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Manish Verma bio

Senior Sales Application Engineer
TMEIC

Manish Verma is a senior sales application engineer with TMEIC. He
graduated in 2006 from Virginia Tech with BSEE. He began his career
with TMEIC in 2006 while continuing his professional education. In 2009
he completed his MSEE with concentration in power. After a broad
exposure and education in the various TMEIC business units, he joined
the global drives division, with concentration on sales and application
engineering. His responsibilities include providing solutions-based
engineered adjustable speed drives and motors, reviewing specifications,
and technical and sales training for a wide variety of industrial clients and
channel partners. He is a senior member of IEEE and has authored and
presented more than 20 technical papers and tutorials for several
nationally recognized conferences and seminars.




Agenda

« Basic Electrical fundamentals & Mechanical Equivalents

« Starting strategies for large capacity motor / compressors

« What is an ASD, how does it work & its benefits for compression/pumping
« ASD application overview & installation considerations

« ASD cooling methods and standards

Driven
Equipment

Utility Mains




Applicable dimension of today’s tutorial

Parameter Description

Rotating machinery such as pumps, compressors,

Service types extruders, fans, blowers, etc.

Power Level (HP) 500HP - 130,000HP

Voltage range(kV) Medium Voltage, > 1.0 kV
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Electrical Equivalents

Variable { Function

Electrical Element

Fluid Equivalent

Across Variable

Through Variable

Woltage (V)

Curment (i)

Pressure (p)

Flow Rate (g,

Resistor

Capacitor

Inductor

Py-P; =0, Ry

Fluid Reseruir

| 3= Graity
Fhid heighit T = Fhid density
p = Presars I::Lr Ce oA

p=pgh ]




Electrical Equivalents

Variable [ Function Electrical Element
Apparent Power
Across Variable Yoltage (V) (KVA) Reactive P
eactive Power
, . (kVAr)
Through Variable Current (i)
_ o)
! _
e A
J_‘XV\/\,_Q z Active Power
Energy Consumption F (kW)
Fower =%, i Joules
2 Watts Power Factor = cos (®) = kW / kVA

SEC

1000hp = 746kW
1hp = 746 watts

STHS



Typical Motor Starting Characteristics
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Motor starting strategies

Available Motor Starting Methods
A

Direct-On-Line Other Adj. Speed
(DOL) Reduced Voltage | 1 -1, Methods Drives
— T ‘ ‘ Q) o] o —
?'_.D e [l= ?_'_.c.qw} e [ (’a:«-—ﬁ o [ o EH e =
Constant Utility Frequency Adj. Freq.

(50 or 60Hz)

Good Reference: Larabee, J.; Pellegrino, B.; Flick, B., "Induction motor starting methods and issues," Petroleum and
Chemical Industry Conference, 2005. Industry Applications Society 52nd Annual , vol., no., pp.217,222, 12-14 Sept. 2005

Nevelsteen, J.; Aragon, H., "Starting of large motors-methods and economics," Petroleum and Chemical Industry Conference,
1988, Record of Conference Papers., Industrial Applications Society 35th Annual , vol., no., pp.91,96, 12-14 Sep 1988




Direct-on-line Starting

System Configuration Motor Speed — Torque Curve

Motor In rush
Current (650% FLA)

i i AC Utility
Circuit ’ ‘ Line Amps

breaker

9

Starting

Torque Motor Full

Load Current

¥

Motor D

Torque, Amps

Up to 13.8kV
z |

Utility Voltage

]
MPR | T

0 Frequency, RPM




Reduced Voltage Starting

Method of operation (applicable to all RV starting methods):

« Motor voltage is reduced

« With reduced voltage
« Motor current is reduced by a proportional factor
« BUT, available motor torque is also reduced

Remember

(Vmotor)2°< Tmotor VA /motor
 For Eg:
« At 80% Motor Voltage only 64% Torque is available (0.8 x 0.8 = 0.64).
« At 80% Motor Voltage 480% inrush amps (assume 600% Start Current).

Reduce Voltage starters DO NOT change the motor frequency




Pony Motor Starting (Mech.)

System Configuration

| (C1) E AU ’—‘
52 ~ | =
£
ol © ;
2o =~ — | ony
Za RV ! E motor :| Motor
o2 N
Optional
(Dependent on config.) MPR T

Motor Speed — Torque Curve

« Dependent on starting conditions, mechanical configuration

A "'B“‘



Reduced Voltage Starting

System Configuration Motor Speed — Torque Curve

— —p — )
VFD System l
[ ———— — = — — —
| Starting
Bypass i w | a— Toraue
I contactor MPR [T | o
| | E Motor Full
- Load C t

g& | Input ol o[VFD | — g oad Curren
E = | |lcontactor | Driven =
2 E - — Motor ||+ - o
= o — L '[ Equipment [
E S I D |:| ] OUIPUJ[ (Pumps, Compressors}
55 contactor | Motor In rush

L e — e e e e e _ MPR = Mator Protection Relay Current

— — —) 0 Frequency, RPM
Motor In rush
o = Current (650% FLA)
Circui ]
breaker AC Utility
%i - 3 Line Amps
g (oo} “\ | | » ' e Starting
oM | Aux MOtOI’ E < Torque Motor Full
S — ot B - Load Current
Pge) || S
= a g
55 MPR | T ] o Y
0 Frequency, RPM




General application considerations

« Evaluate load speed torque curve

* Process requirements and need for variable speed

« Based on power decide whether air or liquid cooled VFD
» Cost benefit analysis

« Review details with OEM, motor and VFD vendor

h% Motor
a % Manufacturer

<

" A .‘ W /> I
Utility Engineering Driven Equip.
Firm Manufacturer
Minimum system data
required for motor starting

/ | I I » A studies




How are drives sized for starting duty?

« Virtually all VFDs have a short term (min 60 seconds) overload (OL) rating
« Common OL ratings are 110%, 115%, 150%, 200%, 300%
« Most variable loads require 110% or 115% OL rating

« Most constant torque loads require 150% OL rating

End User / CUIVE \
OEM to supply .
Acceleration VFD r_atmg for
time Starting duty

VFD OL

/ II-.' caaC|t




How are drives sized for starting duty?

1,0 N
0,9
Curve 1:
0,8 — —— Curve 2a
0.7 ~T70%
- Difference
o in Torque
5 05
|2 Loaded | —
T 04
=
& 03 ,x
Unloaded ——F//K
02 -7
L X'éRx IV?E%‘i'z?J’Es 5%
o1 rdldr
e A, 4 ssor Il Load

00 01 02 03 04 05 06 07 08 09 10 Ugfngg115% VFD OL

Per Unit Speed

STHS



. 140% Weak Utility r
Operating Sequence = }
Utility VoIs /_\‘

-140%
140%

- Drwe Gate Block _*

I.J.
VFD accelerates the Operator requests Drive Valis
VFD Ready e 3§ motor&loadupto [  VFD to transfer .
speed set-point motor to the line

-149%

DRIVE ACCELERATES ->» \ Drve is matched n

A frequency, phase and
vdtsto ine and
bypass confactoris
closed

VFD accelerates the

output: Voltage . :
Frequency and aCtIX?iﬁi tl;\;pglgssmg
Phase angle are e (i

matched

motor to the exact
power grid voltage
and frequency

Bypass CTT Close / /_.\

UTILITY PICKS UP AMPS > | B

Utlity Amps

-163%

VFD monitors the VFD opens the

current flowing
> Outputsctggtsactor &

contactor

Drive Amps

149%
Motor Volts
The grid and VFD VFD control

TN 0 ﬁ\
S L / \
a X 4 \, . ’/’

A A | Motor Amps N 7 x: / \.\
- “ - ~ __// \'\.,_/‘x \'\r‘

. -163% _l_
- MOTOR AMPS AND TORQUE ARE SMOOTH

THPRPNIIGH TUE WUNI E DRACEQR




Motor Sync-to-line video demonstration




Single VFD / single motor
Voltage Level

Simple Electrical One-line _
Scenario
P Bypass $
% o| o|VFD l:| Compressor
5 Utility = VFD
D D - Motor | - VFD = Motor
Bypass
> o| o|VFD l:| Compressor
5 % Utility > VFD
D D o= Motor | | H VFD = Motor
Bypass

Utility = VFD

o| o|VFD l:| Compressor
: XFMR
DD 3; 1| Motor |H = VFD # Motor $$
[]

Utility




Redundant Starter — Representative configuration

PLC Coordination
& Interface
[TMEIC Scope]

Diggrete o T
To-From
Oftve B

Discrete -G to-
fram Matars #1,

uE, WY Conlaslers (=13

TMEIC VFD, Unit A

CT-1

i
Signal from
Actve Motor

S

Bypass 1

ALK ET

P X X
@ CB5 E:‘.; CB6 |:r:z[|i:| cB7 |:{Li_|

é o™ Ll =+ Lel

= @ = @ = &

CT

ALLCT

CT4

cT1

(o]
@
pary
pry

i %
Ie Platform
T Aux Power
1.0 MvA
4160 / 480

CT Selector
Relays

Bus Isclator j{

Mator Teminaaen

[Typica]

2500 HP
2160V
220 AMpS
[typieal]

—

Bus |solatar

Discrele 1O to-free
Maters 81,82, %3
Comactors

i —premus-L — —

CT Signal from Active Matar.




Redundant Starter — Representative configuration

A
[ 4 N
Top Cable Top Catma
Entry to Bus Entry to Bus
for Drive A for Drive B

SR SRR (= Dﬁémﬂ’i |

Compartment | PLC-10
Bypass 1 Bypass 2 Bypass 3 Bypass 4 Bypass 5 I Bypass6 | If Needed

Lo —

(eXe) (eXe} 00 (eXe} (e)e) !iT,.L‘i oo |

369 O O 369 O O 369 O o 369 o O 369 O O | |_369_ ! O O |

L] T -
ol ol ol ol o o

Bus Isolat Bus Isolator
us Isolator Output Output Output Output Output

Contactor Contactor Contactor Contactor Contactor

|
!
Output !
Contactor |

|




Utility Voltage bus

Redundant Starter — with Tie Contactor

{ e

7J PLC Coordination
: & Interface
TMEIC VFD Unlt TMEIC VFD Unit
A > B
Sync Ready Sync Ready
T
3-phase %
-
3-phase } {
3 e
| .
VFDBusA ! a VFD Bus B

Contactor
11

Typical - Current Feedback
selector aux ct and control relay
circuit, each breaker
Std CT for Swgr
use m each
utiity fed breaker
Factory wire -
o customer :
B 1
\
\
A
120 VAC Coil Control 5“"0,"“ Aux €T
or arive
Relay by Swgr mir feedback
Picked up by drive to Supplied by
select the CT for drve TMGE for S
Swgr
being controlled factory Mount

LA

N Lo \
[ M1 | ,; Mtr 2

J \
P\
g
Bypass
CT-1 cT-2 Bus
[See note [Seenote

above right]

above right]

N

Mir3 |

\

CT3
[See note
above right]

b e | ! {}

[See note
above right]




Representation starter — with tie breakers

Utility Voltage bus

PLC Coordination

e

e

Typical - Current Feedback
& Interface selector aux ct and control relay
circuit, each breaker
TMEIC VFD Unit TMEIC VFD Unit SHd CT for Swgr
A B use in each
Sync Ready Sync Ready ey — e
: - " o GU:[BHH&' [ CR \
3-phase - 3-phas’e_§ \ S
[ [ ——
BS B6 "'.
—— B7 7 \ \
. Tie Breaker -
VFD Bus A [ O T VFD Bus B 1 VAC ColComel || ST
" feedback
| e | | oo
== LT for drive TMGE for S
[ ‘ being controlled sactory ooy
BID 3 B2D r B3 B4D 1
| mr1 | . Mtr 2 : l_‘l Mir3 | Mird |
\_ i B7B \ / \. / \ /
B3B B4B
Bypass ‘
CT-1 CT-2 Bus CcT-3 CT<4
: ( [Seenote [See note [See note E [See note
/ - ~ ( above right] above right] ’\‘ above right] 3 above night]




Representation starter — with two starting bus

Utility Voltage bus

/’ ﬁr
| |
VFD A VFD A
Sync Ready Sync Ready
3-pha§e§
3-phase] VFD Bus —
|
/ optiona VFD Bus
A
i L \L
T \ T "/ \ 2 :T‘/ \
Mtr 1 H Mtr 2 r T oe— Mir3 |
— r | J ;If ' |
PN/ i\ 775 N/
| T
i Bypass / i
Bus
a CT-1 q cT4 1 E cT5




Motor protection guidance - Sync-transfer systems

VFD Systam

VED =~
SlnwFl)lLé:l . . : (r\a-:_':ﬁﬁlp:;; MPR EJ :
% ——— Mator } 52 colr:glétlor o] o|VFD : — |:|
- — $ 2 L} Wotor = cqupmen
D L] g5 lL U o D.EL”IL"&L|m_mwwﬁ s o
Primary protection for the motor is contained within - Initial protection for the motor is contained within the
the drive itself drive itself
No need of Motor protection relays (MPR) for motor - MPR’s needed for bypass circuit
or ASD
- MPR operation is inhibited when motor is running on
MPR protection may be added in addition for:- ASD
+ Differential Current Protection
« RTD - Thermal Overload relay can also be used as

Considerations:- inexpensive option

» Check if MPR can work at all freq.
 MPR protection is inhibited
Typically very little added benefit &

Philosophical decision
. I I D Ny




Procurement guidance

Utility Voltage bus

‘ « VFD Vendor (minimum)
T _ Shntefacs | T « PLC Co-ordination

L Syoe Roscly A . Svyltchgear specification
3-phase guidance
3~phasE§! VFD Bus
| - 3

( optiona VFD Bus

: A e QOthers

S L+ Switchgear
17 N Tl N Tl Y

ol M } | M2 ; LT et Mr3 ) e Motors

N I\ ‘fﬁ N/ .

| 3] T * Installation, etc
} CT- 1BprL?SSS %1 CT4 }/ ;\ CT-56




How to select motor starting strategy??

START

Direct-on-line start
with loaded drive

Does driven equipment
benefit / require variable
speed?

Is Direct-on-line (DOL) start

possible with

loaded drive?

Use fully rated VFD to start

Re-evaluate drive train to

unl

oad

YES
Variable Speed
is required

Is Direct-on-line (DOL) start
possible with unloaded drive?

Is reduced voltage start
possible with unloaded drive?

Use smaller VFD to soft start

Key Considerations:-
- Available Short Circuit Amps
- Allowable Voltage drop on Utility
- Motor vs. Compressor ST Capabilities
- Max allowable Motor Starts / Hour
- Torstional effect on drive train
- Cost of DOL motor vs. VFD motor
- Motor power factor as seen by utility

Use fully rated VFD to start

Direct-on-line start
with unloaded drive

Reduced Voltage
start with unloaded
drive



What is an ASD?

Transformation Power &’"Versmn Utilization
Load
Fixed Voltage AC Var. Voltage
Fixed Frequency MOTOR Var. Frequency
4.16kV 0 -4.16kV
60Hz 0 - 60Hz
Utility
Supply
Industrial Control Building
UE) Cooling System Driven
CEU Input |:| Equipment
J."’ %‘ Breaker ?
\ | £ D =~ Motor
m » A Dﬁb:g".'D‘.’“:i"n
.'\\\. Tra?\s?gr;:r




What is an ASD? — Other common terminology

: Power Conversion
Transformation p A N Utilization
AC TO DC Lo
Pulses (DFE) g N YyyyL || PCTOAC - outont Vo
utput Voltage
Harmonic > OR — OR H MOTOR Levels / Steps
performance = OR ,*»~ = Il O>R|’
equivalent o (higher the
(AFE) N > better, min 5-
Utility CONVERTER ENERGY INVERTER level from 0-
Supply RECTIFICATION STORAGE  SWITCHING Peak)
S w
% ——
=
Time Time

Time

D Ny




What is an ASD?
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What is an ASD? A look inside

- Typical air cooled |
ASD |

- 4.16kV, 60 Hz
~2,200 HP




What is an ASD?




What is an ASD?

- Large Water cooled ASD
. 7.2kV Output
. ~38,000 HP

Outdoor Transformer and cooling apparatus
not shown




Typical Range of ASDs

14,000

12,000

0000 {— Air Cooled

8,000

6,000

4,000

ASD Output Voltage (V)

A v

2,000

100 10,000 50,000 100,000

Motor Horsepower (HP)




Historical Overview of power semiconductor devices

Medium Voltage Insulated] Injection Enhanced

i Bipolar Power Gate Bipolar Transistor Gate Transistor
Tr:g;:_sltor Transistor (MV IGBT) (IEGT)
iy (BPT)

1955 1995 2005
Diode(D) Silicon Integrated Gate Symmetrical Gate
H Controlled Commutated Thyristor Commut Thyristor
Thyrls_tor Rectifie(SCR) (IGCT) (SGCT)
Family

Time Line of Adjustable Speed Drives

DC Motor Synchronous Induction Motor Ind/Synch Motor

Drives Motor drives Drives Drives .
) I 1955 1965 1975 1985 1995 2005

B .




Major ASD Topologies

Current Source Inverters
(CSl)

AC>DC DC > AC ‘ ‘
Converter DC Tnverter
in

Voltage Source Inverters
(VSI)

Load Commutated Pulse Width
Inverters (LCI) Modulated (PWM)

« Energy storage/DC
Link is Capacitor DD

O
O
1
|3
| ok
[ ] @
e

AC >DC DC > AC

« Energy storage/DC i
Link is Inductor : -
- Maintains constant Voltage at DC BN D(
Link * Maintains constant current at DC Link
» Converter (AC/DC) is either Passive
(using diodes) or Active (using . Converter (AC/DC) is Active (using
PYV) phase control or PWM)




Major VFD Topologies

Voltage Source Inverter

Voltage Source Inverter

()
(@]
g Input fused
g Disconnect ? &—
= S
=
= Input
- Isolation
Transformer
(Outdoor)

Converter [DC Link Inverter
] U] U] U] ]
L
T

[ ]

Induction or
Synchronous
Motor

Load Commutated Inverter

Load Commutated Inverter

Converter

0]

(@]
2 Input fused

(@] Disconnect
> 3§
= Exd
=
= Input
- Isolation
Transformer
(Outdoor)

U] U

Inverter
] ]
LYY Y
DC Link
Reactor
(Qutdoor)

L ]

Motor

Synchronous :|
M

[Motor Field Excitation |




Drive Topologies: How does it matter??

* They affect:-
- Efficiency & reliability of the VFD
- Line-side voltage & current performance
- Motor-side insulation and thermal rating

- Cable sizing
- Auxiliary equipment needed to support the VFD

. Safety
. Total Cost of Ownership

» For drives with lots more parts, they must be very conservatively applied if reliability
Is to be achieved.

 In-service reliability is the best indicator of real reliability.

gpas



What does an ASD mean for the motor and the process?

Process
Control

Motor
Running

Motor
Starting

7

N

Reduced inrush
current

High Torque
Loads

Close to unity
power factor

N\

Energy Savings

V

7~

S~

N

Speed Control

v

S

N

Torque Control

v

7

Power factor
improvement

"

Unstable
voltage supply

v

Optimized
motor size (eg.

large inertial
applications)

S

Quick stopping
(Regeneration)

J

N\

Reduced Mech.
Wear / Tear




ASD System Considerations

Must consider the whole system in which the ASD will work
- From Ultility to finished product or process

. Consider environment

. Consider effects on utility

. Consider the needs of the load

. Consider the effect of ASD on the motor and drive train

_ | Cooling Syste

ransformer




Electrical/Power Application Factors

Continuous kW or HP & duty cycle

Torque & Power Overload requirements

Load factors: CT, VT, CHP, regenerative, non-regenerative.
Drive and Motor Voltage

Power system compatibility

%)
L Driven
© .
S Equipment
2
=) Motor :l:
#2 - Define the #3 — Determine #1 - Define the
— \ power system ‘ best drive - process loads
— requirements solution! and duty cycle




Keep In Mind

Example:

1.

Drives are sized & priced based on Motor Full Load Current,
Operating Envelope & driven equipment Overload

4-4.16 kvt UL/CSA

N Approximate Motor Shaft
mmmmmmmm HP (kW) at 4,16 kV

EL
(400)

7000 HP, 1800 rpm, 4000V, FLA 910A

ASD Rating = 6300 kVA
7000 HP, 450 rpm, 4000V, FLA 1240A

ASD Rating = 8600 kVA

~37 % difference in rating




Power system compatibility - Keep In Mind

* Always provide and electrical one-line diagram
« Some tips for ASD voltage level selection

Motor Power ASD Input Voltage Motor Voltage
« 250HP — 5000HP 2.3,4.16, 3.3, 6.6, 10, 11, 13.8 2.3,4.16, 3.3, 6.6, 10,
kV 11 kV
- 5000HP — 10,000HP | 4.16,6.6, 10, 11, 13.8, 25, 34, Matched to ASD
66 kV output voltage
. >10.000HP 10, 11, 13.8, 25, 34, 66, 110, Matched to ASD
138 kV output voltage

Note: if ASD is used for starting ONLY, then
Motor Voltage = Utility Voltage (Max 13.8kV)

STPS



Medium Voltage versus Low Voltage — Which to use?

« MV drive $ / HP decreases with MV vs LV AC Drives
HP Budgetary $ per HP
. vs HP
« Harmonic content can be
Important 500'0 = — =4 \/ 6-Pulse w/o Transformer }——o0
. - ===V 4160 v TM-MVe2
Installed cost must be considered 2 440.0 l\ e e
Rellablllty & Cable COSt E % 330'0 —- |V 18 pulse incl transf E—
Cost of Special VFD rated cables -3
Additional cost for harmonic filters to | @ E 220.0
meet IEEE 219 Requirements 2 110.0 -
.—_.—4—‘._.‘—"
0.0 I I N
0 500 1000 1500
Horsepower

Recent Trend: Some users select MV >250 HP

| I I 'g"' Many users select MV > 500 HP.



Power Line Harmonics IEEE 519-2014 Table 10.3 Iy Limits

Maximum Harmonic Curent Distortion in % of I-Load

Isc to I-load h <11 h=11|h=17|h=23|h =35 TDD
Ratio to <17 |[to <23|to<35| & up | %
<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 .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

Notes: Even Harmonics limited to 25% of the harmonic level

TDD = Total Demand Disortion %, based on maximum demand current
at the point of common coupling [PCC].
Isc = Maximum Short Circuit current or kVA at the PCC

I-load = Fundamental freqency load current or kVA at the PCC

PCC Isc Available

Vpcce l
|-Load l l I-harm

[fund]

Specifying a min. 24-Pulse VSI VFDs or Active Front End VFD is safest option

. I I B e for harmonic mitigation. Best to ask for V & | harmonic spectrum



Specifying ASDs to avoid harmonics nightmare
« ASD shall be IEEE 519 — 2014 compliant and the [(TDD) shall NOT Exceed 5%
« A minimum of 24-pulse or higher input converter shall be supplied

« Harmonic mitigation shall be accomplished without the use of external filters
(active/passive)

* Vendor shall provide the harmonic spectrum and line side voltage and current
waveform of the ASD

 Active front end ASDs shall be provided with an input transformer

e



Line Side Performance — Voltage & Current

Harmonic Test Data

100% Load / 100% Speed

Hzrmonir  |Peak Input AL Peak RMS Inpurt beak L Percent of | Peak Duput RV
Number n amps i Illlpu’_( Valts (Quipic Ounul Fund Amps Valts paip
Amps Volts amps Amps Volts

1 3446 243.6 | 5655.4 3999.0 372.32 263.3 200.0% 5734739 4055.1

2 1.69 1.197 15.18 10.732 2.33 1.646 0.6252% 16320 11.540

3 2.62 1.852 15.50 11.664 2.80 1.978 0.7513% 22136 15.653

4 059 0.£17 2,44 M 2.30 0.210 0.07°6% 2693 1.504

2 201 1.2/ 18.9/f 14.416 3.29 2.325 U.BE32% 2859/ 20,221

b 0.23 0164 L.Ub L./48 0.21 0.148 ULUSEL% 1./4/3 1.253

7 1.38 0.3/8 10.66 11./83 L3> 0812 0.3083% BA81 2.59/

8 0.30 0.212 1.38 0.973 0.20 0.141 0.0535% 2523 1.784

3 0.42 0.500 G.44 4.352 0.82 0.380 0.2204% 2,508 1.774

10 0.24 0.1?2. 2.3T7 1.673 0.20 0.143 0.0544% 2.05(.1_ 1.443

z gt = resg T3 E PR = > 553

- . e 2037 J.44 e B0 I Lo

a7 0.0 0.066 121 .85 0.19 0.131 0.0457% 3573 5.345

as 0.13 0.092 3.43 2,425 0.27 0.188 0.0714% 32180 22.755

a9 0.12 0.082 0.88 0.623 0.13 0.091 0.0346% 5.303 3.750

20 0.08 0.057 1.00 C.705 0.09 0.062 0.0235% 8792 6.217

9 0.10 0.ueY 1.34 L5980 J.14 0050 U.USE4% /001 2.340

2 0.11 0.0/5 3.40 .40/ 0.6/ 0.4/1 U.1/8/% BL./31 . 492

23 0.14 0.102 0. /4 (] J.13 .05 U.USZ0% 13492 H.240

54 0.11 0.080 3.83 2.706 0.85 0.623 0.2367% 109613 77.308

93 0.12 0.083 3.22 2.275 0.08 0.057 0.0217% 6.7 14 4.748

96 0.17 0.122 3.71 2.623 0.13 0.089 0.0337% 6.122 4.329

97 0.05 0.065 4.01 2.837 0.10 0.070 0.0265% 10.564 7.470

08 0.10 0.073 2.58 1.826 0.76 0.536 0.2034% 110.552 78.172

29 0.10 0.069 1.07 C.756 0.10 0.072 0.0274% 4,104 2.502
100 0.14 0.099 2.28 1.615 0.70 0.403 0.1873% 84.358 59.€50
Square Koot, Sumof | g o0 03.4 a.07 167.2

square Values
Voltage Current THO%, RMS/ | 5 70 2.34% 1.55% 4.12%
Fundamental RMS
Amps Volts Amps Volts
INPUT QuUTPUT

{ D Ny




Operator Control and Communication

* Interface with larger process Control Inputs Control outputs
- Controls for operator — s — T [ O
* Simple start-stop contacts o, > orve Fau
* More complex HMI E;f D x — ff;;;’.ik
- Process equipment controls — system PLC Referonce 1 T Foadback

L LAw

« LAN communication of drive status if/as needed
to plant PLC or DCS

« Plan for remote diagnostics capability

e



Power System & Drive Efficiency

* Drive itself is typically 98% or more efficient
- With all fans, transformers, pumps, efficiencies of 96-97% are common
- Efficiency impact of drive varies with speed

« Efficiency effect of the drive can be eliminated at full speed by synchronous
bypass.

For Air-cooled vs. Water-cooled Overall system efficiency some tips:

92% for air-cooled (Includes VFD and E-house HVAC)
96% for water-cooled (Includes VFD and E-House HVAC)

STHS



Drive Installation

« Kept clean from dust, dirt & atmospheric contaminants

* Free from damaging moisture

« Operate within they rated ambient temperature & altitude ratings
* Properly connected & integrated into a reliable electrical system

 Integrated into the overall plant facility including proper site, equipment rooms,
equipment handling

* Properly stored BEFORE being installed




Enclosures for VFDs

* Indoor Use » Outdoor use * Indoor use
 Protect from  Protect from the  Protect against dust
contact & falling elements & dripping liquids

dust
» Convection or « Non ventilated
» Force ventilated passive cooling

* VFD control section
» Gasketed typically hosted




Enclosures for VFDs

NEMA 1 Gasketed enclosure NEMA 3R Enclosure

Convection Passive

7 NEMA 1 cooling cooling
\ | NEMA 12
4 A » a Gasketed




Enclosure

* NEMA 1 air-cooled VFD’s MUST be placed in - -
climate controlled E-houses 0% rove rumidy and 408

Air Quality Hydrogen Sulfide (H,S) 10 ppb
Nitrous fumes (NO,) 30 ppb
UL Pollution Degrese 2. Chlorine (Cl;) 10 ppb
Hydrogen Fluoride (HF) 10 ppb

« Special attention MUST be paid: AT -4 -

EN50178:1994 Section
A.6.1.4 Table A2 (m) Dust: Particle sizes from 10 - 100 microns for the

« Air-cooled VFD’s in dusty environments like oo a0 | o Caret
rubber & cement plants.

« Water cooled might be better option >4000HP

« Corrosive environments where H2S might be

present like water / chemical plants

* Cost basis of NEMA 1: NEMA3R =1:2.5.

 Follow manufacturer guidelines for air quality
control requirements

gpas



Enclosure

Filtered,
pressurized
room, caulking,
extra filters...

Extra filters
with
Velcro...



Enclosure

Dust!
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Some time
later!

- There are lots of ways to run from
\ \ [ 7 dust, but you can’t hide!




Storage & running

Drip Shield — just
in case!

1 Space heaters for
L storage




ASD Operational / Environmental limitations

« Altitude: De-rate current rating 2-3% per 1000 ft above 3000 feet. May have to
de-rate voltage for very high altitudes.

 Temperature De-rate: 1.5% per degree C above base rating (usually 40C) up to
max (usually 50 C).

* Drives put out heat — must be removed or vented to outside

« ASDs are designed to be installed in a relatively clean, dry environment
Operation

0 to 40 or 50 C with a relative humidity of 95% maximum, non-condensing.
Storage

Equipment is generally designed for a non-operating (storage) temperature
range of —25 C to 70 C.

e



Specifying E-houses — Key to reliability

* Good standard to use is PIP ELSSG11, Electrical power center specification
ASD Vendor to supply:-

Heat Dissipation in kW

Max. ASD Operating Temp.

ASD Humidity & Air Quality Req.

If End User / EPC
n/ oélsﬁris _ Weights & Dimensions
supplying the Air flow requirement

ASD building

Outline ultimate responsibility of the
entire system

If End User / EPC
/ OEM splits the

scope of building

and ASD Heat Dissipation in kW
Max. ASD Operating Temp.

ASD Humidity & Air Quality Req.
Weights & Dimensions
Air flow requirements

' \ Clarify responsibility ASD hook-up, plumbing, wiring, check-out

ASD Vendor “ Building Vendor




E-house requirements

* Minimum requirements for ASD E-houses are:-
« E-House NEMA rating, Typically 3R
Fire/Smoke detection

* Note: Fire suppression is usually not provided and is optional (like FM200
waterless suppression)

 N+1 HVAC based on ASD heat loss

« 480V, 120V Panel boards for lights, control, ASD Aux

* Bus Ducts or cable trays

« PE stamp, certifications (if any), access restrictions

* Local codes. Default is NEC

« Location of E-house final destination — For E-house estimating shipping splits

e



Sample E-house layouts
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Sample E-house layouts

.... T . =1 =7 =7 =1
VFD# 2
8 33,000HP
ASD Room

Preferable for ASD vendor to take responsibility of E-house
specially for large ASDs




ASD Solutions

ICB / PCR for 5000 HP VFD
Redundant ACU

2 Bi = B _—
Ii‘ S - ---- -
i o N e i
i
E

ICB / PCR for Starting Duty VFD
Low Capacity ACU



Temp. Controlled E-house versus ducting air out

« Many clients ask if they can duct-out hot air from the ASD to save on HVAC building
 YES, but:-

Make-up air must be provided: ~4500CFM to 17,000CFM

Air must be scrubbed off moisture content, fine dust, hazardous gases and other
contaminants

Air must be heated if temperature gets to sub-zero. Big air heaters required
ASD might need to be de-rated for hot ambient conditions

Warranty might not be honored.

Installer / End user assumes all risk

Usually not suitable for very low/high ambient, high humidity, dusty or areas
where gas might be present.

e



Cables From ASD to Motors

» Drives themselves are usually tolerant of most cable types & methods
« BUT, Cabling affects EMI radiation or motor.

« Cables > 500 meters need special attention [cable capacitance]

3¢

Industrial Control Building

/ \ Cooling System

VFD

]

n

=

Y]

E Input
+— | Breaker
=

3 N

S

Step-Down
Drive Isolation
Transformer

]

s

Motor

Driven
Equipment

STHS



Cable Sample Recommendations

04
CABLE RECOMMENDATIONS FOR POWER CABLING RATED 2000VAC OR ABOVE.
o0s
06
a7
SELECTION AMD TERMINATION OF POMER CABLIMG 15 CRITICAL TO THE SAFE AND RELTABLE
OPERATION DF THIS SYSTEM. ISSUES WITH RADIATED ELECTRICAL NOISE, | cround conpuetoRs 08
DISRUPTIVE GROUND CURRENTS AMD SAFETY ALL HAVE ROOTS IN POWER CABLIMG SELECTION T
AND TERMINATION. THESE RECOMMENDATIONS COMPLY WITH THE REGUIREMENTS OF THE NATIONAL 0%
ELECTRIC CODE OF THE USA, IT IS THE RESPONSIBILITY OF THE INSTALLER TD INSURE THAT INSULATING/PROTECTIVE OUTER JACKET <PVC)
LOCAL CODES ARE FOLLOWED WHERE THEY COMFLICT WITH THESE RECOMMENDATIONS. 10
11
SELECTION: ) 12
RECOMMENDED FOR INVERTER OUTPUT IS DKONITE OKOGUARD OKOSEAL TYPE My-105 1
PN 115-23-3816. 14
COMVERTER INPUT DOES NOT REQUIRE MC TYPE CABLE OR SYMMETRICAL GROUMDS. HOWEVER, SHIELDED BASE THREE PHASE, & CONDUCTOR CABLE — -
POWER CABLE SHOULD BE USED PER MEC GUIDELINES. SEE FIGURE 2. COMVERTER CABLE IWSULATION y .
INDIVIDUALLY SHIELDED PHASE CABLES
LEVEL SPECIFIED SHOULD BE EQUAL TO DR HIGHER THAN 8, 2KV. UV, W = PHASE CONDUCTORS e
17
TERMIMATION AT THE MOTOR OR TRAMSFORMER: 18
FIGURE I+ DKONITE OKOGUARD OKOSEAL TYPE MV-105
WHERE MC CABLES ARE USED, FITTINGS SHOULD BE USED TO INSURE THAT THERE IS A 360 DEGREE - 19
ELECTRICAL CONNECTION BETWEEN THE ALUMINM SHIELD AND THE JUNCTION BOX. ~ ANY GROUND RECOMMENDED FOR INVERTER OUTPUT
COMDUCTORS SHOULD BE TERMINATED TO THE EQUIPMENT GROUNDING LUG PROVIDED FOR EN
THAT FURROSE, THD 1y TDUGL CONDUCTORS SHOULD BE CONNECTED. US NG, CLMPRESSION LUGS.
21
EES
TERMINATION AT THE INVERTER OR CONVERTER: -
IT IS NECESSARY TO REMOVE EMOUGH CHBLE S'II]ELU F\NB F'HF«SE CDNDUCTDE’ SHEELD e
SO THAT INDIVIDUAL PHASE COMDUCTORS C N 25
ENTERS THE EQUIPMENT CABINET, TO THE nc CDN‘JECTIDN PDINTS |:|r TIIE INVERI'ER‘ OR 1 GROUMD CONDUCTOR
CONVERTER., DONCE THE SHIELD HAS BEEN REMOVED, FITTINGS SHOULD BE USED, TO INSURE 2,
THAT THERE 1S & 360 DEGREE FLECTRICAL CONMECTION BETWEEN THE ALUMINUM SHIELT AND INSULATING/FROTECTIVE OUTER JACKET ¢PVD)
THE CABINET GROUND ¢MC TYPE CABLE). GROUND CONDUCTORS SHOULD BE CONNECTED a7
TO THE El GROUMD BUS FROVIDED FOR THAT PURFOSE. PHASE COMDUCTORS SHOULD BE
CONMECTED ACCORDING TO THE EQUIPMENT DRAWINGS. ALL CONDUCTORS SHOULD BE 28
TERMIMATED WITH COMPRESSION LUGS.
UNCOATED COPPER SHIELD 29
SHIELDED CABLES MAY BE RUN IN CLOSE PROXIMITY TO OTHER SHIELDED POVER CABLES, 20
S0 FAR AS ELECTRICAL COUPLING IS CONCERMED. RULES REGARDING SPACING FOR THERMAL
REASONS MUST BE RESPECTEL. 31
ag
NOTE: CUSTOMER REQUIREMENT - UV, = PHASE CONDUCTORS 33
34
ALL CABLES RATED AT OR ABOVE 2000V SHALL USE STRESS RELIEF CONES. -
FIGURE 2: THREE PHASE SHIELDED CAEBLE WITH GROUND,
RECOMMENDED FOR CONVERTER IMPUT 36




Cable Sample Recommendations

Power Cable with armor
and fittings

Control Connections
[bottom picture]

Segregated by voltage level

Segregated by signal type




Motors application consideration — New Installs

« All ASDs inject harmonic currents on the Motor
« Harmonic Currents vary over speed range

» Verify motor cooling can handle harmonic currents
« ASDs also produce common mode voltage,

» Verify motor insulation is suitably designed

« QOutput filters might be needed with standard motor

If Motor and ASD ASD Vendor “ Motor Vendor
scope is split _
between two ASD Voltage/Current Waveform
vendors ASD Voltage/Current Harmonic Spectrum
Motor Insulation System

Motor Cooling
Need for Output filters & drive train studies

For large applications, preferable to procure from the same
Motor & ASD Vendor to avoid future issues

STHS




Motors application consideration — Retrofit Installs

If Fixed speed

motor converted _

for variable speed

ASD Vendor “ Existing Motor

operation - ASD Voltage/Current Waveform
- ASD Voltage/Current Harmonic
Spectrum
ot - Need for Output filters & drive train
Cr\a breaker E— StU d ieS

Utility Voltage
Up to 13.8kV
oZ
1

Motor
} Motor Insulation System
- Motor Cooling for speed range
- Motor Bearing
- Motor lubrication system
- Motor critical speed range avoidance

- Elimination of surge arrestors, &
capacitors

Input
] Matar

DD o | ] - ASD to Motor Cabling / Distance

Utility Voltage




ASD Cooling Systems

« Cools the power cells & auxiliary components
« Enhances the life of the ASD

« Allows the ASD to deliver rated power in smallest footprint

However,

« Poor design can lead to pre-mature failure
« Operation beyond thermal limits - Safety hazard
« Poor choice of cooling type (Air vs. Water) can prove expensive

« Poor cooling materials (pipes, hoses, etc) can cause leaks and reduced reliability

e



Major Sources of Heat in an ASD System

DC—>AC
Inverter

Input i = .

Isolation
Input ransformer

Switch ;
2 {8 Filter

Utility

A
A\
A
A\

1-1.5% ~ 2%




How Air Cooling Works?

The most basic form of cooling
Uses industrial fans

Cool air suction from front or bottom and exhaust
hot air to top or back

AIR EXHAUST

AIR INTAKE
(COLD)




Advantages of Air-cooling

« Air cooled drive is simpler —
- No pumps, filters, deionizers
- Only need to keep the air filters clean
« HVAC knowledgeable people are easy to find
« Redundancy can be designed into both the VFD fans and HVAC.
« HVAC is required for any Medium Voltage VFD
« Typical VFD (s) rated for 40 deg C

« Can be used for starting duty ONLY for large motors

e



Disadvantages of Air-cooling

Air cooled drive has a much larger footprint —
- Will require much larger control room or E-house

« Higher noise level in control room (> 79 dB @ 1m)
» Must control level of dust in room to avoid frequent filter changes

* For higher reliability, redundancy will be required for both fans and air conditioning —
driving HVAC & life cycle costs up

« HVAC power levels can be 8-9 times higher than water cooled

e



How liquid cooling system works?

» Major components of ASD liquid cooling r-]
« Pumps =
« Coolant reservoir
« Heat Exchanger
* De-ionizer
« Control system

Water Reservoir

& s
R
T ab
: s, De-ionizer
|

Liquidto Liquid Heat Exchanger

Redundant Pumps

« Coolant is pumped through the ASD power cells and heat is extracted
« Hot coolant is pumped through a heat exchanger to cool the liquid

« Continuous process

"E"



Types of liquid cooled system

Loop B

Closed Loop

/
« Liquid-to-Air Exchanger ‘ l =22R 2 Y J/

* No plant liquid needed Power Bridge

Phase A, B, C

Liguid-to-air Exchanger
(Air cooled exchanger)

« Redundancy on pumps and exchanger fans Power Converter Panels e

» Expensive, need extra space, design dependent on ambient temperature

Open Loop
Loop A
 Liquid-to-Liquid exchanger I *
e ower Bridge 4= Plant
« Specific plant water temp. needed Phaes A B Loop B Cooling
Water
P
° Redundant pumps Power Converter Panels F‘::-Ielfl.
. . Liquid-to-Liquid
« Less expensive and space saving Exchanger
D N,

* Note: VFD loop is always closed unless a stainless steel air cooled HEX is used




Typical Pump Panel for water cooled VFDs

Redundant Di
Filter

Redundant
Pumps rated
for 100%
capacity



Evaluating liquid cooling systems

« Main liquid supply systems
 All stainless steel construction
 Tight regulation on liquid conductivity, pressure, flow & temperature

« Factory tested at full rating

Straub Coupling between
the inverter panels




Water-cooled inverter unit

« Main Inverter/Converter Circuit

Robust Piping




Water Cooled inverter unit

 Main Inverter/Converter Circuit

Heat Sink Quick Teflon Piping

d 5 Connect
Couplings




Water-cooled related specifications — Keep in mind

— HOT Liguid
— COLD Liquid Adjustable Speed
Drive Avoidance of dissimilar metals in the
~ o .
©) | waop ¢ Smf%]i%wm = liquid cooling systems.
G_S) Resevior [
—— Temp & /%9
l Conductivity L
T Sensor Redundant temp/pressure/conductivity
! > for critical servi
N strainer Péeﬁi?:;e (Fs) sensors for critical services
% (o) Flow Avoidance of condensation
\_/ Meter
N
g ( R 100% Redundant Pumps w/Auto
i - Switchover

Temperalure
Control Valve

+\
u mp
Resin
Tree F ‘
Resin
Bed
|
[N\ Filter

. - D W De Iomzer Exchanger
. Loop

Stainless Steel piping with Di-Water

- Specify liquid quality, pressure,
Liguid = io = Liquid
Heat

Plant Water temperature (Liquid/Liquid ONLY)

—




Water-cooled related specifications — Keep in mind

—& HOT Liquis
—& COLD Ligud Adjustalle Speed
Oirive

L= - -Ei'ﬂ'l'ﬁ] — ]
kakz-Lp L [Ty e
1y

Regevior

Clearly define the responsibilities
between EU / EPC / ASD Vendor for
plumbing, mounting and initial
liquid fill-up

» a — —

D= lonkzer
Loop




Life Cycle Cost Comparison --

6000 HP ASD

Comparision
Parameter g

Liquid-Cooled Drive (4.4MW)

Air-Cooled Drive (4.4MW)

Base Cost of the |
ASD

HVAC Unit Costs

$4,000

$750,000 $600,000

$60,000

HVAC Annual Operati

31 costs ($0.04/kwh) $400 $7.000
5| Spare Parts Cost $100,000 $80,000
6 Mainta;?:gr?:é Cost $1,300 84,000
7 Trainingi)l_stiarning $5,000 $4,000
o [P Cote e 51,000 55000
o| e 515000 $°
10 Comrréisztioning $20,000 $10,000
GR(,:r:rDVTF%T)AL $922,700 $1,073,000

Good Reference: Verma, M.; Phares, D.; Grinbaum, II; Nanney, J., "Cooling systems of large capacity
adjustable speed drive systems," Petroleum and Chemical Industry Technical Conference (PCIC), 2013 Record of
Conference Papers Industry Applications Society 60th Annual IEEE , vol., no., pp.1,11, 23-25 Sept. 2013




Optimizing E-houses

* Proper selection of VFD cooling type: Air / Water

* Moving the transformer outdoors. Possible under limited cases. Eliminating
transformer opens up other issues.

« Maintain temperatures up to 40 deg C. Less HVAC required.

* When using the VFDs for starting ONLY, HVAC can be sized for up to 25% of
continuous duty application.

* No rear space requirement for TMEIC air-cooled VFDs
» Roof/Floor mounted HVACs instead of wall mounted.

e



ASD Cooling - Summary

» Specify cooling systems based on:-
« Motor Power
* Environment

« Evaluate cooling systems based on:-
« Design for Safety
« Cooling system design and redundancy
« Data Sheets
« Servicing intervals
 Availability
* Total Installed + Life cycle Cost

STHS



What are the VFD standards?

« There are North American and International ASD standards
« The two applicable standards are IEC 61800-4 and UL-347A
 These are design standards

UL

®

D Ny




Comparison of Standards

- UL 347A addresses only the med
- |[EC 61800-4 more broadly wr

ium voltage ASD
tten to encompass the total medium voltage Power

Drive System (PDS)

Driven
Equipment

Motor

-

a

-

-
-

-

-

-

-

-

-
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-

-
-

-

-

w
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(Optional)

Input
Breaker

VFD
Output
| transformer

P

=

.

Isolation
Transform

.

i

ig. 5 Scope of items covered by UL 347A standard

i

i

,

Equipment
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-
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Table of Comparison

Standard Category

IEC 61800-4

Section reference

UL347-A

Section reference

Definitions/Glossary/Units

MV Adj speed AC drive systems including
power conversion, control and motor

MV Adj speed AC drive systems including
power conversion and control but
excluding motors

Drive system Topology

4

Not addressed

Electrical Input/Service Conditions

5.1.1 Details given with level and
acceptable range

5 Defines necessary parameters but no
levels or ranges

Source Impedance

5.1.1.2

Not addressed

Climate Conditions

5.1.2.1 Defines accepable environment

for drive

Not addressed

Mounting/Vibration

5.1.2.2 defines normal vibration
requirements for stationary equipment

Not addressed

Transportation & Storage

5.2 and 5.3 Defines environmental,
temperature and humidity ranges

Not addressed

Good Reference: Phares, D.; Verma, M.; Horvath, B.; Rodgers, N., "Comparing International standards to
North American standards for large adjustable speed drives," Cement Industry Technical Conference, 2012
IEEE-IAS/PCA 53rd , vol., no., pp.1,10, 14-17 May 2012




IEEE 1566 — 2015 Standard

» Standard for Performance of Adjustable Speed AC Drives rated 375KW and
Larger

* Created in about 2006
« Released in March 2015 o oS osd AG Dot
« Includes a set of data sheets ARSI TONiand! Lgger

|EEE Industry Applications Society




IEEE 1566 — 2015 Standard

QlE EE Irrucd farurs by | Sheet 10f 2 | DOCUMENT NO.
IEEE 1566 - MEDIUM VOLTAGE ADJUSTAEBLE SPEED DRIVES ELECTRICAL DATA SHEET
JoEND. L NTEMITAGHD.
PURCHASE ORDER HE.
FRER.¢ SPEC.HO.
REVISIOHHD, DaTE Ev
1| FoRuser EGUIFMENT
2| smerLocaTion MANUFACTURER
3| REFEREMCESLD SUPFLIER PROJEGT HO.
d aplizableTa: @S Froparal ) Furchare ) r kil
DATASHEET ., INDICATES INFO. TOBE T BECOMPLETED
s| More @ zratus (O complercoet Pureh, [ BvMANUFACTURER
AMMEZ A SHEET 1 OF 3 — 10 BE COHFLETED BY THE FURCHASER
i SyrtemaFua(J) s () SiplurlSrtandard Ha ex (6.2, 616
1 Impedanceverrur froquoncy dataruppliodatFee:  (Oiter (D) He
3 Swpply Srrtem (5.1, 6.6 Paint of comman caupling (FGG): Valtaqe at FGL [
o (O eaowe D) zzo0e(C) aroe(D) snoorD) waonn () 1zsnon Fiequirad telophane influence [1L.T) at FGG:
10 ath Y Bwsraqe Demand Burrent (IL):
1| 38 Short-Gircuitlove kA arFOC _ avdrive Othor harmanic re quirementr:
12 Line Frequency: () $0Hz () SoHz Harmanis famglianze talEEE F4:
13{ 22 Shar-Girzuitlove ko _ ardrive Harmaniz Samglianze talEG 61000
14 Line Frequency: () 80Hz () BoHz 1§ 'Ha' o bath of the abawe, rtate valtage THD req,
15| 29 Symmstrizal Shars-Cireuit Lowsl at Drive Inp ut for AirzFlark Calzulatinne:
1% Masimum ki Minimum kA Duratiar | Spetem & v (652
17 Syrkem Ground methad: () Salid () Resirtanzaat &
12| ASD Awxiliary Theas-Phars Pauer (6.1): O b
1o oMz (0 zozw () azow () onw () oeha " AFault dobaction pravidedin uprbream suitzh Chver Citm
zof oMz () aoow () oeha "
21 ut HatimnalfLucal Cudar (413
22 Cantral Puuar (7.1
23 (D) Framinpue (J) UPS () Barrary () Valtaa, v
B Fiodundant Gantral Pavor Supplil ) Tor  (J) Ho
25| UFSarBattery Supplicdby:(_) Vondar () Purcharer mant (1.3
26 Sits Lacation:
2] Seirmic Zane: (O tia ) fer, Zone:
28| ASDCantinugw Rating (rercentase of matar faull laad rati o bicnsT, - = (Max, =G (Min)
wl Q%o Qe (O ok u Eleatrizal Fiaam Ambiont Tomperature: CiMax G (Hin)
20 ASDShors Torm werlaad Elevatin metrar(A5L)  Humidi “nan-zandenring
3 Maqnivude ar aperzentaqe of drive cantinuaur rating Cantamination:
22 O Osne () othen w Cartral Faom Durk Lovel: pem?
3 Diuratian of rhart torm ausrload Cabinet Space Heater (15]: Cova () ver 1
4] (O strecands () Othes EEDtabe maunted inapro-Fabricated building: [ el
35 Dutyzpele afshart tormusrlnad Building RoFerance Spocificatinn:
E () strocandr () Okhes Elustraniz sirzuitboardr havs sonfarmal caating apelied_) tar  (_) Mo
1 Evclarurs (4.2.1):
34 Lmadtd atimn Rag () tndaar, 21 () Other, Spesi
zol  Typenbload: (CiFan () Fume (C) Camprarrar Inzaming Load Gable Details
a0 (oL IncaminaFauer Gabled_JTap () Batram
4t TarqueFrafild_) Yarisble () Gonrtant = Humker per Phare
az [eLI™ Matar Gablod_) Tae () Battam
a3 GearboxFati tn S Humber por Fhare
44 Motar SeecdRanac s, rpm Cantral Cabled_) Top () Botam
45| MaxLoadPauer Keat__ _ rem Finirh: () Manufastaring Sed]_) Ar Sposified
4] LoadtarquedSpecd surve pravide trefl Qurride Calaur,

() Inride Calaur

Datasheets are available in Excel format
and PDF —

 Three for Purchaser

 Three for Manufacturer




Additional reading material, Peer reviewed publications

e M. Verma, D. Parker, I. I. Grinbaum and J. Nanney, "Making the Leap to Electric Motors and Adjustable-Speed
Drives: A Case Study of a 20,000-hp Gas Turbine-Driven Compressor," in IEEE Industry Applications Magazine,
vol. 23, no. 6, pp. 29-38, Nov.-Dec. 2017.

e M. Verma, I. |. Grinbaum, J. Arnold and J. Nanney, "Preparing to Witness a Multi-Megawatt Motor and
Adjustable Speed Drive Acceptance Test - The Basics," in IEEE Transactions on Industry Applications, vol. PP,
no. 99, pp. 1-1

e Verma, M.; Phares, D.; Grinbaum, I.; Nanney, J., "Cooling Systems of Large-Capacity Adjustable-Speed Drive
Systems," in Industry Applications, IEEE Transactions on , vol.51, no.1, pp.148-158, Jan.-Feb. 2015

e Phares, D.; Verma, M.; Horvath, B.; Rodgers, N., "Comparing International Standards to North American
Standards for Large Adjustable-Speed Drives," in Industry Applications, IEEE Transactions on , vol.49, no.5,
pp.1939-1945, Sept.-Oct. 2013

e Verma, M.; Dick, B.; Phares, D.; Bondy, S., "Bringing New Life to High-Capacity Systems: Modernization of
Legacy Adjustable-Speed Drives," in Industry Applications Magazine, IEEE , vol.19, no.6, pp.66-74, Nov.-Dec.
2013
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