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Introductions

1 Grady J. Weisz, P.E.

(Gweisz@Trindera.com)

« Trindera Engineering — Coeur d’Alene, Idaho
« P.E.—WA, ID, MT, AK

« Electrical Consulting Engineer (12 years)

* Municipal Water and Wastewater Systems:
— Water treatment plants
— Booster stations
— Wells
— Reservoirs
— Wastewater treatment plants and collection facilities
— Standby generators
— Instrumentation
— Arc flash analysis
— SCADA systems
— Design reports and cost estimates @



IE Variable Frequency Drives — Lessons Learned

1. Why VFD’s?

2. What will you get out of this?




E Variable Frequency Drives — Lessons Learned

1.

2.

How VFD’s Work
How VFD’s Impact Motors (Load Side)
Power Quality Considerations (Utility Side)

Lessons Learned Utility
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How VFD’s Work
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How VFD’s Work
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VFD’s adjust frequency to control power
supplied.

AC DC AC
Utility _%%— RECTIFIER INVERTER Load
(AC - DC) (DC - AC)

60 Hz Zero - 120 Hz

User Defined /
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» How VFD’s Work
. 4

AC Motor — Frequency Control
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60 Hz

120 Hz
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b How VFD’s Work

AC DC

AC DC AC
Utility INVERTER Motor/Load
RECTIFIER (DC - AC)
(AC - DC) i

60 Hz Zero - 120 Hz
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How VFD’s Impact Motors

Utility




[ W How VFD'’s Impact Motors

“ Harmonics

« Fundamental 60 Hz
« Harmonics 120, 180, 240...Hz

~— Fundamental
Harmonics e
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- W How VFD’s Impact Motors

“ Motor heating
e Additional currents

Motor insulation damage
« Voltage spikes
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W How VFD’s Impact Motors
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™ How VFD’s Impact Motors

=
Pitting
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W How VFD’s Impact Motors
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* Fluting
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Power Quality Considerations
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IEEE 519-2014 — Harmonic Voltage

Table 1—Voltage distortion limits

Individual Total harmonic
Bus voltage I at PCC harmonic (%) distortion THD (%)
V<1.0kV 5.0 8.0
1kV<V=69KkV 3.0 5.0
69 kV <V =161kV 1.5 2.5
161 kV =T 1.0 1.5°

“High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal
whose effects will have attenuated at points in the network where future users may be
connected.

IEEE 519-2014 Table 1
L )
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W Power Quality Considerations

J Harmonics

Vout
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Power Quality Considerations
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IEEE 519-2014 — Harmonic Current

Table 2—Current distortion limits for systems rated 120 V through 69 kV

Maximum harmonic current distortion

in percent of I Total Demand
Individual harmonic order (odd harmonics)™” _~ Distortion (TDD)

Lo/l | 3<h<1l |11S h<17| 17<h<23 | 23<h<35 | 35<h<50 | TDD
<20° 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 25 1.0 0.5 8.0
50<100 10.0 4.5 4.0 15 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 harmeonic limits above.
®Current distortions that result in a dc offset, e.g., half-wave converters. are not allowed.

“All power generation equipment is limited to these values of current distortion. regardless
of actual I../I1.
where
I.= maximum short-circuit current at PCC
It = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

IEEE 519-2014 Table 2

Trindera



W Power Quality Considerations
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IEEE 519-2014

Updated to better define the PCC (Point of Common Coupling)

Utility System
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Lessons Learned
_ Voltage/Current Harmonics

Basic Rockwell Automation Harmonic Calculator

Source
" Linear Load 1 on xtmr (hpeh'W)
(") oftota hp motor igad
PCCY pCC2 PCCA ~ + Cftotal KAV reststive load
PCC at utility xfear PCC at user xfmr ___ PCCar cistribution panel
17— Yy | [ ol Linear Load 2 on user xtmr (ho+kVi)
‘L-J 100fteet 1 et 100} teet 2 = V) 1otal hp motor lcad
Utiliey feet betwoen foet between Distribution bt ¢ total KW mesistive ioad
Transformer ity xfmy Transformer uder xfms and Panel
or Generator a0 User xiny astrivution panel & pulse Unbutfered drive without line reactor
£0000]¥vA 1 1500{evA 2 | W) 200]tatal hp
I S00{%2 1 S18i%z 2 ‘h[_]“- 20]set to panet
73800| Vsec 1 280 vsec 2 [aojvsecs T pulse but e w e
L afssc 1 0/ Ofse 2 ' w) | dfetaing
e [ Gj%et to panal
& pulse buﬂ«_o_d arive with 3% line reactor
() 0 __0Jeotal np
§ = feet 1o panel
k] & pulse buffered drive with 5% line reactor
® -k {v) otal hp
g e soet to panol
g © puise buffered crive with basic harmonic filter
L : N\ e v 30 vl A TINT
InT3E {v) Requies addhonad engneenng watal np
.g., ID it teel 1o panel
1 : 2
Results IEEE compliance IEC
PCC location Voltage THD, % Current TDD, % Isc/lload special general dedicated| compliance
PCC1 0.1 778 35715 NO NO NO NO
PCC2 34 77.8 1491 NO NO NO NO
PCC3 4.9 77.8 102.4 NO NO NO NO

)
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Lessons Learned
_ Voltage/Current Harmonics

— Basic Rockwell Automation Harmonic Calculator

Source
Mz Linear Load 1 on utibty xtmr (hp+kW)
(v total hp motor load
PCCH PCC2 PCC2 et . total KW resstive aad
PCC at utinty xfmr PCC at user xtmr PCC at distribution panel
_{ T} e = [ }—1 Linear Load 2 on user xtmr (hp+kW)
] l 100]feet 1 bt) 100ffeet 2 =l () total hp motor ioad
Utiety fesis] bedwesn feet d Distr Nt + tolal XV ressiive oad
Transtormer umity st Transformer user stmr ang Panel
or Generator Al user xfmr Qistribution panol § pulse unbuffered drive without line reactor
kvA 1 1800 kv 2 o lctal hp
1 00]%2 1 578nz2 _u'-—}-’:‘ Ekﬁlumnel
13800] vsec 1 460§ Vsec 2 Vser 3 € puise buffered arive without line reactor
{ i 1 ~OR- Ofisc 2 70N ot P
_11;_] - me 10 panel
& puise bumr:u ortve with 3% line reactor
() tota! np
=. > Er&a 1o panel
& pulse buffered drive with 5% Mne reactor
(%) total ro
=n 2 I feet 1o paned
& pulse bufferec arive wit SiC harmon r
=3 =7 {:l Requires xddimonal engineenng | 2008 total hp
- = feed 10 panel
Results ' IEEE compliance 2 IEC
PCC location Voltage THD. % Current TDD, % Isc/lload special general dedicated| compliance
PCCA 00 6.7 3383.0 YES YES YES YES
PCC2 04 6.7 1412 YES YES YES YES
PCC3 06 6.7 970 YES YES YES YES

5
Trindera

ENGINEERINC



|-

- | essons Learned

.

Filters (initial considerations)
« Size and space
 Cost

L N
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4
AC line reactor
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Figure 1: Line current waveforms without (top) and

with (bottom) line reactor
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A

AC line reactor

* Not too big

* Not too costly

« Will use some energy

* May not be enough to meet IEEE-519

L )
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Ive Harmonic Filter

VFD

%?J/\/L __,/\/\ /V
LA Testmst
:/ N/ /\‘\/1

7T timetma

Figure 2: Line current waveforms without (top) and
with a TCI HGP.
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Passive harmonic filter

* Bigger

« Costlier

« Has capacitors (switch out on generator)
« Often matched to motor size

L )
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4 Active Harmonic Filter

@

Active Filter

Source

Active Filter

Injection Current
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Figure 3: VFD input current, active filter current (top)
and resulting line current (bottom) using a TCI HGA
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4

Passive harmonic filter

* Bigger

« Costliest

« Has capacitors (switch out on generator)
« Often tied to a system bus

« Heating and ventilation

o,
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6,12,(18),24 Pulse

6-pulse rectifier

Current waveform
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ABB “Guide to harmonics with AC drives”
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|

Greater than 6 pulse drives
* Expensive

« Will replacement be the same?
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» Lessons Learned

-
DC Choke
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A
Motors for use on VFD’s

“Inverter Duty Rated” vs. “Inverter-Ready”
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|
“Inverter-Ready” or “Inverter-Friendly”
* Inverter Ready is a marketing term.

« General-purpose and maybe suitable for use with
variable torque loads.

1)
11194
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a

Inverter Duty Rated
* $5%

« Manufactured for VFD application following “NEMA
MG 1 Section IV, Performance Standards Applying to All
Machines, Part 31, Definite Purpose Inverter-Fed Polyphase

Motors.”
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4

(11

Inverter Duty Rated” vs. “Inverter-Ready”
« Example of costs:

» 30 Hp motor went from $3,900 to $6,600 (1.7 times as
much)

» 50 Hp motor went from $10,200 to $17,800 (1.7 times as
much)

 Consideration In retrofits

o,
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Pitting and fluting: Insulation and

alternate discharge paths

* Insulation
— Insulated bearings
— Ceramic bearings

« Alternate discharge
— Conductive grease
— Shaft grounding device
— Bearing protection ring



& Lessons Learned

a

Insulation
* Insulated Bearings

L /)
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b | essons Learned

a

Alternate discharge paths

« Shaft Grounding Device
« 50 Hp: $500 - $900 200 Hp: $800 - $1400

L\
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-
Pitting and fluting

 Listen to your motors
« Units can be retrofitted

L N
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d
Picking a VFD cable to motor

AC Uines AC Lines Ground

E
V

»-»—)q*\
|

Controls Motor ;)

Eaton “VFD Wiring Best Practices 2014” I J_ﬂdf% £
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-
Conduit for VFD cable to motor

NO! YES!

Power + Digital + Power + Digital +
analogue relay contacts  relay contacts analogue

®®

Shielding
® Power connections ® Digital connections
© Relay I/O connections O Analogue connections

Fig. R40. incompatible signals = different cables
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o
Sine/Reflected Wave Filter

2.5kHz SWF (200V - 480V)

im ()

When to use?

L /)
Trindera




- b | essons Learned

4
What fits your application?

Contactor Soft Starter

Trindera
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VFD’s can go from single phase to three
phase.

VFED

AC DC AC
Utility —%ﬂv%ﬂv RECTIFIER INVERTER Load
(AC - DC) (DC - AC)

Single Phase Three Phase

/

De-rated

L )
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| essons Learned

VED applications

* Phase conversion for larger horsepower (de-rate)
* Normal operation under demand factor

« Standardization for common spares

* Reduce generator size

* Integral software for PID control

« Energy rebates from utilities

J
.f.")
o)
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4

VFD drawbacks

* Engineering costs
« Equipment life
* Programming costs
« Complexity
« Motor cooling

» Ramp times

» Cooling periods
» Be careful adjusting after installation

o,

Trindera
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=
VFD Heating and Cooling

Electrical Enclosure

VFD
L /)
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How VFD’s Impact Motors
Variable Speed Pump Curves

2 PENTAIR &5

Project name  Detault

Sowl performance Adunied for camrucion sndd viscoalty
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Muiti-Speed Performance Curve
Ercompass 2017420
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Pumping stations

« Sizing VFD for future load growth
« Multiple motors on single VFD

L )
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Equipment with Installation cost based on

RSMeans 2017

7.5
10
15
20
25
30
40
50
60
75
100
125
150
200

& H FH P P B P

$

Cost

2,675.00
2,900.00
3,100.00
4,175.00
5,225.00
6,550.00
7,000.00
7,825.00

$ 11,200.00
$ 13,700.00
$ 15,400.00
$ 17,400.00
$ 18,500.00
$ 21,800.00
$ 28,200.00
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Thank You!

Questions?




