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Agenda

Part 1:

A Harmonic Mitigation
A Methods to reduce Ithd, Vthd
A Line reactors and DC link chokes
A Multi-Pulse

A Active Rectifier Applications
A Downhill conveyors
A Centrifuges
A Making Kevlar
A'ID fans

A Active Rectifier Operation

Part 2:

A Motor speed vs max load / cooling, use of motor
RTDs

A Overspeed with fans / claum(ps_and Increase in
torque and power (2.5%, 5% increases)

A Min speed with pumps

A SCCR for drives

A HRG vs solid ground

Part 3:

A Load reactors on the output (and reflected waves)
A Shaft grounding brushes / bearing currents

A Wiring on input / output
A Insulation types
A Conduit, tray
A Type (VFD, individual wires)
A Control wiring management
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Reflected Waves

A For many years, there was no real concerA Peak voltage at the motor terminals was

about the type of cable or the length of exceeding a value that caused premature
cable between the drive and motor. motor insulation failure

A This was because the switching speed of A At the drive terminals, peak voltage is 1x
the power semiconductors used in the the DC bus voltage

drives were slow, and most of the AC
drives were for 230V motors. Also,
distances were usually less than 400ft.

A However, as the semiconductors became
faster, and as the bus voltage increased,
motors started to fail. Why?

A At a critical cable length, the peak voltage
at the motor would be 2x the DC bus
voltage

A This is a problem



Motor Insulation System

o
o

A Peak withstand voltage for slow risetimes
(for example, > 6 us) was determined by
the breakdown strength of the magnet
wire insulation

A Peak withstand voltage for fast risetimes
and higher carrier frequencies causes
corona failure mechanism of the magnet
wire insulation

A IGBT technology creates greater stresse:
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Z Liu, GBSkibinskiMethod to Reduce Overvoltage on AC Motor Insulation from Inverters withllditrgn CablelEEE IEMDC Conference, 2017




When does PD (Corona) occur?

A Reflected wave produces voltage peaks at the motor terminals

A Terminal voltage in excess of the insulation system Corona Initiation
Voltage (CIV) level will begin the Partial Discharge (PD) process

A Excessive voltage causes partial discharges / corona that attacks insulation

materials
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Example, Medium Voltage Drive and Motor
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Reflected Waves

APartial Discharge

AWhy can this be a problem? V
AC

AFirstTurn Failures

AAffected by:

ALength of cable between drive and motor
AMagnitude of PWM voltage pulses (DC bus voltage)
ARate of rise of PWM voltage pulses (dV/dt)

APWM minimum spacing between pulses

AMotor and cable surge impedance mismatch
AMotor load

Drive

Cable

L Saunders, Skibinski SEvon DKempkesRiding the reflected wawelGBT drive technology demands new motor and cable considerdtdfis PCIC Conf, Sept 1996



Why motor and cable surge impedance?

A A difference in surge
Impedance between the
cable and motor causes
voltage ringup

A Reflection coefficient m)
(gamma)

A Cable impedance about
80 to 180 Ohms

A Motor impedance about
A <5hp = 2000 to 5000 Ohms
A 125hp = 800 Ohms
A 500hp = 400 Ohms
A load affect is secondary
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Short Cable

Drive

50 ft
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Longer Cable

Drive
500 ft
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Longest Cable

Drive

2000 ft
M
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Example of Motor Terminal Voltages vs Cable Length

Frame2 Motor Terminal Voltages vs. Cable Lengths
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Risetime Definition (MG1)

Voltage
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dV/dt Definition (MG1)
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Vpk Definition (MG1)

\oltage
'I:||:|'-!|'E| "N T EELE BN LR B R BN T S_tEEId}l-E’E_tE-\'E“EI_QE ------------
0% F-="-
1
[ |
1
AV .
1
| |
1
1
10% == i
I 1
|“‘_"lm Time
Rise tme

NEMA MGL, Sect 30, 31: dt > 1us, Vpk < 2.04*Vrms rated
IEC uses 190% ofVpeak not the steadystate DC bus voltage



Step size of 100%

Drive
500 ft O
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Step size of 20%

Drive
500 ft
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Pulse width 200 us

Drive

500 ft
M
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Pulse width 200 us

Drive
500 ft
M
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Pulse width 25 us

Drive
500 ft
2DGraphSel:
2.5(
2.0(-
1.5C- /\
AN
1.0C
\/ VA VML....
C5.V ...
500.00n-
0_
-500.00n-
-1.00
[ [ [ [ [ [ [
800.00u 900.00t 950.00t 1.00m 1.05m 1.10m  1.15n1.20n




Pulse width 25 us

Drive
500 ft
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Pulse width 11 us

Drive

500 ft
M
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narrow pulses



dV/dt = 10,000 V/us

Drive

Small hp IGBTs have

500 ft O dV/dt ~ 5000 V/us
M
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dV/dt = 1000 V/us

Drive

500 ft
M
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dV/dt = 700 V/us

Drive

500 ft
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dV/dt = 500 V/us

Drive

500 ft
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dV/dt = 200 V/us

Drive 480V, 60Hz sinewave:
max dV/dt = 2*pi*f*V*10°
M when voltage is crossing
through zero
2DGraphSel:
2.5C
2.0(+
1.5C
1.0¢- A . Slow down rate of rise
/ C5.V ...
500.00n—
0
-500.00n—
-1.00
I800.00uI 900|.001 950|.001 l.OIOn 1.0|5rr 1.1|0rr 1.1|5rr1.20rr




Multi-Step (5Level) Approach, low dV/dt for MV Drives
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How else can we reduce the dV/dt? Filtering
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Vmotorwithout and with Load Reactor (1.5%)

Cable length ~ 500 ft. Vpk ~ 1.9 x DC bus voltage Vpk greatly reduced to 1.2 x DC bus voltage



Imotor without and with Load Reactor (1.5%)

Cable charging current can cause small drives to trip Cable charging current greatly reduced
on overcurrent the instant they start modulating.



Vmotorwithout and with dV/dt Filter

Vpk greatly reduced. ~ 1.15 x DC bus voltage



Imotor without and with dV/dt filter

Cable charging current greatly reduced



Shaft Grounding Brushes and
Bearing Currents



What is Common Mode Voltage (CMV)?

CMV = (Van Y¥bn+Vcn / 3

3ph Sinusoidal Voltages 3ph PWM Voltages
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High dV/dt = high common mode current
lcm= C x dV/dt 37



Currents within a motor and load

Stator
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Cable shield not connected to motor frame
Paths of common mode currents from stator to ground back to drive
Load bearings may fail before motor bearings!



Currents within a motor and load
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Shaft Ground Brush




Shaft Ground Brush
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Bearing Current Remediation

AProven results include:

Almproving the higHrequency ground connection from the motor to the drive and fron
the motor to the driven equipment

Alnsulate the bearing on the opposite drive end of motor
ATwo insulated motor bearings

A Shaft grounding brush across the drive end motor bearing which could be mounted
Inside the motor housing or outside

AAn important ground path is the connection between the motor and inverter. Cables
should be used that provide continuous, low resistivity shielding around the three pf
conductors. The termination of the cable shield should be made by landing these
connections on a ground surface free of paint at both the drive ground bus and at th
motor frame.
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VED Wiring, Common Mode



Common Mode Voltage / Current

AModern PWM drives create switching patterns where
Instantaneous average voltage to ground Is not zero.

AVoltage has a rapid change of magnitude with respect
to time MV dt)

AHigh dV/dt results in capacitively coupled currents
from motor windings to ground through several paths

| = C x dV/dt

44



Voltage Probe Sites (Voltages with respect to ground
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