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Agenda
LV and MV Drives 101

What is a VFD?
- Goals

= Motors

- Method

Line Side Requirements
- Harmonics

- Power Factor
- Ground Configurations

Motor Side Challenges
- NEMA MG-1

- Topologies

- Reflected Waves

Drive Protection
« PQ Events

- Over-Voltage

= Over-Current



This is a Non-Drive System

Fixed Freq Fixed Freq Fixed Speed

Transformer Switch AC Motor Load

Line Side: Sinusoidal Voltage Motor Side: Sinusoidal Current
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This is a Drive System

Transformer AC Drive AC Motor Load

Line Side: Current Pulses Motor Side: Voltage Pulses
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Why are AC drives used?

ABD



Why Use a VFD?

Large Operating Speed and Torgue Area
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Why Use a VFD?

Power Savings = Cost Savings with Fans and Pumps

0.5 to 1.5 year payback !
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Why Use a VFD?

Adjustable speed to Optimize Process

Reduce production losses

ABD



Why Use a VFD?

Elimination of 6x Inrush Current for Soft Starting

DOL Start VED Start
900.0 900.00
800.0 == 800.00
700.0 \ 700.00
600.0 \ 600.00
500.0 \ 500.00
400.0 | line 400.00 ——lline
300.0 300.00
200.0 200.00
100.0 100.00 —
0.0 : : : . 0.00 / : : : .
0 5 10 15 20 0 5 10 15 20
Line Current, A vs Time, s Line Current, A vs Time, s

Can have multiple starts per hour!



Why Use a VFD?

Greater Starting Torque
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Why Use a VFD?

Operate at or close to Unity PF throughout Load Range
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Why Use a VFD?

Adjustable Torque Limit to prevent damage to equipment

No mechanical jerk, smooth acceleration

rrrrrr




What is LV and MV?
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What is LV and MV?
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What is LV and MV?
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How do you change the
speed of an AC motor?

ABD



How do you change motor speed?
Motor construction

(a)

S

AlD
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How do you change motor speed?

Motor equations

] lnput

« Sin = FLA X kV x /3 [KVA]

* Sin = Pin/PFy [KVA]
» Py, = Sin X PFyy [KW]
* Py = out/nM [kW]
« Losses
* Ploss = Pin — Pour
» Efficiency
* My = Pour/Pin
- Speed (synchronous)
n=120x f /p [rpm]

FLA = Full load amps
PF,, = Motor power factor

nu = Motor efficiency

f = Frequency, Hz
p = Number of poles (2,4.6, ...)

ABD



How do you make variable
frequency AC?

ABD



AC Drive Classifications

*used in MV drives
Adjustable Speed Drive (ASD)
I

I I
AIC O DC

I I
Line Frequency Variable Frequency (VFD)

Variable Voltage |

*Soft Wound Rotor Inveirter Cycloconverter ©)
Starter Slip Recovery I I
Self Commutated *Load Commutated ©)
| (LCI)
I |
Voltage Source Current Source
VSI C;SI
I | I
Pulse Width Square Wave * Pulse Width ‘ Square Wave
Modulated 6 Step Modulated 6 Step
PWM PWM

| I |
2 Level @ *3 Level® *5.Level O *Cascade ©
Suly 24, 5614 Slide 21 v



General Block Diagram of a Basic AC Drive

AC Grid

Rectifier DC Filter Inverter

AC Drive

1010\ OV



Basic AC Drive Topology

6-Pulse
AC Drive
I I
5 A Zg 2& L _K} —K} 5
So0—4 o %
20 ¢ ofe!
—1 0 ¢ @)
2 = 5
AR 44} 4@ :
Rectifier DC Inverter
AC to DC Bus DC to AC
Filter
Fixed AC Voltage Fixed DC Voltage Adjustable AC Voltage

Fixed AC Frequency Adjustable AC Frequency
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An ldeal Supply Voltage

277Vac [ 2400Vac line-to-neutral




Common Power Quality Problems

- Too High

- Switching in PF caps

- DC drive transients

« Switching off inductive loads
- Too Low

= Voltage sags

- Voltage notches

- Voltage flat-topping

« Nothing’s There

- Voltage interruptions



What have we seen?

658 GRAPHICAL & HARMONIC ANALYSIS
LAFARGE
Event Number 11 Chanmel ABC

(c)1988-1994 Dranetz Technologies, Inc.

Setup 14

11/83/99 89:28:13.54

AY

EV

Hor. 2588 ps/div.

27

Vert. 2088 Volts/div.

ABD



Transfer Switch

658 GRAPHICAL & HARMOMIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
FIELDCREST COLUMBUS
Event Number 188 Chammel A setup 14 1172298 A3:54:36.98

.............................................................................

Horizontal 18 milliseconds division UVertical 208 Volts~division
Urms: Prev=543.Z, Min=548.7, Max=578.4 - Uorst Imp= 611 Vpk, 324 deg

FAIDID
28



Voltage Modulation — AFE w/ Blown Fuse

658 GRAPHICAL & HARMONIC ANALYSIS  (c)1988-1994 Dranetz Techwologies, Inc.
KC
Event Number 3 _ Chammel ABCD  Setup 1 09,27,00 16:36:53.72

_____ _________ _________ _______ ; _::::é::::::::::::_:_mf\m;
5 o ....... T
| |

' '_::: lI’MM.

Hor. 2500 psrdiv. Uert 200 Uultzxdlu

ABD



Example of Load with Ground Fault

30

658 GRAPHICAL & HARMONIC ANALYSIS
SCOT

(c)1988-1994 Dranetz Technologies, Inc.

Event Humber 211

Chammel ABCD setup 14

A4-12/01 18:21:22.93

Hor. 25 m=sdiv.

Vert. ZHA Uolt=s div.

ABD



Ungrounded Supply

31

658 GRAPHICAL & HARMONIC ANALYSIS  (c)1988-1994 Dranetz Technologies, Inc.

SCOT

Event Number 231

Chaimel ABCD Setup 14 H4-12-H1 18:21:23.78

Hor. 25 m=sdiw.

658 GRAPHICAL & HARMONIC ANALYSIS  (c)1988-1994 Dranetz Technologies, Inc.
SCOT

Event Number 265 Chanmel ABCD Setup 14 A4/13/61 #8:22:87.96

Hor. 25 ms/div. Uert. 288 Volts/div.

MDD



Example of Load with Ground Fault

b58 GRAPHICAL & HARMOWIC AWALYSIS  (c)1988-1994 Dranetz Technologies,Inc.

CATERPILLAR AURARA
Event Humber 5 Chammel ABCD  Setup 16

H1-26-84 18:43:58.13

A

BN

h‘..i[ll

)

Hor. S5 msAdiv.

32

Uert. 288 Uolts-div.

ABD



PF Cap Insertion

658 GRAPHICAL & HARMOWIC AHALYSIS  (c)1988-1994 Dranetz Technwologies,Inc.
ITHERYS
Event Hunher T Qhannel AB D Setup 1. 11£EE{EE 11:1?:55.91

Hor. 5 mnsAdiv. Uert. 5HH Amps-div. Uert. 5HH Uolts-div.

. ABD



PF Cap Insertion

658 GRAPHICAL & HARMONIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
MEQUON RTU 6
Event Number 16 Chanmel B Setup 2 B83/62/008 A7:24:55.88

Horizontal 5 milliseconds/division Vertical 288 Volts/division
Urms: Prev=466.3, Min=458.8, Max=488.8 - Worst Imp= -685 Upk, 188 deg

. ABD




Severe Distortion

658 GRAPHICAL & HARMOMIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
NOKOMIS PUMPING STATION
Event Number 29 Chammel B setup 2 11717799 H6:28:13.97

Horizontal 5 milliseconds division UVertical 208 Volts~division
Urms: Prev=482.3, Min=492.5, Max=499.7 - Worst Imp= -1387 Vpk, 78 deg

FAIDID
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Line-Notching from DC Drive

L8 CRAFHICAL & HARMOMIC NNALYEIE  (c)19889-19094 Dranctz Technologics, Ine.

Event Munber 9 Chamael ABC Setup 1 B2 69 14:45:33.79

Hus. 2368 pxAdie, Verl . Z08 Woll=<div.

. ABD



Voltage Transients — Inductive Load Switching?

658 GRAPHICAL & HARMOMIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
A.BUSH HSTHN 64 FULL CAN TWO 1385 VLL
Event Number 8 Chammel A setup 14 1182798 12:22:38.35

Horizontal 188 milliseconds/division Uertical 5HH Voltssdivision
Urms: Prev=463.2Z, Min=461.2, Max=465.1 - Worst Imp= -2213 Vpk, 111 deg

FAIDID
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Single Notch

658 GRAPHICAL & HARMONIC AMALYSIS (c11988-1994 Dranetz Technologies, Inc.
DRANETZ 658 Pouwer Quality Analyzer
Event Number 14 Chammel ABCD setup 5 A1-/88-81 A5:12:23.28

Hor. 5 mssdiv. Uert. ZB Ampssdiv. Vert. ZB0 Volts div.

. ABD



Voltage Sag

658 GRAPHICAL & HARMOMIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
TUCSOM RECLAIM JOCKEY PUMP
Event Number Z66 Chammel A setup 14 A2/24-98 13:27V:39.32

Hﬁfiiﬁﬁf&i'jﬁlﬁiiiiééﬁﬁﬁﬁgfﬁiﬁigiﬁﬁ .......................................
Urms: Prev=492.3, Min=318.6, Max=485.3 - Uorst Imp= 8 Upk, A deyg

FAIDID
39




Voltage Interruption

658 GRAPHICAL & HARMOMIC ANALYSIS (c)1988-1994 Dranetz Technologies, Inc.
FIELDCREST COLUMBUS
Event Number 22 Chammel A setup 14 11268798 H6:46:43.51

NN NN NN

.........................................

.....................

Horizontal £25 milliseconds division UVertical 208 Volts~division
Urms: Prev=45Z.2, Min=431.7, Max=453.8 - Uorst Imp= 8 Upk, A deyg

FAIDID
40



Analysis Rules-of-Thumb

- Rule #1 = measurements and plots

- Don’t rely on meter measurements alone

= Obtain waveform plots in addition to measurements
- Rule #2 = each phase to everything else

- Take Voltage measurements and plots each line-to-
line

- Take Voltage measurements and plots each line-to-
neutral

- Take Voltage measurements and plots neutral-to-
ground

- Take Current measurements and plots in each line
and neutral

= Not just line-to-ground and not just line-to-line: BOTH

AL ID D
n rRmpmw



General Block Diagram of an Industrial AC Drive

>
o @
O <
Q =]
< S
Input Rectifier DC Filter Inverter Output
Filter Filter

Industrial AC Drive

ABD



What's Unique to High Power Drives?

- Higher Power
- Usually major part of operation at a plant
- Reliability is critical
= More internal monitoring
- Greater protective features
- Line side

- Transformer is expensive

= Protection is critical

= Line harmonics can be significant

= Motor side

= Motor is expensive
= Protection is critical

- Reflected Waves

© ABB Inc.
July 24,2014 | Slide 43



Line Side Requirements

= Harmonics
= Power Factor

- Grounding Configuration



What are Harmonics?

A sinusoidal waveform has no harmonics

/
/

/
\/

This is an example of a linear load




What are Harmonics?

A non-sinusoidal waveform contains harmonics

2\

My Y
/ |

\
\/

This Is considered a non-linear load
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Root Cause of Problems with Other Equipment

Current Harmonics

create

Voltage Distortion




Flat-Topping the Voltage

658 GRAPHICAL & HARMONIC ANALYSIS  (c)1988-1994 Dranetz Techwologies, Inc.
DRANETZ 658 Power Quality fAnalyzer
Event Number 1 Chammel BCD  Setup 14 H6/11/98 11:18:15.86

Horizontal Z588 microseconds/division Uertical 288 Volts/division
Urns: Prev=0.868, Min-46B.W, Max=46B.8 - Worst Imp= B Upk, 8 deg

ABD
49



What are the IEEE 519-1992 standards?

50

Harmonic Voltage Limits

Table 10.2

Low-Voltage Systems

Application

Maximum THD (%)

Special Applications - hospitals and airports
General System
Dedicated System - exclusively converter load

3.0%
5.0%

10.0%

Current distortion Limits for General Distribution Systems (120V through 69,000V)
Maximum Harmonic Current Distortion in Percent of lload

Isc/lload <11 11<=h<17 | 17<=h<23 | 23<=h<35| 35<=h TDD (%)
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0
Even harmonics are limited to 25% of the odd harmonic limits above

Table 10.3

Isc=maximum short circuit current at PCC

lload=maximum demand load current (fundamental frequency component) at PCC




What are the IEEE 519-1992 standards?

© ABB In

Harmonic Voltage Limits

Table 11.1

Medium-Voltage Systems (<69kV)

\Voltage Distortion

Maximum THD (%)

Individual Harmonic Distortion

3.0%

Total Harmonic Distortion

5.0%

Current distortion Limits for General Distribution Systems (120V through 69,000V)
Maximum Harmonic Current Distortion in Percent of lload
Isc/lload <11 11<=h<17 | 17<=h<23 | 23<=h<35| 35<=h TDD (%)
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above
Table 10.3
Isc=maximum short circuit current at PCC

lload=maximum demand load current (fundamental frequency component) at PCC

July 24,2014 | Slide 51



Where is the PCC?
ANAAAL 2500 kvA
~YY¥" 8%
P 1
For an Harmonic Study: . -
Need to calculate and wj_u 500 KVA
measure the voltage and Y O
current magnitudes and NEET
distortion at each of the 6 %fv 1
locations (PCCs) noted. I) - C‘; -
Need to know types of 0 7 G
loads, max loads and foft
Impedances. 55
Need to know if there are P-Po

back-up generators, too. |7|




Basic AC Drive Topology
6-Pulse Rectiflier

AC Drive

EE I\

O O

AC Line Input
o oNe

AR f 4&*

al

Rectifier DC Inverter
AC to DC Bus DC to AC
Filter

IndinQ Jo1o0N OV



Line Current Harmonic Mitigation Methods

6-Pulse (120°/2 = 60°)

D—

i

Basic Converter

|

T

D—

i

DC Link Chokes

I

()

i

AC Line Reactor

I

(D=

T
T

Link Choke and Reactor

(D -1
T

i

I

Passive Harmonic Filter

i

@'!'
T

Passive Notch Filter

e




Line Current Harmonic Mitigation Methods
6-Pulse

D

L<>
_D|_

T
T

12

Active Harmonic Filter




Line Current Harmonic Mitigation Methods

12-Pulse (30°)

(B

e

Parallel Bridges

(20

(202

Pseudo 12-Pulse

S

i

(B

i

*Series Bridges

(20

N

i

Poor-Man’s 12-Pulse

i

S

* Used in MV drives



Line Current Harmonic Mitigation Methods
18-Pulse (200) * Used in MV drives

C%W%%$ %&

Parallel Bridges - - 1
Cot ]
-
- )f
O== LI E | .
_ T *Series Bridges

Auto-Transformer with Parallel Bridges



Line Current Harmonic Mitigation Methods

24-Pulse (15°), 36-Pulse (10°) + Used in MV dives
g S R
I
S L[4

%

—1D—

i

-£ -
‘E%L
-:: J )E

*Series / Parallel Bridges, 36P

—D—
_D|_

—— [ —D— D [ D+

*Series or Series / Parallel Bridges, 24P

AL 1D ED
rRmpmw



Line Current Harmonic Mitigation Methods
Active Front End (AFE)

Reagenerative AC Drive

AC Line Input

ndinQ I010\ DV

| |
Rectifier DC Inverter
AC to DC Bus DC to AC
Filter




Line Current Harmonic Mitigation Methods

Active Front End (AFE) * Used in MV drives
1 1
OD—1=w | QO=p=18 |
T T T T
AFE with Isolation Transformer *AFE with LCL Filter

NOTE: The AFE can be 2-Level, 3-Level, 5-Level

(more on this later)



6-Pulse: 32% Ithd

The Goal of Harmonic Mitigation

6-Pulse with 5% Line Reactor: 25% Ithd

Input Curramnt

Amps

Time (msac)

Input Current

Arnp
s
[

Time (msec)

12-Pulse: 10% Ithd

AN A A
TANAWAWA
/T ERYERYER
A

18-Pulse, AFE, AHF: 5% Ithd

Input Current

Amp

]
]
——
[
|
== ——
|
———




Line Current Harmonic Mitigation Methods

Harmonic Content

Multi-Pulse XFMR
6 Pulse std xfmr
- 12 Pulse 6 phase shift xfmr
- 18 Pulse 9 phase shift xfmr
- 24 Pulse 12 phase shift xfmr
- 36 Pulse 18 phase shift xfmr
Active Front End (AFE)
- AFE std xfmr

Current Source PWM
- CSI, LCI std xfmr

Ithd
30-120%
10-15%
5-6%
4-5%
3-4%

4-5%

5-6%

PF
0.90
0.92
0.95
0.96
0.96

1.0

0-1.0lead

AL 1D ED
rRmpmw



Power Cube

S = /P2 +Q? + D?
PF =P/S

REACTIVE
Current
y-axis
[total
S o
'0
' 4
'0
" Ifund
' 4

O" Sl

' 4

' 4
(4
Z-axis
HARMONIC
Current

© ABB Inc.
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lharm

D .

U 4
U 4
@
U 4
U
o? Ireact
U 4

'

' 4
Ireal
P X-axis
REAL
Current

(in phase with
line-to-neutral
voltage, V|\)
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Grounding Configurations

- Floating secondary ‘.‘

- Solidly grounded secondary “f’
[

- Low resistance grounded secondary
- LV -10, 50, 100A
- MV - 200, 400A




Motor Side Challenges

- NEMA MG-1
- Topologies

- Reflected Wave



MG 1-2006, Rev 1, Part 30

Section IV MG 1-2006
APPLICATION CONSIDERATIONS Part 30, Page 1
Section IV
PERFORMANCE STANDARDS APPLYING TO ALL MACHINES
Part 30

APPLICATION CONSIDERATIONS FOR CONSTANT SPEED MOTORS USED ON A
SINUSOIDAL BUS WITH HARMONIC CONTENT AND GENERAL PURPOSE
MOTORS USED WITH ADJUSTABLE-VOLTAGE OR ADJUSTABLE-FREQUENCY
CONTROLS OR BOTH

30.0 SCOPE

The information in this Section applies to 60 Hz NEMA Designs A and B squirrel-cage motors covered by
Part 12 and to motors covered by Part 20 rated 5000 horsepower or less at 7200 volts or less, when used
on a sinusoidal bus with harmonic content, or when used with adjustable-voltage or adjustable-frequency

controls, or both.

NEMA Designs C and D motors and motors larger than 5000 horsepower and voltages greater than 7200
volts are excluded from this section and the manufacturer should be consulted regarding their application.

For motors intended for use in hazardous (classified) locations refer to 30.2.2.10.



Topologies

- Reflected Wave Reduction
- 2-Level
- 3-Level
- 5-Level
- Cascaded H-Bridge
- CSI, LCI
- CCV

= Matrix



Basic AC Drive Topology
2-Level Inverter Topology

. AARA
Eo—4
go t
= |
=
TANANA
| | |
Rectifier DC

AC to DC Bus
Filter

Inverter
DC to AC

IndinQ 010N\ DV



The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

+Vpe *

—_

NP \__
O0Vpc ¢ ) PH

\|
/1

'VDC ¢

/—) PH

+Voe *
—_
[ ]
NP
0 VDC [ ]
—_
VDC ¢




The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

NP




The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

+Vpc *

_

NP




The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

+Vpc *
N
! |
| Ii i
— |
T ! } |
| |

|
NP | |
OVDC ® : o —T]—=

| l
: |
|
T K&
| |
S

-Vbc ¢

) PH



The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

NP




The n-level VSI topology
2-Level

- 2-Level VSI

- Phase output voltages

+Vpc *




The n-level VSI topology

H-Bridge

—_——_—__ t—_-_—_- - —_—_—— — — — —_— —_— — — — —

e e e e — — ——— ——— — —— — — — —

Load
lo]

— e —— —— —— — — — — _—e— e —— ——— — —,

< Ky

YA N7

| L T |

Loy e
t It



The n-level VSI topology

H-Bridge

e e e e o e e e e e e e e e— —— — — — —

ABD



The n-level VSI topology

H-Bridge

400 Vpc

0 Vpc

\|
J1

\|
Jl

B1

B2



The n-level VSI topology

H-Bridge

400 Vpc

0 Ve

400 Vpc

0 Ve

Al-Bl

)|
Jl

A1

Ci:
(=)
<

. Load e

p
A2

A2-B1l

)|
Jl

—i

A1

A2

Load

-400 V

2

B1

)
B2

B1

B2

400 Vpc

0 Vo

400 Vpc

0 Ve

Al-B2

)|
Jl

)|
Jl

—i

B1
3

)
B2

B1
b

]
B2



The n-level VSI topology
H-Bridge

- 2-Level VSI

- Phase output voltages

)|
JI

400 Vpc *
A1
Load
$ .

T ] ol ]

0 Vpc

B1
()

B2

Ven

400 Vpc

Al-B

0 Vpc

-400 Vpc

Bl | B2
Al 0 |400
A2 1-400] O
A1.B2
L
A2:Bp
A2-B1



The n-level VSI topology

H-Bridge

- 2-Level VSI

- Phase output voltages

400 Vpc

0 Vpc

)|
JI

Tl

2

Number of Voltage

Bl | B2
Al | 0 | 400
A2 |-400] O

Number of

Levels, n

steps, line-to-line,

AL 1D ED
rRmpmw



2-Level Waveform, Line-to-Line

N - — 2DGraphSel1l - o 421/&2%[\'\//& |

N / // \\\ / // \\

“" IV N\ 4 \

0 / | T NI AT W 1 7 N

W |/ \ / \ /

—4k—/ \\ // \\ //

N\ / N /
2-Levels 3-Steps

ABD



Basic Inverter

2-Level

3 Phase Bridge Configuration

—_——— e ————

e e e e e e e — e — — —————

—_——— e — ———

e e e e e e —_— e e — — — — ————

_—,——————— o

e e e e e e e — e — — — —————

400 Vpc

0 Vpc



Basic Inverter

2-Level

3 Phase Bridge Configuration
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The n-level VSI topology

= 3-Level NPC VSI
- Phase output voltages
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The n-level VSI topology
3-Level

= 3-Level NPC VSI

- Phase output voltages

NP




The n-level VSI topology
3-Level

= 3-Level NPC VSI

- Phase output voltages
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The n-level VSI topology
3-Level

= 3-Level NPC VSI

- Phase output voltages

+Vpc *




The n-level VSI topology
Going from 2-Level to 3-Level
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The n-level VSI topology
Going from 2-Level to 3-Level

NP

<
A
)|
Iy

)|
)

.
7 \
T

=) PH



The n-level VSI topology
Going from 2-Level to 3-Level
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The n-level VSI topology
Going from 2-Level to 3-Level
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The n-level VSI topology

3-Level
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The n-level VSI topology
3-Level

= 3-Level NPC VSI

- Phase output voltages
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The n-level VSI topology

3-Level
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- Phase output voltages

) PH

NP




The n-level VSI topology

3-Level

= 3-Level NPC VSI

- Phase output voltages
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The n-level VSI topology

3-Level

= 3-Level NPC VSI

- Phase output voltages
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3-Level Waveform, Line-to-Line
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The n-level VSI topology

5-Level
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The n-level VSI topology
5-Level

= 5-Level ANPC VSI

- Phase output voltages
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The n-level VSI topology
5-Level

= 5-Level ANPC VSI

- Phase output voltages
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The n-level VSI topology
5-Level

= 5-Level ANPC VSI

- Phase output voltages
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The n-level VSI topology
5-Level

= 5-Level ANPC VSI

- Phase output voltages
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The n-level VSI topology

5-Level

= 5-Level ANPC VSI

- Phase output voltages

+Vpc *

+Vbe

+Vpc/2

NP




The n-level VSI topology
Going from 3-Level to 5-Level
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The n-level VSI topology
Going from 3-Level to 5-Level
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The n-level VSI topology
Going from 3-Level to 5-Level
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The n-level VSI topology
Going from 3-Level to 5-Level

Added cap at VVdc/2
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The n-level VSI topology
Going from 3-Level to 5-Level

Double up IGBTs for
I T T a” | voltage rating
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- 5-Level ANPC VSI
- Phase output voltages

The n-level VSI topology
5-Level




The n-level VSI topology

5-Level

= 5-Level ANPC VSI

- Phase output voltages
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= 5-Level ANPC VSI

The n-level VSI topology
5-Level
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The n-level VSI topology

5-Level

= 5-Level ANPC VSI
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The n-level VSI topology
5-Level

= 5-Level ANPC VSI

- Phase output voltages
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The n-level VSI topology

5-Level

= 5-Level ANPC VSI

- Phase output voltages
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5-Level Waveform, Line-to-Line
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How are VSI and CSI similar?

Voltage Source Inverter

QD-

(W)

\|
/|

Input Filter Rectifier DC Filter Inverter  Output Filter
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How are VSI and CSI similar?

Voltage Source Inverter
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Input Filter Rectifier DC Filter Inverter  Output Filter

Current Source Inverter

D O,

\|
/
AY
/1

© ABB Inc.
July 24,2014 | Slide 124




CSI, PWM Converter, Isolated
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CSI, 18P Converter, Isolated
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LCIl, PWM Converter, Isolated
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LCI, 12P Converter, Isolated
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6P CCV (Cyclo-Converter)
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Reflected Waves

- Affected by:
- Length of cable between drive and motor
- Rate of rise of voltage (dV/dt)
- Voltage step size
= Pulse width

© ABB Inc.
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Drive
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longer

Drive
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longest
Drive

2000 ft
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When does PD (Corona) occur?

- Reflected wave produces voltage peaks at the motor terminals

- Terminal voltage in excess of the insulation system CIV level will
begin the PD / CORONA process

- Excessive voltage causes partial discharges / corona that attacks
Insulation materials

2DGraphSel.
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Partial Discharge
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How can we reduce the dV/dt?

Filtering
1
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Basic Inverter and Motor
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Step size of 100%

Drive
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Step size of 20%
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dV/dt = 10,000 V/us
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dV/dt = 500 V/us

Drive
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Multi-Step Approach, low dV/dt
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Implementation in a MV Drive

Input DC Bus Output
Filter Rectifier Filter Inverter Filter
A A A
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The n-level VSI topology
5-Level phase-to-phase voltage levels

(kV)
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Protection

-« PQ Events
- Over-Voltage

= Qver-Current



Drive Self Monitoring — LV Drive
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Drive Self Monitoring — MV Drive

....................................................................

---------------------------------------------




Operation and Protection Concept

- Try to keep operating

« |f unable to due to external iIssues
= Alarm, but don’t stop

= Trip

- If catastrophic failure
= Limit collateral damage

« Minimal MTTR (mean time to repair)

- Look-out for its motor and transformer, too!

- Like a big brother or sister

© ABB Group
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LV Low Harmonic Drives
Active front end drives, what do they look like?

Wall-mounted low harmonic
drive ACS800-U11/U31

10 -125HP

Cabinet-built low harmonic drive
ACS800-17/37

75-2800 HP
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MV Low Harmonic Drives
Active front end drives, what do they look like?

MV Drives
ACS 2000 4kV - 6.9kV
300 - 3,000 HP

ACS 6000 2.3kV, 3.3kV
4,000 - 31,000 HP




Questions?
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