energy required

>

Speed [min’']

4

Torque [Nm)]

Pump characteristic

System
characteristic

Operating
point

Pressure [bar]

7

Energy required

Flow [Q] >
s H/EHZIHS20] of5 A0 El= E2,
52 pointis AIAH SNTMS T2} 0SBt

o L=

* 7|H12 Alofof] HI3H ofjLA| EZO| 2N =D

. 50% speed, 100% torque

Operating point

Energy required

Speed [min]

(&= 2f0[Qt Hot0 W2 AH| 2 )



6. HAH} 2{gr-S(EMC)

6.1 EMI and EMC ]

* EMI(electromagnetic interference) : At w20 2 OISt ZH|o| H&5 A3t « At 7Hd Zet(coupling) HIZ LIS

o ZHAmt LL0|R : M & (conducted) O|Z, HfAt(radiated) 0| = - Galvanic coupling : & 2|27} S82| 47| M=y HEARE S/ I
+ EMC(electromagnetic compatibility) : At 25t - Capacitive coupling : 7|4 HIHAIH 200 oJ5h & =37k o0 2 Zg

EHH|LF A| AEIO| Of I8 R A} 7| HISH S Qe A|F[X| LODIA, - Inductive coupling : 187} S2&= EX| FHO| 27| 0| CHE =40l R=E o

XI_-I I|'7| _Shll'%‘ O'Hki DI_I'Z_'F—ﬁ Et=.|| 7_” %75!.-6-'_% % Ef! - EIectromagnetic coupling : -é‘:-’.“_l |°_|'E'"L-|' g!%% 6I'E Ei‘”% %5H Zn_-|7‘|'7| 0|||_'|7\|

S Y A QL HEE St EAIE Sl wEts 4

( 6.2 EMC and AC Drives J
Rectifier (Yyyvy () Inverter
- High
du/dt
e e RE i N A =cC Shielded
ains line ilter Vdc/2 W motor cable
Y Y M g mmm——_— ™
| L L
—a (0) — '
_ M Y — — M Load
u \ : | : Y]
e ——® Ve m e v
— Cemz | | Vde/2 J_& « LO|RAA:
Cem T LN - QIL{E{O| AQ|Z0f| 2J3t High du/dt E4io 2
l 2E |02 % 2E{ HZ|0ll common mode X5 L4
?‘?\L(‘Tﬁ + common mode M J= HE2IE F 45104,
(=) AAQI DC-linkZ S0t7}0} Stt.
Heatsink/ « 3 M8IE Edll 20t 2= common mode {E=
chassis CHE (0| ZHdS TMAI— = ULt

= =« RFIZE{(C,) S AHRS0] 2| A5} 5iC}.
I « H| 2T 2E{ #H|O|& AFRAl,

= chassis 2! common-mode FIHA|E{S S5

U BHEIE|O 2 F MUY ZHIO| HABICY,



6. MAo} A8 (EMC)

6.3 Grounding and Shielding | Series

Equipment Equipment | | Equipment
2

( Grounding ) © AARHOWI USSR 08 UUAM YA @ o2 U
o

H7| ok

- HZZ YHIS2 SUL ASE 2ol Al A2 Yu|HAE= TSkt H0fof SiLf. ’
R Parallel
< Shleldlng ) . il_ﬂﬂ EJH ®2||:1 7|'M9E ':’E'I HS ®9|—|—§0| ?_IA:I |:c|>7\| Equiqment Equigment Equi;;ment
2t #Ho|E2 U (2H A0|= & ASAH A 0l=2) 2t A2 (OfL2 1 45, 1)
S50 ARSECY.
o ;(-||:I- OILL||:-|A 7F0| L_I-;_Jl&_gxru_ﬂ A-Ih | A o 7

Multi-point grounding

Equipment Equipment | | Equipment
1 2

-+ a. Aluminum-clad with copper wire

—— b_Twisted copper wire (Neutral Screen) or
Steel Wire Armored cable (SWA)

" c. Single-layer braided copper wire with varying
percentage screen coverage.

This is the typical VSD “reference” cable. U
2

1 xL
L : cable length

—+ d. Double-layer braided copper wire

+ e Twin layer of braided copper wire with a magnetic,
screened / armored intermediate layer

pop awuiooag_>

+ f Cable that runs in copper tube or continuous steel
tube (no flexible)

. 7 . . Lead cable with 1.1 mmwall thickness
— (transfer impedance )

{ Type of Screen Cables per transfer impedance )



6. MAo} A8 (EMC)

( Grounding of the cable shield )

Cable clamp Earth terminal Cable gland

PLC etc.
r 5 Drive Ground potential between PLC and drive:
{ | , . )
e_{:\\ \ ) ‘ \\ \_@ Disconnect cables and measure voltage
e—f—ll /‘ /( d| | — with voltmeter to check.
V. o N4 o £ Use equalizing cable or make sure units are
PE PE bolted together.
Good Bad Good
° @ o0 PE@®L o o// »OPE
Min. 10mm?
Equalizing cable
PLC etc.
PLC etc. ) Drive
. 0| 50/60 Hz ground loop: Use current clamp
Control cables and serial communication ) — meter to check.
| [ 4
cables should normally be grounded at /. — => Ground one end through 100 nF
both ends. (2 capacitor with short leads.
PE
z = Potential equalizing currents in serial
Drive Drive . 3 ‘ g 4
@ communication cable shield between two
B 68 drives:
Never terminate shield through pigtail. ) - —> Connect one end of the shield to the
ol special shield connection terminal with
PE RC decoupling. Remember “correct” pigtail
installation!




6. MAHI} 4

( AC Drive AE-lil ) )@@ Establish direct

contact to backplate

Spacing from B © € Use shielded motor
sensitive electronics and brake cable
Ooooo
] .

360° contact for
shield termination

Potential equalization
>=16mm’

Motor cable shield is
continuous and terminated
at both ends

>200mm)

L U )

| -
Control cables are m /
segregated and shielded /11 -y

Motor terminal box has
high-frequency correct
design and is electrically

I
connected to motor frame
o ,
L2 b [ !
L3 ¢
PE 7PE >=10mm’
or2.PE

EMC cable gland

130BD529.13



Motor {21 et/ (without Filter) Motor 2 2et/A= (with du/dt Filter) Motor 912

1000 : : : | : 1000 :'
500 Loo-coo- - nEEEEEEEE- -1 Soo[EEEEEE - - - - - - - - USRI - - L - - - 500f
= ‘ ' = = o :
S I 9 : S :
e soof- < soof =~
-1000 : i l | l , : -1000, ; -1000 i
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5
20y * r- ¥ T ¥ ¥ T 2 r T T T T T T
R s v e s SUE ISR See Ly e e o
T z | LA . L e | g o SRR O
St S T T T T T T et 0 T T T T T T
o Sl IS 1 o L w1 Ty
ST e PR T m R e BRSO T L i e e Bl
I | 1 | I 1 1 1 1 1 1 1 1 1
-20 : : : ; : : : 20 ' 2 : : : : i
0 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time [ms] Time [ms] Time [ms]

( du/dt=E ) ( Sin-wave®E{ ) (" Common-mode ZE{ )

o ZJCHZOpTF E2I0|E AQ|ZI ROt4 0|Ato 2 + LCLow-pass filter2, du/dt ZE{Qt 22| 22 X9 o HOE L YR HZE S0|=H| A
AAE LCEE (M 2= S 2t DE D0 2SS A Hot=E M. Aoinp A MM « Common-mode XF0t QUOHA Z7}

o du/dtEE{E= E2I0|H &2 HAUHAQ| slewrateE « TE 2Q 7| AT ZQISH X AER A « OZI0|E= HEMO|B 2 A|0|20| Z=6| ZHE|0{0F SHCY,
500V/us 0|2t 2 A|SFSHCL, « AC EZI0|E RE{7} O}l 20| 13 BE{0f A5t - EZ2I0|H £3 HIZ F[0| CtE &3 TE{ELC} HA| A3
(BE| HMO| HH AEYA ZA) o H|O{E M= I MR HIAL |, 2E| 0|2 2| 24 « PEE AH|Q[5t 34 &3 #[0|=3 otLte| 20| E|

AEYAQ| 2IQ101 Tt MF | A SNE| = M3
o ARIDNEE| HEA| 2 71 BE H0|Z A 7ts

. OF7~10% MY L5t LA



6. MAo} A8 (EMC)

( ( Standard (2E{ SHRHCHO| A 2] rise-time and peak voItage))

+  E{ CHAO| rise-timet peak voltageil Ciet standard limit (IEC #&2F NEMA= 2FZH 2t0|7} QICt.)

E
Motor Pulse withstand Characteristic Curves Motor ZAS2 T
Peak Voltage / Rise Time Motor rated Voltage Spikes | Rise AL ‘e =%
25 . X Inverter A8 8
I 1 | I voltage Motor terminals | Time .
terminals
'~ 1EC 6003425 BY» 15y General | 600V 0|5} Vpeak < 1000V | > 2us
2 2t - A5 Purpose — NEMA MG1 30
g / NEMA MG1 31 600V4) aiv mcF))tor 600V 21t Vpeak < 2.04xVrated | > 1us
::; r L _TECG0034:25 ASOOV] | ooy Inverter 600V 0]5t Vpeak < 3.1#Vrated | 2 0.1us NEMA MG1 31
= Loy ot ] IEC 60034-17 | aepv motor 600V 23t Vpeak < 2.04+Vrated | > Tus
r% [e=i = e e e NEMA MG1 31 00V 1-24kV o Viom < 460V Vpeak < 1600V < 5200V/us
1L ] eIt 1460 <Vpom<575V | Vpeak < 1800V__| > 0.1us | < 6500V/us
= 575<V,,,<690V |  Vpeak < 2200V < 7800V/us
|
0.5 L . L ! . - . .
"0 ' 02 0.4 0.6 0.8 1 1.2 (&=x) Motor cable Z0|0j| [}Z rise-time and peak voltage
Voltage Pulse Rise Time (us) 19 rx——— o=
X BE| AA 4 =460V S8
Vpeak = 1200Vpeak oo E i
16
IEC 2
= AV = 0.8 x1200 = 960V =13
t =0.25u5% 1) % oy
Udc Ny T~ T e
dv._AV _ 960 _ 3840[V/us] E 12 - T
_dt At 025 E., e
S 1.
t 1' v + — ra—
R B R R B e R R B B B D B B B e
U C OO0 OO0~ mrrHONMNNAG@AO@GO T ST
Upeak - \/7 rise time (us)
NEMA Ve = V2% 460 = 650V, (&Z) WEGIit Motor cable Z0|0f| [tE &2 TE| 48 A|Qt
poemess. AV = 0.8 x 650 = 520V,
0.9 xUdc 4 0.1 a° Cable length L Output filters
sk t=0Ls< L < 100m no needed
dv AV 520
B e = 5200[V/us Output reactor needed
0.1xUdc+ . dt At 01 [V/ks] 100m <L < 300m (|2~ 2% voltage drop)
t L > 300m Special filters needed




6. MAHI} 3 (EMC)

| Bearing electric stress

TE| 3| Al 012 20| A9} {012 & Afo|0f RERO
47 EA A] HIOf240] O|M|3HT|E (EDM)7} 44
AC E210|E10| 2|3+ EDMO| Z7H5H= 28 0|2

(D Capacitive coupling - At #M1t 3| X2t APOIOH =2 dv/dtE Z= common-mode 29| capacitive couplin® 2 QI
St 1 F AL0|2] &2t M FO| 217 | Ao = QI LM

© SR MIZE MY JSO ELHE 2921 : R H|IH Y = HILHZ 2B #|0 = AMS. (5] 2B 2771 100~200AE 2 otet= HEF

@ Inductive coupling - 1At &8 2 F 9t 5| XA} &

Bearing 1%

( Bearing®| 7| stress )

5..'%%% SHEQE et 7|A Y AEZAS HOHEH
oA pitting2 7| A4 AE AR QI5f| 47X AER| AT

2F(0.5um) FGE[0], DYALR BE S|MAE 2

7|A1H 2ts 23]

. EE{Q} B5t0| SHIE HH B0l

. HIOJZQ| 7| SHE (MARY U & 40|
Atk g9] 0[LHoIZ] Bl

e Az £F30|

+ Hlofol J2|A MY U BHIZ 28 Aef 2

714 Az} 23|
o RO MRO et HUmTEHA 2[H B2 HES
- EMC 42| 722 251 24
(EE210| 2.2 E{ AfO|0j| 2t A[O|== AHE:
Z-Iz-lo|. _lzu|-°174§ opz&:n.oﬂkl *IEE 0:|7:|)
 EE{7HAEEHA HAIE(0] U1, nF0E R0 CHaK
YA FUHAT 2] 2l
* EE| AfAlet £5t AO[0f] F2 ot It M| AIS

o AFZE 222 H|H5H7| Q5 AFZE | HE{A|E AR

« E5| ZF 4371 100~200AS 21f5H=
CHEE O1E2(A|0|M0lM = T 2E #[0] 5 AtE

« LCZI0|EQ BE AfO|Q| 110t MR E F0|7| 2sh
common-mode ZE{E A2

Ferrite rings

o Metallicwall of

cabinet

Screen connected to earth
through 360° connection

Cable clamp

PE rail

{ Common-mode &

=2 "*7~I )



6. MAHI Hgrd

(EMCQ)

[6.5 EMC Standards

)

EMC emission standards for drives
EN/IEC 61800-3

Product standard

Environment

1. Environment
Residential, Commercial
and light industrial

2. Environment

Industrial

EN 55011
PSS

Standards and
requirements

(HAHE] H| 2 A =

Cat. C1 Class B EN 61000-6-3
or Cat. C2 (restricted use) - -
Cat. C2 Class A, group 1 EN 61000-6-4
Cat. C3 - (<20 kVA) -
Cat. C3 Class A, group 1, )
(I > 100 A) 20~75 kVA high power electronic equipment
Cat. C3 Class A, group 2, )
(> 100 A) >75 kVA high power electronic equipment
Cat. C4 ) )
No emission limits (prepare EMC plan)
EMC Standards Conducted emission PosDrive EMC |44 i_lﬂ a9 |z | =zl | s
Class B _
- ClassAGroup1 | Class A Group 2
and Iing?tuiﬂcrj]Sstries Industrial environment | Industrial environment C (Cat.C1) o
H (Cat. C2) R R R 0
i ) Category C2 Category C3
irst environment, |  First environment, Second environment L (Cat. C3) R R
home and office home and office
T (Cat. C4) RIT) [ R(T)

EN 55011

Environmental

EN 61000

standard Generic standard

EN/IEC 61800-3 _Category C1

O : Option, R : Requirement



direct connection to ground

direct connection to the neutral/PE

MY ol - YA 9 TN B2EZH - BN/ A
T | Terra(lat.) |direct connection to ground TT T |Terra(lat.)
| |Isolated  |no ground connection/floating I T N [Neutral

(" TN-S system

)

Generator or
transformer

—YTY T

L1

LYY
LYY Y

L2
L3

Earth

. Consumer |

L e — — 4

N2t PEMA| 22]

EMC 45 7t 94

PE

AC E210|E o S2|FH0]H0M =

N JHZ'E

T =

S5t M5} PEMRI2| HSof
HBHS |7 =L

o
’é.*ll 13 HAERCD(RZ R YA =

(" TN-C system

Generator or
transformer

LYY

LYYy

s Y Y

4

a

m
—_

I C I
h , Consumer ,

L — — — 2

Nz} PEMR|S 25t

[

Wste DM AR A4S RE

)

L1
L2
L3
PEN

 5iLto| PENR|
EMC ZH0lIA 212 AE}7} O
Ground2t ZH| AFA| ALO|0f) 2493} 24

AC E210|H 5 HIAS0| 2t B} IS B2,

ts

(" TN-C-Ssystem )

Generator or

transformer

YTV Y L1

. YTV L2

T L3
N
PE

Eagrth :r Consumer ,

L — — — — 1

TN-Se} TN-C35lo|EHE|ESH

HOLT |0l A AZ2| 2Hl R 7HA| 5tLte| KA
(PENZZ])

HE 221 2|Z0l|M PEZR|QE NKZ| £2]
QY |- 2HIA| M| PENYA| 4=
Yatdo 2 QUUHAT}L 7| w20

N-Co| HA 2 oI5t

FA
T o1 oo 4

—

|:|\l



( TT system )

Generator or

transformer

YTV . L1

YTV L2

YV L3

- N

- e [ ==
E;:r_th | Consumer | E;th

_______

NZZ|Q} H o] 2 PEAA|

U7|42(2| PEYA| 1zt 77 NEA| 2| A0t

dzet e

=1 2 & oEC(H|01H0f|A s

27| YAt 7|22 HA| At0|e] (O|EAS
7| =0, 71322 PEHEHA ZH ES

H2gt 4 QICh 0l= RCDE AME3SI0| &3 7Hs

S
H
A
e

( IT system )
Generator or
transformer
L1
L2
L3
: Consumer : Ea_rth

Z249 floating A9t gz o| 22 7|

Mub gl oiaL Zko EAStA D IndustryOlA| ALR

EMC ZH0ll A Z| X ALER 7t OFE

Zh At M| 7 A DLIE™ A2 AL

EMC 40| STt

A2 0|2 U T UHA| MALAH| 52 |4
HIEI O HA| 1 DL Y AAR F 2t
A& 2o 2= HIHAIEHE HAIZ0A 22| B2
(0ll: RFIZIE{2| Common-mode FHI{A|E])

Z HUZ0| B2 1RO} 0|2 M4 TS

(" Corner-grounded network )

Generator or
transformer

- L1

L2

L3

T N

< o}
Ground LZ------: Ground

AT ot 3 FX|t BEL 2FE

A= 7| ABE|A| 94=L.

(01 8= £HA|AEIO|A-Y HET| AFR)

Tl HA| HEQT 0| e 20| Ct27| W20
E2lo|BI} AL 7HsetA| eet sl He



M| 2H Y Y B

(7.2 Ground Fault Protection J

(" FaultVoltageRelay )

PN
—— BN
M

o

 AC E2t0|E F|of AJAH 2| Afo]o] 2]
-« HAHAHEEIR| i = 7E

LS 1=

( Residual Current Relay )

ae a'e}

TEFANA!

[AWAY LA |
L1 T 1 1170
[ ] [

-
N
A —\— A —

Electrical
interpretation

(7.3 Fuse & Circuit Breaker J

Ofo

4

FUSE
- ZH|0| 2L AN WIS U5 U AT
- 5% YHUR (BSR4 S5 (UHRUAM BOIAIED) Z2l AlZh

-aREX HICH| B35 Ciab fEl L8 B RAA| £ AHEZ|
gGRZ HERZ

Circuit Breaker

- ATt &R 7 EXECHSCL

- ACB(Air circuit breaker)

@ Y Y DM (Z|CH 6kA) 2HH
@ YHIMOZ F KICH |2 AFR
@ Aot &2 20802 AC EZIO|E B3

ECEEE

- MCCB(Molded-case circuit breaker)

@O %2 T HFEC] 1kA) K

@ AC E210[E22| Main 2%{X|, I}F5} & EHEr B

® XEH St ERE A0 4@ XL TV EHQSHK| @S
UL,

- MCB(Miniature circuit breaker)
@O M™H ™7|3| 2 (Z|CH 100A, 6kA) KtHEt
@ 125t & CHEtE s, MY Folz2 2 B

= 2 A



FUSE Circuit Breaker non-limiting
circuit breaker

q Fuse can only be used 1 time, itis a Circuit Breaker can offer total no of
Maintenance non-resuable device operations as declared by manufacturer

Vary as per the device
Trip Time 2~5ms, quickest operating device ex) ACB : it can be 30ms

MCCB : it can be less than 10ms

R s e If :cl;cset Clsgtr?r( g/f+rrs1/e(a: )nshcbffl);tsht etter If category A it means no Icw shall be there,
gory E ‘2’ only S/C will be there If category B, lcw shall be there

P ‘SOLDER’ for Overload Available as ‘Microprocessor’ type &
Method of tripping ‘ELEMENT’ for Short Circuit ‘Thermal Magnetic’ type
3 Time-current characteristics
1
[ |
a2 T
£ H - Maxmium Possible Peak Current < 3 100 A
Ident|f|cat|0n Of Fu Se type EA ! \| If no fuse or a non current-limiting fuse is used. Z]O ‘\
= I \ (Peak value can be as high as 2.3 times the “E’ 6 Y
a ,l 1 available RMS fault current) *;‘ 4 ‘\ ‘\
FIRST LETTER b l| § 9 \‘
g Full Range Protection 4 1 NOTE: &40 A\
a Partial Range Protection 'l || Total Clearing It =Melting It + Arcing Pt f “\\":\
LW\
s \
SECOND LETTER 'l 1 2 \\‘\\‘
Fault Occurs 1 ! Peak Let-Thru/Current(l_) 10 i s \‘\‘
M Protection of electrical motors Fuse El Melt 2 0
Capable of withstanding motor starts AW
2
L General Application, Normal Blow Arcing Energy (1) iy ! \
Protection of wiring - VAN
5 . Melting E (Pt) L] \
G General Application, Normal Blow i il > 4 I \
B General Application, Normal Blow ,' TIME 2 \ \
Robust design for mining application . 1 10" A \‘
- i " Arci J LR t—
Tr Transformer Protection ookl b : NS
N N Normal AC Current : N S\
R Very Fast Acting. Semiconductor ArclE Extingiished 5 [ (19 \\
Protection Fuse , X \
Fuse Total Clearing Time 10 NS
(les than 1/2 Cycle) 6 X
4 N
2 4 6 10° 2 4 6 10°

Prospective current [A] | /A




8. Harmonics

{ Non-linear load : 6-pulse §E7I —.-OPOiIA'I 34

f(t)= > Ahsinhet
h=1

lRMS -

=
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
———

i
|
|
|
|
|
|
|
4
|
|
|
|
|
|
|
|
|
4

_____________________

N e st iotes o BRI

M MO )

Harmonic Limitation Standards and Requirements)

Description

Limits for harmonic current emissions (< 16 A per phase)

Limits for harmonic currents () 16 Aand < 75A)

Limitation of emission of harmonic currents () 16 A)

Compatibility levels for low frequency conducted disturbances

IEEE recommended practices and requirements for harmonic
control in electrical power systems

3e A|ARIOIM D ROH(h)=k * p = 1 DRO}7F A EICE
(p=4%87|pulse &=, k=1,2,3,~) 0f):6BA HZ7|9| 4%, h=5,7,11,13,
Total Harmonic Distortion(THD) = 7| & —7.‘—EH*— RMSZtof| st T2t ME RMS H| 2| £ &t
B A|AEIOA DRI
« DR HBE Y AIAL UIBAC| O Z5HE Qlaf R YRS R
© UMBATHES £ ML YT £20| SFORIC}
. DZIO|HHH F
- DO A2 = A| AR 2A0]| G2 (A0, HY ()
- DRO}0] Of3 M HZL L2 2510 Yoi Y Y &4 2713
azupvt 2E{0] 0|2 = Fg )
+ HIME 510 2 TR G UAISIA(D, DOL BE{= F30| ULt
. -1 X1k sk
LRSI oY), Standard
- D R0fOba=0| ofek F0] & AMo| g A 2l IEC/EN 61000-3-2
-0 71 AS HbM IEC/EN 61000-3-12
- B|AALO| T RI} A2 kA IEC/EN 61000-3-4
_ _ IEC/EN 61000-2-2
@ 3|MARe| 1 RIOt M B = DA} AHMO| D RIHZ Ql5H 2 IEC/EN 61000-2-4
@ 04AFe| 5z 2 7aF 1 ROH= 2E{0| 62F 1RO |')k)ck->I IEEE519
AR 112 2 132f DR Of= 2E{0f 122+ DRI} MM
- S|HA RO M E=3|MA7HE B WE S7H ET 244 fE

G5/4

Engineering recommendation, planning levels for harmonic
voltage distortion and the connection of nonlinear equipment to
transmission systems and distribution networks in the

United Kingdom




8. Harmonics

( Harmonic Reduction Methods in AC Drives)

No mitigation
THD > 80%

DC inductors
THD < 40%

AC inductors
THD < 40%

Passive harmonic filter
THD < 10%

Multi-pulse rectifier (12/18)
THD < 10%

Active front end
THD < 5%

Active filter
THD < 5%

# =t —H# A

R

iR

¥
S
iE 5

i

Waveform similar to AFE

« DCInductor

- A R7|2t DC HIAE] ALO], + EE= - THOf| T = YT ALE
- THDI& 35~40% 2 =2Ir}.

AC Inductor

- AR U™ 0| AL

- 120t 452 DC QIEEQE FAL THDIE 35~40% 2 =QICt.

DC vs. AC Inductor
- DC Inductor : Z0t(52f, 7}, 112 120}) 24| &1
Y J7| M3 Ripple &-20i| CHai AT M5t LA
- AC Inductor : &2 a}= D20} Z+4| 1A
4 2ot A (24 4%), 2] M EQUA|

==

0.

Y

i

42| Et

Ju
fol

 Passive Harmonic Filter
- EY nzx0t(5af, 74 S)E tHe L2 AA|, Lot CREH(E0 2} HE RZE7})
- AC E210|E9| DC-link 714 (DC Inductor &/, AX-82F Zh o k2t Z2f2ICt
- HAA 2R 2] =, Size K.

* Multi-pulse Rectifiers
- 0|4 Q17| (Phase Shift Transformer) AL,
- UHHO = 12HA (2x34) E= 18EA(3X3Y) AR
- BHQLT| QAL 240]| Q5 LRIt AM (12 AQ| AL 53t, 7h)
* Active Front End (AFE)
- 93 MR Ho| Hnt, nxut 25| AL
- A2 0|2 £0|7| fal| LCL HHE 1t HE| AL
Active Filter (AF)

- J2|=0f| 2rdoh=s A 2Oof| CHo A4 M20p MF7

i

Ago0] mznf 4

% DanfossAt A& 12124 Tool
- 21219l Tool : VLT® Motion Control Tool MCT 31
22191 Tool : HCS (Harmonic Calculation Software)



9. AC Drive 22F A
)

( AC Drive &A|A] 1124 Atgt ( Overload capacity )

@ AC DriveE MEI5E7| 0| ALE S BE{E ZHSHOF ST W Typical overloads in constant torque applications
© 2| Y 95} A2t 53 7|Z02 AC Ea0| 8 HARICH
T : -
@ AC Drive 47| A| 22{3}0Fg! 7| Parameter éf;ﬂﬁ;jr“g‘;{‘e”t o
- 2B AFJ0]| = AC Drive ¥4 Stirrer / Mixer / centrifuge 160%
- QE{ %8 13 Rotary piston compressor / piston compressor 150%
=TT Spiral pump (thlgk sludge) 150:/o
_ 3l0f #19] 21 okA Rt S!udge dehydration press 150%
oTl % =3 Piston pump 150%
- AC Drive 28 ZIA S Rotary gate valve 150%
I ER Eo?ry piston blower 1 18:?
- urface aerator 110%
- 2E #|0]= 20| Metering pump 110%
- AR Y RUARE, 1 5) Booster pumps(2-stage) 110%
- M| 8 (Central vs. de-centralized) Recirculation pump ' 110%
5 AC Drive M Side channel blower for pool aeration 110%
- RE| YAHMF L OverloadE 11245104, Drive?| 242 17 & W Typical overloads in variable torque applications
Overload A7} =515 A%
Fan 110%
(A] (2E 34 2 HZAME 2E| Y2 15 (0]l 1.5kW) ) Well pump _ 110%
5.0 Booster pump / centrifugal pump 110%
Filter infeed pump 110%
Groundwater pump 110%
Hot water pump 110%
Non-clogging pump (solid materials) 110%
Centrifugal pump / fan 110%
Primary and secondary heating pump 110%
Primary and secondary cooling water pump 110%
Rainwater basin evacuation pump 110%
Recycling sludge pump 110%
Spiral pump (thin sludge) 110%
Submerged motor pump 110%
680 700 930 930 1410 1425 1440 2850 2900 RPM [min"] Excess sludge pump 110%




( Drive & Drive Panel &zt

Drive Unit Air Flow Drive Panel Air Flow

N,

X FUE= YL ST SR = EAR 7|7t
40|Z| 45 A x[0{0F SICE

X% Panel LH0f| QIHE] = &3 EE A4
- WHZt2 2J5l Panel SHEO| A%

- O 271 47HS ol B W 4

(9 \\ \ “
ey \\]

Panel L%t 2t 443
(742 719 B Lje 8 242))

Air flow Path
(Drive cooling)

Hot Air out from
Drive front side

(Control card Fan) M
é
&=
£ =
Hot Air out
from Drive
back channel

Cold Air in

Back-channel Cooling




—
( Derating of an AC Drive )

* Drive?| AQJA F0}47}=£0}A|H

- BE 430| Z0{=L}.

- QIHE{ O] ML H0| St UE St
+ DriveQ| AQ|Zl Z0Ot47t {2 YOH

- RE{7H 2 BEEA 2S5h= E0| UL
X AQAl ROp4L L O|R MA QB AHE

— OO0 =2 = 1
23 ot0{0F StCt,

« FH 200 2 Drive AAM T Z2AAI$+:1.5%/1°C
- Dirve 25 £ 22X : -10°C~40°C, max. 50°C
+ 112 1000m O] AL :100mE 1.5% 8 ZA

Load

110%
100% S~

80% ~ S~

N

60% ~—_

40% S~

20%

0% kHz

0 2 4 6 8 10 12 14 16

{ Power reduction diagram for switching frequency )

( Motor Cables )

AT #|0|5 A =4 : Drive0| 2|8 EMC A2 23]

AO[=0| 2fet 24| 2l A2 : A0S AR A

AO|= AHTHAIH A : 24| A|O] = > H|Z{T| #[0|=

A o|20] ISt EMC AR DHEE 42

LY O = ALE 7Hse 2/ #[0l= Z20l=

At A|0= - 50m/75m, H|ZHH A|O|= - 150m/300m

EMC 24| 5= 11245104, 2th| #[0|= A A

A ol= H2|A S 2[HE HEHQ| F[0|= B 40]| 2let =7t HTHA|E A Bl E|A]
BEE T2

SHLt| AC Et0| 20| RE| HE HZA| Star YEHZ F[0|= HEH 82

o [y
F7M QA AHIHAHA R QIoh 24| &M 7t5d O01ZIC



- B5jo| 23
Ofabest, QARst 2ARE M2 WY U 22 BT o}
HERT M2 HLERT

- =5tel 4

M SE3L, HSESt, Over Rolling £3t, YA L5, S A LS., HHE RS},
TAEERT HAEERT
A

—

- &2, ABOILE 240 FAIZH 2
Z:

@ A0 2
- 22 Command 2! Reference(Keypad, /O, Fieldbus)
- Dynamic Brake, 3|/'44|&, 2124

M

@® AC DriveE MEHSEY | 0] AFE S RE{E ZA5H{Of ST}
@ EE Y 23 AMY S 7|22 AC E20|EE MA STt
® AC Drive &4| A| 1243ljofgt 7|2 Parameter

- BE{ AR0]| [Ik2 AC Drive 44

-0 Y& 18

- HESEH 82

- 0] He| L AR}

- ACDrive 3 Z4A &8

- 3|4 of| LA 7]

- 2E{ 7|0 Z0|

- A S RUARE, 1 5)

- MZ| 21 (Central vs. de-centralized)
% AC Drive M4

- BE| HHMR U OverloadE 11215104, Drive| ¥4 43

Overload &7} ItZ3IeE MY

al
=



SIEHRIA Q] 2he

WaI ™A 2

0...

DHE

2td G HE J {GD2}

3HE

0| SH(E D)2 X

E
0
O
N
?
(@)
8.
3[\)
Io
2
IIE

G: 3%
J - D:3H =H(m)
J 1 @M SHE (kg-m?2)
EM2ES 5te P72l 4 RUE J {GD3}
- | el 5% B2l
AMkg)
””” [Z bW (kef)] pes 1 v )2 IR%
e @ e | =g (75) sot=w- (77)
n(r/min) (kg-m2) {kgf-m2}
 — 2 2
V(m/min) = 2tM (kg) P=E—|DE | og= 1_M_ (ﬂ) GD2=W (ﬂ)
=5 ’—‘I'.‘J-E—%Z g% — | imEwian) | oIS 4 n n
(RIELHL <l 242 230 29) AAAIAA R Vv A2 iy
S capY VY V[V IV VT =7 M \7Tn (kgrm2) U {kgf-m2|
g:'m gi'm
_D
2 Lo J=Mir+ & Mer? GD2=W1D% — W2D?
+8 yMeEe B —— [eewian  [EEEREE 2 T T2
ET| = ol [
(dtilolo] &) , D) + 5 Mar2+Mar? +3 WaD?+WaD?
Mz(kg) M (keo) v (kaf)] Ma(ke)
W (kef)) ke IWatkel s (g (kg'm?) kgf-m?|
_ D,
== HMEEo| AP =d 4‘@/\; | rg__n " J=Miri+ 1 Mar2 GD2=W1D2+ 1 W2D?2
(3@el-21xl 5) S B e
Mz (kg) I—I é'%!Ml(kg)_
(W k| (Z2Wi (keh)| — kef-m?)

- S| &g =3 o9
LI P 2
J= TMr GD*= w3 WD
(kg-m?2) (kg'm2)
_1 2 o 1 24 42
J =5 M 413 ) GD?=—5 W(D?*+d?)
(kg-mz) (kg-mz)
SIS0l BA(ED)2 XIS e S
i S 1 el 52 ctel
rZQ-’m\
D
Rim) ——= .1 1
; =—Mr2 2 2—_1 2 2
IS | J > Mre+MR?  GD 5 WD?+4WR
| Agee, (kg+m?) (kgm?)
R(m) ——= -
' L (FIERAE 20 ER) | (3718 FAE U ER)
;T ) | J=MR? GD?=4WR
HaiMe) ‘
W (kg'm2) (kg'm2)




10. 1A=

[ 3.4 EQ3 )

Ty, 7S ER3=T,-T, (kg:m)
GD? 2 dN GD? dN L RE M 203 (kgrm)

— . . = . . Tw
TA = 49 60 dt 375 dt (kg m) T, HStER3 (kg'm)

GD? : E3|9| 2Hd S +=213t 5t Ao = BA|et A 52| A& H2| (kgf-m?)
-+ TA=02 AL (£ NS YHEHH A N BISE (rpm)
. TA>09_|%>-?- 3—'—ENE§3 t 7ERAIZE(S)
A |_ O * —l I_ O
(& (=,
e Q
3 3

i LS

—iSlipsE

Motor Torque?} 3t Torque 75t Torque HE0|| Lt SlHEE HE




CATE N )

GD? (Nb dN
QE| £ETHN, Ol N,Ofl S8 0 7HR| ALl A7 t=oo| -+ (5
[HEQ3 H3l0l AR J1Z4 A|ZH A ]
2
GD%(N, — N,) _ GD*(Np—Np) Ty = 2200 ot om)
te = (s) ts2 = 37¢ (s) M™ N g
375(Ty * & — Trmax) 75(Ty * B — Trmin) 0
P, :2E{HZHZ [KW] ts; 1 7HEAIZE[s] 2
N, :2E{&Z 5A4 [rpm] ts, EEAIZH[s] 5
Ty 2EHAAEQ3T [kgf-m] Timax - SEH|0] HRILHOI M| 2IcH &5 EQF [kgf-m] =
GD?: RE{ 2 GD?, + £5184 DG [kgf-m2] T, : & =0] HelHollM | ZIH S5t 293 [kgf-m] ‘ 1 | .
N, :7HSH Ee 2450 3|IHEE [rpm] o0 HIAVNSERIR IS EQT A4 (0.8~1.2) . b . "
N, :7H43 Es 240| SHAE [rpm] B WRALESIS FMHE AL (0.2) e e
- IS EQIAS o £ QIHE{R TSRS BE{0] LAE|S 2 EQ 0| W9 WA £ Q30 h3t HISS Usict
- BMAIS Al p QIHEIQL DEIS 2E5H AL LSS MS EQ30| WRR(ot ¥ E230] T3t HISS LAl
o OFMEH FH AAE QB T o= A, Ty ins 2 B2t 81 S= Zd0| ECt
A 24 ZF H slo| 7 10 kA A|7F A A
ty :UBAIZ 3]
2 B
L GD? X Ny ) . GD X Ninax s) Nina: 2E1 2132 3|74 [rpm]
4= 375 X Tyamin D 2375 % Tapmin Taamin * 2E1 22 714 EQ3 [kgf-m]

Taomin - 2E 24 24 EQF [kgf-m]

X DE{Q| 7124 A|ZH2 DE{O| M EQ T B EQ T 2|1 B5to| 2 B M E (GD2) 0| et ZA EICt,

7H44&S HEAHSH7|S0|LE AZHR| 7150 S2t5H= ER0l|l= AlZHo] 27@ = UC O E 714 A7HS ZA| E-SICE
U AES M= R0 Ao  HSAHEH(DBAE) S 7L EQT BAE 2 A HAUSHER|, (HF IAISHH AlSA|0] 2O A2 2 Ql5H
s _

UAS) UHE 2| S IA| M Y5IH 7HSSILt. 0| B0l = A HESH A A E7HEQ5IC.



V3xVy,
V.t line-line Voltage

[Tpsst L 7|R]  150%, 1%

[ah5st E4 ]

Low Overload (Normal Duty)
TroF AL M2 (1) 2] 110%0 15t

= U&/7
i Duty Cycle S2te| 23 7= 4 M

0102 HHLZ1E SUSEER, UHHA9Z2 &
=

b
F() 2 0lL0] £[0{M

T —

High Overload (Heavy Duty)
roF A M2 (1) 2] 150%0] STt 27O 102 M40 2 1250t 52 A, LIHA| 92 &
i Duty Cycle S2t2| &3 M J= A4 A7 (1) 2t 0140] E|0jA= QHEIC.

I 1

I*110% I *110%

Py [kVA] =

k X Py [kW]

0.L
X k

N - cosQ

X
1.5

ko OFEE 2fet 2EAI= (1.05~1.1)

cosop (MBI YE

£ (45 7|1%0.80)

n :M&7| 28 (4= 7|1&0.85)

of g% Hg

Li*150%

O.L
1.5

A
=T

25153

2&4 pole

6 pole

8 pole

JER3 s}

1

1.3

1.6

25 g Hst

1

1.15

1.3

(1) 2] % 98% O|5te| 177t £2{0F &2 2|0].

F(1p) 2l 2F92% o|5te| HFItE

E2{0F = 2fo].

Th*150%

‘1 min | 9 min

{1 min;

9 min

( Low Overload )

{ High Overload )

L HE7| BpE5
Q| 215

0| e Y



222

6. Connection Diagram & Configurations)

[ Single Dirve ]

OltHES

NFB ACL Fuse #K

SeEEE

ACCT
I.M
PLG
DBR
I
Gating-Part(with DBR) L|  sensing-Part |—
VECTROL-3000

Thermal Input

AC220V ) AC220V

DBR

Analog Reference
(0~ 10V, 4 ~ 20mA)

Monitoring h
(Scope or Meter) 4

Monitoring
(Scope) /4

MMI / Key-Pad

POSTAR-3200
(HOST Computer)

Optic Fiber

or
Coxial Cable

(OPTION, Only Vector Inv.)

PLG Sensing(Input/Output)

1. Open-Collector Type
j (OPTION) 2. Differential Type
DBR 3. Line-Drive Type

Photo-Coupler Input(8-ch)
(Programmable)

(OPTION)
Photo-Coupler Input(8-ch)
(Programmable)

Photo-Coupler Output
(Programmable)

Analog Input
(0~ 10V, 4 ~ 20mA)

DIA Output(8bit)
(-10V ~ +10V)

(OPTION)
DIA Output(12-bit)
(-10V ~ +10V)
Relay Output
(Programmable)

Serial Comm.(RS232C) o

(OPTION) 5

DDC Comm. (HDLC/FIP)

c

O—0O—0—0O
llll;;

OO

. . . Fn

R
[ONONONONONON O 0000000,

GND(+15)
+A
A
+B

383

Common

PLG

Host Computer

DC-charge
Magnetic Contactor




0. A=

[ Common DC bus Dirve ]

ZHE |-

—| olEf

Common
Converter

1. Diode+DBR
2. Dual Thyristor
3. IGBT PWM

i

ACCT

:

Gating-Part

ity

Sensing-Part }7

VECTROL-3000

ACCT

DS Fuse
—— 070
==
P
-
—o o1
DS Fuse
LI o7z
N
==
L oo =

Gating-Part

Yy

Sensing-Part }7

VECTROL-3000

DC-Volt

u
P

\
N

w

Thermal Input

AC220V > AC220Vv

Analog Reference
(0~ 10V, 4 ~ 20mA)

Monitoring
(Scope or Meter)

Monitoring
(Scope)

J——C
4

Fa—

MMI / Key-Pad

POSTAR-3200
(HOST Computer)

Optic Fiber

or
Coxial Cable

(OPTION, Only Vector Inv.)
PLG Sensing(Input/Output)
1. Open-Collector Type
2. Differential Type
3. Line-Drive Type

Photo-Coupler Input(8-ch)
(Programmable)

(OPTION)
Photo-Coupler Input(8-ch)
(Programmable)

Photo-Coupler Output
(Programmable)

Analog Input
(0~ 10V, 4 ~ 20mA)

D/A Output(8bit)
(-10V ~ +10V)

(OPTION)
D/A Output(12-bit)
(-10V ~ +10V)
Relay Output
(Programmable)

Serial Comm.(RS232C)

(OPTION)
DDC Comm. (HDLC/FIP)

Common

Host Computer

DC-charge
Magnetic Contactor
On/Off
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( 8. ZIH{E{ 22 M )

QHtA © 2 Z1HE{= Common DC bus Drivet|AM 34 AC @124 -2 Common DCHYC Z HEI517| QJsH AFR

N p L]

[ AFEE A5t Common DC bus Dirve ] [ NFEE A3t Common DC bus Dirve ]
- HSHO| At HQSH 0| AL - 50| 718 23S 0| AL

3

AFE
QrEEE

J.LJ.L 0 ‘
B I I I R -r!! FRjRF S

% Common DC bus Drive £ &%

[ Front End H| 11
- Common DC bus Ao &, EE}OIE | F7| M=ol Qsl A== Front End
3|0 R|E CIE 2E{ E2I0|H0j| 2|-™A o2 M - -
_ Common DC bus Drive A|AEIS CIoFst T2E oIE D52 73T _ AFE (Active Front End) NFE(Non—regene.ratlve Front End)
CIorst 27|14 HIESIT 2 Eejo|=7 ALGElE T2AA 2lol e ansto e |71E IGBT Thyristor
- 2|M3}E] CRIO|E A|AE A EXHH|Z 2| A5} EFQ il H| 3[4
SIS O A2 HIESQT R S|MA|F AH| O] B[RS ZZHs £ QIC} AQY Fot 3.6kHz Line ot
- 2| A5tz BE CAFQI2 271M Q1 AIRL 0™ Az L FH|SH Z7F HtS Eof DC ¢t 1.35x 1.1 x Us 1.35x Us
UUHOZ SUS 2 =+ UL THDi (5% 6pulse: (30%, 12pulse: {12%
Filter EtQJ LCL L
Pre-charging Q&Y LSt
52 2 of% s s




1) ZAHEY 82 M L ALt (H=E74)
- IjI:HE:I E_E o =]

2) ZIH{E| 8% MY U 7
- ZAHE{7} 82 P4Elof
7.

4 74
- YR 2HE Y2 2 2]

3) ZAHE 22F MY 2 A& (Motoring & Generating QIHE] ZgHA])
- ZIHE{ M A| Motoring QIHE{2t Regenerating QIHE{7 SHH| Z&HE|0] US HL

4) ZHE] 8 Al =M

FE —

INU

on

>

Calculation

B 25 g2 Zt4 (Derating) &2 2 5%

1 1

Poc = Piart %

Nitter = ‘-_é—IE"I E—% (% J_EIRAl =1 ),

Poc= V3 X Ug X I, X COS O X Nyoee X 0.95

cosa =ZUHE HE, nrect =ZHE &S _ _ _
& i &
PDC = 2Pmotor X (1 / 0,9) - 2Pgen x 0,9
Poc = ZIHE{OlIA 223t DC 23, ) I A
Pmotor = Motoring Power, Pgen = Generating Power ;2

ﬂmOtOl’

Poc = ZIHE{OIM RSt DCEH, Py = 2HEH, npoe = 2B BE

In = ZAHE 238 =22 MF I,

X X

Hfiter  Minu
=o

Nnu < ?_“:HE:I E—%

Us = 22 2% V] |

(example)

® A2 ACHF AL
lac = Ppc/ (V3 x Ug X COS@ X Nyect)
Mreet: ZIHIEN B2, cosa : ZIH{E| %E, Us : B2t

® Ipc = 394kW / (V3 x 400V x 0.99 x 98%) = 586A
AHE] 58 : 98%, ZIHE{ (AFE) 28 :0.99
AL : 400V

@ 2rQ DC %F‘ﬁ 7:"|A_I- (PDC:Pout/ ninu)
i QIHE} 58

@ Ppc=386kW / 98% = 394kW
OIHE{ 88 :98%

@ 9—|H-|E1 &8 %g' 7:"& (Pout:Pmot / nﬁlt)
s - HEI BE

® Pout=378kW / 98% = 386kW

Z2UUE| 58 :98%

@ EE:I —+—-9'- -g_EO'F 7:”IA_I- (Pmotzpshaft / nmot)
nmot : EE:I -§-§

@ P, o=355kW / 94% = 378kW
DEEE:94%

ORE 22 2 FH Z2Y (Pohar)

@® Pshaft=355kW
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Al22|0]/4 Data 24

_ Harmoni 3 5 7 9
- HUZUBHAHY 7IF) 2~5% OILH MY (B43%) | NoREACTOR o0
S1H] B 212 21 §hx 71 §F 75 20 25 (h/11)%  79.48(%) 64.1(%) 28.2(%) 17.9(%)
L[H] = = - Ea REACTOR
V3x2zxtx AAAF (0%:0367mHy  (N/M%  48(%)  24(%)  8(%)  533(%)
urg 31.48%  40.1%  202%  12.57%

4) &3 FUSE
- QIME| 25 7|F (T2, SRR
- QIB{E| HAAZ2| 200% O[4F (2|4 180%)
- QIB{E] MY EYA| FUSE A 24 0| (27] Z3A| SYHE F2))

- FUSEQ| 2t DiodeEL} A MZA| Diode 25 7Hs (Fuse 12t { Diode 12t)
5) 28 M/C

- 221 23| OffAl A2 (HI4 80l)
- BE| 32 150 150%, Tmin 04 8% M3 (25t 1))
- QIB{E| TS0 On, 2IH{E] YA 50] Off7t E=2 74
6) = 2|%E
- RE| Y oA (dv/dt 2H) Q19 &2 ehx 18
- HULSHAY 71F) 2~4% OIL M (54 2%) V3 x27xfx 4

- 2| £330 I A (2 U7 Ripplel 12510 YAMFT Z23)

X £ 2|oE{0] 23

1" 13 THID
2.5(%)  5.12(%) @ 83.38%
2.66(%) | 2.13(%)  42.03%
-0.16% 2.99% 41.35%

- QI E] AQ{EA| UMSH= W2 MAMSE(dv/dt)Z Qsl, A O[S0 Voltage refelctionS 07|50 &3 M 22 Motor terminaZ 0| A AH9| 28 7tX| 7+

2= QIC}
T M
-EY 2|UHE= QMY S8 MY 4% 451 BE B A0 O|X|= Stress& E0|= FH2 =2 ALEEICL
ESHHOE MRE S0[7L =2 A2 £20| 2fsf Cable Sdlf L lst=& | EMI FE2 &2 += ULt
- QK| AFEOHOF St= 7t RE O] EADf A 7F ACE BHef RE O] HAO| @ FAIYS BHE SHX| ZoCHE 2H £=F2
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7) =l4Als 22 (DBR) 8 MY

- B2 BT U f WASHE SMULAZIS BRA ATAZ DG 2} 7 A] 7 ey
- ARB2 10%, 30%, 60%ED B 2 (AH|0] T2t Ct2A| 2L) R = S H 2R, x A9 A%,

- HSERI 150% O|&t 7| (H2) O = Agtd 24 (YUMo =2 110~130%)

OANS ERA Ty [Nm] &4&
(I + 3 )% (N, =N, Ju i Motor 24 BHE [kg-m2] J, : Motor 2| 24 BHE [kg-m2] N, :Z& Al S [rpm] N,: 24 242 £& [rpm]

T =
8 9.55xt, T, : &5ttorque INm] t,: ZHAIZH [sec]

O M= A3t7| 82 M=
- M A SAl0= EE1 RO &4 F 2 20%7t Hle EQIZM 28O R, 0|5 12{510] A|S A&t ROB[Q] S LHESICt

R _ VZ V. 2R22 MY [V] (200VE - 300V, 400Ve : 760V)
%% 0.1047 x(T, —0.2T,,)xN, Tg: HMS Torque [N'-m] Ty, : Motor Torque [N-m] N, : 2 IHA| £ [rpm]

- (Tg-0.2T\y) (0 O|H A5 A7 |E &2l o7} GiCt.
- Al A7 | S AR Rl = WA S| 20]= AHlE A 58 MF I [A] 7t 8|22 8 HF 7t =Lt
2tA SIZ20IM AL R 4 U= HE ME719| 2| A2 Ryn=Vc/lc [Q] O E|H, 22 &&= MESXE Rye Ryn<Rg<Rosll =710 o8 AF = Ct.
O HSAle] "o AH|ME P, [kW] M=
)w «107[kW]

00||

P.o =0.1047 x(T, —0.2T,,

ol

O HISHE7| HHHY P [kW] 42 sl gggo-un s
-yt 20| o B0j| et HISAEH7| 2| 7 20| LapRICt, . e
:LEl% TrA EHE 12 |_|.EH_ 310||:|.
a 124 Z7H8 mIt HISAI2 B2 PeodliM
2| P2 JBICL P, ) Pro/m [kW]
0|+ 2+0| A|Atoj| [Tt} YO12] HIS AT Rog, A PLOIM H3H7 |2 MASICL

J.u. rN

N N2

e NZH(s] AlZH[s]

ts

(a) 42 24 (b) bl s 2t

oy
S
£
o



10. QIHE| EHCHEE

WESE | MxmA oi 3|2 749 M2 HE H| 3
iz .Ut HE} .
OUtpUL | oryprgerey | HEMSEHOR | TE8TC | 2eloteionol v mn serete elofeizg 2 st Sipt
Reactor | = 1= 2 | ayorpar of A o | lof dgreiy &bt Histe
& 318 Y42 AAH| 27}
.74 Z1CH Y 42 Cost B
| | R 2.214El £ mEP A87Hs
- ol A 2 o|& Z{OFAIA A 7S © 2]
Terminator HOHIALH|A oo g | 4ARAO T2 HET QRN A3 B2k A2 SLS
EASOTEE | 5 oei 1oy co) 7| 274l 22
6. £ 8240] QIHE|UAIS H2AAO| 27| &
gE i LCorLcr | 1-H7HRO] B 1Th2 Lol HE7] 2214 82
Z{OFALAE 24 7O o= [He2F QA S a|oHE] AH|AFH|2 A
dufdtFilter | omietgagt | FHCEEAEEE | ya: ougey gayyy | STISETT RIS S
HQHEAL Of i 4.7/012 Z00|0f| fat A7 A4S HiesH MRt T
5.LCR2| A A820 QIH{E{O M AN 2,
S LC . B2HUS MU H0fEHO.Z YA} FOL0| 7| ¢S
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Sine-wave | ojyeizaicy SYHUAS YO HIZHI - olE| 2220 2. 42O (EMI) ‘2 Aol = E0i7t 2
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W 2t dA Ak

- Drive, Reactor, Filter, DBR S2| &€ 2£0]| CHSt 42 12
- Drive Fan 20| (£ §7| X &V | E2 8 12{sH A2 44
o]

- OHd HHE A off S THAO| B B 7|7t THAl 27F S R6HA| P&
Z{H Hiy
- AQ| HA|5t= 42 TAH HZE QIS Air Cooler BHE ZHE
- AHEA| A S4I0| SIS0 2 ME £|X| = E Q8 4| & MA|
W A|IS %2 (DBR) 2| TH4! Hij 2]
- Drive?} DBRZ Cable2 L Cable £ (AM™H Cable X)

- DBR Box Z|CH =0|=400mm O|L{ £ 2IYF

- Drive ZH &2 B{Z|A| 210 2|4 Z7F200mm 0|4 22
- DBR Box:= ZH[H2|E 2|50 sliA| 7 O[3t 22 &7
- DBRAIZE2 Drive HS 7|02 M8

- DBR2 &4|0|2 2 DBR Box =AM 2X]

- DBR 3&3|2 A£&A| Main Power Off Sequence 2t

El

Pl L 2 Af

r
o8

- 4&Z2 power FlowZE [I}2} Hi X|
- Drive &,22 Power CableZt 2 7{2| 0|
- Power®} Signal M 22

- Commercial Power & E2 |8 St ESA|2HEE 1M

- Drive Ct= Z2HA| Section 722 7t ot=E HiZ|

- Brake & 7§ 20]l= Maintenance& Select Switch Ht¥
- Bus-bar 7t & HZ 2¢jo| BO[gt X

- Communication Cable2 Power Cable1t 2 2| 0|4
- Panel 2|8t 2|2t System HA| &

- Panel 4% A= U AFA 0] CiSH = 7HSSE 2

- Z,%MH Door 1129| AL

2R 9 A HYEL MY i)

rlo

=

- Power A& Z&E2 SH HiX|
- UE ARY AUS0| U= 240 ot AR AUSE- B2



10. 21 %t=

:; 13. 2 Arrangement & Size (PosDrive NX Series))

‘ SINGLE DRIVE PRODUCT |N>&'P

ks e —

[ERpe—, PR

[ B

" Wall-Mounted Type : Panal Deplh 1000W =84 25 us

| COMMON DC BUS PRODUCT | Ml

Fl T e

B

—r— :
o w Frm iz wE 2 Hrm b et
* Load Disconnector Switch ; COption (Diive ks Mot Pre-Changing Clncult)
* Dutput Reactor © F110~Fl14 Frame Option

* Wall-Mounted Type - Pansal Dapth 10000 = %4 =55 ys

COMMON DC BUS PRODUCT | MM

i

T e weas
- SRR Frin et R
" Rear Space v & 1%y Sew FaE i

"F13 Frame w8 744 & Incomilng Panel =& &




1. 22 SEUO| P RE| S 7| SAI7|H 23 90| 2USe AHE 7L YAl B2l =0 A2 FAUYN?
w HEIE 7| S5HH YAHMFL| oF 5~6H12| 7|1SAHR L EE1 B 125 HEYV |0 YLLSHH RS 2B 0| 2H 1 Sk HAA £,

=
2t HHOIT |0f| A El QIHE= [ EZO| Q25 (ER Q) L AA| 0| BHAlS H5 7|50| E&H5H= Z40|C}.

.‘

2. QHE] o Y URE SY YCLI Y AR ZA RA O LY C2 2 HRII 520 JFLICH A 2 22 FALL7I?
w QIHE{ = 34 2 AUS Y= Lo AHER0A 27 MY 2 YRSH=C, ek 3¢ MY0| 22| g E&ﬁoﬁﬂll E|H QIHE S4d oot o2 MRIF 554 QUL
Ol2{et 2 UHE RO 0| R E0| ALE 4 YOO 2 O[5|{0f STt LU 2= 34 23 HEEO| 3% O|LHZ £[=5 5111 QIHE UHZ0f| 2|HES SR|BIT.

M UeS vy Sh=ol| ZEIR| oSS LICH OEA SoF L 7t?
w HE{9| 34F 0= ohy0| THAE|/LE 2 HO| TH|=|™H 7|S0| & E|| A1 512 Y2H0| HHR| ¢S 4= QUL QAUHE{QL RE{O| 22 B4 S 2IQlsty RE 2H Oty REE

|E7}h 22 EIQIELICE 2910] SAALITF?

4. OIHE{ Al & HEAZHGAL) E= H=E QL
oFx

A G HS FLIE ZAS SO AR HIS A S Y SIA7ALE, AHIS A0 THfe = Igh Tt 4R B 2 2| Sof| YAVl

5. QIHE{2| 27|SHN S (EUUF HH|2 ) 0] 2£ EIUSLICE AA0| FARLLITF?

w QIHE S 27| FUSHH ZHMZ =2 '11E7f%E1§017fEE1I0I%‘?=Pﬂ?T% AA|5H7| ek A0l 27|S2AE Q| QUHE{2| Y M-S RIS ON/OFFHA
E|H 52 O3 2|2| S/ MRt S| AVIE|N 27|35 A{&H0] 2EE 4= ULt 2B 2 QHE| M= ON, OFF 50| 2ES 24, YAI5HA| == STt
I, Al T SHO0| A2 Y20 3| E AHEME ot Z2 0] T o8 2 0|7 S|,

6. QIHE{2| 2l =Tt S2TALe| RS SYs HU A2 Ci2A LigLIch A10] FALL7}?

w QIHE{Q| U ZE2 YEXRO0| HE Q0| YHE|= EHH, SHZO| HYU2 Fob0fl H|2SH 7HHE| 1 £5] HSIEY| M2 ERI HYO 2 Q5 24 MR= ASAH=Z



1. QIHE|S 713517 |2 5HH PLC, AIM Sat Z2 3 77| 50| 232} fLCh A At 2 FAUL?

= QIH{E(S HEHS 25 100009 014 T4 AQI3 SH MBS FX0|D2 AHHOR 10|27} LABITL. 0] 0|27} 012 2 SalA 28 717]0) F3S ZCh.

C#10 212 012 7127} SIS 32 LSS @23 SRt QU(E| Yel HEEHRST,UVW)St 0| 12 30cm Ofg Eelsh ISt (212 10amole) vl
BB SHs PP Th53 A0 R HMGHD TR A HIAIBIC YAZ HYUS T HUT|S ALBST THT|7 |9 HE WS AB3IT,
£ olufe| 2t 20l IOl 4151 HE FCh A SUfElSl 248717| 22 BRI (23 or 33 SHER BIck, GOl 1E B SlU{EIR B2 TA 8k
HOf U2 HEMS ALZ5HD Hl0] HEARR] CommonOILt E EHAI0l2t HES #121 51E2 Sirk, STt Lk T2 Y| B AR Q=S Sict,
287712 7153 QIBEISH T2 T2 RI5HD O12I3] 42 PP E B0 TS K| SHES STk Eet AIF i+ (Carrier Frequency) S QIHEL} 5185t
HOILHOA 43 (243~ 5kHz) AHBSHs 247t k0|2 TEIS AFSSHE HE B 0| T 4 T

2. 2|50 ZA1E AIS A 0| &£ | UFLICE. AU FAULII?

e WS AZO| ERHFACHS 242 0121 01R7} IR/ QIH{E] S0l UA| O MSAS LU HSATO| THAS0 T2t EI%HS ZP0 ST 4 ULk T3 B0 2H5HE
HIBSIH 24510 EIH SIHI0] OfSt MSHE WHR A% F 4 ULk 0[213 2R MSAT| Y2AS D2AsIILL el 82 £ Havt oIt

3. AHEIS S25HH 200l E21E ELB (FR2AHE7]) 7F 2 S2atLc). 2lQl 2 Lo 2 20| AELIT?

e QIH{E{S| Y27 & TAIZH B O] ZAf510] 22 BE| R 0] 0| YHBUE R S HHRIE SECL AHBHL HISH UBEI] B FHAURE DRI}
0| 0| B[O} QUL £2 FUATHO| HAIZHEAMHRT SHAIT| O S3 HES HO| S HAITH|7H BT, A% i+ (Carrier Frequency) 7} 51, B 20|27}
23, A7 YUSYO| IH 242 LUHEE 37 Bk (YRS DAL} surge SUAETIS AMG EE 2= HES 7 SHSICE E3t DE0) HE YALS HiA
S1T QIBEIQ] AQIY FT4E HEH L AURT| UAFIL

4. QIHE| 2 RE & 2U5=0| 20| AL £28 i 240] AL 72

= BE|Q| WSS 37 2 BRE PHEI0| DE0] HYUS UTHOIE WHSHE USS 7|2 25, RE(] HL0| 27} HI%S If LA5HE WSS HAH US0[2kD Fck,
7142 S H5H20] 0[40] S FS WHSHS 20|02 R5HE HAGHD, HAH US| (S A9IY FU4ES 0] AR THS OYE 541 QHE SAZ
IS AA(BIT,

5. QIHE|S ALE5IH RE{S0| 25 0| A5ICEa 5H=H| O EELI7?

= QIH{E|Q| 32 IfHS A W U2 HA HEfo| HRU0|D2 0] HE LHS THELE A9 F0i42 015101 E{D] HAF £S0| LHBIC,

A20| MBHS A9 F0I4+5 OIHET} 5B5H HIILIOIA ST S7HA17 £Z0| SHYEIE NS SHBITE T, AHEN AU 24 5712 QI3 2 =AY Of3
HA22S U2 ROI02 A3 FO4B 2 M= AHEIA 585K Q| Y 22 WEINY, 0| X THY 5 0f2{7}2] T2fE A3l YL,
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W 7|t ZA41-
1. 2Z(HE8) 2B & AHE| 2 FS5IH 2 450| ACt3 5h=0| ot F=YL7t?
= QIME{O| ZTFHS AR ALI0] HISH TS| Lht ST AS0| (et GaHS HH=T IS HA0AS W2HTo| OJ3t U2t BT HO{H 60H A 32 £032

A& ALBE 4= AT BAZOME 10% 224, 1/35E0M = 20% Z4E EQIZ A4 RS LRI QI
2. Ho| 37} LHEE M8 RE| S QIHE| 2 AT Iff FAF M2 FAYULIIN?
e H2|0| 2 042t 3| 2= HIEA| QIHE 1245 MO R 5 AIHOFSILE. J2| 10, QME7HSAS (714, ¥4, Z44) 0l Hef|0|37t S25tH A4 F(0C) EE0| dstaz
20|13 S2St=5 AlAAS FULCL

QIHE EHS Mt E E

3. Y& B E QIHE| 2 25 =0| RE{e| ZHO| ot &|YSL|Ct. %"JOI AYLn?
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Diode + Six Pack
(10A~75A)

c2 C3

o5 ot

J o : i Extemal mf:wﬂn 3
Dual Module Dual Module Dual Module Dual Module Single Module
(75A~150A) (150A~400A) (150A~400A) (400A~2400A) (2480A~3600A)
— || o |[ o [[uir I e
del [ lo|E g
= g _ '
—o1 [ I8
© ©
] M o J
| - ;7
3
Z IGBT Chopper
(GB) (GAL)
DIODE 22t 23| IGBT {3 243|
DIODE gt =3=| TEST H2t (+)—(-) | AY=I(V) TEST T} (+)—(-) A3tz (0)
TESTo% =) | Ha210) | 2 W) 1| rRENHO—~PE 0.3v0[4 1 | Gate@®— Emitter®® 200K0|4
2 —R(s, EV R 2 Emi =G 200K01A
1 PO—~RGT® | 50K0 | 0.3vod N@—R(S,T)® 0 | mitter (2) — Gate 00KO| A
- " T 3 PE—R(S,T)® 1V (os) O] 2t 3 Gate — Collector EMO|4F
2 | RSTO—-PD | SOKOKY JTV(~) Ol 4 | RETI@=N@ | 1V(w) 01 4 Collector — Gate Mo
3 | N®@—R(ST)® | 50K0IE |1V(e) 014 5 PI—N® 0.6vol& 5 Collector — Emitter 100K0I4
4 | R(ST)D—N3 | 50K0l& | 0.3v0l4 6 N@— PE 1V (e0) 04+ 6 Emitter — Collector S0KOIA+




10. 211xl&s

" 16.PosDrive 74 ' 0[5} )

M PosDrive Line-up

| Model | 8% [ mpe | PS3 | 8 wovasd

NXP AC/AC(Diode/IGBT) OIH{ Ef Unit IP21/54* 1.1KW(FR4)~160kW(FR9)
_ (Wall-Mounted) || JU I )L )
3 LT N\ \( (" 200kW(FR10)~1200kW(FR14) )
NXP : — . FR10~11(x1), FR12(FR10 x2),
(Diive Modue) AC/AC(Thy'/IGBT) 2IH{E] Unit IPOO FR13(NFEx2~3 & FI13x1),
L P s )\ FRI4(NFEx4 & FI13x2) p
o a N N Y
N . 114,138 175KW(FI9), 259, 309kW(FI10),
el AH
J| AFE THEEIE) {l. AL - | 773, 874kW(FI13), Max 482 )
NFE ZAH{E{ (H| 2| ¥) Unit 410kW(FI9), Max 6 &
e - * < /
5 . FRA-8 1.5kW(FR4)~75kW(FR8)
|| N 2IH Ef(DC/AC) il B | (1P21/54%) | (_9OKW(FI9)~1500kW(FI14) :
( . ( || FR8, FI9-14 |( 6kW(FR4)~223kW(FRS) 1
|| BCU(Brake Chopper Unit) || Unit || "~ pog) || 268KkW(FI9)~2310KW(FI13) ]
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Module
Single Drive Products

et e e i

‘ Module
Common DC bus Drlve Products
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Single Drive
NXP wall-mounted

- - SAOIA 7+ 2F30 ZEAQI Drive package & LR, HQSHZE 4 QAT Y Frameli| LHZ
» Low power range0i|A Compact IP21 &= IP54 frame2 2 AR 7Hs

Fully equipped Features and benefits

B L5 EMC filteringS 226t £|H, 2= 2| = Allmetal W Complete Voltage Range : 208 ~ 690VAC
frame Lj 2 W System =&fd= =0 Engineering, 22|, A4

B FR4~FR6= #F2 = Brake Chopper Lj 2 SQ| A7t H| 2 Az

380-500V Unitd|= L§50f| Brake Resistor &2t 7=
B FR7~FR9= Option22 Brake Choppers W& 7t

Single Drive
NXP drive module

» 122 |PO0 Drive module2 Cabinet, Switchgear = E 20| Q30| M35t S HA 1 E
p A HAZE BF Q=0 Module2 A2|5H7| 0]

Designed to fit Features and benefits
B FR10~FR112 17§2] Module, FR12= 27H2] FR10 Module W Assembly kits A2 2 2 £42 A3]

2 B Z[A3E Module 24 2 Engineeringti| 2 5t
B FR13~FR14% 27§~4749| NFE + FI13 £ FI14 AZiatH|E 2zt

Inverter Z2|2 7 W A3 H|£ 2 Cabinet S7HAZ

B 2|24 AC Chokes 7|2 =
B FR10~FR122 Option2 £ Brake Chopperg L& 7=
A B 6-pulse 2 12-pulse Supply versions 22 A|=
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Modular drive solutions
Common DC bus Drive

» Ct==2| Drive systemOi] 23t 0f|L{2| 37 Solution

» Module =+ : Front-end Unit(AFE, NFE), Inverter Unit(INU), Brake Chopper Unit(BCU)

Reliable. Robust. Proven.

B 2= AC E210|E7} Common DC busE 5156
ouinE EBHO= $E U 2uf

B H|2 S8 Solution0| 21 &|= 200 A&

B Ct9] Front-end unit2 22 2 |4 7=

B Z|&3=l Module design2 71221 Engineering 22 4

D7PMOFS E5| MU O 2 H|E &2

m Zietstol fa LA 2t

B Drive system@| 00} of = Zr 4

O

»

Inverter Unit
W Inverter Unit (INU)
: 1.5kW~2,0MW

Front-end Unit

B Active Front-end (AFE)
: 198kW~1.2MW

B Non-regenerative Front—end (NFE)
1 488kW~673kW

Brake Chopper Unit

B Brake Chopper Unit (BCU)
: SkW~2.5MW

A regeneratwe common DC bus system

AFE Inverters

[ S
\l"'l M H (M)

4 i

LCL filters

A non—regenerative common DC bus system

MNFE ¢ Inverters Brake chopper

w ]
O
it
[
Il
it
@
@A it
— Il
1

AC chokes



Common DC bus Drive
NXA (AFE, Active Front-end Unit)

p UHISEH(S|MEH) E22HERE 2|3 Common DC bus Drive 2H2192| Front-end module
» HHASHM H DRI 2718+= Application 3 A& £30| &2 Process0i| &
p HESHA T HHAE FHE ASCE S[AIF AH| 4R HIE EZF &1t

=2 3
B 2| M2t Converter module WO A2 HME 120 THDI (5% (AAESH )
W IGBT 7|= 7|4t - HYP7| oot EA 22
B AFE module H/W2t INU module H/W S - 12 Cable 1t55t 474 222
B Switching S0} : 3.6KHz B DC A Boosting (7| 22f : +10%)
W LCL filter 7|2 A& - AA A= Me(1,35x Uy) BECF=AH AU
B 2|23 Pre-charging 2|= 22 =8 V=
mED MY SHE 22 - U WA ES0| 2lGete el DCHY =&
B AFE module2 2% SE 2ol HEE7H 7= W 0|=3}
- 21Zto| AFE= E2Z o 2 29 5|H, 25} 2|5t - AFE unit2 32 #450] A2 24 22
DCAHY HS0| et 2ot Fot =+ - DriveZt I System bus £41 §10] 0|53} 22
- Hr 27 A AH| 2! AFE modulet] 7t 222 A=
- 0|=8 7ts HEEMF A
- B0| CHECi2tE HBY s - 2712t 20| w2} 03t Hlof
B Inverter?}l 525t Filed bustf| HZ5HH A 2 - DEHME HY ZHS AF25HH AFE unit 429}
2 7k MY 8O DEHE WA TS
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Common DC bus Drive

NXN (NFE, Non-regen
(==

—_— CHISH(REIY) S
b UHIEHO| £Z0| DRI} 518 U
E x|
o

=
B Thyristor/Diode F74E2 0|25t Diode A 357|2 2=
B A2 2|2 Reactor(Choke) 7 YZATHY| AFE

B Common DC bus &4 2|2 L&A 2= E Pre-charging

SIZEES
B Unit ZHj| E2| E41 0] B2 @40t AL 8 HE S 7=
- Z}2Z10| NFEE S840z 29
- HE =7} =X 2| 2 NFE modulet]] &7 S22
- 0|=%t 7=
Front-end
AFE NFE
7= IGBT Thyristor/Diode
Type g4 H| 345
Switching Sot4= 3.6KHz ol QY =
DCHY 1.35x 1.1 x Usg 1.35 x Ug
THDiI {5% {30%(6"2), (12%1282)
Filter type LCL L
Pre—-chatging QA Lhs Z&t
HELE o] s ts

£t 218t Common DC bus Drive 2tRI¥9| H| 284 H|3|4
ZAQZ B|AH0| 22O H20] &St

{ AFE2t NFE EZ H|1 )

nerative Front-end Unit)

M3 Front-end module

Zl'l'l
o

B 5|2 S 1121 Common DC bus Drive 221 0|A
CHESEH (M2 2 28) M2 Converter module
2lsll = AE Unit (BCU) AFE 7=
m Lot EEfU|E Z{= AC reactor(Choke) S 2825104
THDi level Bt
- 33M Herz |§ =oll 1224 System 724 7=
B NFE unit2 822t2 Common DC busg Chargingst2 2
E L Pre-charging 2|2 S22
- Simpledt Drive system engineering
W C}2 DriveZt System bus 4! 0| #2714 ks
- 29 S Y 0|S3F k=

&

g

W E-pulse
o 12-pulse
O AFE

=

ra

Harmonic coentent %
@

=

.LflLILrL

2 3% 4 0 6 7T & 9 1011121314 10 16 17 18 19 20 21 22 23 24 25
Harmenie order numeer

{ AFE, NFE(6-pulse, 12-pulse) harmonics ) st 18

(-}
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Common DC bus Drive Common DC bus Drive
NXI (INU, Inverter Unit) NXB (BCU, Brake Chopper Unit)
B ¢S Inverter module B BCU module H/W2} INU module H/W s
B FR4 ~ FR82 Pre-charging 2|2 L{j& m e F s 2L
B FI9 ~ Fl14= 24351 DCHY AZA B 2702 HlsA20| A2k = A2
L 9| 2|&™H Pre-charging switch 22 B FR4 ~ FR8Z Pre—charging 2|2 Li|&

22F4H INU HEA (with Pre-charging 2|2)
FI9 ~ 10




A=

Single Drive Common DC bus Drive
PosDrive NXP PosDrive NXI 2IHE| §H (INU)
NXP | 0004 |5|A]2|T1]|S]|S|V]|A1A2000000+BM53 NXI | 0004 |[5|A|2|T|O|C|S|V|A1A2000000+BM53
NXP = AZEER NXI —=HEER
| NXP = Single Drive Inverter NXI = INU (Inverter)
HE (
0004 —m FHHR (nominal current 1) 0004 —= ?0%3?4;10(;?23 If;gg E ' el:Lt)c
0004 =4A,0520 = 520A etc. : ) T
| 5 _g ¥ABEHY (nominal supply voltage)
5 w32 FHY HY (nominal main voltage) 5=380-500VAC / 465-800 VDC
| 2=208-240VAC 5= 380-500VAC 6=525-690VAC 6=525-690VAC / 640-1100 VDC
Z|mE A —m?IWE=E .
| A B2 a2 zae) A=BE (23}-22 ZBYA)
= IPE'E'
2 _mlPs2 2 —= ]
5=IPS4, FR4-9 2=IP21, FR4-9 0=IP0O0, FR10-14 5=1P54,FR4-7 2=1P21, FR4-7 0=IP00, FRB, FI9-14
| o T —m EMCemission level
e EMgetmlssmg'lle(\Ig:llfi'IBOO 3)H=Cat C2 (ENB1800-3) T 11 networks (EN6TE0073)
=Lategory -3) H= Category -
L =Category C3 (EN61800-3) T = IT networks (EN61800-3) 0 = ;“%f g'lfglfehm’%e ol
1 —m1¥¥ Brake chopper € _m C=INU - W& charging circuit %8}, FR4-FR8
| 0 = Brake chopper @12 1= Brake chopper L2 I1=INU - nocharging circuit, FI9-FI14
S  mSupply S —mS- Ez%“'é"’é“" Eepoie
| S=6"A T=12%4 B= Additional DC-Connection U=HB&3 Y4 {3 | - ORI M E= M5 (FRE-FI14)
S = W ILA| vV —m3ESo#E; 2ERY - SHE
—Hu [LEpr=Ta= e | _ H s
S T = through-hole mounting FR4-FR9 S = Direct connection, #£3 2.5, FR4-8
| V = Direct connection, Varnish42| 25, FR4-8
y —mControl BE o F = Fiber connection, #2% ¥ €, FI9-14
iy B E g o T e e
SHEILE, =AsF, Varni £ OPT-AF §MEC. =
Al A= E-%%df_% FR10-12 o N = IP54 control box, Fiber connection, B28 HE FI9-14
B=AsA, JHF Control unit, VarnishAe| 2 £ 0 = IP54 control box, Fiber connection, Varnish{2| 2 €,
A2 G = £2|& Control unit, FR13-14, Varnish®2] 2& Flo-14

00 mSMHEC; 2122201231 20| 2740 2242 BA
Ax=7|=2|/0EE Bx=&&I/0EE
00 Cx=fieldbus#E Dx=S4HC

00

_ g EHEL; SR 2 LS00 2702 EAE HA|
=7|2/0RE Bx=22 /02
= fieldbusHE Dx=E4HC

888R%=x




Common DC bus Drive Common DC bus Drive

PosDrive NXA YE|H =2 E-YIE (AFE) PosDrive NXA LCL ZE]
NXA| 0261 |[5]A|O0|T|O0]2]|S|G]|A1A2000000+BM53 VACON| LCL Jo0261 §J5BJOJRjOJ1Q1]T
NXA = HEER LCL s ASER
NXA = E-FE (Active Front-End) LCL= AFEE LCLEH
261 —a FAHR (nhominal current IL) L HAHME (nominal current)
& 0261 = 261A, 1030 = 10304, etc. 0261 0261 | 5 ™™ 0261 = 2614, 1300 = 1300A. etc.
5 g FAZZHY (nominal supply voltage) LT -
5=380-500VAC/465-800VDC 1300 | 5
6= 525-690 VAC / 640-1100 VDC 0170 | 6
el =3
AL NS B2 (-3 zp) ——
0 = :)P;G;E’OO Flo-13 5 u ﬁﬂ%ﬂ' (nominal SUpply VOltaQE)
L 5=380-500 VAC 6=525-690VAC
T —=a EMCemissionlevel ) -
T = IT networks (EN61800-3) 5 xﬁgg?é?—“m) NP
m A= power supply?} 8= DC T
0 —= ;“fﬁ; ﬂgt:kghgﬁ g; er el B = {23 DC/DC power supplyE 23 DCT
e iﬁ AIFE gﬁ” # 0 0= IP0O0, FI9-13
S _mS-HEEYEIEA L0 R m Reserve
U=-E2% Y4 HY Y - HRI HEEHYSE
G —mSEHO A 2ERY - SEC 0 a Reserve
F = Fiber connection, E2& B E  FI9-FI13 R
G = Fiber connection, Varnish|2| 2 =, FI9-113 1 m Reserve
Al =mSHBEC;ZIS2 2 O3 Z0| 2719 2AI2 BA| 1 g 4Z W type
A2 Ax=7|2|/0HE  Bx=2&/0RE 1=DC™
00 T = Trafotek
00
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Common DC bus Drive
PosDrive NXN H|3|/4Al 2 E-dlE (NFE)

NXN | 0650 (6| X |0 |T[O|S|S|V|0000000000+BMS53

NXN = AZ 28
NXN = NFE (Non-Regenerative Front-End)

0650 = FAHR (nominal current 1)
0650 = 650A only

6 —m 3AZZHY (nominal supply voltage)
6=380-690VAC/513-931VDC
g 7ImE
X=HBE (ZA-ZA 24
__alPsE
0=1P0O0, FI9
__m EMCemission level
T =T networks (EN61800-3)

g W#&E Brake chopper

0=N/A (brake chopper 812)
g HEA ZE A

N=NFERE S=NFE 2 +AC choke
ZH ZYA c2jo|g

—H S=—E oﬁcﬂ
U=EZE 3Y4 A R - 0ol HEHATT

Lo OO

g SEH0 M2 DEQY - SEC

V = Direct connection, Varnish2{2| £ £

< »mw »n o —-H o X

g S EHE SRS 20| 212 EAIE HA|
FHEE 27}

88888

Common DC bus Drive
PosDrive NXB A& =1 §4 (BCU)

NXB (0004 |5 |A|2|T|0|8|S|V|A1A2000000+BMS53

—mHAZEER
L NXB = BCU (Brake Chopper Unit)

0004 = AYR (hominal current 1)
0004 =44, 0520 = 5204, etc.

5 | m3AZBUY (nominal supply voltage)
5=380-500 VAC / 465-800VDC
6=525-690VAC /640-1100VDC

T )
A= BZ ($24-22F ZEEHA)
_alPSE

5=1P54,FR4-7 2=1IP21,FR4-7 0=1P00, FR8, FI9-13

__m EMC emission level
T=1T networks (EN61800-3)

__m W3E Brake chopper
0= N/A (brake chopper 813)
__m 8=BCU - W& charging circuit =3}, FR4-FR8
no charging circuit, FI9-FI13
. mS=HEYIYA ER0E
U= B8 SHA M | - DIl HECHMAYES
_ mSIEHO{ A, RERY - SEC
S =Direct connection, B28 HE FR4-8
V = Direct connection, Varnish#2] 2E, FR4-8
F = Fiber connection, B8 HE  FI9-13
G = Fiber connection, Varnish42| £, FI9-13

< »v oo o —H N P

SHABC; IS8 OI20H 20| 2702 2AL2 HA|
—mAX=7|21/0 EE Bx=E&|/0HE
Cx = fieldbus2 £ Dx=Ex+HEC

888R%Z
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;2]

PosDrive NXP EMC
FHAY d¢
C (Category C1) O
H (Category C2) R R R O
L (Category C3) R
T (Category C4) R(T) R(T)

O :Option, R : Requirement
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(17, H7INE AT A (H22) )

o2

I 67| ARE MM RN EER2E)
(== AR : 20211, 1)

DC 750V o5t DC 1500V 015t

HE AC BOOV o5t AC 1000V Ol5t
DC 750V 2=t 7000V 0|t OC 1500V &z} 7000V 0|5}
o AC 600V =2t 7000V 015t AC 1000V =1k 7000V 05t

Sog 7000V ==t 7000V =k



