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OUR GOAL

Collectively we believe there are significant energy
savings opportunities to be had by increasing the use
of high performance electric motors. By working
together in the past we have achieved great success
In transforming the motor market saving substantial
Twh. Our goal is to increase the adoption of higher
performing motors in a logical and realistic manner
that builds on our past success saving additional
energy, while maintaining the necessary service and
utility for the motor users in the USA.



Our Roles

A NEMA Motor Section
I Motor product and application experts

A DOE contractors
I Rule process and evaluation experts

A DOE
I Legal and procedure experts

A Efficiency advocates
I Environmental and community positions



What are we going to cover today

A What is a and electric motor?

I Terms we use
I Industrial and commercial [1/4 to 500 HP]

A How does a motor convert electricity to rotating
torque?
A Fundamentals

I Electrical
A Design options, power, testing and losses

I Mechanical configuration
A Mounting feet, flanges, shafts

I Accessories

N
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What are we going to cover today

Al 2 Aa | Y202NXa ST7F)

A How do US standards compare to the rest of
the world?

A Review of existing motor efficiency rules
A Conclusions

7/15/2013



Speakers

A John Malinowskt Baldor Electric / ABB
A Dan Delaney, Regal

A Dale Bassq WEG

A Rob Boteler Nidec
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Agenda

How a motor works
Components
Enclosures

NEMA Dimensions
Stators

Rotors

Bearings
Accessories
Efficiency

Failure Modes
Performance / Applications / Starting
|IEEE 841




What i1s a Motor?

An Electric Motor Converts
Electrical Power to Mechanical Power




How an Induction Motor Operates
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Permanent Magnet Basics

Lines of Flux

Any magnet has a North and a
South Pole

ANnOppositeo pol es
attract each other

~ . . Two Unlike Poles Together Attract
ALIi keo poles of !
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Twao Like Poles Together Repel



Induced Magnetic Fields

A magnetic field (B) is produced
any time an electric current is
passed through a wire.

current'

The magnetic field around a
singular straight wire is not very
strong.

A stronger field can be created -

by coiling the wire i

I
An even stronger field can be / \
produced by coiling wire around
a piece of special steel called
Nnel ectrical stee
an Electromagnet.

Inserting an iron core may
give a magnetic field several
hundred times that of the
equivalent air core solengid.
e ~

Coil nAngroupso | a
electromagnetic material forms
the stator of the motor



Alternating Current
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A The poles of an electro-magnetic coil change polarity
when the direction of current flow changes.



Magnetic Propulsion

1

Coil 1 Coil 1 Coil 1

Stator
s Jieg=g Permanent
GENV/aN a3 Magnet
Torque is
Rotor produced
Coil 2 Coil 2
Stator Electromagnet

B C

The principle of an induction motor is to induce magnetic forces into the rotor of the
motor. A new generation of motors has permanent magnets imbedded in the rotor



Three Phase AC Power

Why 3 phases?
Phase 1 Phase 2 Phase3

1.0
A It allows the most power
transfer with the minimum
number of conductors 0.5
Time
A Three times the power 0 >

transfer of a single phase
system by adding only one-0.5
conductor

1.0
A The sum of all three phase

voltage at any instant of time
IS zero




What is Torque?

A Torque is a force applied at a distance from
and perpendicular to an axis.

1 Pound Force

1 Foot

Torque =1 Ft Xlb=1 FtLb



To Do o
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How Is Torgue Produced in the Rotor?

Foll ows fALeft Hand Rul eo
Rotating stator flux (B) sweeps through air gap

The rotating magnetic field from the stator
Acutso through the rotor b
current in them. The current flows through the
bars to one of the end rings, through the bar
on the opposite side of the rotor then returns
through the other end ring etc.

The current flowing through the rotor bar
creates a magnetic field in the rotor that
foll ows the stator6s

The difference in speed between the rotor and
the statorods rotating
how many lines of magnetic flux cut through
the rotor bar.

The greater the difference in speed between
rotor and stator, the more current that is
induced in rotor and greater the force

Current

deter m

Thrust is the radial force
that produces torque




Four Pole Motor Torque Productior

Flux

Current




Single Phase Motors

A Single Phase induction motors cannot self start because they lack
a rotating magnetic field.

A The starting mechanism is mainly an additional stator winding
(start/Auxiliary winding)

A Up to 10hp
Capacitor | , Centrifugal Switch

— | ®
Input Main Input Main
Power  windi Power

Winding Winding
. @
Start Winding
Single-Phase AC Induction Motor Single-Phase AC Induction Motor

without Start Mechanism with Start Mechanism



Single Phase Motors




Single Phase Motors

starting
switch
Main .
winding

. (000000000 L
Auxiliary winding
Speed,
percent of
synchronous

Centrifugal

40

20

0 e e e
0 100 20 300 400

Torque, percent of full load

Split-phase squirrel cage induction motor



Single Phase Motors

\/(
[ 2
£ Centrifugal
Capacitor entrifuga
3 starting
switch

(closed for
starting)

Main
winding

Auxiliary winding

o-n i hAY
0 100 200 300 400 500

Capacitor-start induction-run



Single Phase Motors

Starting capacitor
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Capacitor

Centrifugal
Main ‘) switch
winding ° (closed for
starting)

. (000000000 L4

Auxiliary winding

Capacitor-start capacitor-run



Single Phase Motors

Capacitor

\(
. yAN
Main ’
winding
. (000000000

Auxiliary winding

Permanent split-capacitor



Single-Phase Motors

Starting

. o "
Motor 1 ity | S12MNg | S22 | yopage | RPM | REV? | RERYE 1 pgtes Uses
Type T v | Current HP Cost

(Torgue)
Shaded-pole Light duty, Smal iers
Induction Very Low, _ . . . 900, 1200 . Ve | e Lo ez blowers,
0Godxrt | ¥ /hio 4 5 |qgoo,300 | W Ve Lo | vieney | s weier
biower, hair dryers

Split-Phase Simple Fans, fumacs

_ ) un construcion | blowers, lathes,

) L_"_"’; s Hf:-r{ U20tow4 | 1150r230 f"ﬁ?.‘;. i’g’a YES Low small shop tools,

-151 3-8 ] jet pumps, small
COM|pressos

Permanent- Often cusiom | Fems, fumace

Spiit, Very Low, Lo, P e - Varizble veo _ | designed blowers, &

Capscitor- 0 odirrt | 7-rrm 20to2 LarZ30 %00 10 1500 ES Low to Mid hangling

Imcfection

Capacitor- Long service, | Wakr sysfemes, air

Slart, ) ) - EEEY CAlE COMpressos

. High, Medium, e e - 900, 1200, == ) : werFlaEro  dar
Inciuction-Run i_tnr T Eare I to 10 Eor 230 1800, 3500 (=3 Mid el E .-_.s )
grinders, blowers,
COMVEYOIS

Repulsion- Hendles  big Gindess, desp

Start, ) ) PR load changes | well pumps,

nductionfun | O | Low, 121015 | 1150rzan | 12001800 e Mid | wel silo unosders,

dxrt 25-31m 3600 —
bem clesrers

Capacitor- Good starting | Pumge, ar

Start, ) ) 5 ahility, COIMpressis

00, 1200, . ) - )

Capacitor- . .Hﬁz p I'.1e;:|:rrlc 12to15s | 1150r230 | | . YES Mid efficiency drying fans,

A e s 00, 3800 IaIge COMVEVDES,

feed mills

rc = Running Current

rt = Running Torque




Motor Terminology and Electrical Performance
Characteristics



AC Power Supply Terms

A Phase: describes the type of AC power supplied
(Single or Three). Does not apply to DC.

A Frequency or Hertz (Hz): How many times a
second the AC changes directions from positive to
negative.

A Voltage: Defines the strength of the electric power




Typical Power Supply

Single 60 115 or 230
AC Single 50 110, 208, 220or 240

AC Three 60 208, 230, 460, 575, 2300,
4160,6600, or 13.8 kV

AC Three 50 190, 380, 400, 415, 69@000
or 11 kV



Motor Performance Characteristics

A Speed / #Poles
A Horsepower

A Current

A Speed vs. Torque
A Service Factor



Motor Operating Speeds

A Mechanical speed tied to speed of rotating
magnetic field in stator

I Synchronous Speedl20 X Frequency

# Poles
i Rotor lags behindRA F FSNBY OS OI f f
I Speeds at 60 HzFull Load Speed Is approximate

# Poles Sync. Speed Nominal FL Speed

2 3600 RPM 3550 RPM
4 1800 RPM 1750 RPM
6 1200 RPM 1150 RPM




Synchronous| # of FrequenC\w Formula

Speed (RPM)| Poles (Hz)

3600 2 60 S =(120x60)2

1800 4 60 S =(120x60)/4
1200 6 60 S =(120x60)/6
900 8 60 S =(120x60)/8
720 10 60 S =(120x60)10
3000 2 50 S =(120x50)/ 2
1500 4 50 S =(120x50)/4
1000 6 50 S =(120x50)/6
750 8 50 S =(120x50)/8
600 10 50 S =(120x50)10




What is Slip?

A Ratio between:

Full Load Speed and No Load Spe

> ) m + (12: - ;—F‘F‘Ff)]

> | m + (—)] 8 b




Horsepower and Torgue

Poles Torque/Hp|Speed @ 60Hz
(Ib/ft) Synchronous
2 1.5 3600
4 3 1800
6 4.5 1200
8 6 900
10 7.5 720
12 9 600

| —m ™ - > A
7 |F

do > ad

y




Rules of Thumb

Motor Amps per HP(full load)

460v, a 3phase motor draws 1.25 amps per HP

230v, a 3phase motor draws 2.5 amps per HP



Hifiecttsod \Vdaligg & avartiaimons
on ACNIWOOBDES

Low Voltage
1. Reduced starting torqueMotor may not be able to start load.

2. Reduced running torqueCurrent increases to produce 100% torque
creating excessive heat. Increased heat causes premature insulation
failure.

3. Speed decreases / Process interruption
High Voltage

1. Increased starting currerfNuisance trip of overloads. Increased heat can
cause insulation damage.

2. Increased starting and running torque.
3. Speed increases / Process interruption

A NEMA allows A/- 10% voltage variation with no frequency variation



IS It true?

A A motor,depending on its desigran produce
torque indefinitely without producing
horsepower

A A motor cannot develop horsepower without
first producing torque

A A motor needs to rotate to develop
horsepower in order to do work




Motor Speed Torque Curve

Percent of full-load torque

Breakdown
torque
Locked rotor torque (pullout)
— (starting torque)

C

g

/ — Pull-up torque
(pullin)

2

Full-load torgue

0 |

No-lcad speed —\

L

0 50
Percent of synchronous speed

100




Motor Designs

A The Material and Shape of the Rotor Bars AreNlain
Factoran Obtaining Various Speed/Torque Curves
A NEMA Defines 4 Basic Types of Speed/Torque
Characteristics for Induction Motors:
i DESIGN A
i DESIGN B
i DESIGN C
i DESIGN D

A The Stator Has Little to Do With the Shape of the Motors
Speed/Torque Curve

A Different Rotor<€CouldBe Used With the Same Stator to
Change the Characteristic Shape




Typical Current & Torque Relationship
for Squirrel Cage Induction Motor

% Current
% Torque

600

400

200

Torque

25 50 75 100
% Speed

Nema Starting | LR amps | BD torqg | FL slip | Applications
Des. Torque
A Normal | High High Low Mach. Tools,
fans
B Normal | Normal Normal | Normal | General
Industrial
C High Normal Normal | Normal | Conveyor
Very Low n/a High Hoists
High




ROTOR DESIGN
Slot Shapes

Design A

ALRT  Normal (90c 100%)
ALRA  High >650%
ABDT  High >200%

A FL Slip Low

A Cross section of the bar is large
(low resistance) and not too
deep in the iron (low reactance).



ROTOR DESIGN
Slot Shapes

Design B

ALRT  Normal (80c 100%)

ALRA b2NXIf F cpm
ABDT aSRAdZY%F H AN
A FL Slip Low

A Similar to design A except the
deeper bar results in lower
iInrush and slightly lower torques.




ROTOR DESIGN
Slot Shapes

Design C

ALRT  High > 150%

ALRA Db2NXIf F cpm
ABDT aSRAdzY%F HAnN
A FL Slip Lowc¢ Med < 5%

A Design C utilizes a double cage
slot. The high resistance of the
upper cage delivers high starting
torque.




ROTOR DESIGN
Slot Shapes

Design D

ALRT  Very High > 200%
-ALRA b2 NXYIFE F cp e
ABDT  High >200%
A FL Slip High (5¢ 8%, 8¢ 13%)

A Bar shape and brass or similar
alloy is used for high resistance
(high starting torque) and high
slip.



% FULL-LOAD TORQUE
% FULL-LOAD AMPS

700

600

500

400

300

200

Motor Starting- Inrush Currents

N

AMPS \

A Locked Rotor Current typicall§00-
700% of fulload

A/ dZNNBYUd FyR G2 NJ

proportional until near fullload

/

"STARTING[ PULL-UP
| TORQUE 1_TORQUE

BREAKDOWN

/ TORQUE

TORQUE 7
o0 LT Y
NG FULL-LOAD
TORQUE
00 200 600 1000 1400 1800

RPM



What is Large AC?
Per NEMA, Large Induction Machines include ratin
greater than

Sync. RPM Motors-HP Generators-kW

3600 500 400
1800 500 400
1200 350 300
900 250 200
720 200 150
600 150 125
514 125 100
450 ALL ALL

NEMA MG 1 Part 20



SpeedvsTorgue
NEMA MG 420.10

20.10.1 Standard Torque
The torques, with rated voltage and frequency applied, shall be not less than the following:

Torques Percent of Rated Full-Load Torque
Locked-rotor* 60
Pull-up* 60
Breakdown® 175

20.10.2 High Torque
When specified, the torques with rated voltage and frequency applied, shall not be less than the following:

Torques Percent of Rated Full-load Torque
Locked-rotor 200
Pull-up 150
Breakdown 190

20.10.3 Motor Torques When Customer Specifies A Custom Load Curve

When the customer specifies a load curve, the torques may be lower than those specified in 20.10.1
provided the motor developed torque exceeds the load torque by a minimum of 10% of the rated full-load
torque at any speed up to that at which breakdown occurs, with starting conditions as specified by the

customer ( refer t0 20.14.2.3 ).

100
\..__

50

40

60

80

100



Speed vs TorgueApplication

Constant Torque Variable Torque

i Reciprocating i Centrifugal Pump
Compressor i Centrifugal

I Reciprocating Pump Compressor

I Extruder I Fan

I Conveyer




Application Characteristics

A Required HP, Speed, and Voltage
A Application (Type of Load)
A Starting / Running Method




Motor Starts

A Every time a motor starts
Its components are
subjected to mechanical
and thermal stress.

I Rotors
I Winding insulation

A Number of starts per time|
should not be exceeded.

I 2 starts loaded with motor,
at ambient temperature

I 1 start loaded with motor
at operating temperature

I Followed by required
cooling time

Time (Seconds)

1000
200
800
700

600
500

400

300

200

100

[ B oo caceem

THERMAL LIMIT CURVES

$ Motor Initial Temperature: =
=== : =—140°C Cold 120°C Hot =
R : — 1: 100% Rated Voltage B
=t —[2:80% Rated Voltage E
P W i i i - 5 s 3 1 I I 1 3
\\ LOAD CONDITION: =
¥ o E : . —
N\ Overload : LOAD INERTIA: B
! \\ 6231 Th-fi? E
— ' : NO. OF CONSECUTIVE STARTS =
— 1 3COLD/2HOT =
! 1 ADDITIONAL START AFTER:
! ! 45 MIN - MOTOR SHUTDOWN -
30 MIN - MOTOR @ FULL LOAD =
. 15 MIN - MOTOR @ NO LOAD =
~ ; —
=== ! eeferation———— — =
=== ey =
Hme Carren ¥ 1 ——— "
— j— :: X  —— : : Tocked Rotor
+ * e == e =
= : + ——— i ——
\ EEE—— i RS old
LY 1 1
N
A IR N LN N
=E==== 5=
i : ‘\:\ &
i T i =
i Ari. i
T . I
EEiE

100

200

300

400

500 600

Percent Full Load Current

700
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Table 20-1

LOAD Wk* FOR POLYPHASE SQUIRREL-CAGE INDUCTION MOTORS*

Synchronous Speed, Rpm

3600 1800 1200 900 720 600 514 450 400 360 327 300
Hp Load Wk® (Exclusive of Motor W&?), Lb-ft®
100 12670 16830 21700 27310 33690
125 15610 20750 26760 33680 41550
150 13410 18520 24610 31750 39960 49300
200 12060 17530 24220 32200 41540 52300 54500
25[] . 953(] 1483[] 215,B¢|] 2aa00 AGEAD L4200 EAANN eI T
300 6540 11270 17550 25530
350 7530 12950 20230 29430
400 4199 8500 14670 22870 33280
450 4BEE 9460 16320 25470 37090
500 5130 10400 17970 28050 40850
800 443 2202 6030 12250 21190 33110 48260
700 503 2514 6900 14060 24340 38080 55500
800 560 2815 776D 15830 27440 42050 62700
300 615 3108 8590 17560 30480 47740 69700
1000 668 3393 9410 19260 33470 52500 TEE0D
1250 790 4073 11380 23390 40740 54000 93600
1500 902 4712 13260 27350 47750 75100 110000
1750 1004 5310 15060 31170 54500 B5900 126000
2000 1096 5880 16750 34860 §1100 9E500 141600
2250 1180 B420 18440 38430 67600 106800 156900
2500 1256 930 20030 41300 73800 116800 171800
3000 1387 7880 23040 48520 85300 136200 200700
3500 1491 700 25850 54800 97300 154800 228600
4000 1570 9460 26460 60700 108200 172600 255400
4500 1627 10120 30890 65300 118700 189800 281400
5000 1662 10720 33160 71700 128700 206400 306500
5500 1677 11240 35280 76700 138300 222300 330800
000 11690 37250 81500 147500 237800 354400
7000 12400 40770 90500 164900 267100 399500
BO00 12870 43790 98500 181000 284500 442100
9000 13120 46330 105700 195800 320200 482300
10000 13170 48430 112200 209400 344200 520000 741000 1009000 1327000 1699000 2125000
11000 50100 117900 220000 3BETO0 556200 794000 1084000 1428000 1830000 2291000
12000 51400 123000 233500 387700 590200 44800 1155000 1524000 1956000 2452000
13000 52300 127500 244000 407400 622400 893100 1224000 1617000 2078000 2608000
14000 52900 131300 253600 425800 652800 834200 1285000 1707000 2195000 2758000
15000 53100 134500 262400 442900 681500 953100 1352000 1793000 2309000 2904000




LOAD CURVES
Pump/Fan

100
80
== Open Valve (Pump)
Open Damper (Fan)
60 -
(0]
>
g e Closed Valve (Pump)
= / Closed Damper (Fan)
X

40 / v

20 /

0 60 80 100 120

N\

% Speed



LOAD CURVES
Compressor

120

100

80

60 //
T /A /-
=L

0 20 40 60 80 100 120
% Speecd

% Torque




Reciprocating Compress
Torque Effort Curve

250
200

™\

\

N

00
[

|A
=)
.Y
-
N
=
-
ND
o
(>
N
=
D

Degrees of Shaft Rotatiol



LOAD CURVES
Conveyor




Starting Method

r—

A Full Voltage

A Auto Transformer / Voltage Dip
A Current Limiting Soft Start

A Adjustable Speed Drive




STARTING METHODS
Reduced VoltageNEMA Load Curve

L —

—

20 40 60 80
% Speed

100

120

—80% Volts
- 100% Volts
—NEMA Load




STARTING METHODS
Reduced Voltage50% NEMA Load Curve

/

/

——

40 60 80

% Speed

100

120

- 80% Volts
—100% Volts
—50% NEMA Load




% TORQUE

300

250

200

150

100

50

STARTING METHODS
Current Limiting Sofstart (250% FLA)

T~

>

|/

L

20

40

60

% SPEED

100

120

700

+ 600

-+ 500

+ 400

+ 300

T 200

+ 100

—100% TORQUE
—LIMITED TORQUE
—LOAD TORQUE
—100% CURRENT
—LIMITED CURRENT




% Torque

250

200

150

-
[=]
o

7

50

VFD Starting

40
% Speed

60

80

100

120



AC Motor Torgue on Variable Frequency

160 .
50% Overload
140 N

120 \
100 Rated \

80 \

60

40

20




Motor Components



AC Motor Components

Eyebolt

Rotor Frame

End Shield

Rotor Laminations

Grease Inlet
Bearing
/ ™ |
Fan Cover _
Conduit Box ————>» 4 Shaft
Shaft Slinger

Gasket Cover Draining

Gasket Protection
To Frame To inner



Severe Duty Motors: Built for Reliable Performance

Two-part epoxy zinc
chromate primer inside
and out, plus epoxy
finish coat.

Plus...

* Documented motor
performance and vibration
test date shipped with motor

¢ Shaft run-out less than NEMA

* Sound power level less than
90 dBA

¢ Five-year warranty

Fan and fan cover designed
for maximum cooling and
quieter operation.

Heavy duty
cast iron frame,
end-plates,

fan cover and
conduit box.

Over-sized cast iron conduit
boxes, exceeding NEC
standards, make connections
easier. Neoprene rubber
gaskets ensure a tight,
waterproof seal.

All joints gasketed and
sealed for added protection.

Foot flatness to
less than NEMA
tolerances
(.005"/1t.).

Dual mounting foot holes, convertible from
F-1to F-2; especially convenient when
mounting a motor for replacement duty.

Features found in Chemical Processing
and IEEE 841 motors.

. Features found only in IEEE 841 motors.

Dynamically balanced to
half of the NEMA
allowable vibration limits.

End turns laced High-pressure die cast Grease fittings and

both ends. aluminum rotor through reliefs on both ends
449T frames coated to ma!(e lubrication
prevent corrosion. maintenance easy.

Locked bearing
. construction reduces
Patented Lube-Lok retainer  gnqpjay,
grease seal on both ends,

250T frame and up. Nacpran ribber

shaft slinger on
opposite fan end
of motor prevents
contaminants
from entering.

Baldor was the first motor manufacturer to use Exxon Polyrex®EM
grease. Polyrex® EM protects motor bearings better, providing
improved lubrication life, greater shear stability, and superior
resistance to washout, rust and corrosion.

Baldor’s exclusive ISR® (Inverter Spike Resistant®) magnet

wire is up to 100 times more resistant to voltage spikes. Inpro/Seal™ \

High temp (Class F) insulation sy VBX Bearing 3
Isolators at both \
the drive end and
fan end ensure
protection from
contamination.
Standard on all
|EEE 841 motors;
optional on s
custom motors.




Typical IEEB41 Motor Construction
3 Flying leads

Side mountea
conduit box

Rotating
labyrinth seal

Cast iron frame ,endplates and Cast iron fan cover
Bearing retainers



Typical IEC Motor Construction

b-terminal studs
Wye-Delta Start

Top mounted
conduit box

Lip seal on shat,
not rotating
labyrinth seal

Sometimes frame, endplates and Stamped steel fan cover
bearing retainers are aluminum,
not cast iron



Frame Size Designations [} -

A NEMA MG 1 assigns a frame size based on enclosur
HP and rpm for 60 Hz operation

A IEC does not associate any specific output power anc
speed to a specific frame size
I CENELEC harmonization document HD231 does

I This document covers totally enclosed squirrel cage motors
at 50hz 56 to 315M frames, up to 132 kW



Frame Size Designations

NEMA IEC
Shaft  Shaft Shaft Shaft
Frame Height Height Frame Height Height
(in) (mm) (in) (mm)

68



Motor Enclosures



Motor Enclosures

Open
Systems

Enclosed
Systems



Open Motors

OPENDRIP PROOF (ODP)

DRIP PROOF GUARDED (DPG)

SPLASH PROOF GUARDED (SPG)

WEATHER PROTECTED HYWP

WEATHER PROTECTED HI)\WP

OPEN DRIP PROOF FORCED VENTDBPEW)(
SPLASRROOF GUARDED FORCED VENARBPG
OPEN DRIP PROOF SEPAYRANEILATEDDRSV)
SPLASRROOF GUARDED SEPARATE VENTILASD)(IE

ATR DEFLECTORS
BOTH ENDS
E’ f
e L i if—
—- | o AIR FLON
% [T e, 2
— e ] I
. ez
Y Jm 4 4\




OpenDrip Proof¢ ODP
AirExhaust& ‘,M# ‘

AirIn

~

\ o

Air Exhaust

AirIn

(Same on NDE) - -
A Suitable for areas witheasonably

cleanair and noncorrosive
environments.

A Protectsfrom water drops falling
at up to15° from the vertical.

A Symmetrical airflow circuit.




Weather Protected (WP |) Motor Enclosure

A Ventilation openings A Mechanical parts and
constructed to prevent the windings painted for
passage of @ &2 cylindrical protection against

rod. atmosphere.



Weather Protected (WP II) Motor Enclosure

A Airflow path has
| r . three 90 directional
——— ' changes.




Enclosed ExampleS EFC

Shaft mounted fan blows ambien{ /
air over the outside of the motor \
frame.

__

L L —

Air Exhau




Enclosedexamples TENV

A TOTALLY ENCLOSED NON
VENTILATED (TENV

A No externalfan

A Qooledby freeconvection




Explosion Proof Motors

A Designed to contain
Internal explosions wit
controlledflamepaths

A Temperature rise is
designed to not exceed
site classification limits,

A Internal Thermostats
A Special Conduit Box




Enclosed ExamplesTEAAC

"" Air Exhaust
gfm

TEAAC = Totally Enclosed Air to Air Cooled



Enclosed ExamplesTEAAC

ﬁﬂﬂ/

bl

—
—
—

i=5

H |




Enclosure ExampleS EWAC

Water
Connectior
Points

TEWAC = Totally Enclosed Water to Air Cooled



Enclosures: Adjustable Speed

Noticec Blower
for internal air
circuit

Noticec Blower

for ambient air
circuit.

\\

TEAAC Blower Cooled



Enclosures: Adjustable Speed




To I

Choosing th&€orrecteEnclosure

Since they force the ambient air through the rotor and stator, they cool more
effectively and require less active material.

The problems with open motors are that moisture and particles present in the
motors environment will build up on the rotor and stator, and restrict the air flo\
through the motor.

ODPmotors should be installed in clean, dry, indoor environments. They may
require periodic service that includes cleaning the rotor and stator.



Choosmg theCorrectEncIosure

Enclosed
Motors

A Theycan be operated indoors or outdoors.

A SinceTEFC motors cool by air flow over the surface of the frame,
frame surface should be kept clear of materials that will restrict th
air flow or reduce the heat transfer from the frame.

A TEFG@notors are generally well suited for harsh, dirty and wet
environments.



Submersible &mmersible
Motor Designs



Submersible and Immersible

Motors
Gainesville, GA Motor Facility




Submersible Std. Features

w Cast iron construction
w 25 feet of cable
w 416 Stainless Steel shaft

w Tandem mechanical seal (Type 21)
Inner seal and outer seal

» Carbon Ceramic

» Tungsten Carbide

» Silicon Carbide

» Slurry Seal (non U/L)




Type 21 Mechanical Seal

DRIVER

ROTATING FACE

STATIONARY FACE

SPRING RETAINER
WASHER



Submersible Seals

Seal

Description

Application

Type 21
Carbon Ceramic
Faces

Standard seal offering.

A general purpose seal of stainless
steel construction with carbon
ceramic seal faces.

Used in food processing,
petrochemical, and, wastewater
applications with relatively clean
effluent.

Type 21
Tungsten Carbide
Faces

Same type of seal except with
tungsten carbide faces.
Harder seal faces.

Most popular seal type.

For more demanding applications,
more viscous fluid.

Type 21
Silicon Carbide
Faces

Same type of seal except with
silicon carbide faces.

For the most demanding, slurry type
applications.

Slurry Type Seal

Seal completely contained in the oll
chamber.
Available in 210 - 440 frame only.

Used in non-explosive proof slurry
applications.
Can be used continuous in air.

Hydropad Seal

Special seal design with hydropad
scallops to run cooler.

Recommended for continuous in air
applications.




Slurry Seal Design
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Submersible Seal Design

‘// Type 21 Mechanical Seal

/

Type 21 Mechanical Seal



Standard Features

w Dual probe moisture sensing

¢ Warwick moisture probes
¢ Detect moisture in oil chamber

¢ WwWw.gemssensors.com

w Two winding thermostats

w 5 year prorated warranty



Warwick Moisture Probes




Moisture Probe

_ / Moisture Probe
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ImmersibleMotor Product

ADry Pit applications
I Motor will run continuous In air.
I 14 days submerged at a max depth of 30 feet
I No explosion proof designs available
i Non stock product e @'_‘,,,
I Meets |IP67
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ImmersibleMotor Sealing System

Oil seals



Motor Mounting Types



Motor Mounting Types

A Base Mount / Foot Mounted
A Flange Mounted:

I G Flange

I D-Flange

A P-Base

A Pump Mount

A IEC Metric

I B3 base

I B5 Cface

I B14 Flange




