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THE PURPOSE OF
POWER FACTOR CORRECTION

ACTUAL  MONETARY  SAVINGS
Most utilities bill their industrial and commercial
customers based on Kilowatt Demand in addition to
Kilowatt Hours. In many cases, the utility rate
structure is altered if the installation has a power
factor below a predetermined percentage. It is not
uncommon for this percentage to be 85% to 100%. If
the installation power factor is below this required
percentage, the utility billing is then based on the
KVA Demand times the required power factor
percentage instead of billing by Kilowatt Demand.
The difference between the two billings is known as
the power factor penalty charge.

Proper selection of Steelman KVAR Units can
eliminate all power factor penalty charges. Consult
the factory to assist in sizing the proper KVAR Units
for a particular installation. Payback can be as little
as one year, depending on the application and
equipment selected.

IMPROVED  VOLTAGE
Steelman KVAR Units will increase the distribution
system voltage. This permanent boost in voltage will
reduce the effects of voltage drop due to long
conductors, and  in many cases will improve motor
performance. Under certain conditions, adding
power factor correction capacitors to an installation
can make it possible to do the job without changing
the motor to a larger horsepower unit, when low
voltage is the problem.

REDUCE  POWER  LOSSES
Another benefit of Steelman KVAR capacitors is a
reduction in distribution system losses. An improve-
ment from an original power factor of .75 to .95 in
an average industrial plant will reduce these losses
approximately 38%, provided the capacitors are
installed near the individual loads.

ENERGY CONSERVATION
The careful use and conservation of electrical energy
has become increasingly important in  recent years,
and now has reached a crucial point. A low power
factor results in the inefficient use of electrical
power, wasted energy, and often higher electric bills.
The situation is really that simple and should be
corrected whenever possible.

BETTER UTILIZATION  OF  POWER
Power Factor is the name given to the ratio of actual
power, Kilowatts (KW), being used in a circuit to the
“apparent” power, (KVA), being drawn from the
power line. Increasing the power factor is merely a
matter of better utilization of power being drawn
from the power source. If a given motor has a power
factor of 75%, and it is raised to 95%, the KVA
would be reduced by 26%, meaning less overall
amps (KVA) are required to do the same amount of
work (KW). A Steelman KVAR Unit can do just
that.

REDUCING  UTILITY  CHARGES
We guarantee that a properly sized Steelman KVAR
Unit will increase the power factor of a given
electrical installation, and therefore will reduce the
line current. However, due to the variables in rates,
rate structures, demand charges, etc., you should
consult with your local power company as to the
actual monetary savings.

RELEASE  OF  SYSTEM  CAPACITY
As the power factor is improved, the current in the
existing system will be reduced. This reduction in
current will permit additional loads to be added to
the system without increasing the original system
ampacity. Steelman KVAR Power Factor Correction
Capacitors may be installed at the motor or distribu-
tion  panel, or a combination of the two.

CONSERVE ENERGY
REDUCE POWER LOSSES
IMPROVE VOLTAGE STABILITY
RELEASE OF SYSTEM CAPACITY
ELIMINATE LOW POWER FACTOR PENALTY
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SELECTING THE PROPER
POWER FACTOR CORRECTION CAPACITORS

APPLYING CAPACITOR UNITS
Power Factor Correction Capacitors can be applied
at individual motors, distribution panels, or on the
main service panel. Fixed Capacitors can be con-
nected at all three locations, or Automatic Capacitor
Systems such as the Steelman VAR MANAGER can
be installed on the main service panel. Fixed
Capacitors are permanent values of KVAR con-
nected to the electrical system, while Automatic
Capacitor Systems vary the amount of KVAR that is
connected based on sensing the entire electrical
system requirements. If plant loads vary widely
during any 24 hour period, large fixed capacitors at
the main service panel are not recommended.
Overcorrection may result, causing potential
problems to the capacitors and adjacent connected
equipment. In this case individual motor correction
or an Automatic Capacitor System would be the best
installation.

DETERMINE TOTAL REQUIREMENT
In order to determine the overall KVAR require-
ments, the normal load KW and the original power
factor must be known. This information can usually
be obtained from the electric utility bill or from the
local power company. To compute the total KVAR
required, refer to Table 3, and multiply the value
found at the intersection of “Original  Power
Factor” and “Desired Power Factor” by the normal
load KW. As an example: To improve the power
factor of a 400 KW load from .77 to .92  :

KVAR = KW x Multiplier
= 400  x .403 (Table 3)
= 161.2

In the above example, 161.2 KVAR would be
required to correct the complete system. If individual
motors are being corrected, the KVAR being
connected to individual motors is subtracted from
the overall KVAR required for the entire system.
The balance would then be connected  to the
distribution system. If the total KVAR required was
161.2 as noted in the above example, and 100
KVAR had been connected to individual motors, the
balance of 61.2 would be reduced to 60 KVAR and
connected to the distribution system. As an alterna-
tive, a VAR MANAGER 180 KVAR unit could be
used on the main service to correct the whole facility.

KVAR UNITS - INDIVIDUAL MOTORS
There are four different methods of selecting the
proper size KVAR units for induction motors.
Choose from one of these methods below based on
what information you have available.

1. Use actual load measurements of KW and Power
Factor. This information can be used with Table
3 to calculate the KVAR necessary for a desired
Power Factor.

2. Use motor manufacturer's recommendations.
Some motors are supplied with maximum
KVAR recommendations.

3. Use motor data supplied by motor manufacturer,
when full load power factor and full load amps are
known. First, multiply full load amps times
voltage times S3 and divide by 1000. This result
is KVA. Next, multiply the KVA times the power
factor. This result is the KW. Next, use Table 3 to
determine the KVAR required to raise the full
load Power Factor to the desired level.

4. Use Tables 1 & 2 which list the recommended
sizes of KVAR units needed for correction of
most induction motors to approximately 95%
power factor. These tables show the proper
KVAR for a given horsepower and RPM. For
motor types or sizes not listed, please consult the
factory.

Certain motor applications are not suitable for
connecting the capacitor to the load side of the motor
starter. Applications involving reversing, plugging,
or frequent starts; crane or elevator motors, or any
motor where the load may drive the motor, multi-
speed motors, or motors using open transition
reduced voltage starting, must be corrected on the
distribution panel or main service panel.

CAUTION
Do not oversize the Steelman KVAR Capacitor. It is
not recommended that the total capacitor rating
connected to the load side of a motor controller
exceed the rating required to raise the no-load power
factor of the motor to unity.  A leading power factor
can be worse than a lagging power factor.
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Tables 1 & 2 apply to three phase, 60 Hz motors when switched with capacitors as a single unit.
©   IEEE Std 141-1986

TABLE 1
Suggested Capacitor Ratings for T-Frame NEMA Class B Motors

Capa-
citor

Rating
(KVAR)

1.5
2

2.5
4
5
6

7.5
8

12
15
18
20

22.5
25
30
35
40
45
50
75
80
100

Line
Current
Reduced

(%)
14
14
14
14
12
12
12
11
12
12
12
12
11
10
10
10
11
11
12
10
8
8

Capa-
citor

Rating
(KVAR)

1.5
2.5
3
4
5
6

7.5
8

13
18
21
23
30
36
42
50
60
68
75
80
90

120

Capa-
citor

Rating
(KVAR)

2.5
3
4
5
6

7.5
8

10
16
20

22.5
25
30
35
40
50

62.5
75
90
100
120
150

Capa-
citor

Rating
(KVAR)

3
4
5
6

7.5
9

10
14
18

22.5
26
28
35
42

52.5
65
82
100
120
130
140
160

Capa-
citor

Rating
(KVAR)

3
4
5

7.5
8

10
12
15

22.5
24
30
33
40
45

52.5
68

87.5
100
120
140
160
180

Capa-
citor

Rating
(KVAR)

4
5
6
8

10
12
18

22.5
25
30
35
40
45
50
60
90
100
120
135
150
160
180

Line
Current
Reduced

(%)
23
22
20
18
18
17
17
16
15
15
14
14
14
12
12
11
10
10
8
8
8
9

Line
Current
Reduced

(%)
28
26
21
21
20
19
19
19
19
19
17
15
12
12
12
10
10
12
12
12
10
12

Line
Current
Reduced

(%)
38
31
28
27
24
23
23
22
21
21
20
17
16
14
14
13
13
14
13
13
12
12

Line
Current
Reduced

(%)
40
40
38
36
32
29
25
24
24
24
22
14
15
15
14
13
13
13
13
13
14
13

Line
Current
Reduced

(%)
40
40
45
38
34
30
30
30
30
30
28
19
17
17
17
17
17
17
15
15
15
15

Nominal Motor Speed

1200  RPM 900  RPM 720  RPM 600  RPM1800  RPM3600  RPM

TABLE 2
Suggested Capacitor Ratings for Non T-Frame NEMA Class B Open Squirrel-Cage Motors

Capa-
citor

Rating
(KVAR)

1.5
2

2.5
3
4
5
6
7
9

12
14
17
22
27

32.5
40
50

57.5
65
70
75

77.5

Induction
Motor
Rating
(HP)

3
5

7.5
10
15
20
25
30
40
50
60
75

100
125
150
200
250
300
350
400
450
500

Line
Current
Reduced

(%)
14
12
11
10
9
9
9
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

Capa-
citor

Rating
(KVAR)

1.5
2

2.5
3
4
5
6
7
9

11
14
16
21
26
30

37.5
45

52.5
60
65

67.5
72.5

Capa-
citor

Rating
(KVAR)

1.5
2
3

3.5
5

6.5
7.5
9

11
13
15
18
25
30
35

42.5
52.5
60

67.5
75
80

82.5

Capa-
citor

Rating
(KVAR)

2
3
4
5

6.5
7.5
9

10
12
15
18
21
27

32.5
37.5
47.5
57.5
65
75
85

92.5
97.5

Capa-
citor

Rating
(KVAR)

2.5
4

5.5
6.5
8
9

11
12
15
19
22
26

32.5
40

47.5
60
70
80

87.5
95

100
107.5

Capa-
citor

Rating
(KVAR)

3.5
4.5
6

7.5
9.5
12
14
16
20
24
27

32.5
40

47.5
52.5
65

77.5
87.5
95

105
110
115

Line
Current
Reduced

(%)
15
13
12
11
10
10
10
9
9
9
8
8
8
8
8
8
7
7
7
6
6
6

Line
Current
Reduced

(%)
20
17
15
14
13
12
11
11
10
10
10
10
9
9
9
9
8
8
8
8
8
8

Line
Current
Reduced

(%)
27
25
22
21
18
16
15
14
13
12
11
10
10
10
10
10
9
9
9
9
9
9

Line
Current
Reduced

(%)
35
32
30
27
23
21
20
18
16
15
15
14
13
13
12
12
11
11
10
10
9
9

Line
Current
Reduced

(%)
41
37
34
31
27
25
23
22
20
19
19
18
17
16
15
14
13
12
11
11
11
10

Nominal Motor Speed

1200  RPM 900  RPM 720  RPM 600  RPM1800  RPM3600  RPM

Induction
Motor
Rating
(HP)

3
5

7.5
10
15
20
25
30
40
50
60
75

100
125
150
200
250
300
350
400
450
500
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0.81

.962

.919

.876

.835

.795

.756

.718

.681

.645

.609

.575

.542

.509

.474

.445

.414

.384

.354

.325

.296

.268

.240

.212

.185

.158

.131

.105

.078

.052

.026

.000

0.82

.989

.945

.902

.861

.821

.782

.744

.707

.671

.635

.601

.568

.535

.503

.471

.440

.410

.380

.351

.322

.294

.266

.238

.211

.184

.157

.131

.104

.078

.052

.026

.000

Original
Power
Factor

0.51
0.52
0.53
0.54
0.55

0.56
0.57
0.58
0.59
0.60

0.61
0.62
0.63
0.64
0.65

0.66
0.67
0.68
0.69
0.70

0.71
0.72
0.73
0.74
0.75

0.76
0.77
0.78
0.79
0.80

0.81
0.82
0.83
0.84
0.85

0.86
0.87
0.88
0.89
0.90

0.91
0.92
0.93
0.94
0.95

Desired Power Factor

TABLE  3
KW Multipliers for Determining Capacitor Kilovars

0.83

1.015
.971
.928
.887
.847

.808

.770

.733

.697

.661

.627

.594

.561

.529

.497

.466

.436

.406

.377

.348

.320

.292

.264

.237

.210

.183

.157

.130

.104

.078

.052

.026

.000

0.84

1.041
.997
.954
.913
.873

.834

.796

.759

.723

.687

.653

.620

.587

.555

.523

.492

.462

.432

.403

.374

.346

.318

.290

.263

.236

.209

.183

.156

.130

.104

.078

.052

.026

.000

0.85

1.067
1.023
.980
.939
.899

.860

.822

.785

.749

.713

.679

.646

.613

.581

.549

.518

.488

.458

.429

.400

.372

.344

.316

.289

.262

.235

.209

.182

.156

.130

.104

.078

.052

.026

.000

0.86

1.094
1.050
1.007
.966
.926

.887

.849

.812

.776

.740

.706

.673

.640

.608

.576

.545

.515

.485

.456

.427

.399

.371

.343

.316

.289

.262

.236

.209

.183

.157

.131

.105

.079

.053

.027

.000

0.87

1.120
1.076
1.033
.992
.952

.913

.875

.838

.802

.766

.732

.699

.666

.634

.602

.571

.541

.511

.482

.453

.425

.397

.369

.342

.315

.288

.262

.235

.209

.183

.157

.131

.105

.079

.053

.026

.000

0.88

1.147
1.103
1.060
1.019
.979

.940

.902

.865

.829

.793

.759

.726

.693

.661

.629

.598

.568

.538

.509

.480

.452

.424

.396

.369

.342

.315

.289

.262

.236

.210

.184

.158

.132

.106

.080

.053

.027

.000

0.89

1.175
1.131
1.088
1.047
1.007

.968

.930

.893

.857

.821

.787

.754

.721

.689

.657

.626

.596

.566

.537

.508

.480

.452

.424

.397

.370

.343

.317

.290

.264

.238

.212

.186

.160

.134

.108

.081

.055

.028

.000

0.90

1.203
1.159
1.116
1.075
1.035

.996

.958

.921

.885

.849

.815

.782

.749

.717

.685

.654

.624

.594

.565

.536

.508

.480

.452

.425

.398

.371

.345

.318

.292

.266

.240

.214

.188

.162

.136

.109

.083

.056

.028

.000

0.91

1.231
1.187
1.144
1.103
1.063

1.024
.986
.949
.913
.877

.843

.810

.777

.745

.713

.682

.652

.622

.593

.564

.536

.508

.480

.453

.426

.399

.373

.346

.320

.294

.268

.242

.216

.190

.164

.137

.111

.084

.056

.028

.000

0.92

1.261
1.217
1.174
1.133
1.093

1.054
1.016
.979
.943
.907

.873

.840

.807

.775

.743

.712

.682

.652

.623

.594

.566

.538

.510

.483

.456

.429

.403

.376

.350

.324

.298

.272

.246

.220

.194

.167

.141

.114

.086

.058

.030

.000

0.93

1.292
1.248
1.205
1.164
1.124

1.085
1.047
1.010
.974
.938

.904

.871

.838

.806

.774

.743

.713

.683

.654

.625

.597

.569

.541

.514

.487

.460

.434

.407

.381

.355

.329

.303

.277

.251

.225

.198

.172

.145

.117

.089

.061

.031

.000

0.94

1.324
1.280
1.237
1.196
1.156

1.117
1.079
1.042
1.006
.970

.936

.903

.870

.838

.806

.775

.745

.715

.686

.657

.629

.601

.573

.546

.519

.492

.466

.439

.413

.387

.361

.335

.309

.283

.257

.230

.204

.177

.149

.121

.093

.063

.032

.000

0.95

1.358
1.314
1.271
1.230
1.190

1.151
1.113
1.076
1.040
1.004

.970

.937

.904

.872

.840

.809

.779

.749

.720

.691

.663

.635

.607

.580

.553

.526

.500

.473

.447

.421

.395

.369

.343

.317

.291

.264

.238

.211

.183

.155

.127

.097

.066

.034

.000

0.96

1.395
1.351
1.308
1.267
1.227

1.188
1.150
1.113
1.077
1.041

1.007
.974
.941
.909
.877

.846

.816

.786

.757

.728

.700

.672

.644

.617

.590

.563

.537

.510

.484

.458

.432

.406

.380

.354

.328

.301

.275

.248

.220

.192

.164

.134

.103

.071

.037

0.97

1.436
1.392
1.349
1.308
1.268

1.229
1.191
1.154
1.118
1.082

1.048
1.015
.982
.950
.918

.887

.857

.827

.798

.769

.741

.713

.685

.658

.631

.604

.578

.551

.525

.499

.473

.447

.421

.395

.369

.342

.316

.289

.261

.233

.205

.175

.144

.112

.079

0.98

1.484
1.440
1.397
1.356
1.316

1.277
1.239
1.202
1.166
1.130

1.096
1.063
1.030
.998
.966

.935

.905

.875

.846

.817

.789

.761

.733

.706

.679

.652

.626

.599

.573

.547

.521

.495

.469

.443

.417

.390

.364

.337

.309

.281

.253

.223

.192

.160

.126

0.99

1.544
1.500
1.457
1.416
1.377

1.338
1.300
1.263
1.226
1.192

1.157
1.123
1.091
1.068
1.027

.996

.966

.937

.907

.878

.850

.821

.794

.767

.740

.713

.687

.661

.634

.608

.582

.556

.530

.504

.478

.451

.425

.398

.370

.342

.314

.284

.253

.221

.187

1.00

1.687
1.643
1.600
1559
1.519

1.480
1.442
1.405
1.368
1.334

1.299
1.265
1.233
1.200
1.169

1.138
1.108
1.079
1.049
1.020

.992

.963

.936

.909

.882

.855

.829

.803

.776

.750

.724

.698

.672

.645

.620

.593

.567

.540

.512

.484

.456

.426

.395

.363

.328

Example: Total KW-input  of load from wattmeter reading 100 KW at a power factor of 65%.  The capacitive KVAR necessary to
raise the power factor to 95% is found by multiplying the 100 KW by the factor found in the table (.840).  Then 100 KW x 0.840 =
84 KVAR.  Use 85 KVAR.
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MOTOR & DISTRIBUTION PANEL
INSTALLATION INSTRUCTIONS

CONNECTION AT THE MOTORS
Steelman KVAR capacitors may be connected such
that they are switched with the motor. By utilizing
this type of connection, as shown in Figures 1 & 2,
maximum benefit of power factor correction is
obtained by minimizing system losses. This is
because the distribution system will be carrying less
current down to the point of connection of the
KVAR capacitor. In addition, no individual discon-
nect switch is required to meet National Electric
Code (NEC) requirements.

MOTOR INSTALLATION LOCATION
Figures 1 & 2, show the recommended electrical
locations for connection of  KVAR Units to indi-
vidual motors. Special care must be exercised when
connected as in Figure 2. The overload relay heater
coils must be resized due to the reduction in current
through the overloads. The best procedure in re-
sizing the heater coils is to take an amp meter
reading on the line side of the overload relay after
correction under operating conditions. Special motor
applications are shown in Figure 4.

KVAR UNIT WIRE SIZING
The minimum wire sizing amperage of the KVAR
Unit should be found by multiplying 1.35 times the
amperage of the capacitor. The amperages for
Steelman KVAR Units are shown in Table 4. In
addition, the wire size used should be a minimum of
1/3 the conductor size to the individual motor.

KVAR UNIT INTERNAL FUSES
Steelman KVAR Power Factor Correction Capaci-
tors, contain replaceable internal, high interrupting
capacity, fuses as an optional feature. Fuses are used
to disconnect capacitor cells in the event of transient
voltages, before damage is done to the internal
wiring or capacitor itself. These fuses minimize
hazard to personnel, property, and adjacent capacitor
cells. The internal fusing is not a substitute for a
switching device or external protection of the
capacitor bank.

KVAR UNIT PILOT LIGHTS
Steelman KVAR Units have an optional pilot light
feature for units with internal fuses. A pilot light is a
red indicator light that glows when a fuse is blown.
This option allows for a visual maintenance inspec-
tion of KVAR Unit.

CONNECTION AT THE  PANEL
Steelman KVAR Capacitors may be connected at any
point within the electrical distribution system
provided proper precautions are taken to comply
with National Electrical Code and local code
requirements. Refer to Article 460 of the National
Electrical Code for capacitor installations.

FIXED CAPACITOR DISCONNECT
SWITCH
A fused disconnect switch or circuit breaker is
required between the KVAR Unit and connection
onto the electrical distribution system. Disconnect
switches and fuses should be sized for a minimum of
1.65 times the expected capacitor current for dual
element fuses or 2.5 times the capacitor current if
single element fuses are used. If circuit breakers or
contactors are used, they should be sized for 1.5
times the expected capacitor current. Please refer to
Figure 3 and Table 4.

INSPECTION & MAINTENANCE
At time of receipt and installation, make sure that
the equipment has not been damaged during ship-
ment. Check compliance with  local code and
manufacturers specifications. Insure suitability of
switching, protective devices and connections. An
additional inspection should be made within 8 to 24
hours after energizing, and at the first periods of
light load situations to insure that voltages and
currents are balanced and are within the limits of the
capacitor rating. Check to make sure operating
KVAR will not exceed 135% of rated current under
the most severe operating conditions.

OVER CURRENTS
The first indication of excessive currents may be the
failure of fuses and/or capacitor cells, or excessive
capacitor temperature rise. Overcurrents may be due
to excessive voltage, or harmonic voltages, the chief
sources of which are rectifiers, saturated transformer
cores, and solid state DC power converters. If har-
monic voltages are present in the electrical system,
they can cause the failure of fuses and capacitor
cells. Capacitors do not cause harmonics. It is the
responsibility of the user to provide proper protection
of the KVAR Units from harmonics. When this
condition is suspected, a harmonic power study may
need to be conducted, and harmonic filters installed.
See page 12 for more information.
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Main
Service
Disconnect
Switch

INDIVIDUAL MOTOR CORRECTION

Figure 1 is the preferred connection to use when possible.  If Figure 2 is used, the overload
relay heater coils must be resized.

Caution: Do not oversize power factor correction capacitors.  Do not connect KVAR units to
the load side of a starter or contactor for motors subject to reversing, plugging, or frequent
starts; crane or elevator motors, or any motor where the load may drive the motor, or multi-
speed motors, or motors involving open transition reduced voltage starting.  On these
applications, the KVAR units should be installed on the distribution system ahead of the motor
controller, and must not be switched with the load motor.

DISTRIBUTION PANEL

Caution: Applying large fixed KVAR
units on the main service can cause a
leading power factor when plant loads vary
widely. The capacitors should only be on
line when the load requires KVAR and
disconnected when the load is reduced.

SPECIAL MOTOR APPLICATIONS
The diagrams below show capacitor connections for typical starting circuits for reduced voltage motor controllers.  Make sure that the circuit
matches the actual motor diagram before applying capacitors.  Improper connection may result in damage to the motor and capacitors.  The
capacitors should be connected on the load side of the main contacts as shown.

AUTOTRANSFORMER PART - WINDING

SERIES RESISTANCE WYE - DELTAFigure 4.

CAPACITOR CONNECTION DIAGRAMS

Fused
Disconnect
Switch for
Capacitor Bank

3 Phase Power Source 3 Phase Power Source

Motor
Starter

Figure 1. Figure  2.

Motor
Starter

To Plant Load

Figure  3.
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KVAR ENCLOSURE DESIGN
Steelman KVAR Power Factor Correction Capacitors
are supplied in a NEMA Type 3R Dustproof & Rain-
proof enclosure, and are suitable for wall, rack, pole or
base mounting either directly at the motor or at the
service entrance distribution panel. For special enclo-
sure requirements, such as NEMA 4X, please consult
factory.

KVAR ENCLOSURE SIZES
The KVAR enclosure size number for each KVAR Unit
are listed in Table 4. Enclosure dimensions are shown
below. Custom enclosure sizes are available, consult
factory for more information.

KVAR WIRE, FUSE & SWITCH SIZES
Recommended wire sizes, fuse and switch ratings are
shown in Table 4. Never undersize wire or fuses to
KVAR units.

KVAR FUSE RATING
Steelman KVAR Units are supplied with fuses having a
100,000 amperage interrupting capacity.
Do not replace with fuses of a lower rating.

CHECK LINE VOLTAGE
Prior to installation check the capacitor nameplate to
make certain that the capacitor voltage rating is
suitable for operation at the supply (line) voltage.
Steelman capacitors are capable of operation at a
maximum of 110% of nameplate rated voltage.

OPERATING TEMPERATURE
Steelman KVAR Power Factor Correction Capacitors are
designed fora  maximum operating temperature of 70OC
(150OF). If the operating temperature rises above this
value, forced cooling is recommended. Good installation
practice dictates locating the capacitors away from
combustible materials and sources of excess heat.

ENCLOSURE SPECIFICATIONS

Steelman
KVAR

UL

D .75"

F

W 2.5"

H

1"
1"

W

H

Steelman
KVAR

7.5"

2"

D

F

W

Steelman
KVAR

UL

H

Econovar Units
The Steelman Econovar units
are non-fused capacitors that
are designed to be placed on
the load side of single speed
motors. Each unit is prewired
in a weatherproof enclosure
and supplied with a 4 foot, 4
conductor electrical cord, ready
for connection.

Pad Mount Units
The Steelman Pad Mount units
are designed to be mounted on the
floor. The standard unit is
constructed in a NEMA 1 Indoor
welded construction. NEMA 3R
Outdoor enclosures are also
available. All Pad Mount units
are built with lifting eye bolts.

Standard Units
All standard KVAR units
that weigh under 150 lbs
are built in NEMA 3R,
rainproof and dustproof
enclosures, and are equipped
with wall, pole, and floor
mounting brackets.

Enclosure Dimensions

19.5
21

21.5
21

41.5
40.5

20
30

5
6

Enclosure
Size W H FD

480 Volt
KVAR

RANGE
7.5
9.5

11
11

4.5
6.5

240 Volt

0 - 13
14 - 25

W H D

KVAR
RANGE

7.5
9.5

11
11

4.5
6.5

0 - 6
7 - 12

W H D

3.5
6.5
6.5
8.5
11.5
11.5
15

4.5
7.5
7.5
9.5

12.5
12.5
16.5

9.5
9.5

17.5
19.5
27.5
34.5
30

8.75
8.75
8.75
14

18.5
17.5
21

00
0
1
2
3
4

4A

Enclosure
Size W H FD
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Enclosure
Size

00
00
00
0
0
0
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
4
4
5
5
5
5
5
5
5
5
5
S
S
S
S
S
S

Enclosure
Size

00
00
00
00
00
00
00
00
00
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
5
5
5
5
6

Enclosure
Size

00
00
00
00
00
00
00
00
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
5
5
5

Amps

0.6
1.2
1.8
2.4
3.0
3.6
4.8
6.0
7.2
8.4
9.0
9.6

10.8
12.0
13.2
14.4
15.6
16.8
18.0
19.2
20.4
21.7
22.9
24.1
25.3
26.5
27.7
30.1
36.1
42.1
48.1
54.1
60.1
66.2
72.2
78.2
84.2
90.2
96.2

102.2
108.3
114.3
120.3
150.4
180.4
210.5
240.6
270.6
300.7
360.8

Amps

0.5
1.0
1.4
1.9
2.4
2.9
3.8
4.8
5.8
6.7
7.2
7.7
8.7
9.6

10.6
11.5
12.5
13.5
14.4
15.4
16.4
17.3
18.3
19.2
20.2
21.2
22.1
24.1
28.9
33.7
38.5
43.3
48.1
52.9
57.7
62.5
67.4
72.2
77.0
81.8
86.6
91.4
96.2

120.3
144.3
168.4
192.5
216.5
240.6
288.7

Wire
Size

14
14
14
14
14
14
12
12
10
10
10
10
8
8
8
8
8
6
6
6
6
6
6
6
4
4
4
4
3
2
1

1/0
2/0
3/0
3/0
4/0
4/0
250
300
300
350
350
400

(2)4/0
(2)250
(2)350
(2)400
(2)500
(2)350
(2)350

Wire
Size

14
14
14
14
14
14
14
14
14
14
14
12
12
12
10
10
10
10
10
10
10
8
8
8
8
8
8
8
6
6
6
4
4
3
3
2
2
1
1

1/0
1/0
2/0
2/0
4/0
250
350
400
500

(2)4/0
(2)250

Wire
Size

14
14
14
14
14
14
14
14
14
14
14
14
14
12
12
12
10
10
10
10
10
10
10
10
10
8
8
8
8
8
6
6
6
4
4
4
3
3
2
2
1
1
1

2/0
3/0
4/0
300
350
400

(2)4/0

Fuse
Rating

2.5
5

6.5
8

10
12

17.5
20
25
30
30
30
40
40
45
50
60
60
60
70
70
80
80
80
90
90
100
100
125
150
175
200
200
225
250
300
300
300
350
350
400
400
400
500
600
700
800
900

1000
1200

Fuse
Rating

1
2.5
3.5
4
5

6.5
8

10
12
15
15

17.5
20
20
25
25
30
30
30
30
35
40
40
40
45
45
50
50
60
70
80
90

100
110
125
150
150
150
175
175
200
200
200
250
300
350
400
450
500
600

Fuse
Rating

1
2
3

3.5
4
5

6.5
8

10
12
12
13
15

17.5
20
20
25
25
25
30
30
30
30
30
35
40
40
40
50
60
70
80
80
90

100
110
120
125
150
150
150
175
175
200
250
300
350
400
400
500

Switch
Rating

30
30
30
30
30
30
30
30
30
30
30
30
60
60
60
60
60
60
60
100
100
100
100
100
100
100
100
100
200
200
200
200
200
400
400
400
400
400
400
400
400
400
400
600
600
800
800

1200
1200
1200

Switch
Rating

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
60
60
60
60
60
60
60
60
60

100
100
100
100
200
200
200
200
200
200
200
200
200
200
400
400
400
400
600
600
600

Switch
Rating

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
60
60
60
60
60
60

100
100
100
100
100
200
200
200
200
200
200
200
200
200
400
400
400
400
400
600

240 VOLTS 480 VOLTS 600 VOLTS

TABLE  4
KVAR Enclosure Sizes & Recommended Wire Sizes, Switches, & Fuses

Wire Size is based on National Electrical Code 1993 Table 310-16 Wire Types RHW, THW, THWN at 135% Rated Current.
Fuse and Switch Ratings based on 1.65 times Capacitor Current for Dual Element Fuses.
(S) Special Enclosure - Consult Factory for more information.

KVAR
SIZE

0.5
1

1.5
2

2.5
3
4
5
6
7

7.5
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
125
150
175
200
225
250
300

Amps

1.2
2.4
3.6
4.8
6.0
7.2
9.6

12.0
14.4
16.8
18.0
19.2
21.7
24.1
26.5
28.9
31.3
33.7
36.1
38.5
40.9
43.3
45.7
48.1
50.5
52.9
55.3
60.1
72.2
84.2
96.2

108.3
120.3
132.3
144.3
156.4
168.4
180.4
192.5
204.5
216.5
228.5
240.6
300.7
360.8
421.0
481.1
541.3
601.4
721.7



Steelman Industries recognizes the need for addressing harmonics in an electrical system that will soon be
fitted with power factor correction capacitors.  To conclusively determine whether or not a system needs
filters along with the capacitors, a harmonic study must be done.  The following summary of IEEE 519
1992, is a good start to understanding harmonics in an electrical system as they relate to applying power
factor correction capacitors.  In order to obtain the warranty (page 16), a harmonic study with the
following readings must be provided to Steelman Industries at the time of order.

Harmonic Limits in Electric Power Systems
(IEEE 519 1992)

12

Harmonic levels that exceed these recommended values should be addressed through harminic filtering.
Failure to address these harmonic issues may lead to problems on the electrical distribution system, such as
those detailed above.  Refer to the latest revision of IEEE 519 for more details.

System Harmonic Guidelines

Harmonic limitations have been established by IEEE 519 1992 for the following reasons:
1.  To limit the damage to power factor correction capacitors and harmonic filter systems
       caused by excessive harmonics.
2.  To prevent series or parallel resonance in the electrical system.
3.  To keep the level of harmonics at the PCC (Point of Common Coupling) from being
          excessive and distorting the system voltage and damaging other equipment on the system.

The PCC is defined as the electrical connecting point or interface between the utility distribution system
and the customer's electrical distribution system.

The harmonic voltage limitations set forth by IEEE 519 1992 are:
-Maximum Individual Frequency Voltage Harmonic: 3%
-Total Harmonic Distortion of the Voltage: 5%

The harmonic current limitations are defined in the following table:
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USEFUL FORMULAS
(Three Phase)

V x A x S 3 x PF
1000

(2pf)  C  (KV)2

1000

KVAR x 1000
(2pf)  (KV)2

KVAR x 1000
    3 V

KVA x 1000
    3 V

V x A x S 3
1000

=

=

=

=

=

=

KW
KVA=

=

=

Capacitor Amps

Capacitor Amps

Line Amps

PF

KW

KVA

KVAR

C

KVA =

KW KVA x PF

KW2 + KVAR2

(2pf) C V x 10-6

    3

POWER FACTOR
and the

POWER TRIANGLE
Amps
Volts
Kilovolts (1000 volts)
Kilowatts (1000 watts)
Kilovolt-Ampere
Kilovolt-Ampere-Reactance
Power Factor
Capacitance (in microfarads)
Frequency
PI - 3.1415927
1 x 10-6 farads (MFD)

A
V
KV
KW
KVA
KVAR
PF
C
f
p
1mF

LEGEND

Power Factor   =
KW

KVA =

 500 KVA
300

KVAR
θ = 36.9O

400 KW

Capacitors can increase the system voltage. This increase is
benefitial in electrical systems where voltage drops are a prob-
lem. The calculation is shown as follows:

Power Losses due to the transmission of current can be signifi-
cantly lowered with the improvement of Power Factor. This
benefit is mainly realized where there are long conductor runs to
motors or electrical distribution systems are heavily loaded.
Known as I2R losses, the formula for calculating the reduction of
these losses is shown as follows:

% Loss Reduction  =  100  -  100 x
2Original PF

Improved PF

% Voltage Rise  =
Capacitor KVAR x % Transformer Reactance

Transformer KVA

Power Factor  =  Cos θ   =  Cos 36.9O  =  .80  or  80%

=  .80  or  80%
400
500

61.31 MFD / KVAR
46.05 MFD / KVAR
11.51 MFD / KVAR

7.37 MFD / KVAR

2.78 Amps / KVAR
2.41 Amps / KVAR
1.20 Amps / KVAR
0.96 Amps / KVAR

For 208 Volts
For 240 Volts
For 480 Volts
For 600 Volts

VOLTAGE CONSTANTS

(           )
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CAPACITOR CELL SPECIFICATIONS

CONSTRUCTION:
Utilizing a special type of metallized polypropylene construction, completely impregnated with a non-PCB fluid
sealed in a steel case, Steelman capacitors are superior in performance to all other standard capacitor cells.

LIFE EXPECTANCY:
Capacitor Standards require a life expectancy of 60,000 hours which equates to  20 years based on 8 hours per
day of operation.   Capacitor life is degraded based on over voltage, over temperature, or harmonic conditions.

LOW ENERGY CONSUMPTION:
Because of the metallized film construction of the capacitor cells, energy losses are reduced, thereby lowering
the operating temperature, which in turn extends the life of the capacitor. Losses due to dissipation are
generally less than one tenth of one percent of the rating of the KVAR unit.

SELF CLEARING:
Each capacitor cell has self healing characteristics, which in the event of a dielectric breakdown will vaporize
the defects and clear the fault. This feature works without damaging the dielectric structure or resulting in any
significant loss of capacitance.

DISCHARGE RESISTORS:
Each individual capacitor cell has an external discharge resistor which will reduce the residual voltage to less
than 50 volts within one minute after the capacitor is disconnected from power.

SINGLE PHASE CELLS:
Steelman KVAR units utilize single phase capacitor cells wired in a delta connection for three phase opera-
tion. This construction permits maximum heat transfer from each capacitor cell enhancing capacitor life and
allowing for individual cell replacement which results in lower maintenance costs.

Each Steelman capacitor cell has as part of its construction a pressure sensitive interrupter. The interrupter
detects the build-up of gas pressure within the capacitor causing the metal case to bulge out. This disconnects
the internal connections, effectively removing the capacitor out of the circuit before a rupture can occur . The
pressure sensitive interrupter is UL recognized and each capacitor cell is individually UL listed.

Normal Operation

PRESSURE SENSITIVE INTERRUPTER

Disconnected
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FREE
POWER FACTOR ANALYSIS

Steelman offers a free service to analyze your electric bills and consult with your electric utility to determine if
Power Factor Correction would be of financial benefit to you. A detailed report showing the total amount of
KVAR required and recommendations for various methods of installation would be generated for you as a
proposal. The cost and payback on the capacitors would be determined based on the actual savings that would
result from Power Factor Correction. In order to receive your free Power Factor Analysis, please provide copies
of the previous 12 months of power bills and your utility rate schedule if you have one. If only KWH and KW
Demand readings are present on your bills, with no reference to Power Factor, KVA, or KVAR, there may be
no direct monetary benefit from the use of capacitors. A harmonic analysis should also be submitted.  Check
with the factory for further information.

PLEASE FILL OUT AND RETURN OR FAX TO (903) 984-1384.

NAME: _________________________________

COMPANY NAME: _________________________________

ADDRESS: _________________________________

CITY, STATE, ZIP: _________________________________

TELEPHONE/FAX: _________________________________

POWER COMPANY: _________________________________

CITY, STATE: _________________________________

TELEPHONE: _________________________________

SYSTEM VOLTAGE: (208/240/480/600)    _______

For a detailed recommendation on the proper installation of Power Factor Correction Capacitors, a list of the
largest motors (15 HP and over), would be necessary. Please list whether motors have special starters (reduced
voltage,solid state controls,etc.). Specify voltage if different from system voltage.

RPM FRAMEAPPLICATIONHPQTYRPM FRAMEAPPLICATIONHPQTY



Steelman Capacitor Systems are warranted to be free from defects in material and workmanship when
leaving our factory; provided, however, that our liability under this warranty is limited to repairing or replacing
without charge, any defective unit or component within the warranty period from the date of shipment from
our factory; provided further that in no event shall we be liable for consequential or other damage, for trans-
portation, or for repairs made outside of the factory without written permission from the factory.  No labor
charges for removal or replacement of the defective unit or part will be allowed except when the unit is
returned to the factory for repair under warranty, and then only to the extent of repairing the unit at the
factory.  Failure to follow factory installation instructions or failure to provide proper over current and har-
monic protection (as specified in the latest version of the National Electric Code, IEEE 519 and any other
applicable codes) for the complete installation may void the limited warranty.  No other representation or
warranty, either expressed or implied is made.  The warranty period for capacitor cells is two years, while
the warranty period for all other components is one year.  This warranty is effective for any product shipped
on or after January 1, 2003 and supersedes any previous warranties, written or implied.
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ORDERING GUIDE
When placing orders for KVAR units please be sure to add the proper suffix.  For example the
proper stock number for a 10 KVAR 480 Volt Power Factor Correction Capacitor is as
follows:
Model Stock Number

Econovar M010.0-480-EPT
Non-Fused M010.0-480-NF
Fused M010.0-480-F
Fused/Pilot Lights M010.0-480-FPL

VOLTAGES FROM 208 TO 832
When ordering 208, 240, 380, 600, or 832 Volt units, change the 480 in the above stock
numbers to read the desired voltage. Consult factory for other available voltages.

FREQUENCY & PHASE
All units are rated for three phase 60 Hz operation unless specified for single phase or 50 Hz.
Consult factory for details.

ECONOVAR UNITS
The Steelman Econovar units are designed to be placed on the load side of single speed
motors. Each unit is prewired in a weatherproof enclosure and supplied with a 4 foot, 4
conductor electrical cord ready for connection. Sizes available are 25 KVAR and under for
480 Volts only.

SPECIAL REQUIREMENTS
For KVAR ratings not listed, consult factory for more information. Custom enclosures are available.
Custom sizes and other features such as built-in circuit breakers, contactors, harmonic filters and
power meters are also available.

TWO YEAR LIMITED WARRANTY POLICY
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FROM SMALL TO LARGE, WE CAN DESIGN & MANUFACTURE
POWER FACTOR CORRECTION TO MEET YOUR NEEDS

Harmonic Filter Unit Econovar Non Fused
KVAR with Pigtails

Open Tray
KVAR Unit

Multiple Step Automatic Capacitor Unit

Frequency 50 - 60 Hz
Voltages Up to 832 Volts
Fused or Non-Fused
With or Without Pigtails
With or Without Pilot Lts

WE CAN
include harmonic filtering.

WE CAN
build custom enclosures and/or
build multiple units in one
enclosure.

WE CAN
provide engineering assistance in
selecting the correct KVAR units
for your application.

WE CAN
build capacitor units on open
mounting trays to fit inside of
your own enclosure.

WE CAN
provide a free power factor
analysis for potential power and
money savings.


