REFERENCE GUIDE : PAMA MOTOR TESTING EQUIPMENT

What is PAM? stands for Predictive Maintenance

Who is PAMA? PdMA Corporation designs and manufactures portable motor
testers: MCE - Static (offline) tester, EMAX - Dynamic (online) tester and
MCEMAX - combination (offline/online) tester.

Which Industries can henefit from PdM Testing2

* Manufacturing * Petro/Chemical
« Utilities * Pulp and Paper
* Field Servicing « Steel
* Automotive * Mining
PAMA/MCE Usage: i
, MCE Product Information:
By adding the PAMA/MCE Test
equipment to your quality assurance * Portable and battery powered
practices, you are able to provide an * Monitors power circuits, insulation, stator, rotor & air gap
electrical footprint for the motors that « Variable test voltages from 250 to 5000 V
you repair. The motor footprint )
created allows for a baseline to be set * Automatic IR, PI, DAR and Step Voltage Tests
for each motor allowing the customer * Measures insulation resistance to 3 TQ
to be proactive and schedule repair * Precision resistance from 10pQ to 2000Q using 4-wire bridge test
and maintenance to their equipment measurements
on a preventative, predictive

schedule. Since the MCE is * Measures capacitance (pF) and inductance (mH)

equipped with the MCE GOLD motor
management software, you are able
to keep and monitor the entire test
history of your customer’s motor. The

Data Includes:

software also allows you to evaluate * Phase-to-phase Resistance * Rotor Influence Check
the data collected against the latest in * Phase-to-phase Inductance * Field Inductance
acceptance criteria from IEEE and * Balance of Resistance * Field Resistance
NEMA. * Balance of Inductance * Field Capacitance

* Ground Capacitance * Field Ground Resistance
With this additional equipment, you wil  Polarization Index » DC Armature Tests
be able to assist your customers in  Dielectric Absorption Ratio » Synchronous Motor Tests
preq cting the maintenance requwed for * Measured Ground Resistance + Wound Rotor Motor Tests
their equipment. This in turn will help
your customers maintain control over * Corrected Ground Resistance * More...

their processes versus waiting for or
hoping against equipment failure.
Repair cost will also be better
controlled, by performing maintenance
repairs versus catastrophic failure
repairs.




FASILY EVALUATE ALL 6 FAULT ZONES

POWER CIRCUIT

All connections, components, and cables between the

MCC and the motor must be resistively balanced. Potential
problems occur when loose or corroded connections are
introduced in a circuit. MCEGold compares each phase of
resistance, current, and voltage to ensure a perfect balance.

/
POWER QUALITY

The power being fed to a motor is
the fuel it uses to operate. MCEGold
monitors three phases of voltage and
current, and alerts users when an
unhealthy condition exists.

/

»

ROTOR

Identify cracked/broken rotor bars, porosity
and high resistance connections on the end
rings through motor current signature analysis
(MCSA) and the rotor influence check (RIC).

AIR GAP

Bowed shafts, cracked end rings and de-
graded journal bearings create magnetic
imbalances. These imbalances show

up as 1st and 3rd sidebands around the
eccentricity frequency or as a “bow tie”
shape on the RIC.

STATOR

Phase-to-phase resistance, inductance,
impedance and current imbalances are
used to determine turn or phase shorts as
well as faulty internal connections.

INSULATION

Resistance-to-ground values for motor windings
decrease as moisture and contamination
increases. MCEGold provides testing capabilities
up to 5000VDC and offers continuous graphing
polarization index (PI) and computer automated
step voltage tests.




MCEMAX® Product Info

rmation

M-Series 5kV Electric Motor Analyzer

Description

The MCEMAX® Motor Circuit Evaluation test
equipment offers the most versatile approach to
troubleshooting and trending electric motors on
the market today.

It is equipped with a fully functional laptop
computer and loaded with MCEGold®, the gold
standard in motor management software.

With MCEGold® the entire test history of your
electric motor along with the latest in acceptance
criteria from IEEE and NEMA is at your fingertips.
Immediately following the test, Red or Yellow
color-coded alarms identify any test data that is
outside the acceptance criteria.

The MCEMAX® provides dynamic and static testing
for all types of motors and generators including
AC Induction, Synchronous, Wound Rotor, and
DC motors.

Portable and battery powered
Monitors Power Circuit, Insulation,
Stator, Rotor, and Air Gap

Variable test voltage from 250 to
5000V

Automatic IR, PI, DAR, and Step
Voltage Tests

Measures insulation resistance to 3 TQ
Precision resistance with resolution to
10 uQ using a 4-wire bridge test
measurement

Measures capacitance (pF) and
inductance (mH)

Six channel simultaneous acquisition
Torque and efficiency analysis
Impedance and phase angle
measurement

Power and current signature tests

Whether your motor is running or shutdown,
the MCEMAX® can provide a health
assessment of the six fault zones.

The MCEMAX® evaluates:

Incoming Power Quality and alerts
the user if the distortion or harmonic
content exceeds IEEE limits.

Cables and Power Circuit to verify
the severity of a high resistance
connection.

Ground Insulation for deterioration,
Stator turn insulation for
shorts/opens.

Rotor cage for breaks and shorted
iron.

Air Gap for non-symmetry or
eccentricity.

The case is made of ultra high impact ABS
material for ruggedness. It is easy to carry
and no AC power is required, making tough
to reach motors or starters easier to test.
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Data Includes:

Phase-to-Phase Resistance
Phase-to-Phase Inductance
Balance of Resistance

Balance of Inductance

Ground Capacitance
Polarization Index

Dielectric Absorption Ratio
Measured Ground Resistance
Corrected Ground Resistance
Rotor Influence check

DC Field Inductance

DC Field Resistance

DC Field Capacitance

DC Field Ground Resistance
DC Armature Tests
Synchronous Motor Tests
Wound Rotor Motor Tests
Current Spectral Analysis
High Frequency Eccentricity Analysis
Three Phase In-Rush/Start-Up
Phase-to-Phase and Line-to-Neutral Voltage
Voltage Imbalance

Crest Factor

Total Harmonic Distortion (THD)
% Full Load Amps

Phase Current RMS

Phase Impedance

Impedance Imbalance

Power (KW, KVA, KVAR)
Power Factor

Efficiency

Energy Cost Analysis

Output Power

Torque

Capacitance Measurement:
Range (Accuracy):
1000 to 220,000 pF @1200 Hz (£5%)
220,000 to 1,000,000 pF @300 Hz (£5%)
Resolution:
250 pF

*MCEMAX® 5550/5220
MCEMAX® 5552/5222

Ground Resistance Test Voltages:
250-5000 V in 50 V steps

*250-1000 V in 50 V steps

Range (Accuracy):
20 KQ to 100 MQ @250-500v (+2%)
100 MQ to 1 GO @250-5000v (£2.5%)
1 GQ to 220 GO @500-5000v (+5%)
220 GQ to 1000 GQ @1kV-5kV (+5%)
1 TQ to 3 TQ @1kV-5kv (+20%)

Short circuit/charge current:
2 mA

Inductance Measurement:
Range (Accuracy@1200 Hz):
.05mH to 250mH (£1%)
Range (Resolution):
.05mH to <50mH (.01mH)
50mH to <100mH (.05mH)
100mH to 250mH (.1mH)

Range (Accuracy @300 HZ):
220mH to <700mH (+1%)
700mH to 2000mH (+2%)
>2000mH to 5000mH (+5%)

Resolution:
220mH to 500mH (.5mH)
500mH to 700mH (1mH)
700mH to 2000mH (2mH)
2000mH to 3500mH (5mH)
3500mH to 5000mH (25mH)

Resistance Measurement:

Range (Accuracy):

100 pQ to 2000 Q (£1%)

Range (Resolution):
.00010Q to .020000 (.00001Q2)
.0200Q to 2.000Q (.0001Q2)
2.00Q to 50.0Q (.001Q)
50.009 to 1000.00Q (.01Q)
1000.0Q to 2000.0Q (.1Q)
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Voltage Measurement:

AC Voltage 0-1000 Vrms

Direct line £1% (10 to 100% of range)

Secondary line £1% + PT error (10 to 100% of
range)

MTAP Leads 0-35 VAC +£1% +PT error (10 to 100%
of range)

DC Voltage 0-1000 Vpeak(qualitative only)

Current Measurement AC/DC:
+£0.5% of input (£ accuracy of the probes)

Standard Current Probes:

PdMA 2128.14

+£1%/(of reading) £0.1mV from 1 to 12A
@100mV/A

+£1%(of reading) £2mV from 10 to 80A
@10mV/A

£2.5%(of reading) £2mV from 100 to 150A
@10mV/A

Power Measurement:
THD/HVF/ Spectrum - 50" harmonic

Current Spectrum Analysis:
8,000 lines resolution

In-Rush/Start-Up Test:
Sampling rate 3,600/second
Test duration 1 minute

Rotor Evaluation test:
Sampling rate 960/second
Fmax 0-480 Hz

Resolution 8,000 lines

Eccentricity and Power Test:
Sampling rate 12,288/second
Fmax 0-6,000 Hz

Resolution 8,000 lines

Dimension:
18.5x14.5%6 in. (46.99x36.83x15.24 cm)

Weight:
26 Ibs (11.79 kqg)

*MCEmMAX® 5550/5220
MCEMAX® 5552/5222

Test Lead Set:

10 ft. (3.05 m.) MCE Test Leads

10 ft. (3.05 m.) fused voltage leads for 3 phases and
ground

10 ft. (3.05 m) current probe cable connects 3
probes via BNC connector

Voltage probe accessory kit:

Three 6 ft. (1.83 m.) current probes for three phases

Computer Voltage Input:
AC 100-240 V, 50/60 Hz (computer)

Environmental
Operating Temperature:
32°F to 95°F (0°C to 35°C)

Storage Temperature:
-40°F to 149°F (-40°C to 65°C)

Operating Humidity:
10% - 90% (non-condensing)

Storage Humidity:
5% - 95% (non-condensing)

Accuracies to within the specified +/- % accuracy or +/- two
resolution steps whichever is greater.

Lightweight Portable Electric Motor Analyzer
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global assurance

This is to certify that the Quality Management System of:

PdMA Corporation

5909-C Hampton Oaks Parkway
Tampa FL 33610
United States of America

applicable to:

The design, manufacture and service of analyzers, instruments and monitoring devices
to assess the health and condition of electric motors, controls and associated
equipment. Associated training and technical assistance is also provided to the
customer.

has been assessed and approved by
National Quality Assurance, U.S.A., against the provisions of:

1ISO 9001:2015

Certificate Number: 12532
EAC Code: 19
§ Certified Since: May 16, 2001
Valid Until: February 25, 2024
Reissued: February 26, 2021

Cycle Issued: February 26, 2021

For and on behalf of NQA, USA
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References

PETRO-CHEMICAL

SAUDI ARAMCO — RT TERMINAL
Mr. Maynard Ballesteros

Saudi Aramco — Yanbu Refinery
Yanbu

Saudi Arabia

(966) 05-362-1292

NOVA CHEMICALS

Mr. Zach Nuggent

Intersection of Highway 11 & 815
Red Deer, AB T4N 6A1

Canada

(403) 314-7237

PHILLIPS 66 PONCA CITY REFINERY
Mr. Jim Johnson

1000 South Pine

Ponco City, OK 74602

(580) 767-6498

MARATHON ASHLAND
Mr. Jason Hurst

539 S. Main Street
Finlay, OH 45840

(419) 505-8727

PAR PACIFIC REFINERY - WEST
Mr. Darrin Matsumiya

91-480 Malakole Street

Kapolei, HI 96707

(808) 682-2211

CHEVRON PRODUCTS COMPANY
Mr. Jose Del Arroz

841 Chevron Way

Richmond, CA 94802

(510) 242-5633

SYNCRUDE CANADA, LTD.
Mr. Roger Marsden

PO Box 4009, MD 0034

Fort McMurray, Alberta
Canada T9H 3LI

(780) 792-3192

PEMEX

Mr. Ulises Jimenez

Avenida Paseo Husumacinta
86030 Villahermosa, Tabasco
Mexico

+52 993 310 3500 ext. 30401

ENAP. EMPRESA NACTIONAL
DEL PETROLEO

Mr. Jaime Zamora

Refineria Concon

Chile

(56) 32-265-0452

PdMA® is ISO
9001:2015 certified.
Click here for more
information or to view a
copy of the ISO
9001:2015 certificate.
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UTILITIES

SOUTHERN COMPANY

Mr. Chase Carden

42 Inverness Parkway Birmingham,
AL 35203 (205) 992-6140

DUKE ENERGY

Mr. William Montgomery
410 S. Wilmington Street
Raleigh, NC 27601

(980) 373-1808

HAWAIIAN ELECTRIC COMPANY
Mr. Kurt Chaltron

475 Kamehameha Highway

Pearl City, HI 96782

(808) 543-4472

CFE

Mr. Marconi Silva Gomez

Laguna Verde Nuclear Power Plant
Km 42.5 Cerretera Cardel-Nautl.
Veracruz 91476

Mexico

(52) 22-9989-9099

FIRST ENERGY CORPORATION
Mr. Srinivas Garlapti

Greensburg Corporate

800 Cabin Hill Drive

Greensburg, PA 15601

(724) 830-5505

EPM

Mr. German Figueroa
Carrera 58 # 42-125
Medellin

Colombia

(57) 4-380-7341

EVERGY ENGERY

Mr. Rick Moser

1200 Main St. 16th Floor
Kansas City, MO 64105
(816) 654-1907

PAMA® is ISO
9001:2015 certified.
Click here for more
information or to
view a copy of the
1SO 9001:2015
certificate.
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CEMENT INDUSTRY

LAFARGEHOLCIM
Mr. Christian Mollo

95 rue du Montmurier
BP 17, 38291

Saint Quentin Fallavier
France

33 (474) 828-042

LAFARGEHOLCIM

Mr. Jairo Garbanzo

Electrical Maintenance Supervisor
Planta Cartago

Costa Rica

+50 6 552 8922

NOVA CIMANGLOA S.A.

Mr. Nicolas Fructuoso

Estrada de cacauco &€" km 14
Luanda

Angola

(24) 4927-890317

CEMEX

Mr. Miguel Casillas

Senior E&I Technical Advisor
Monterrey, Nuevo Leon
Mexico

+52 818 328 3000 ext. 3713

CEMEX

Mr. Jose Polanco
Planta Chilibre
Panama

(50) 7 248-8977

LAFARGEHOLCIM

Mr. Yvon Charbonnier

Route Dept. 385, Val d'Azergues
Lozanne

France

(33)472-541160

PAMA® is ISO 9001:2015
certified. Click here for
more information or to view
a copy of the ISO
9001:2015 certificate.
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PULP & PAPER

BOISE PAPER SOLUTIONS
Ms. Tammy Arnold

400 2" Street

International Falls, MN 56649
(218) 285-5296

BLANDIN PAPER

Mr. Steve Genia

115 SW 1% Street

Grand Rapids, MN 55744
(218) 327-5268

GEORGIA PACIFIC CORPORATION
Mr. Greg Croshy

215 County Road 216

Palatka, FL 32177

(386) 329-0926

CARVAJAL PULPA & PAPEL
Mr. Milton Romero

Antigua via a Yumbo, Km. 6
Cali

Colombia

+ 57 2 6512000

MEADOWLAKE MECHANICAL PULP
Mr. Riyadh Salih

PO Box 9100

Meadowlake, SK

Canada

(306) 236-9631

ANDRITZ

Mr. Nicolas Barbat

Ruta 21 KM 223

Zona Franca Punta Pereira
Conchillas

Uruguay

+ 59 892-966-063

DOMTAR

Ms. Rachel Gordon
58 Wescor Road
Hawesville, KY 42348
(270) 927-7449

KLABIN

Ms. Anna Paula Bilik
Fazenda Monte Alegre s/n
Telemaco Borba, PN
Brazil

(55) 42-3271-5901

PAMA® is ISO 9001:2015
certified. Click here for
more information or to
view a copy of the ISO
9001:2015 certificate.
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MINING

KENNECOTT UTAH COPPER
Mr. Jerry Sweat

2100 South 11500 West Magna,
UT 84044

(801) 569-6840

BHP BILLITON NEW MEXICO
Mr. Chuck Wilson

16 Miles West of Farmington
San Juan Coal Company
Waterflow, NM 87421

(505) 598-2000

COMPASS MINERALS
Mr. Lavon Allen

765 N. 10500 W.

Ogden, UT 84404

(801) 732-3246 ext. 3117

MINERA LAS BAMBAS
Mr. Wilfredo Grande
Cuzco

Peru

51 (94) 6692-046

TWENTY MILE COAL MINE
Mr. Jim Schmidt

29515 County Road 27

Oak Creek, CO 80467

(970) 826-0163

SYNCRUDE CANADA
Mr. Roger Marsden
Mildred Lake Site

Fort McMurray, AB
(780) 790-5373

VALE

Mr. Davison Fagundes-Portes
Salobo Metais

Maraba

Brazil

55 (94) 3328-3672

GOLDFIELDS LA CIMA MINE
Mr. Jorge Arevalo

Jr. Leon Velarde 1021 — Lince
Lima

Peru

51 1-706-0400

PAMA® is ISO 9001:2015
certified. Click here for
more information or to
view a copy of the ISO
9001:2015 certificate.
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(GENERAL

I/N TEK ARCELOR MITTAL
Mr. James Keeling

30755 Edison Road

New Carlisle, IN 46552

(574) 654-1627

GEORIGA PACIFIC CORPORATION
Mr. Greg Crosby

215 County Road 216

Palatka, FL 32177

(386) 325-2001

EVERGY ENERGY

Mr. Jesse Whipple

G0-4818 South Kansas Avenue
Topeka, KS 66601

(785) 575-1921

NASA

Mr. Tim King

PO Box 21233

Kennedy Space Center, FL 32815
(321) 861-7303

COOPER TIRE
Mr. Eric Flynn
701 Lima Ave.
Finlay, OH 45840
(419) 429-7232

SOUTHERN COMPANY GENERATION Mr.
Mr. Gavin Love

3535 Colonnade Parkway

Birmingham, AL 35243

(205) 992-6140

HAWAIIAN ELECTRIC COMPANY Mr. Mr.
Mr. Kurt Chaltron

475 Kamehameha Highway

Pearl City, HI 96782

(808) 543-4472

GERDAU CORPORATE
Mr. Brian Wilson

384 Old Grassdale Road, NE
Cartersville, GA 30121
(770) 387-5734

GOODYEAR TIRE & RUBBER COMPANY
Mr. Ben Leahy

200 Innovation Way

Ackron, OH 44306

(330) 796-4385

PAMA® is ISO
9001:2015 certified.
Click here for more
information or to view a
copy of the ISO
9001:2015 certificate
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FIELD SERVICE

TAMPA ARMATURE WORKS
Mr. John Reid

10520 Busch Drive North
Jacksonville, FL 32218

(904) 757-7790

TECO WESTINGHOUSE MOTOR
COMPANY

Mr. Bryan Evans

5100 N. IH-35

Round Rock, TX 78681

(512) 218-7337

BUFETE DE MANTENIMIENTO

Mr. Juan Manuel Najera

Calle 33 A 105

Ciudad Del Carmen, Campeche 24169
Mexico

+52 93 83828850

INTEGRATED POWER SYSTEMS
Mr. David Hinchliffe

5325 W. 130™ Street

Cleveland, OH 44130

(216) 433-7800

INTEGRATED POWER SYSTEMS
Mr. Jeff Vincent

633 Tyne Avenue

Winnipeg, MB R2L 135

Canada

(204) 237-6066

C FOX INDUSTRIAL

Mr. Chris Fox

12502 Southeast 17" Circle
Vancouver, WA 98683
(360) 910-1818

MASSY ENERGY - COLOMBIA Mr.
Mr. Edgar Torres

Carrera 48 #95-15

Bogota

Colombia

+57 311-286-2331

HMI ELECTRIC
Mr. Gary Byars
3980 Pilot Drive
Memphis, TN 38118
(800) 432-8904

NISHI MOTORS

Mr. Toshio Natakani
Av. Brasilia 3000
Londrina

Brazil

55 (41) 99611-7185

INTEGRATED POWER SYSTEMS
Mr. Greg Morrison

4470 Lucerne Road

Indiana, PA 15701

(800) 537-0097

PdMA® is ISO 9001:2015
certified. Click here for
more information or to
view a copy of the ISO
9001:2015 certificate.
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AUTOMOTIVE

GENERAL MOTORS CORPORATION
Mr. Jeff Cochran

1455 W. Alexis Rd.

Toledo, OH 43612

(419) 340-0969

NISSAN (Yates Services)
Mr. Matt Breedlove

983 Nissan Blvd.

Smyrna, TN 37167

(615) 355-2191

GENERAL MOTORS CORPORATION
Mr. Joel Orozco

Silao — Guanjuato 110 Kilometer 3.8
Silao, Guanajuato 36100

Mexico

+52 47 2722 6521

NISSAN

Mr. Raul Vera

Carretera Lagos-ags Km 75
Aguascalientes 20290
Mexico

PAMA® is ISO 9001:2015
certified. Click here for
more information or to
view a copy of the ISO
9001:2015 certificate.
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NASA — Kennedy Space Center

Mr. Tim King
MC 721.E-D100

Kennedy Space Center, FL 32815

(321) 867-1877

NASA - CTSI

Mr. Tim Wechsler
Bldg. 4 Room 115
Greenbelt, MD 20771
(301) 286-9357

NASA — Langley Research Center

Mr. Gabriel Vasquez
1 North Dryden
Hampton, VA 23681
(757) 864-1734

AEROSPACE

NASA

Mr. Tom Vahle

Ames Research Center
Bldg. 229, Room 143
Moffett Field, CA
(650) 604-1346

THE BOEING COMPANY
Mr. Don Miller

8181 Aviation Drive

St. Louis, MO 63134

(314) 232-2590

PAMA® is ISO 9001:2015
certified. Click Here for
more information or to view
a copy of the ISO 9001:2015

certificate.
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STEEL & ALUMINUM

I/N TEK/ARCELOR MITTAL
Mr. James Keeling

30755 Edison Road

New Carlisle, IN 46552

(574) 654-1614

LOGAN ALUMINUM, INC.
Mr. Smith Pearson

6920 Lewisburg Road
Russellville, KY 42276

(270) 775-6522

ARCELOR STEEL

Mr. Rob Smith

1330 Burlington Street
Hamilton, Ontario
Canada L8N 335

(905) 548-7200 ext. 3842

ARCELOR MITTAL

Mr. Fernando Ferreira

Av. Mal Castelo Branco, 1010
Jardim Primavera

Piracicaba, Sao Paulo

Brazil

(55) 19 3302-3240

GERDAU

Mr. Jeff Pramesa
1678 Red Rock Road
St. Paul, MN 55119
(651) 731-5680

GERDAU — CORPORATE

Mr. Brian Wilson

384 Old Grassdale Road, NE Cartersville,
GA 30121 (770) 387-5734

NUCOR-YAMATO STEEL COMPANY
Mr. Johnny Funderburk

5929 E. Highway 18

Blytheville, AR 72315

(870) 762-3764 ext. 764

PAMA® is ISO 9001:2015
certified. Click here for
more information or to
view a copy of the ISO
9001:2015 certificate.
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