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ZEO| £E H|0/HESH= A A-| CHE 0

Z| (Main 22| DA =l 2Qbat RMO4E Q10|o| Xt} 42 HHST)

' Speed Control At 24 )

VVVF | Variable Voltage Variable Frequency

FC Frequency Converter

VSD Variable Speed Drive

ASD Adjustable Speed Drive

AFD Adjustable Frequency Drive

VFD Variable Frequency Drive

" ACDrive 22 op 5@)
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OZ2NA Q70 YA|=l ERO|HO| £ Y ET &
2 2t i

7|A[0ll Tt 7[AA AERA 24 (HH] +E )

S2as55E (O M HI)

% AC Drive 40 2 8512} RSt 5 7|42l £ 2 ESS +0.5%2 22 2Y Its

+ Motor Maker : ZE{°| 168 M 2[5

.l

ox

* Commissioner: RE{ Q3H AL 4|0 & =

| M ED M) )

X ZVEIl (52 7| 4AtH| = &3)) of| 2fstH
« 188 HH AHEAl 1 2F10% 2Zawt
« JPH &= ALEA| 1 2F30% 2 ant

+ NAE 2SI 1 20 60%2] RN B ET}

H CHASHIHE ALE
« ACDrive Maker : A| 23 & ME 7} CHUSH Y 12| S LA
H|O|E{ 7|2 2 Drive A|2A
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(" ACDrive & AC Motor Z8A| 3 )

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

« QEQ| FRI} ZHH3IH Compact

« B4 HHo| o)

2. YHtAOl Fan, Blower& Damper ¥ #M 3 RE| E= 7|A|A 2ot &

. &ZPH, S|tk SO TS ol LA
. Trip 29 A EAHEHOE M 7|S B 4 Y= TS HE
- ZHCHSE ZH5|E Y Fojt 23y
+ OO0l B3 715 Y ARG 715 HBOR 17 20l A 80|
. YR SEH|O HS
- Ot 27 50| 71502 2H0| ZHK, A BHAH 4 E2lo| Jrh3t 7|k
- A2 IS AR @AYIIS Al ¥ YH UEO 5~6H)
715 R0l CHE M2t 2517} 2101, Wely| U B4 M| 8% 57} 348}
+ PLCSO| %E 20| of3t B A53 Hs

* Fan, Pump, BlowerQt Z2 H5}0f| A& A| =2 07| 22 g1t
« Crane, Hoist 2! Conveyer S0i| & A| HER 7|5/HA| 7t5, 714 L AIE
« O O;ﬂ _ﬁ_%

IT L -

&= A|0{*Z4] Ci{H] AC Drive AMZ Al
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H7171A Al

2. Electric Motors

: Z1A10lH A
HHUT| : 71A0flZ |0l A 7~17I01I'—17~I%%'

- 287 WA E
S89| 7| RE{7}HLE

| Motor £& )
x A, MEIM, 37|, 042 &8 Y 71 S Chst 2 70 oJsl CHsH R
With permanent
magnet
— DC Motor
Without permanent
magnet
AN QEHET|
HET| Wound rotor
. || HIE7| HE7 R HE7
Electric motor B &7l el N I
Asynchronous Induction motor =3 o HET|
Squirrel cage rotor
Synchronous
— AC Motor — reluctance
MR 77|
Reluctance Switched
JE—— reluctance
- S h‘-°  — BLDC (EC)
Synchronous Interior mounted
magnets
AN 57)7|
Surface mounted
magnets

Permanent magnet



2. Electric Motors

2.1 Motor 0|3 |

Air Gap

Steel Laminations

=

L\ % ,,,”h”/////////////;‘z .‘N
j \
>

Conductor Bar

Stator

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

- HH0| 2 SEEH, A ATFA| 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 9=
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|2. )

DC Motor AC Motor
* 3|4Z}: 47| A (armature), dFAH(commutator), 2214 (brush) 2 7 « YAt (Stator) 2+ 2| AH(Stator) 2 14

1H2L: A AR (field poles), Z2| Y (frame) 22 14 o« THAL MO AC Y B202 YHMEl= 5|21 27|12 SR 3|1 21A} 3|
o DZA}FMA D} B|R; A0 242 Q172 UM |= AL7 |01 2f5H 231 « DC ZE{0f| H|5H &M Ztckstn A4
o 2 SEH 07 ZHE (B1MAR] £20f| FERS 0|2 = DC HYS Sa/H ) c QMO B NHE AL U EF ENS ZH=C}.

Tt HYR7L 7| A Mo 2 DR E[BE 7| X |A| B4+ T WA He
UM7|et Motor &2 )
X = A7 |20 M MY EX|of 45280 2fs &S ATt
M|
* &l(F) O] 27 (B) = 71222 32{0= A0 716l & wh M 0] R EICt.

X7t H 2| 22| YR HLR MZ ()7 | |
DE]
« EX0]l 2= 2301 2fo S21U0| L HEof w2t 2l (F) o] &

a) Generator principle b) Motor principle

A7 | & (27| f= 2l)

27| R HE[O|A Ap7 |22 S AHA0f| 2fah Tl
ZE{Of| A= DA A0 e VR 27| Y WEEH, 27| 32| FEts He Alls 1Mt



2. Electric Motors
[ J
< 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
« Asynchronous : slip @22 £ rotor speed < rotating field speed S44+ 24
(EgYad )
28 &4 5 P1
« 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 HE| 2|, components, material, size(rated power), c |
4e0f| If2t RpRIC, OPperioss
Iron loss | P
Shaft output
out Fan loss
Output power Friction loss /_r
( Typical losses in the motor )

P
input power



2. Electric Motors

(2.2 8EH57| )

- sl2d ©
< Motor 3= 22| - 3|22}7|& ) 2E|o| 3| 2lz|
Al Al Al Al
@ DAL #HM0]| Z20] QU7H=|H, ZHZEo| M2 HAA 0| &|H B2 C2 52 2 32 2 82 Cc2
320f| 3442471 (rotating magnetic field) O] &AM EICt. o - Q
A ot 2Zt01l O[5 0|15 HE2TL O c1 W3 B1 C1 B1 C1 Y B1 C1I\ B1
@ HMO|M FEE 27|40 2/3H Q1S Rotordl| 77t FEE(0], ™) Al (5 A1 (XD A1 )
271 A2 A2 A2 A2
Rotor= 2AH40] L. BRI\ B2 cz ', B2/$ c2
3 #M 20 2 Rotor?| Conductor Bar7 Z2{Ztct. i i i i
g e | | | |
@ O] BfA O 2 RE{= A &3 AM 3| 45HA| EICE | c1 B‘l | c1 B1 ! C1 B1 |
Dl | (8 ! 7] | (N |
Motor Windings A1 : A2 |.d : A2 (N0 } A2 [No) :
Iron Core . | 11 | 272 | | 373 |
Velan 1
(2] v 2
¥ R }
J

2-Pole Stator Winding

(34 2E{ Winding 12 )

@ 7|SA Ag0ll= 2R7t S22| 4= et 247 [ 20] Y-EE|R| Q=L
@B CHO| 77t 2D, olafw YO = 27| 40| Y=L
®60° & A0 MF7t 520, CHo| 477t 22| pb=Lt.

A7 Hd W0 60 ° oSSt
@ 32| 2ltHS} ZIH0]| it 27| 40| S|ZSHTY.

Rotor

( Stator Winding0i|A Rotor Bar22| HA7| f=)  ( Winding2t Rotor Bar2| = 24 )



2. Electric Motors

( 3|a7| %o HE B3 )
@3=112 P max. _3 ® =3/2 ®max.
3|24217|Z (rotating field) 2 Z4 £ S 7121 HE 2 B3 | 3= Zmax. ”
o AT|ZME (b, by, dy) 2 BRI F|IHALT RS T7| () E LY THH, P=312®max. P1=7 P max.
o H X2 alternating fields) £ CH 2 (®dmax)2| 1.58) P1=b max. 0y= \/2_3(1) -~
o I IS FOR0| MHE ST |SEE 31 P2=112dmax.

od T
* 3|M5k= S 2Z0| HFGE|H S| | Y2 EF HEY

[ Motor Current?t Torque £4 |

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

A O R ny=n,+2/3
Induction Motor0flAf 2| M2t £ = 3|MAL7 | Y £ HOt ST
B{237132] 45 (n) 2 Rotor £ (n,) A0S Slip(s)0l2+ sick. T JERIEEEE)
(p=2EZ%, f=30t4, ny=57|& &= (Synchronous speed),n, =34 E ) O T "o- @
I
N, —n 120 120 x f = x : s
s=-0_"1 n = x n, = a x(l—s)[rpm] S0 ] o
o n ; 1 R °
e 5 0 ! Slip
1
T =Fxr (T=torque, F=force, r=radius) ; JSBraking » ey
T :startingtorque = . N i
Tg :stall torque Slaning Opeee
g -Stalltorqu range range
Ty :rated torque
ng - stall speed I >8xlq
ny :nominal speed 01 (Nomjnal t)
Ny :synchronous speed e v [N 2Be STen
Iy :nominal current 1
|,  :starting current
T, lg
s _ -0 11 - n
So 1 | 0 Ng




2. Electric Motors

( ZEjo| 5752 )

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 | R EE Edl| A4S FTHS 0| x|, transverse resistance 2! reactance Re 2t X, & E3l| A4S HA
Fe h

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

(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-Ioad situation Locked rotor situation
E3t 23 A| slip2 Of< A{Ct. QE{7} 851 HENOIAN 2SS M slip2 37 SRy x (1-5) /s= &4
=, R2 X (1-s)/s 7} 0@ =Ct= A= 2|0| Rotor7t Locking AE & Iff slip2 1 0|B2
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

{ . A N

. REUHSI| SEHE )

DE L= CEoYEHOR HY ks

« 34t (0]l pole-changing motor) (L-s)xfx120
nn == nO —N. =

« Slip 0] (0§|: slip-ring motor) s p

- S8 T A0

Pole number control
ALK 7t 27Hs5HH, =00 2 oF Mo A 2] £ 2 K|

RPM o
3600 ....................... .'

1800 °
1200f """ o ®
Qof T I R -®

N
~

o f---
(oo}

ny

Slip control
Slip0f| 2fgh HE £ 2|0 &
» Stator 4 HY
* Rotor control
- 22717t 2B 3|20 & (slip-ring)
- slip-ringS S5l 2E{ 3|20f| 74 X% ZFO2 ZE| S0 A HY

n= {1-s)xfx120
P

[ 4 ]
No. of pole pairs Slip
|

Frequency

Rotor Starter voltage

[

Resistance Cascade

coupling

Frequency regulation
7hH 204 BF02 4= Aof

- MY/Fo-HOE B3 S0 w2t HE

TA

AN «"N’
9 \C &)
N8 ,)90\\ o

X
P ® d

Q@
p©

25%  50% 75% 100% n




2. Ele

ctric Motors

] ® °| 1) A7 Fmp4e7150Hz! 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
u 15 kKW 2910 RPM 4 2ot = )
3 CLF__ cos@ 090 4) HZ AL 230V, YZ UR 48.7A, 44
T A0 A —220 vl 5) IP54E5 =3
v 2L.5A _ ABTAN 6) o =3 F(155C), %5 0.9(cose)
Cat. No. [1P 54] kg 7) dAH£E2910RPM(2 Pole) 2 A 2, A4 Fht4, 4 A Eol0f|AMe| 2B £
@ \ ° 8) IEC60034-6 HZX &%
\
5
C Zd A Z4 A . ™
[ Motor HHAHH YZM [ AZM ] SLEHEI ZE )
U1 V1 Wi1 U1 Vi W1 _
(0 o o 53 Q- HET|
O 0 O o LRI} ZHCbeE D FZHIOo| ZHT
w2 U2 V2 w2 U2 V2 * 7tA0| AH
AZiA] o &0 |07 22t
=
. 7|= ET7}RIC}
lpp=v3xIp - SEF0| 87| IZ0| =Z0] it
L1 A g
Upp ANY QEHST|
Yy P » £EH07H 80
« ZZ0| HAHEL}
L3 « 7}H0| =L}
AZEM - STHA SZ0| LH2 Hd7H UL




2. Electric Motors

(2.3 &7| 4S7]| (Synchronous motor) J

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

Saliency
I SynRM  Synchronous reluctance motor (57| ZHEA 2E])

Ohdid)
5/ & |k.3

"-“1 “‘
4 PMaSynRM  Permanent Magnet assisted Synchronous Reluctance motor
(BTAA 37| 2=EHA 2EY)
3 3 IPM" Interior mounted magnets
2E o (R E D
.‘/\“ SPM  Surface mounted magnets
2 Y g (EH Y2 2)
‘ ’\\ /. o,
Induction Motor 4B b/\‘
. / 4
(Ve “u
KT\ 05 1 Tpm/Trotal (A E£3/24H| £3)

Ly =L

q

Magnets Magnets

“Resulting”
magnetic field Rotor

“Resulting”
magnetic field

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

SPM IPM



2. Electric Motors

( HAAIM BE] (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

e
* E{ Slip, Rotor A&t & QIHEIAT} 1O B = Rotor 40| HM35}A| ¢tot 284

@
0| i 24
" 7IE}t Synchronous Motor )
Brushless DC (BLDC) Motor Reluctance Motor g;:
* Rotor 92| Z3 2ol & MM ALE « 2}7|Z{&} (Magnetic reluctance or resistance) At oo g 7 o SU R S
cEJREYHEAAUM =2 584  FRASI| ECHHE2 YA R 282 =L} %ii IR SO A N S
« Z{C OF 10kW 2E . £A10 T IO A TRIH0]| Of5H LA S 7/ O R
- PMEE{Qt SU3HH| 02| ALE - Saliency ratiodfl 2} €& Y £3 EA0| Zf2ICt
- =2 B3 UL} F M0 o5t 7|0l 2 " " saliency ratio (Ld/Lq)

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

c REUS/IUH ES AL, E2HEYRE —
» Z|CH 2F 10kW 2E st g —
B :-7.'<'0" ":"‘\ 2 g \/ \ _T;aaggene':
- - s = J TLSPM
| d - Y -
2NE W ]
4, — ) —

Speed



2. Electric Motors

Synchronous Reluctance Motor with Squirrel Cage RUTTA
» Statore SYZE{QHEY, Rotor= Gapdi| 220]& 2242, end winding2 Thaf 712 e
« LPSMt QAL 52 =l -
« Z|CH 9 10kW BEf, 58 24 G |
Synchronous Reluctance Motor (SynRM)

+ Statorie SEUE7|9} A, Rotors TETH A4 7 I e £3 | 18] 47 ',

+ 2 W0 Y 7|5 7}, ACERl0|H TR - =

-+ E20| B4 rotor Zh A4 T4 N2

+ 0|12 B8 A0S Qo Ld Y Lq S7 22| Yenn®

Permanent Magnet assisted Synchronous Reluctance Motor (PMaSynRM)
* Rotor &&0fl weak magnet2 F7HES Md 7t 2 FE 7141 S24) 5t SynRML| HY
* A|0 2H0|M IPM2t S
- IPM2 FRAtA 0| of3f| MM == EF 7} reluctance EFELH=2 HIH, PMaSRME reluctance E37+ A|H{A

Switched Reluctance Motor (SRM)

« Stator 12 = SAAEMO| AMEE| D2 DC ZE{F FA

« Rotor pole Stator pole ratio2t 40|

cFHYCE XY T 7S =7t

* Noise7t 22 42 =2 EJ 2|&2t 42 dynamics &Y

6/4 pole 8/6 pole

( Medium Voltage Motor (A1g=%) )

B 27| 9lof HYZ £0I= 20| R2I(HISHL, 24 L)

[ | = = —Hd= 1o A O, —=2 O
« 28 Power Cable « 28 current0f| Agtst 37]|9] A2|2] [0
* FEEE0M RE 20| MY Fot 24 A2 UREE 2 U EH
* MV E2}0|E+=2.3~13.8kV, 0.2MW~40MW &H2|2 &7, LutA oz LHAHE SF0AM=3.3~6.6kV, 1~4MW HS



3. AC Drive

« ACDrive?Q| £2 7|5 : 1= = 2(0: 400V/50Hz) S 7t HAZZ(0]:0~400V/0~50Hz) 2 3}
* AC Drive 27tA| £ : Direct Converter?t =7t3| 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
|-converters U-converters

CSI: Current Source Intverter
PAM: Pulse Amplitude Modulation
PWM: Pulse Width Modulation

C Direct Converter )

2715|127} 90| HEHS 43, AUIHO 2 TH 0 Z2|7| 0l (MWL) OlAat ALS
+ 50Hz FAS FUH4S LA F0H4 H{0f(2F 25~30H2)
+ S7|M ZEfoL 3 YA O AL

(=}
- A%t 4 95 27ARY0| U= o E2(FH oo Mgt

ron



3. AC Drive

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

S3|29| & OHE 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| 249t2 DC Mo 2 H5t ( Fig 3.3 Main component topologies )
@ QUIHE{0f|AM AFESH7 | 2f5l M-S DC el oH4 3t

oto| OFZ{5} Ll
=S H— o2 Configuration:
Configuration example Abbreviation Reference to components in
3) ?_||=|'|F-1 (Inverter) Fig. 3.3

rr
okl
ok
_}?ﬂ

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|0{S|2 (Control circuit) Current-source converter csi 3,5,and 9

( AC drive configuration examples)



3. AC Drive

(3.1 HAET| (Rectifier) J

AC Drive?| d=7|= Diode, Thyristor, Diode+Thy’, IGBTZ g
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 4&7|= DiodeZE
Diode 52} 22|
« CIO|REE=XHEE A-KZ SHEISFO 201 S 2| SiC},
« T FT|E A0 == GiCt
« YUH ACZHY0| WZ DC UYL 2 H2EICY,

Uncontrolled 34 47| (B6-Diode Bridge) D, [D;1D: — +(A) U
. A 2|2t T SIC} f _|>g E f Lqo M,W\

. ZIZEO|C}O|QEL=1/327] (120°) EQHEE tzc R
. DCESTMQES QU (3Ah Z29I0| 1.31~1.41HY, TrAK 224210]0.9~1.2H}) > D,AD,&D,

_ 4 6
« YUHE MR =SV O CE (F= MY interference 44) — -(B)

Semi-controlled Rectifier )

Uncontrolled d&712| Diode & & otLt+E Thyristor (SCR) 0| CHA Y G vhLe S DigPagDs
Lyo

+ SCRASZ M0z SUHF At L S22 0| HIHAIE] A ot +4Al>‘i - . L2o

« AZ7|9| 2242 uncontrolled Z&7|2t 5
|
SCRE% 22| [ ———

+ CIO|RE XH HFE A—~KZ 3t HSk
* Gate0j| QI OnE|, A-KZ2 HRI} S 22| b= offilq




3.

AC Drive

¢ Fully-controlled Rectifier )

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

% 20| 7] Gare W52 o2 HO510] #Z
SCRO| #2 AIZt EES ), 52 B8 HE U
QS SCR TN, B2 SIS S F YOS T CHy 7

U, =1.35xU_,, xCcosa

< Active Front-End / Active Infeed )

3|4
L]

ZEOHA| R ASEl= DCHUS F MO Z 5|4
AFE (Active Front-End) &= AIC(Active Infeed Converter)
SIS 20| Mt 20| F M HYECH=S [ff 3|4
MY = U2 Aoint2 0HE7| f6 271 EEl 22 (LCL Filter)
AFE AFA| D20} A[5H| &84

ofr

L+ U
T1 kT3 LkTs
Lqo _

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
1) Variable DC intermediate circuit 2) Variable DC Voltage intermediate circuit
* “Choke” == “Reactor”2t1 St= 02 2 2IHE 2 714 + Chopper2t ZE{Z 74
- YHIHOZ 3.‘_11% AA AC E2I0|E (I-Converter) 0| AtE « Chopper 22|210]| 2|5 DC ¢ 7tH
U ¥ ua - Chopper
° T o +
: T
3 ' U 1 Uya
t o o) | Ul ! — luv $
t —=1
|

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 2Z 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
I5ls 22 QT ZT4E

AC E2I0|HO| 2|F THAIZ, AC 2E{0]| & =4 MY
. AC Z240m19] QIHE] ARHS MO[ZIAE| Al EMAIAE] (GBT)7} 240 AL EIC)
(EMR|AEHS AR turn on/off7} THSHH, A ZIp4E 44 KHZIER| AL 7Hs)

+ OIH{E{ AQIY FUp4 MEh: DE| 24T OIHEl AU HH5| 1

LAAZICE.

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 CSI 3,5,and 9

( AC drive configuration examples)

2{510{0F St} AQ|Y Fhf7t S715HH QUHE] £4 37t

Symbol

Design

Conductivity
Current conductivity
Losses

Blocking conditions
Upper limit

Switching conditions
Turn-on time

Turn-off time

Losses

Control conditions
Power
Driver

(298 F

MOSFET

IGBT

i

. L
N+

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

(HHLAHH|2)

fo=1.5kHz

| fp=3kHz

fo=12kHz

wt

Ip=0f| (2 2B MF

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 LU= 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 FMA7HEOM B 230 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)

+ YUQZ QIHE MYUS HET £ U= SZHHE HZ (Space-vector modulation) &
.+ O] tAZRYYO| F ZH2 Ny Mt M 0|, TYA AES 2| £+EOR

1,00 7

0,50 +

0E
H0 J
=2
b

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

o MY HE{Q| ZO|: HE{ MY

&0 &0 -0,50 1

| l—‘ -1,004

011 001 ol vl w

,f/ 60° AVM ) ( Inverter Switch States ) H_L 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 3T F7|2| 60° St LEStH(0E= 1) RA|

+ SFAVME & HEe 2, 60° AVM M=
© 60" 32 HAIL, 60" HAl= SA0l ofs A9 2H S 2[A%

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°AVM2} SFAVME| Switching sequence H|u )



3. AC Drive

(3.5 Control Circuit and Methods

(N

ACERO|H 7|2 7]s ACEZIO|HE Hjo] R & RdE £ 4% He
o 2F 31z A + Simple(Scalar) without compensation control (240 gl= Tt AZE}) 1:15
- B Open/Closed Loop Speed Control * Scalar with compensation control (2&#|0{ U= AZ2Y) 1:25
+ BE{ Open/Closed Loop Torque Control * Space Vector control (S7H4E{|0{) 1:100(0)
o ZIEAME{ DLE{E O AlS AT + Open loop Flux (field-oriented) control 1:1000
+ Closed loop Flux (field-oriented) control 1:10000
+ Servo-controlled systems 1:10000
[ms] A
[ms] % 0.1
Flux-vector

without feedback

1 1 Flux-vector
with
i feed-back

v
w €
£ =
2 o 5 10
2 =
s Flux vector with - __ Space vector with
© . feedback ] feed-back
o 4 &
100 100
compensa-
calar wit tion
ompensation
~ >
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 )

2 Znp2 0]

+ 33|20 M2 DE] AH| &
= U220 shuntE Soll 7 SY S B g AlM
+ 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| 2F&HEl A0 E4
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

f Rer

f Rer
=0

Af

Mains

Rectifer

-Upc

f stator

—

Mains

Ramp

il

j uo

Voltage
generator

Rectifer

Inverter control

f stator

i UDC

Inverter

Inverter

Tc

U stator|
-

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|WRS NS Y £3 UEE HE AY(U) Y FTH4 ()24 B Voltage angle(8) 2%

« @ AZELAofof| I3 S E A ds @ 54t F5t HB0]| Of & ATICL (R47]|52 2= AZEHCHH|)
® & Limit|A &= @ active resonance damping (55 &721 Z4|)
® Open/Closed loop EIA|0] 7t& ® High starting and holding torque
@ Flux Vector CHH| S5t HH2HA| 24| Rapid current control 9=
Space Vector (Open Loop) Space Vector (Closed Loop)

-« QR MM (AZH S)0f 2let £ T =Y

+ 98 45 TEU o], £E0} QI3 SYE BE UR Y
+ H0f BEEE Hlo] ALEOf, TS sHAHE U AT s 0] of3) 2

HH SOl YEE 7|Ho = ALt

« 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
Acceleration torque 80-130% of rated torque Speed change response time ~ 50-300 ms
Speed change responsetime ~ 50-300 ms Torque change response time ~ 20-50 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

+ DEO| 3AH|O|EE YUESIH, At REZ AFESIO] 2| A | HE| AHSI0f| oot Mt 2t ZE
ZME| OE B = ETJ MEQ A5t M7 2 HE LY PID control2 2=l RE| B2 7|RO 2 M| EHH ZHS 24510 £ £ £ X|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 MM (AZEH S)0 2ot £E= T E b Feld lmref Rk | A4 |
. O\ HSHEE Hof AmESIO], mIEH sy s s | T e J T
+  Speed setting range 1:1000-10000 S T ¢ """"""""""""" 17T s
Speed accuracy (steady state) Depend on resolution of o | P Y oy lo dref dq 2 i
feedback component model ; Is qref b ; :—_
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) AbE, 74 HIE{0| ZIZ T}

Software Hardware (ASIC) Inverter

N

Control

algorithm

VVvC Synchronous
60°PWM

VvCPlus Asynchronous
« SFAVM
«60°PWM

( 1) Danfoss VVC+ Control %EO

VVC+E MY AA PWM QIHE] HIE] EHR HEAL ALE
o AQAITHEIS SFAVM E=60 ° AVM AFR

o 3F U UE EFE IR AAH R4

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

« DE 57152 te3)

22351 HEl (no-load state, idle state)

Rs Lso
L L0

lu=uL

.+ ZE{O|IM AHESHE HRE A5t Y &4 BAO9H QST 71y
-+ HQU(U)S ZE HIOJE|(YH MY, U7, R4, £5)0) w2t ZY

IRES TR

A Hlof

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

« DHE HL(0~10HZ) A SFAtEl 52 EM

F|0

@ 2E| 251 74 & 52! &2 (Active resonance dampening)
@ &= A|0] He|: 1:100 Open loop

O &= Yoz IEH glo| YA £E9] £0.5%
® E3 40 @ 2E MF LimitoilM &S

5} &l (loaded state)

Rs Lso LRro
i T T
iuL R,
+ u ql § Lh
i gcomp
- ZOStEIJE MJstH g2 HE5(,)7I B2
« REQ| &4(E35| A& HR0|A) EASHOF ST

* Ucomp: F5t & 255 A% 2 D£0M 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

©

< 2) Danfoss Flux Vector Control 22| )

[ f
‘ 0
‘ Mo::dor‘ lg ﬂ? U U u
f RN TN
—S—O—'—— Ramp % . ?sgiaatc%r oL =) I &) .}{.
At ‘
| lsxo | | lsy
Load AO
| sator | Yeomp
| f T lsx
|| stie Xy
gt sy / Z
\
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,lyw | Measured phase current X; | Stator leakage reactance
Rs |Stator resistance X, | Rotor leakage reactance
Rr Rotor resistance ws |Stator frequency
6 Voltage vector angle Ls |Statorinductance
By “No-load” 6 value L., |Stator leakage inductance
AB  |Load-dependent anglecomp. | Lg. |Rotor leakage inductance
10 “No-load” current value Tc |Heat-sink temp. (measured)

Inverter

A A4

Mains
ly -
|
Rectifier
Upc
Xy f -
Flux Wset Flux Usy U
" | setpoint | —( | control 5 > = .
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

x M UHE| : YEFHO 2 |GBT, IGCT, IEGT AFR
2t EZ 220 YEHYO| UOM, HBEI 012|040 27 Ao
Ithe} 225t EBZ 2|7 MEHEt,

« ACEUY0|dv/dt L THD Z4

« QIHEIS 2| FRO| AQ[X| F2IJ0|
EYuY AR 7Y 7ts

DC-link F{THA|E] Z4QH wHafAl T QO

20 =24+

12-Pulse
Transformer
- BIO FTHA|E{Q} BB HO{EAIO R Al o)
A AFR S H[5HY ’

< of

18-Pulse
Transformer

e |

- J_ -
I HARe

T
Input Rectifier DC link Inverter Output
filter filter

-

Kk

(Typical MV Drive )

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

=3 ZEPHEa gt

+20° | « SEASHHYT| AR R IR E CIO|RE H
Oxzl 4| LGS 271418
Zig-Zag : _T _______ {i}
Transformer R Rl
5L-HNPC

o
°

30° ®0_# *

36-Pulse
Transformer

+ DC 29 Al AB0| B24t 8| 27t

« J2|EE MB MO R dv/dt Y THD
St

( Different MV Drive Topologies )




4. Variable speed operation

(41712 9z |

DF YR ASEE 7|12 FE (Y, R0k, HE) 0| 26 E35 AlME 2 ULk T _Px9550 nxy3xVxIxcospx9550 kxVxI

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

~ — x|

o (U)ot (f) Ao LYot HIES 08510 @ AC E2t0| 25 A|0flLt.

« EEOALTE(0)= oHI(U/H0fl 25 ZY =Tt

+ ACEZI0|E= U/f HIZ0f| [h2t A|01E 5HH, O2{3H UAS “U/f S A0 " 2t it
V)

T[Nm]
r 3

L

800

/ -|-~Ux|

/ }— max. torque decrease with factor

TLoad

et 0% M / / N
230 \\ . Running in Current Limit )

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

400

; z T 5 - 26| YR NTECIE 28 EIE HEECH: 28 o)
. = L inl
a) U/f characteristic control (ideal) b) T/n characteristic (ideal) AC EE|-O|E'— E:ILEI'— }'“:H Eﬂgl’ '—I-E"—:‘E'—I Current L Imlt;}l-xl
(U/f 2ol o5t MUt ET E4) AL AT 20| 7FSHER SA|=|010F AT

. DE| B 0420, AC S210|2 ZYS e} WA OIUYZ M3 T LA S EASA R0 L0
« FORGE DE PZ SO 0ld S7HAIZ 5= UCH
« A4 SOk 0|M0IME BE FHMYoR 1I§+EIEE, ALUETH LA
= 0| £& H2Q|E Field weakening @9 0 atk.
© AR AASHH 2| RE ESTHZAASC
S EITH [f Z&A8= &Y, stall torques 1 [f2 4 At}



4. Variable speed operation

(4.2 Compensation J

« BE S42H[UH07| MZof| 2[AO| AetMFet ESMFE 2o 240 25|t AUscw [V]
(& oi2tole] : 7|SA|, A4 Eel, 2 £ 1R EH L) 800
Load-independent Start Compensation Load-dependent Start Compensation o
(Fot SEA Start H4Y) (55t & Start 24 (715 F slip 24))
. BOAlStartvohtageS £ MO HAUIINN - & HE 20| olef 23 4°° i
SHUYS FUCL (MY RAE)  IXREA, Boost, EI B E& 230 P compensation

o J|=A| ZHO ETE MM Start compensation(Danfoss E2!) 0|2} & S}, C'T! i f [Hz]

. DE| 3 WA IS HY - QY E7Hs PRGHHEA DYA Y S Eatwyo = —>
HE g M IS ATINmM] |

Load Compensation Slip Compensation

+ ZYE DE WRE HE| HOIE oA Cis) BE Y A5 - Q& WS slipS YHHHO R YAATo| of 5% T 100% |

. &2 ZIk4 Y 7| & Voltage Boost7} 28 (CHE RELQ| 2 1% DI2H) 50% ﬁ \

© U/fS4THH| BUY0| LT £OH BE MO AW« USHHOE Slip O[30 T4 2HA| BE H| | A fmin
— DB REUF SYCZ slip 24 ' &

+ ZE{ 0| S slip R (f,;,) 2 A5 i R (,) At
—~ slipZ 4 RANE(FRHUFL ZHHUE 20| o K2t MEHo 2 27

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

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

« DEAAY LY QIEHA S RE{O2H0|E H4E SHSIT

DB YRLE0|M SH5H= “Static(HAl)” Tt SEELE R 7M1 S8="Dynamic(21X)” 70| ACt
- AR S'JA| BE{7} 3| S5tA| ¢LOLOf SHC}.

- ST IA| RE{7F 23}/ 7[A 0| A =2 2| 0{OF SHCt.

—_—

=
=
L



4. Variable speed operation

(4.4 Operation J

o,

~ Motor Speed Control )

- &I Ref 3710 M2} BE £& AS31D, )
LB E3 E40| $£28E0| QEZO2 0|5

Ref. signal T

= .

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

( Reference?}t Motor torque 24| )

. if 25t E3 (2E{ E3, Motor £k = Ref &= (A) L 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

N TS BN -

o1 A T By
| [%] c T
160 T

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

tA| Braking torque )

N
12
ﬂ
rloll

{ Current Limit 2} Over Current Limit )



4. Variable speed operation

< 7|'?:||"ﬁ' Ramp (Ramp Up and Down)>

* Ramp: &=t A5 ME|=E 5= 7|
* 7t&< Ramp0f| CHet 7|& £ = Ect0| 20f 2} CH=Ct
(ZHHO = 2|4 FOH0IM 2|0 b4 7ER[2] =HAIZH)

* 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 =24
@ 7|A S| &4 LA E 2lst ET A|st
@ Ct2| REZ 2515 2E5h= B3 A0
« BE9slip, & ¥ 2= 0f w2} M Tt EF 0| 2A| 7t FHEFZICE
Z, YUt M T SH0|| [HE A[St2 2 E T H|0j= ZEI5HA| ¢t
* Space Vector &= Flux Vector?| 4%
HREYHE LA o2 M50, ET A
E3 AI3to| H=tsict,

FEAMGIER

fA fh e
fn —_/— fn —x
fmin.‘ fmin.‘

D‘t T T
b) < gecm

( Acceleration and deceleration times )

O 7H5 (tae) F B (tged) AIZHE

EE"I o — O = ’
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| Ct0| BE 1y, 2E &SIV LHE 2 Bt 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

(o2 8 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

(o7 282 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 ¢

2d 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}

24 A& A0 (Constant Unity Power Factor control)
o HFOL MY HIE AO|2] ZI= 7t UHSHA RAIEIE2
o

—
QIBE|Q| Tjt M2 HAS B 4 UL

AEO (Automatic Energy Optimization)
o ROl M AL LYEE S0

+ 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

(4.5 Dynamic Brake Operation J - A

Drive output frequency
AC EZ}0|HO| 4JAIEH ZAt Motor shaft frequency O Q
A n n
M

M

Speed (n)

Driving

AC E2I0|E0]| ofst MR} mp4= (2 M) 2| A A| Speed
EE-I(_)_' HEI"/;L_-|7I (leg-i 7|7:" Oiltizljl.ll_-ljl 0-|||:|7\|E ﬁf‘il.El_H:l.. Clock wise moment I I Clock wise moment  Torque (M)
. = oz & Ho =i AF m| v ~
H= of|{ &= E2t0|EO| DC_ linkof| & Driving Braking
L AC Cato|BL 2ty BE2 o3
“DpHeH(Over voltage)” E4AA| E- 23| . Q Q
*s M M
2B pnti Clock wise moment Anti Clock wise moment
% “ApMY (Over voltage)” 0 LA 2] 4ot (4-quadrant operation )
@ %% Ramp AlZH 9% T
- OVC(OverVoltage Control) 7|52 0183t Ramp A& H& Braking o M}
- Ramp A7 120 2 0|5 7{2|7} 20 4= ULk, =1
@ 2E{Q| 0f|Lf2] EAH(REIS HIS HEFO R ALR) Chopper —
- BE{E CIA| A}SHAZICE (715 AC Brake, Flux Brake, compound braking) f f f @P @P
-HES Sl EE SR B IE HS -(B ke ch il Z " '>
“ » = - rake chopper and resistor
® “Brake chopper” e} HIS{gt 242 i
- Chopper ilioﬂ 9.'3” E;'EdEn_I 11|%Z1§>|-2E —%J_'-l- ﬁ%ll- Z-"7-I %AC line supply %AC line supply

- €, S B 2A| 2l 4 AUk

F QR oL E SE5H7| fIT Sl dAlS 2 M8

T =

¥4
3

G F ML Z OHR|E 24517 | 2I5t Active AFR7| ALE “ J\/] ﬂ
= E3 =2 C H Jars e 3
g ;rTTO_Ir;EO:l)Uji (::"oH HI:I--'I— ;EI‘()'_E 01|L:|Z| od Motoring Generating Motoring Generating
LqA| A oA A o :HHE{2 |
Y 7
/,DC-Iink 4, DC-link

( Regenerative braking unit )



4. Variable speed operation

(4.6 Static Brake Operation J

x BE] shafte| 42|E 2|3t Brake %! Coasting 7I's

(® Coasting to stop
- Motor coastingQ 2 2t XMt47t ZA|
- B5} & of 2HYof| 2t HA|E Il 7RR| 4= 2~

tz|31 (0V/0Hz), ZE{0| 20| SEE|A =0

A7 AR 4 9l
% ChS2l 39421 712 Stop Command & ( 3 Motor Heating and Thermal monitoring )

S|t 2HM A| 0] 7|5 DIAME HE,
FL
T [%]‘

(Ref 2t OHz= Stop Command2 2+-&351A| 24=L})

@ DC Braking e
O TR0 KR 27| RS MM EH= 7|S / Ea;rzu 7nye
A

- BE 34 & 240 DC A2 217}5t

A7 20140 S HE EIE A s |

_ EF—'l _T;_l.o:l HFAH Al;l A OI|:|-

- DC Braking0i| 2235t 37FA| parameter

+ Braking 014 : BE| slip 2042 7|20 2 AF (10HZ 0|3 2Z)
OHz A2 H|2HM3tE o|n|

* Braking 47 : RE{ 2tE LR E T T I >

- DC braking AlZ}: O{Z2|7[0|Moj| ik} Ch2Ct, ol L

® DCHold
- BE{9| “auxiliary heating” 2 2I5H At

=
HE0| M FE SEoIERE, ZE| UELAIS

@ Electromechanical Brake

-I> rl"

A

Ir

1

A QE ZHWZ 0|2

off 26 ¥ HF]E ZuISHA| O0LOF St
Graph 1: Motor of rated size, e.g. 15 kW
Graph 2: Oversize motor, e.g. 22 kW

OIE_I-'
ol5l DE| M7 MEZ ZD45}| QLOJOF BHC} 2E 2£ BHETY YE
(@ Calculation : 2E{ £=A] D& 7|8E A A
@ Measurement : ZE| L& AMO|AE| EE= PTC MM AR

Sk A
Q_ol-_'_

- 47| A|Al Brake= 2E| AFZEE AZ|A|Z7|=4| AFE=ICY
C2t0|Hoj|A 22|0|E Sof H[0E 4= UL
- ZA}7| A Al Brake AFRA| T2 AFSt
M=2EQ) . Yot EsHEYS =20 - B 0| HES A|ZH(delay time)

« Motor pre-magnetization (Z2|4& 1% 13} &=
49| pre-magnetization= 2tQI5t CHS brake sHA|

- 0f]: S0|AEQ| AL, Start command O| & z|&



4. Variable speed operation

. Function Description lllustration
(4.7 Functional Safety J - T e
B E{{& Torque/RotationS 445t= Actication of STO
N g e RS £
TSRS Ec AL-O 7|5 R0 S /- St 22 718 |gatetorqueott |01 7152 IEC60204- 102 Stop | § e
— - . = . . o = — Actual frequency
25tk & (required safety lecel)2 I8 24 (risk analysis) & |STO CAT. 08 S8t
Sofl do|=ct
Time >
- A
= oAloIT . [
Category Cat EN 954-1 Safe Stop 1 A2 MR ME o SRSt Aot | £
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 &5t} >
iti H A T SS1tme
[ EN/IEC 61800-5-2 additional functional safety function ] ol715t 2.5 AIER= Safe Limited a‘l
. SOS Safe Operating Stop Speedtu St OIS S8 7|A 7k |g| oot
- SS2 Safe Stop 2 Safe Limited Speed | 238 AU £E2 S, {09090
. SDI Safe Direction SLS H 22| S22 Stop 7150 ——
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 7147t S&5tA| =5 St g
. 1=3 5 5o = g
. IR Safe Maximum Speed 7 A &2 LRt 22 SeICt r
SLI Safely-Limited Increment SMS J|=H0 2 5| S9} EI5+ 20|t el frequency
+ SSR Safe Speed Range ——SMS max. speed limit
« SBT Safe Break Test _
+ SQS Safe Quick Stop n Time ~_
2o 2 k=2 = 2|5
« SLA Safely-Limited Acceleration SSAM £ zero speedS =LIE S BI01, | ] standstitoutput actve
i 0450 =S AR 2HUSE §
« SAR Safe Acceleration Range . (Gh2 M g
.. Safe Speed Monitor | high2 ZF2tL}. g — Actual frequency
« 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




y Saving with AC Drives

o = Increased efficiency
A o] HZS 100%2t 7H4E o

: OF 10% 7~'|7|-

AAEOM EE = U=
@Eﬁl'_ A2l %*l‘%

Rl 0|-)||

10%

EH 9| 01§E|5'1|0|*4(°F60~70%)0|—-—511|0101 A5k | Z0 =2 oL A| HS =20 HA| 7 7ts System Adjustable
£3| 0{B2/30]440] 70| 50%E AHXI5H Bt HIE Q3 OL{2| HOf A EFBIC, optimization R <recc ool
@ A A|AE 2| Z4B1A| 1 Z|CH 2F 60% K2 S 4 QIC}.
3 — °
( Motor + AC Drive & )
( Potential energy savings )
AC E210| 20| OJ3] ZHSE|= BEIZ TAHE A ARO| BE A4
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 EE0|E= 251} THA| 10| 23| H|O{EH (0| M &80 =L
[Ol=:= Fatet BARON A HotaiolA £20] =Lk Worm gear 95% Chain 96..98%

( Transmission & )

7% 100

iMW:@—MD—O—H

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 —ma?:iine
40 Module

- (BDM)
20 T Often named as Frequency Converter

o T HHHH A min (CDM1} PDS ¥e|)
0 600 1200 1800 2400 3000 o
(AC drive 2 0) % Danfoss 0fI42] && |4t Tools

MyDrive® ecoSmart™ (ecoSmart.danfoss.com =)
- DE{ |0|E] & E2}0|E MEHO]| 2 A| AR BEH ALt



5. Energy Saving with AC Drives

( 71¥ £3 oZ2|A(0| M )

UHtM O 2 Fan, PumpZt 3%
&zﬁ Flow= speed0il didl
2 2
i nl) Presureor head= speed2 Ml 0id]dl
H2 n2
P [lj Power = speed2 AlXI= Ml el
P, n

Y £3 0jZ2|7 0| M )

B O 2 7AH[0|0] ”E, SO|AE, BAMT} 5T
O|S5H=r|| =5t E 3= 5HAF QA
HuHz=ZEe OF HE| L0 H|

P X
[e]

—

w 1o o

FES
T
2, LT 2 ASH

1245}

HS A0[29| 32, @Yot Btz

o
HOo|HR|7F 2 20t
ZIH|0|0f HEO| H R, STt A= 0|57
7t LE5H | W20 AH| of|L{R|0f HEkS O|R| ]|
Or[}.

LS 1

Operating
point System
characteristic

Pressure [bar]

Pump
characteristic

Energy required

Flow [Q] >

« 2ol W 2 HZ= swil flap, damper,
throttleS 0|8310 52 |0

- Pump ENEZME T

o=

A 100% speed, 100% torque

Torque [Nm]

Operating point

Energy required

>

Speed [min’']

t2t -S4 point?} O| SSHCL

4

Torque [Nm)]

Pump characteristic

System
characteristic

Operating
point

Pressure [bar]

7

Energy required

Flow [Q] >
s H/EHZIHEZ0] of5 Ao El= E2,
S2 pointe= A|A”R E4ZMS M2} 0| SSHCt.

o L=

* 7|H12 A|ofof bI3H of|LA2] ZZo] EA =Lt

. 50% speed, 100% torque

Operating point

Energy required

Speed [min]

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



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

6.1 EMland EMC J

* 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 HIHAIHA0]| oJ5h & =3 7F o0 2 Zg
EHH|LF A| AEIO| Of I8 R A} 7| HISH S Qe A|F[X| LODIA, - Inductive coupling : 487} S2& EX| FHO| 7| 0| CHE =40l R =2 mf
xl_.| I|'7| _Shll'%‘ O'Hki DI_I'Z_'F—ﬁ Et=.|| 7_” %75!.-6-'_% % Ef! - EIectromagnetic coupling : -é‘:-’.“_l |°_|'E'"L-|' cﬁg‘% 6I'E Ei‘”% %5H Zn_-|7‘|'7| 0|||_'|7\|
S Y A QL HEE St EHIE 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
YY" g mmm——_— ™
| L L
—a (0) — '
_ M Y — — M Load
U 1 : 1 : N
e ——® Ve m e v
— Cemz | | Vde/2 J_& « LO|RAA:
Cem T LN - QIL{E{O| AQ|Z0f| 2[5t High du/dt Ao 2
l 2E |02 & 2E{ HZ|0ll common mode A5 L4
W + common mode M Z = HE2IE F4ot0q,
(-) AAQIDC-link& =0t7}of SiLt.
Heatsink/ « 3 M8IE Edll 20t 2= common mode {E=
chassis CHE 2HH|0f] ZHe S ZdAIZ & UL

= =« RFIZE{(C,) S ALRSI0] 2| A5} 5iC}.
I « H| 2T 2E{ #H|O|& AFRAl,

= chassis 2! common-mode FIHA|E{S S5
UHOFHIEtE| O 2 3 X 220f| ZHI0| LASITY,



6. HAI} A8 (EMC)

(6.3 Grounding and Shielding J Series

Equipment Equipment | | Equipment
2

( Grounding ) - ¥sH:0WI B2 U5 A312 U 32 I A @ kolx 2
o

H7| ok

- HZE AH|S2| SR HMSS 2lol A AE n|HAE= 7hS3kst SO0k STt ’
: . Parallel
< Shleldlng ) . il_ﬂﬂ EJH @ QIH 7"*"9& ':’E'I HS @ 9|—b|'-§9| ?_I'ﬂ tc'>|'7‘| Equiqment Equigment Equi;;ment
« | AHO|S2 M (ZE A0 & HSAE #H0|F)ut HE(OrE=2 Mg, S4)
BR50| AFEEICE
o ZEholmEA ZH0| YS4E 21 AS0| 2 A o v
Transter impedance. 2 | : Multi-point grounding
. : : Equi t| | Equi t| | Equi t
_ ‘— v + a. Aluminum-clad with copper wire quipment | | =quipment | =quipmen
ANr—
S ) —— b_Twisted copper wire (Neutral Screen) or
P ‘ Steel Wire Armored cable (SWA)
7~/ /

oo —* c. Single-layer braided copper wire with varying
—/} percentage screen coverage.

2 g This is the typical VSD “reference” cable. U
; — d. Double-layer braided copper wire = 2
- § I, xL
: ' -~ —p=yt-+ e Twin layer of braided copper wire with a magnetic, L : cable length
p——— g screened / armored intermediate layer 7
\ | AN i + f Cable that runs in copper tube or continuous steel
pl L ‘\‘/ ny J : tube (no flexible)
’ ' ‘ 9 \Z. g. Lead cable with 1.1 mm wall thickness i
‘ —" (transfer impedance )

{ Type of Screen Cables per transfer impedance )



6. HAI} A8 (EMC)

( Grounding of the cable shield )

Cable clamp Earth terminal

Cable gland

Good Bad

PLCetc
Drive
[e] el
ot 2 —
Ot | | ‘ ( e
UYL\ &) kS
[@ ©
PE PE
PLC etc.

Good

Control cables and serial communication
cables should normally be grounded at
both ends.

Never terminate shield through pigtail.

PLC etc.

, A Drive
e—f-/\\ \ //\ “ \\\ \y—e
Ot | | | p—
\//’ / \K £ ) ‘ P4
) 2
PE PE

PE@®L e o// »oOPE
Min. 10mm?

Equalizing cable

PLC etc.

Ground potential between PLC and drive:
Disconnect cables and measure voltage
with voltmeter to check.

Use equalizing cable or make sure units are
bolted together.

50/60 Hz ground loop: Use current clamp
meter to check.

=> Ground one end through 100 nF
capacitor with short leads.

Potential equalizing currents in serial
communication cable shield between two
drives:

=> Connect one end of the shield to the
special shield connection terminal with
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 2 2et/M= (with du/dt Filter) Motor 24 A

. : 1000 .
————— 500)
= O
S | S ;
500~~~ =500 ~ "~}
-1000 L -1000 A
0 5 10 15 20 25 30 35 40 0 5
20' w L Li T v L T 2 1] 1L T T T Ll L
s v B e S e e T S e Rt
p— | 1 | | 1 — 1 1 1 ]
| R e s D VA\.
: R e e e e T St e e e et
1 I 1 1 ) L} 1 1 ! 1 1 1 1 1 1
L -20 ; : l : : : : -20 . A : i i A :
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 FOMp7L ERIOIE AQ|R FOM 0|40 2 + LCLow-pass filter2, du/dt 2E{Q} 2| &3 49| « HIOjZ L MR HEE S0|=H AHR
AA = LCEE (2= B 23 RE NF0OEES HAHSHE=E HA|. A 4 M « Common-mode 270t Au|HA S}

« du/dt2E{= E2I0|H &3 HUEAO|slewrateE « ZE| 2|Q] 7|5 ghAlnp SQUSHZQF AER|A « HZI0|E= M= M0|22 #0|50| Z=20| ZHE|0{0f STt
500V/us O|2tO 2 A|SISHC}, « ACEZI0|E ZE{7}Obd HHEO| 113 HE{0f| A3t « LCZ2}0|EH £ HIE 5[0f| CtE 28 EE{ECH HA 43|
(RE| M| HAH AEY A ZHA) o H|O{Z MF L MU HIAL A A, 2E| LO| 2 2i|H ZhA « PEE A|2I5t 34 23 #|0|=3 StLte| I|2to| Eof|

AER|AQ| Q101 nnt ME XA SE| = M3
o ARQImb EE| HEA| 2 71 BE H|0|F AR 7ts

. OF7~10% MY L5t LA



6. HAI} A8 (EMC)

Standard (2ZE{ HALHOIA 2] rise-time and peak voItage)_)

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

. . . agc=a
Motor Pulse withstand Characteristic Curves Motor ZAS4 -
Peak Voltage / Rise Time Motor rated Voltage Spikes | Rise Invve/ rtér g 33
25 , * 1 I voltage motor terminals | Time | . = 2 e e
- 1EC 6003425 B4 5 151y General | 0oV 0|3t Vpeak < 1000V | > 2us
2 2t - A5 Purpose NEMA MG1 30
g / NEMA MG1 31 600V, g6y motor 600V 0|4 Vpeak < 2.4p.u | 2 1us
::; i S _IE& hﬂ]“_? )_A5ﬂ)\f: L.56KV Inverter 600V Dl'?_" Vpeak <2.04 p.u > 0.1us NEMA MG1 31
= Loy ot ] IEC 60034-17 | aepv motor 600V O] & Vpeak < 3.1p.u | 20.1us
r% [e=i = e e e NEMA MG1 31 00V 1-24kV o Viom < 460V Vpeak < 1600V < 5200V/us
1L ] WESH 17460 <Vyom=<575V | Vpeak < 1800V_| > 0.1us | < 6500V/us
2 575<V,,n<690V | Vpeak < 2200V < 7800V/us
|
0.5 L L L " L - . .
"0 ' 02 0.4 0.6 0.8 1 1.2 (&=Z) 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
vV _ LY _ 900 _sga0pv/us) 12 T
_dt At 025 E., R
S 1.
t ¥ + PP ]
1*'.!'!“‘!"':0:'1"3."!"':0!".“.“'“:0",6!'ﬂ’-:ﬂ!'*tﬂ_"r':n
U C OO0 OO0~ mrrHONMNNAG@AO@GO T ST
i V. = /2 x 460 = 650V i
NEMA e = Vex - do (&Z) WEGIit Motor cable Z0|0f| [tE &2 TE| 48 A|Qt
- AV = 0.8 x 650 = 520V,
0.9 xUdc 0.1 o Cable length L Output filters
ki t=0Ls< L < 100m no needed
dv AV 520
=— = = 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. HAI} A8 (EMC)

(' Bearing electric stress )

+ DB 3|7 Al H|0{E 20| A% HOE = AtO[0f 272 &f2 2 (0.5um) Y0, DHALZ FE S|MAE HAHA|ZICE.

o R R AL 012 0f| DAt I E (EDM) 7+

« AC E2}0|H0f| 2|5t EDMO| &7t5H= & 0|7
(M Capacitive coupling - 142t ._+_1J.} 3|42t AFO]0f| =2 dv/dtE ZH= common-mode Q| capacitive couplin@ 2 Q15f &l
@ Inductive coupling - 1A}t =8t M 32} 5| M2} =8 HF AL0|Q] &8t HTO| A7 A 2 Qlo| L

o DE AFZRE Q450 ECHE Q01 : RE{ H|CHY = HICHY 2E] #|0|S AtE. (§3| 2E{ 24371 100~200AE 21t5k=EFH)

Bearing 1%
71413 =t =3

o DEQ} H5|o| SHIE & 510l
° HIOZQ 71AIH St (PARY 2 = L) 0

ARt 19| o|LRIZ] 20l
e Az £F30|
- H[0]Zo] 12|14 A U SHl2 R A SOl
H714 A3} 23|
(Bearing®| M7|X stress) * DEIHURO| st HULEA 2|8l H2 HZ

- EMC 82| 338 4251 24
(EE210| 2.2 E{ AfO[0f| 2t A[O|== AHE:
Z-Iz-lo|. _lzu|-°174§ opz&:n.oﬂkl *IEE 0:|7:|)

Ferrite rings

o Metallicwall of
cabinet

Screen connected to earth
through 360° connection

Cable clamp

PE rail

© ZE7HHAHSHA YA||0] QL nm 20| CHH
YA YO|HATFL22] 20l
o ZE MfAIQLESEALO[Of| FS ek M Op M| A
« AMLE HUS A5 ol AFRE HA| HE|A|F A
+ E5| 2 4371 100~200AE 23f5H=
CHET O1Z2|AI01H0f M= T 2B H|0= ALE
+ E210|H9t R Al0|2| 3O MRS E017| 2I5H

HRE & W SIE0R 0I5t 7| AEHAS WOl WY EAA7H LY. common-mode ZEIS AL
E2i3) 24 pitting 7|44 AEY|AR QIsf 7|H AE|ATH LA (Cormmon-mode 2{ 43



6. YA A

o

FAS
= O

(EMCQ)

(6.5 EMC Standards

J

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 =

EN 55011

Environmental standard

EN 61000

Generic standard

EN/IEC 61800-3 _Category C1

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 Ii:f?tuiﬂggstries Industrial environment | Industrial environment C (Cat.C1) 0
H (Cat. C2) R R R )
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)

O : Option, R : Requirement



/YL A

direct connection to ground

direct connection to the neutral/PE

HUBE M) - YA A TN BE2EEH-
T | Terra(lat.) |direct connection to ground TT T |Terra(lat.)
| |Isolated  |no ground connection/floating I T N [Neutral

( TN-Ssystem )

(" TN-C system

) ( TN-C-Ssystem )

oo wansfomer Sty
. ¥ Y L1 Y N L1
Ve L2 p— YV L2 LV L2
L~ 13 p— VY L3 L v 13
N PEN N
* PE PE
E;?;h :r "C(;n_sumer ' Earth :L _C(ins_uzne_r : Ea¥rth :L ConsumerJ

L e — — 4
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( TT system )

Generator or

transformer
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Nt B0 22 PEYA|

H7|Z2(2| PEYA| 1zt 77 NEA| 2| A Fat
dzet e
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(T system
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M| 2H Y Y B

(7.2 Ground Fault Protection J

(" FaultVoltage Relay )

- = T
—
L3 —o/)__

gjm
1
« AC E2t0|E H2|ef AlAH- H2| Ato]oj] &

« HAPHSIEER| = JE 7l

o L—

( Residual Current Relay )

Y N
[y

AR
7
R

-
N =
A —\— A —

Electrical
interpretation

(7.3 Fuse & Circuit Breaker J

+ FUSE
- (9| 27t &S YRI5 | ffoh atF AT
- S YAUR (VAUR) 4 AT (WHRUM BojRl=H 2l
-aRBXHIEH| HS CHaf f= LE HE 1 2FA| &AHEZ|

y -1
gGHZ HE RX

« Circuit Breaker
- At STt R X HCE L

- ACB(Air circuit breaker)
O DAL LU DHZ (Z|CH 6kA) R
@ Letdo =z = RV |2 AL
@A £t 5082 ACEZI0|E B2 2ol 211& 2
- MCCB(Molded-case circuit breaker)
@ L_I-Q z-|0|-‘l|. Z—IE(_%“:H ”(A) '|.l‘_
@ AC E210|E2| Main A2(z|, 2t&
® ATt £ETHHES S ABEO| F

40
PN N
kI
>
JH
IN
N
H
x0)
o1
>

- MCB(Miniature circuit breaker)
O A" 7|22 (2ITH 100A, 6kA) 2}t
@ ItFst 2 theE s Ay Fo|= U BERI|[Z (X0 =2)

AlIZh



FUSE

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

Utilization Category

If first letter is ‘b” means both
protection (O/L +S/C). If first letter
is ‘@’ only S/C will be there

If category A it means no Icw shall be there,
If category B, Icw shall be there

Method of tripping

‘SOLDER’ for Overload
‘ELEMENT for Short Circuit

Available as ‘Microprocessor’ type &
‘Thermal Magnetic’ type

non-limiting
circuit breaker

Time-current characteristics

i

-
[ |
w 2 1
Id t' f' t' f F t A P Maxmium Possible Peak Current “'] 7 100 A
e n I I Ca I 0 n 0 u Se y p e E ! 1 If no fuse or a non current-limiting fuse is used. ) 3
= ! 1 (Peak value can be as high as 2.3 times the “E’ 6 Y
a I 1 available RMS fault current) *;‘ 4 ‘\ ‘\
1
FIRST LETTER , II § , \‘
. [} \ @
g Full Range Protection b i Wi &1 \?‘.
. . i i 3 i -
a Partial Range Protection 'l 1 Total Clearing It = Melting Pt + Arcing Pt f \\ \\
) LW\
‘ ] 2 \\\\
SECOND LETTER s \ : AR
Fault Occurs 1 Peak Let-Thru/Current(l ) 10 i WA
M Protection of electrical motors Fuse El Melt 2 0
Capable of withstanding motor starts AN
) ) 2
L General Application, Normal Blow Arcing Energy (I*t) o | A
Protection of wiring s EEN
R R Melting Energy (Ft) ! \
G General Application, Normal Blow . - 4 { \
B General Application, Normal Blow ,' TIME 2 \ \y
Robust design for mining application ‘ 1 16" A \‘
F Melti ! Arcing I t : \C
Tr Transformer Protection Time ” iTima | : Vi
N N Normal AC Current ' \ S\
R Very Fast Acting. Semiconductor Arcls Extinguished 5 [ (149 \\
Protection Fuse , \ \
Fuse Total Clearing Time 10 Ny
(les than 1/2 Cycle) 6 X
4 N
2 4 6 10° 2 4 6 10°

Prospective current [A] | /A




8. Harmonics

SHCHO|RE HR7| &)= H|dAm
QICE 712 SOk (o) 2] ArHIE
A3/ B4 D20M 4;*

et A|ARIOIA D ROH(h)=k *p
(p=3"7|pulse 4, k=1,2,3,) 01|)
Total Harmonic Distortion(THD) & 7| &

47719|

Mdotrt, Honpzt ot
121t (harmonics) 2kl SHCt,

n zn|-7|- AME|CH

710

4<%, h=57,11,13,~
RMSZ{0f| Chigt 1=

Hi A A|AEIQ|A 2RI} Ak
. DATPHEE ALY IIHAS| MO 2GR U MY RS R
o QUOEHAII =S 5 AY off= 20| =0FZICE
. TzTe| BHY Y3
- DO A2 = A| AR 240 G2 (A0, HYY()
- DRIl ofok M ol 52 CHE F5to| Aol /Y Y &4 71 Fe
— =1 L - ™
« H|MYE 25101 32 1 2ut FoF elSHA| 2 DOL 2 E= F3F0| giCt
. pan Yy
- D20 FT}40] Ofp 201 Y WO B A4 B
-=2 7 A LU
- S|MALe| D ROf MF 2
© 3laAfe| TAD HEE THA BMO| TEIIR 0I5
@ 1HAFe| 5at Y 7zf DR Ib= 2E{0f| 62} 121 |'*"'é§
AR 112 2 132f DR Of= 2E{0f 122+ DRI} MM
- B DRI HEE SHA Y W WS 27, E3 24 B

o2 7|2 Sato| H-phief £
f(t)=> Ahsinhat  lrws =
h=1
o %3

I} §= RMS H|E2

___________________________

Y el | Eaotes s BT

{ Non-linear load : 6-pulse §E7I —.-OPOiIA'I 34
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Harmonic Limitation Standards and Requirements)

Standard Description

IEC/EN 61000-3-2 Limits for harmonic current emissions (< 16 A per

phase)

IEC/EN 61000-3-12 | Limits for harmonic currents () 16 Aand < 75A)

IEC/EN 61000-3-4

Limitation of emission of harmonic currents () 16 A)

IEC/EN 61000-2-2
IEC/EN 61000-2-4

Compatibility levels for low frequency conducted disturbances

IEEE recommended practices and requirements for ha

rmonic

EEE51E) control in electrical power systems
Engineering recommendation, planning levels for harmonic
G5/4 voltage distortion and the connection of nonlinear equipment to

transmission systems and distribution networks in the
United Kingdom

ot )




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%

i A

# =t A

iR

i

Waveform similar to AFE

« DCInductor

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

AC Inductor

- AR U™ 20| AL

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

DC vs. AC Inductor

- DC Inductor : 2T} (52, 7Z, 112} D21} ZH4| S0t
H27| 42 Ripple A=20 CHa AT 225t LA

- AC Inductor : &2 2} 120t Z+A| §1HA

==

0.

O 2UBH A (4 4%), U2 M SUN| SYHUE WA Exp

 Passive Harmonic Filter
- EY nzx0t(5af, 74 S)E tHe L2 AA|, Lot CREH(Z0 2} HE RZE7})
- AC E2t0|2.2| DC-link 4 (DC Inductor §/%, A2 Zh) of| 2} Zat2Ict
- HAA 32| 12 =, Size K.

* Multi-pulse Rectifiers

- O| & HHQt7| (Phase Shift Transformer) AL,

- UHHEHO B 12BA (2x34) £ 18HA(3X34) AR

- EHQLT| QAL 240]| O5H LRI} A (12 AQ| AL 53t, 7h)
* Active Front End (AFE)

- U HR = ol W, DRI}t ZAlsHA| =L

- A2 0|2 £0|7| 9fsfi LCL MY S 1t TE f%

Active Filter (AF)

- J2|E0f| Rdlsks D 2atof| Chol A 120t M7E MA5H0] n2of o4

% DanfossAt A& 2O 2XM 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 MEISI7| 2101 AFR S RE{E ZA5HOF SHCt. 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 gf,;gg;gr“;g;:em o
- 2B AFJ0]| = AC Drive ¥4 Stirrer / Mixer / centrifuge 160%
- QE{ %8 13 Rotary piston compressor / piston compressor 150%
=TT Spiral pump (thu.jk sludge) 150%
Sludge dehydration press 150%
- H|0f H 2 AR Piston pump 150%
- AC Drive 28 ZIA S Rotary gate valve 150%
I ER Rotary piston blower 110%
- DE{ Ajo|2 20| Surface aerator 110%
=8 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%
- O AAAME2 2 Overload= 12{5}0, Drivee| 2 2= q B 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,

& WS
5 »\f\\] P>

X RUEl= U2 S|t 2Rl = EAH2 3717}
410|R| =& M A =|0{OF St}

% Panel LI 50| QIEE = 23 ZE M2|A|
- LHZHS QI3 Panel SHEO| A4
- ZOA| FIHHZMS Qolf = H A%

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
s |
&=
=) —
Hot Air out
from Drive
back channel

Cold Air in

Back-channel Cooling




9. AC Drive 2% 47

( Derating of an AC Drive )

+ DriveQ| AQ|2 F0}47t0FA|H
- BE A 80| 20{ELL
- QItHE{o| M= &MO| SVt WE F7t

——=

* Drive?| 223 St 7H—‘I—'?— <oH

’E"éi °f010F oItt.

. 2 250 [HE Drive HAME 24144 1.5%/1°C
- Dirve 25 £ 2% : -10°C~40°C, max. 50°C
e 11T 1000mOj&e| AL :100mY 1.5% 82F ZtA

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 )

al A

( Motor Cables )

ZHH| A|O|2 AR 2 : Drive0]| 2|5t EMC Z2|'Ad Btz

70| 201 ISt 2| LA Q! : A|0|F AHTAHA

0|2 AHIHAIEHA : 24T A|O|E > H|2HH| #[0] =

Alo[=0]| 2|3t EMC 2 FAFSH OHZSE AL

OII:||-1-I OE AI-R 7|-o of ___||:H 3-"0' =i 7I0|E

2t A|0[& - 50m/75m, HIZ}H #[0|& - 150m/300m

EMC 24| S2 112{5t0{, 2| A|0| = AtE HA

A0 Ha|A| B4 2|HE] FE2| AH[O|Z HHM0]| 2|5t F7t HIHA|HA SHHE|R|
UEE FOf

StLte| AC E210|Hoj| 2B HE HZAA|, Star HEZ A|0|E HEAS 42

7t HHA AR Qo 24| &l 7+s-d =0f2ICt



- H5i0| 58
Ofabest, Qs 2ARE M2 WY U 22 BT o}
HERT MEH"H HLERT

- H5to 4

HESEst, HSHst, Over Rolling &
TAESERT HASERT

of, QYR £t prEst,

S U
- A2, ABO|LE 2S0| FAIZH 2, AT
OFEEE
- 2145 53, 32 2
@B 534
- 31 34, B B)H%
® &= Hof tg%
® Aol
@WMgﬁ

- 22 Command 2! Reference(Keypad, /O, Fieldbus)
- Dynamic Brake, 34415, 2212
HH

- 249 Q17| BH/AY, WY, A4, Fp4

@® AC DriveE MEHSEY | 0] AFE S RE{E ZA5H{Of ST}
@ EE Y 2L AMY S2 7|22 AC E2I0|HE MA|sIC
® AC Drive &4| A| 1243ljofgt 7|2 Parameter

- DB AFJ0f| I0HE AC Drive 44

- RE{HE 12

- 055t 82

- 0] He| L AR}

- ACDrive 23 Z14=2

- 3|4 of| LA 7]

- 2E{ 7|0 Z0|

- A S RUARE, 1 5)

- MZ| 21 (Central vs. de-centralized)
% AC Drive M3

- BE{ 2AME U OverloadZ 11215104, Drive2] 4%

Overload 4 &7} HZste & MY

.



SIEHRIA Q] 2he

HHE J (kg'm?)2t S3 HelA GD2 (kgf-m?)2| Sty

HMRES st YR

W3TAe 24 ZHE J {GD?}
HEA0| SH(ED)D LRl R
S| ek =3 e
J =iMr2 GD2=i WwD?
2 2
(kg-m2) (kg'm2)

J =%M(r? +r3 )

(kg-m2)

GD2= 1 W (D2+d2)

N

(kg'm2)

48 HMeso AL
(ISt loh 242 2Rol 29)

48 [Mese 39
(Zilolof )

p=2lc
LiAlel 2l=
(m/rev)

Ma(kg)
{Wal(kef) ]

w (7 )

+ % Mar24-Mar?

£

7
= Y
_TM'(F[-n)

J=Mir2+ %Mzr2

)2
{kgf-m2}
GD2=W1D%+ % W2D?2

-i-%W3D2+W4D2
{kgf-m?2}

0| SH(ED)A LRISHA e HF
C|

S| e

2 cho|

Ol

_l 2 2
J =— Mr*+MR

I

ol nt
ofY o
E §

(m)

1(ke)
1(kef) |

J=M1r2+% Mar?

GD?=W1D?+ ; W2D?

{kgf-m?2}

(kg'm?2)
(218 248 4 9 3
J = MR?

GD?= 5 WDPH4WR?
(kg'm2)
(20]2 2N8 2 9= 22)
GD?=4WR?
(kg'm2)




10. 2t 2=

[ 374 EQ3 )

T, 7t EQA =T, T, (kg
T, = GD* 2m dN _GD* dN k T 3EE1%’¢§ELEQE:A(kg|]_-(m§)] ™
47 49 60 dt 375 dt (kg -m) T, 85 EQ3 (kg'm)

GD? : E7|2| 24 S 22t ot A= BAet 2152 AF0f B (kgf-m?)

-+ T,=0Q AL 1 4& N2 Y5 /A N 2HS= (pm)
« T,)00 L AR NS AR t 7HRAIRE(s)
A L oT /. - f)o g 2%347|'—ﬁ5 (9 8m/5)
+ TA(0AAR HEN23HY A=
p

(= £,

2 2

3 =

H HEE

—SlipaE

Motor Torque®t 535t Torque




4. 712E AT )

HE SZ7EN, OlM N, Ol =28 I 7FAl 2 25[= AlZE

[HEQ3 2510 S Tha4 AZH 43 ]

. GD? (Nbv dN LA
=5z S

2 2(N, —
GD2(N, — N,) I GD*(Np — Ng) T = 974P, (kgf -m)
375(Ty * & — Trmax) (Tm * B — Trmin) 0
P, :2E HZ £ kW] ts; :7H&AIZH[s] g
N, :2E{&Z 5A4 [rpm] ts, EEAIZH[s] 5
Tu 2EHHEQ3T [kgf-m] Timax - SEHO L0l 2IcH 25t EQF [kgf-m] =
GD?: 2H 2t GD?y + #3t2td DG? [kgf-m?] T - £=H|0f M|l Q| ZIci 85t EQ3 [kgf-m]
N, @7 = 2450 FIHAE [rpm] a ERIAEQIF IEEQI AL (0.8~1.2) s TP "z
N, :7H53 S Z4H0| SHAE [rpm] B HWIFUAEQIR HMHES A% (0.2) e R
© VIS ERI A4 o = QHE R TSI DE0f WAL= X} EQ 0| HFX|Qt A EQT 0| Ci5HH|ES L3t}
© S HS Al p= QUHEIRL ZE{E ot B LUchE S QA0 Bt YA EQI0 St HIES RSt
. QRASH A AME ABHA T o= 3, Ty v 27 7t 8= 240] ZLt
A 2 ZF H=10] 4O J}ZEA A|7F M A
[2° Z-II:I Eﬂﬂ-rol'._ 'I'7I'EI—|AI|_ EO] t) 1 7FEA|ZE [S]
tg 1 HEAR[S]
2 2 °
(> GD? X Ny ) [ > GD* X Npax ) Nina: 2E1 2132 3|74 [rpm]
375 X Taamin 375 X Tapmin Tanmin * 26 214 7t £23 [kgf-m]
Taomin - 2E 24 24 EQF [kgf-m]
x DE{O| 7124 A|ZH2 DE{o| HHM EQ JQt B5t EQ T, 2|1 B5te| 2 BHIE (GD2) 0| et ZA St
TILAZ HE X5 7|S0|Lt AEHIR| 7|50| E25H= Z20]|= A|ZHO| 27@ Qo0 R 7124 AlZHS ZA| MYsit
74 AZHE A SHL A S e R0l B2 HISA S (DBAE) S EAU EQT BAE ¢S IA HHSI=A!, (UR IAISHH AlSA0f A Z 2 15]
AT EO| 2le = UZ) AUHEI| 8BS I HYSHH 71S3ILt. 0] 0| =AM HESH 2A HEVHR QS0



V3xVy,
V.t line-line Voltage

[BHest R 7|R]  150%, 1%

[ 255t E4 ]

Low Overload (Normal Duty)
Qtok A& M2 (1) 2 110%0 shEst= M
53lE Duty Cycle SQte| 23 MR = AL
High Overload (Heavy Duty)
Dok A4 M F (1) 2l 150%0]l shot= M Z7H0| 102 2HHo 2 125U SE F2R, UHA 92 &
31 Duty Cycle S2t2| &3 U J= A4 A7 (1) 2 0140] E|0{A= QFEICY.

I 1

FtOH 102 A2 12 SA SE F?, UHA 9= &
2] =

b
15 (1) 2 0140 |01

I*110% I *110%

k x P,[kW] O.L
Py [kVA] = X —— X
1 CoSQ 1.5

k IRYE ofet E¥AIL (1.05~1.1) O.L :¥E7| 475
cos ¢ : HE7| HE (45 7|1 0.80) 1.5 I°|H151 r%ﬁ
n W57 &S (43 71Z0.85) Ko 20 2 A

BEHEE =5 2&4pole | 6pole 8 pole

YEQ3 B5} 1 1.3 1.6

25 Mz 75t 1 1.15 1.3

oF o1

Li*150%

Th*150%

i1 min' 9 min

{1 min;

9 min

( Low Overload )

{ High Overload )

F()2l2F98% o|5te| &7t E2{0F 22 2fn|.

A&7 (142l °F 92% ofste| 177t E2{0F &S 2|0].
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6. Connection Diagram & Configurations)

[ Single Dirve ]

NFB ACL

OltHE]

s & 5
#K ACCT
.M
PLG
DBR
! K| &|
I
Gating-Part(with DBR) '~ 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

(OPTION)

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

2. Differential Type
DBR 3. Line-Drive Type

Common

(Prog )

Serial Comm.(RS232C)

(OPTION)
DDC Comm. (HDLC/FIP)

Host Computer

DC-charge
Magnetic Contactor



0. A=

[ Common DC bus Dirve ]

ACCT

Gating-Part

Pty

Sensing-Part }7

VECTROL-3000

ACCT

ZiHE] OItHE]
OItHE]
OItHE]
DS Fuse
—OTO
T~
P
——o— o—{—}
Common
Converter ‘
1. Diode+DBR
2. Dual Thyristor
3. IGBT PWM oS Fuse
[
N
T~
—o—o{—}

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



—-O
2IHE|Q| YA MR US7(2| ¥4 WRECHIA MUY
-C

iy 2 Iy (- UHE AYE, |y - 8S7| HHR)

>

|
L
i
P—
&
I
w‘
X
S
=
X
<
IA
op)
=
<
&
re
T
m
_|
o
—t
o
e
i
rx
In
—
El

=TT

Fofl o8t HYA(1.05~1.1), nT: US| =, |y : MS7| ZHAUTF)
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10. 212}

| 8. e 82 MY )
QHtA © 2 Z1HE{= Common DC bus Drivet|AM 34 AC @124 -2 Common DCHYC Z HEI517| QJsH AFR
[ AFEE A5t Common DC bus Dirve ] [ NFEE At23F Common DC bus Dirve ]

- HlSH0| 2k Zash X0 ALE - HlSH0| 7S 2 ast X0 AL

3

AFE
QrEEE

T ‘
» 9y »

- W!!

% Common DC bus Drive & 2 [ Front End H|Z
- Common DC bus #4022, E2l0|E9| ¥

7[E=0| ofst 2A=I= Front End
SJH0HA|E CHE 2B E210| 20| 2 ¥A o= M
_ Common DC bus Drive A|AHIS Clofst T2E dIE D52 72T AFE(Active Front End) | NFE(Non-regenerative Front End)
Corst 24713 LEYIA U Eato|=rt ARSI T2AA 2l oA hg | 71E IGBT Thyristor
- Z/Z{3}E E210|2 A AR T4 EXHH|S 2|45} s ek Hl 214
BEF S HLAZIS UIEYTR SIAIZ At L7 HISS BT £ Urk. |29 R0 3.6kHz Line X0}
- Z|A3tE B CAIRI2 714 Q1 AR|L|0j™ M2 L 7HH| R S HS Sl DC 4 1.35x 1.1 xUs 1.35xUs
UUHOZ SUS 2 =+ UL THDi (5% 6pulse: (30%, 12pulse: {12%
Filter E+ LCL L
Pre-charging e s Ligz=st
By 7y g ks 7hs
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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

Ef REY 22 Zt4 (Derating) 2 2k 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

o)
cosa =ZAHE{ HE, nrect =7HEI &8 _ _ —
o ] ]
PDC = 2Pmotor X (1 / 0,9) - 2Pgen x 0,9
Poc = ZIHE{OlIA 3t DC 23, ) I A
Pmotor = Motoring Power, Pgen = Generating Power ;2

antOl’
Poc = ZIHE{OIN 2SI DC 231, P, = B2, n, .. = 2E &8

In = ZAHE 238 =22 MF I,

X X

Hfiter  Minu

=o

Nnu < IHE &8

Us = = 4 [V] |

(example)

® 22 AC HE A4t
lac = Ppc/ (V3 x Ug X COS@ X Nyect)
Nrect - AHEI B8, cosa : AHE] HE, Us : SSHY

® Ipc = 394kW / (V3 x 400V x 0.99 x 98%) = 586A
ZAHE] 58 : 98%, ZAHE| (AFE) %€ : 0.99
A 1 400V

@ 22 DC 23 A& (Ppc=Pout / Niny)
Ny QIHE 58

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

@ QHE A9 3 A4 (Pyyi=Prmot / Nsirt)
nee HEIEE

® Py =378kW / 98% = 386kW

=T BE:198%

@ EE“I —+—-9‘- -g-EO—F 7:”IA_I- (Pmotzpshaft / nmot)
Nmot - ZEI B E

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

® BE 22 2 52 2 (Py)

@® Pshaft=355kW
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- YHt O 2 BIQtY|0| 82 QIH{E| 70| /2 Hlf 0| Af0| HLSiCt
- Y| 8 = QIHE| 23 / (UHE YA HE x AHE &E) [kVA]
- QIHE| 23 : 28 DE{o| 8 & [kW] - QIHHE{ HE: 0.6~0.8(ReactorglS A<2), 0.8~0.85(Reactor U2 H2) - QIHE{ E8:0.95
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- D2 4| Y oE T — ;
- HAYBHAUL IIF) 2~5% O 4% (BY3%) | noReacTOR
L[ = 2P E A b PSR 8) (Ih/11)%

V3 x2zxfx AAAT 06y (/D% 48

FAE =1 31.48

4) Y= FUSE
- QIB{E] 5 7|F (EHY, SR

- QIHHE| HHM 2| 200% 0|4 (2|2 180%)

o 1 -TT
- QUHE] M3 FUA| FUSE &2 2l 29[ (27] SUA| SYUAUF F2|)

- FUSEQ] 12tE Diode® L} ZH| MZAA| Diode £3 7+s (Fuse 12t { Diode I2t)

5) 28 M/C
- 221 23| OffAl A2 (HI4 20I)
- BE| M2 50| 150%, Tmin 0|4 82 47 (25t 22))

O 1 =TT

- QHE] S0 On, QHE YR|Z0| Off7t E| =5 149

Al22|0]/4 Data 24

5 7

79.48(%) | 64.1(%)  28.2(%)

) 24(%) 8(%)
% 40.1% 20.2%

9
17.9(%)

5.33(%)
12.57%

1"
2.5(%)
2.66(%)
-0.16%

13
5.12(%)
2.13(%)

2.99%

THID
83.38%
42.03%
41.35%

6) 4 2|HE

- DB 2P AH| (dv/dt 2A]) L[H] = AW E] =2 7 o SHd SR - 8)

- HUZUSHAHLY 7|&) 2~4% O|LH M (B4 2%) V3x27xfx A AAF

- B|HE] A20) Fol& 7 (22 M5 Ripple: 12{510] HZHAME ZH)

X 2% 2 %Elo] 23
QIHE] AQ2IA| BHAlIGH= W2 2 ASE (dv/dt) 2 QI5H, 0| £0] Voltage refelctionS 0F7|5+0] £3 22 Motor terminaZ0iA A2l 28l 7H&| 27t & 4
-2 2|UE = QHEH 23 MY AT ASu 2 H0| 0|2 Stressg £0|l= S22 AHEEICt

ESHHO HRE S0|7LE 52 A2 £=0f| 2|5f Cable E5 YHUSH=Z G| EMI RS =Y 4 ULt
AA| AHE23HOF Stz 7He 2E{Q| H A ATt QACE Dok RE{O| HAO| LFALES OHF 612 RSHCHH 2E £H2 AOH 20|t



10, 2 1=

7) 3|44l A& (DBR) 8% M4
- S|Me B E U mf LhSH= SIMO||LRIE FRM ATAIY DCE = 7| A] = & v/2
- NH2E82 10%, 30%, 60%ED BEZE HE (AH|oj| w2t Ct27| 4 K) Roe = 5 STP, x A EEQ FA%T,
-H=SERF 150% 0|4 7| (BE) O =2 Aatgr 4 (YHAHO 2 110~130%)
OAE ERQA T, [Nm] 4=

(I +3)x (N, =N,) Jy : Motor 24 BHIE [kg-m?] J, : Motor 22| 2t BHE [kg-m?] N;:Z& HAIEE [rpm] N, : &4 &2 4% [rpm]
9.55xt, T, : 85t torque [N-m] t: ZEAI2 [sec]

T; =

O A= 37| 82 M=
- Sl HSAl0l= EE1 LSS &4 F 2 20%7t A& EQIRA 28302, 0| 124510 A& A&zt ROB[Q] S AHESICt.
R _ 4 V i ARFE HY([V] (200VE: 300V, 400VE : 760V)
o8 0.1047><(TB —0.2TM)>< N, Tg: A& Torque [N-m] Ty, :Motor Torque [N°-m] N; : 2% 7HAl £& [rpm]

- (Tg-0.2T\y) (0 O|H A5 A7 |E &2l o7} GiCt.
- A& A7 | S AR TR = WA S| 20= HS AR 518 MF I [A]7F 822 38 A
[M2tM |20 AFR R 4= U= HS HE712] ZIAZ Ryn=Vc/lc [Q] O] |0, A2%|= AlesAE
O HSAle| Ha AH|MY Py, [kW] M2
)wxm*[km

7t Lt
Re= Ruin<Re<Rog? 2 210H| 2f5l ZY=ICt.

00||
00|| :"U

P.o =0.1047 x(T, —0.2T,,
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O HISAHE7| HHHY P [kW] 42 sl gggo-un s
-yt Z40| Qoo Mzt HIS A3 (9] 7 20| ZatRIct, w e
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10. QIHE| EHCHEE

2E SR 22 AAAe 74 L A3 H[E Hl X

1.48H Hmst .

Output | gpupaery | BUHEEHTOR | TR0 o | 22IMEMSI TR 2SR 2l 370 B 2V
Reactor | = "= = | QutAb ofx U 90{ QK E17t HHE
318 Y42 X2H|] 27}
1.74 ZHEH O ¥ Cost 2
iz RC 2.91HE] R0t DRSIA| ALRTHS
— = = = =
RC | oz | FHEABEOIOE | SR ony | 3RUSSARIE SR
Terminator | S TS5 | oAt 74 TR ETI VS ST | 4 M aA] Rt HEY| QT M) Zats AT e

A0 A

6. 28| AHE A= MHLEL0| 24| 2

(B e — )

= 1.4%|7} 80| & 2IHE] 1L 2 Ct4:0| HE 7| A {2
2ME | CorLCR 22|71 80| &QUHE] TTHEZ Ch2| | | 72

Z{OFAFAE 2 ZHO CHE2E Q1A S a|OHE] MR H|R AbA
du/dtFilter | oljeizant | SEESEAMEER | S o ey gaygy | SHSTETSEEAREE LSS
HOIHHAF o4 o 471012 ZI0[0j| Itfa} A A4S HHoist Mzt =
5.LCR2| 4 48250 OIH{E{O A HZIAA S S,

L | E2HQHS 2B} A0fEHO 2 HIAN} 2Ql0] 70| ge
. =042{0FS. ST S 24 ZLIFRF HIAH Of =q17L=
Sine-wave | oueizen | BERRE AR | TEEILE | 2 aixingzon Ev) 2l oo Bt

Filter 30| ZQLHEA} A i 3.E.03 SEHH0| oI & CHRE ALE A|2H|2 27}

47HH 2HAM SUURO GYOZ QIHEH EF S/t ER
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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]

- Tl It A| S BHAO| W 7|7} It 22+ BRI UEE
2 1ty

- A9| M[3H= B2 ZHI W2S 913t Air Cooler 1% 2E

- 2HA| B 0| SHUFO 2 B EIA) UES I3 HH 7

B AHS A& (DBR) 2| THd Hij x|

- Drive®} DBRZt Cable2 L& Cable & (A1H Cable X)
- DBR Box Z|CH &0|=400mm O|L{ 2 HtY

- Drive BHal 42 HIZ|A| 10 2[4 ZZF200mm 0|4 &HE
- DBR Box= ZH[H2|E /5104 SHA| 7 0[5t 22 HA|

- DBRAIRE2 Drive BHS 7|02 X

- DBR2 & 4|0|2 2 DBR Box =i 24|

- DBR 3232 ££&A| Main Power Off Sequence 2t

El
o8

W T LR 3AF

r

- 4ZH=2 Power FlowE [}2} B 2|

- Drive &,&2 Power CableZt 2 7{2| 0|4

- Power®} Signal M 22

- Commercial Power 1&E2 Z|F 37t A
- Drive C}4= ZH2EA| Section &2 7+s 5H=2 HiZ|

- Brake & 7§ 20]l= Maintenance& Select Switch Ht¥
- Bus-bar Bt7t < (4 2440| 0[5 L2

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

- Panel 4% A= L A 0] LS 4= 7HSSE R

- Z,5MH Door tRo| AR

RS U LR HYZS MR B

o Ty

A

O -
- Power A& HAE2 ZH Hz|
- AS AZAZIE0| Qe &

—_— O -



10. 21 %t=

13, ) Arrangément & 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 |

"F13 Frame w8 744 & Incomilng Panel =& &
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1. 22 33Ul cHERE| S 7| SAI7|H 2 90| 2215 AHE|TH FAISH B2 =0 A2 FAYLIN?
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22 HUT|0f WA E QBENS CHEHOI HRABHEZHY) Ei £A| HHO| LAEH 55 7]50| SABH ZO|C,

2. QIHE] U Y MR E S UCIL Y MR ZA QA O SYOE Z2 2RI SE0 JFLCH AU 2 A2 RAULIIN?

= QIBE|S 34 MU Q21 WOl ZAH{EIROIA 215 HAOT HESH=, Brof 34 Fet0| 22| 941 Eazamﬂ QIHE| S44 Ol SO R METt 5E4 9Lt
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el
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2|2t MR ofsf A E 4 UCk

5. QIHE{ 9| "7I% M (EUUT AAMZ ) 0] 2& E[RASLCE A0 FAULIMN?
7| EYSHE 2HMZ S HR7HEHS0 7H=H| 0] 2 MFE A5 | et 20| 27|S4AS QIH| QIHE{ 2| = M3
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7S SYoll 24 ME Ct2A| LhgU ). 210] FAYULI?
E{Q| YHAE|= BHH, SHZO| MY FOp0f| H|Z|5H 7HHE| D %3I FOIEY0| ME ERI HYO =2 Q5 23 UR= ASHe=
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1. QIHE & 7kE517| 2 5HH PLC, MM St 22 5 717|50| 32} &Lt 22 L T2 £
= QIH{E|S HEIZ 25 100009 014 T4 AQI3 SH MBS FX0|D2 AHHOR 10|27} LABITE. 0] 10|27} 012 2 SalA 8 717]0) F&S ZCh.
C#10 212 Of2 2127} SIS 32 LSS @o/3) SRt QU(E| Yl HEEHRST.UVW) St HO| 2 30cm Ofg Eelsh ISt (212 10amol) 1l
BB SHs PP Th53 A0 R HMGHD TR A AT YAZ HYUS T HUT|S ALSST THT|7 |9 HE WS B3I,
: lbfe| 12401 21| A3/of 2 ECh, TAI QIElS} 0171 22 A (23 or 35)E SHe 8 BT, OlolH 942 22 AMEIR! B TA Bk
HOf B2 HEMS ALZ5HD Hl0] EEARR] CommonOILt E EHAI02t HES #121 5HE2 SiCk, STt ULk 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) AHSSHS 24t k0| X TEHS AFBSHE HE B 0| 2 4 UC
2. 2|50 ZA1E AIS A 0| &£ | UFLICE. AU FAULII?
= HISA30] EfZACHE 242 0121 01R7} QA2 QIME| S0 UA| O HISAHES UL MSHEI0| TS Tt EIAS 20| e 4 ULt 3t 20| 2251E
HIBSIH 4P EIT SO OfSt MSAT WHR A H 4 QUCL 0J2f3 ZPE HSAT| Y2S T3t QeI 8 S £ BRI} ICL
3. AHEE SA5HH 210 22| E ELB(FH2HH7]) 7t 2 32 FL CE A2 Lt o = 2o00] AFLII?
= QIH{E(Q] YEBMZH & THAIZH B O] ZAf510] 22 BE| R 0] 0| YHBUE RS HHRIE SECL AHBHL HISH UBEIY] B FHURE DRI}
0| B0| EFEI0] QU=H, 52 FIATHO| HAIZH-BHRIHEHAET |0 52 HRE HO| L HAET |7 SHFIC, A9/ FIk4 (Carrier Frequency) 7H T, EA1Z0[7}
23, B FHBYO| IR 242 LNURE T2 EC MO RE DAL} surge FHNED|S ALG ES UE HES &7 HYSICH E3t DEN) HE HAMNS HA
S1T QIBEI] AQIY FU4E HEH LT} AAFIC,
4. QIHE 2 RE| & 2U5=H| 20| ALt £Z8 0] ASL7F?
= 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 ZS WHSHS 20|02 R5HE HAGHD, HAH US| (S A9IY FU4ES 50] AR THS OYE 541 QHE SAZY
IS AA(FIT,
5. QIHE|S ALE5IH RE{S0| 25 0| A5ICEa 5H=H| O EELI7?
= QIH{E(Q| 32 IfBS A WY U2 A HE| HR0|D2 0| HE IFHS BHEE AQIY FIi42 01510] BE{O] WA AS0| LHBICY,
A20| MBHS A9 F0i4+B QIHET} 5B5H HIILIOIA SITAN S7HA17 AZ0| QHYEE NS SHBITE T, AHEN AU 24 5712 QI3 2ENBY) O3
HA22S U2 ROI02 A3 FO4B 2 M= AHEIA 585K Q| Y 22 WEINY, 0| X ThY 5 0f2{7}2] T2fE Af3o| YL,
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W 7|Ef EAH

BE(HE) REE QHE|Z 1 S5IH 2 450| ACta 5h=0| Yot = QiL|7f?

s QIH{E{ Q) %EJH@% A2 210] HISH THA S0 Litth 22 24-50] et FobS 2=t E, AHL0|M = 2oy 2|st ' H2t 51171 H0{A 60Hz0M = H4 EQIR
A& AR = UA|T LEZUAME10% 2L, 1/35E0M= 20% H45E EQIR A4 2 H It UL

2. 50|27} LHAE HE REE QIHE| 2 15 I og M2 FAYLIIN?
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3. Y& B E QIHE| 2 25 =0| RE{e| ZHO| ot &|YSL|Ct. J°J0I AYLn?
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200VAIEOIM = A7t E|R] A2 A00VAIEOIA = O] MR RS2 Qlsl EE1 o| HHo| It IE'*°'Er
400VAH S0l M= ZEHE 215 20| X440 = 620V0| 1L MA|HUL 620%2=1200V7 £|2 2 HERE| HAL{24Ql 850 ~ 1000VE o0z DE{ ZH0| mfu|EiCt,
CHMO 2 2572 HAULH S SHAIF| AL QIHE] SHTH0|| S 2| UELE MA[AH| TEIE M2 I6HA1 MA| LS A SH=F SHCt.

4. QIH{E{0| $HE o| H=YUL|7}?

w HEFHA, HZTnt 22 AR ES 7| M0 2 A5t S4%H £ HS0| [HE F2|ot RS |5t st 22| & (R, &5, HA|)S FAI510{ £H 103 0]429]
FHS 7|0 = At

|
w P2 ZAMA L20|E UM E Of 5, 22 oF 3, §2= 1014, J2|1 22|0[etE0O|H S2 dH = 2E St=F Sirt
Jd2Lt ARSEHE (o2, S32U) I A E (F5HE, UYAZHAIZH O tiekA] 0] gt iA 47t HaHE 4 Tt

= 2T HAS YIS BHe B2
= 29 (MY, FOH4, THEe )2

w AT, SH0| B2 200 Z2=0f2 F

o OFR, B, AR, Q8144 50| Q3H7HA, QUL So| SHUIM AHRSH: B2
o AFB HZAEO| LIWALL 7|7t HEE B9
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Diode + Six Pack
(1T0A~75A)

c2

e <€ - -
J .: _I _I o A E 3] E2 E3
o 5 L External connection
Dual Module Dual Module Dual Module Dual Module Single Module
(75A~150A) (150A~400A) (150A~400A) (400A~2400A) (2480A~3600A)
— || o |[ o [[uir 73 e
el |[o] e —
= g _ '
) ©
] M o J
| - 7 7
1 02 - 3 02
3
Z IGBT Chopper
(GB) (GAL)
DIODE 22t 23| IGBT {3 243|
DIODE gt =3=| TEST H2t (+)—(-) | AY=I(V) TEST 22} (+)—(-) A3tz (0)
TEST ShaF [_)__(_'_] 11?':54[9) Z.;I%l'il {V) 1 R(S, ) —P3 0.3V0|4t 1 Gate@® — Emitter®@ 200K0|4+
] PO~RGTI® | 50K0I4 | 0.3vols 2 N@—R(S,T)® 0.3VO[4f 2 Emitter @ — Gate 200K0|4¢
e e 3| PO-RGTD® | V() ol 3 Gate— Collector MOl
2 | REN®~PO | S0KOIE |IV(=) 08| T Rsna~Na | Wi=oa | |4 Tl G MO
3 | N@—=R(ST)® | 50K0IY |1V() Ol 5 P@—N@ 0.6VO[4 5 Collector — Emitter 100K0I&
4 | RSTI©—NG | 50K014 | 0.3vold 6 N@— PE 1V (e0) 04+ 6 Emitter — Collector S0KOIA+
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C 16. PosDrive 74 2! 0|3} )

M PosDrive Line-up

| Model | 8% [ mype | P83 | 8 wovasd

NXP AC/AC(Diode/IGBT) OIH{ Ef Unit IP21/54* 1.1kW(FR4)~160KW(FR9)
_ (Wall-Mounted)  J{ JU JU Pk )
f N & d \( (" 200kW(FR10)~1200kW(FR14) R
NXP , S . FR10~11(x1), FR12(FR10 x2),
(Drive Module) AC/AC(Thy'/IGBT) 2IH{E] Unit IPOO FR13(NFEx2~3 & FI13x1),
pIS P e )\ FRI4(NFEX4 & FI13x2) P
aVa N N Y
~ . 114,138 175KW(FI9), 259, 309kW(FI10),
- M i i I r
J| AFE THEEIE) | AERL] - | 773, 874kW(FI13), Max 482 g
NFE ZAH{E{ (H|2]¥) Unit 410kW(FI9), Max 6 &
o A = < /
— . FRA-S 1.5kW(FR4)~75kW(FRS)
]| 'Nu 2EHPe/Ag JU M L ap21/5a%) | L90KW(FIS)~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
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‘ Module
. Common DC bus Drive Produ

1 ‘.?
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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



ev ()

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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PosDrive NXP EMC

HE FHAH ¢
C (Category C1) O
H (Category C2) R R R O O
L (Category C3) R R
T (Category C4) R(T) R(IT)

O :Option, R : Requirement
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(17, 47| A

o2

T2 MM (H2Z) )

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



