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Smart insensing

[\

VALVES &
MANIFOLDS
PROTECTIVE DEVICES

Shut-off valves, valve manifolds or monoflanges
can be used to securely separate pressure Jg=
measuring instruments from the process during |
commissioning, maintenance or calibration.

Calibration Pressure Flow Temperature Force Level

Osensitt RS Derase

REACTOR
MULTIPOINTS

Multipoint sensor assemblies are used in various
applications in the refining and petrochemical
industry. WIKA is a world leader in multipoint
sensor thermometry and the preferred solution
of many major companies and licensors. Our
preferred advanced multipoint solutions include
FLEX-R® and FLEX-O® designs.

Distributed Products

OFMD  &YZ Esmiy KIMRAY

SYSTEMS

FLOW MANAGEMENT ~ MILTON ROY
DEVICES

www.wika.ca  Sarnia (519) 344-1339 Oakville (905) 337 1611 Montreal (514) 332-0330


www.wika.ca

- LAKESIDE

Emerson Impact Partner

Sarnia facilities for Control Valve, Mechanical,
Instrumentation & Combustion Services

Lakeside provides field and in-shop services for all
types and brands of valves. \We are service ready
to support your control, isolation, actuation
and safety relief valve needs.

* Actuator Rebuilds * Repairs & Preventative Maintenance of
* Upgrades & Conversions Electric & Electro Hydraulic Actuators
* On-Site Relief Valve Services * Recommended Spares, Drawings &
» Steam Testing & Certifications Wiring Diagrams Available
* Asset Management Services « Start-up & Calibration Services Offered
s
EMERSON

SCAN ME

OTT A0

Sarnia ¢ Mississauga * Hamilton ¢ Sudbury ¢ Thunder Bay ¢« Winnipeg ¢ Port Elgin
www.lakesidecontrols.com | info@lakesidecontrols.com | 1.519.332.2300
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Automation Products Group, Inc.
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Control Solutions

Excellence Since 1953
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Message from the Reference Guide Committee

Greetings fellow ISA members and users of this
Reference Manual.

On behalf of ISA Sarnia Section we would like to
welcome you to the 26th edition of this Reference
Guide. Sarnia Section Reference Guide Committee in
partnership with Grafiks Marketing & Communications
is proud to present this first-class resource as
purchasing guide and go-to reference for the
Instrumentation, Controls & Automation community.
You can also visit on-line version of this Reference
Guide at www.isasarnia.com.

Every year, we strive to enhance this Guide in its
participation and content. We are also increasing
our electronic footprint and trying our best to make
our on-line version as user-friendly as possible. Look
forward to some exciting announcement from us
regarding our electronic presence, in the year 2024.

We would like to thank all the technical contributors
and all the advertisers for their continued support. We
would also like to thank all the users of this Reference
Guide; it is your valuable support that has kept this
Guide strong for the last 25 years. We would like to
request all users, when you call or write to any of the
advertisers, to please mention that you have seen

their advertisement in the ISA Sarnia Reference Guide.

The reference guide generates much-needed revenue
for ISA Sarnia section to function and offer the
valuable programs that it has been offering to the

EDITION 2 O 2 4

Reference Guide
to the Measurement
& Control Market B

For additional copies call:

Kevin Noon
519-331-5377

or

Provincial Controls
519-336-7301

For information about the 2024 Guide contact:
Grafiks Marketing & Communications
info@grafiks.com

Published by:

Qrafiks

E: info@grafiks.com

local automation community for the past 76 years.

It is therefore we would like to request all users to
helpus get more advertisers for this guide. When you
are dealing with any suppliers/manufacturers that
you don’t find part of this guide, please mention to
them how important it is for them to be part of this
Reference Guide.

We continue to strive to make the technical
information section in this guide more accurate and
current and in doing that, we are always looking for
new technical information and volunteers to review
this section. Your small-time commitment will make
this guide even more useful for everyone so please
contact anyone of the committee members listed
here.

Enjoy your new 2024 Reference Guide.
Cheers everyone!
ATTENTION MEMBERS OF ISA

If you would like to ensure that you advertise in this
publication on an annual basis contact:

ISA Reference Guide Committee

Kalpen Vachharajani..519-336-7301

Mike Murray.................... 519-336-1495
Ken Armitage............... 519-336-3453
Kevin Noon.................. 519-331-5377

@ {
s | {

Mike Murray

Kalpen
Vachharajani Committee Member
Chairman

| -2 / Y/

Kevin Noon
Committee Member

Ken Armitage
Committee Member



North America’s Leading Thermowell
& Instrumentation Hardware Manufacturer

D Thermowells & Orifice Accessories Pressure Vessels
5‘;.‘_ * Flanged Thermowell @ = Orifice Wafer Assembly = Level Chamber
W e N Threaded Thermowell q = Integral Crifice Assembly = Seal Pot
= Socket Weld Thermowell ‘j__( = Multi-Stage Restriction Orifice Val
* Limited Space Thermowell A = Restriction Crifice Union alves

= Needle Valves

= Helical Thermowell = QOrifice Flange Union

* Vanstone Thermowell .
= Tri-Clamp Thermowell Fose Bleed c_’nd Flush Rings
= Weld-in Thermowell g’&: * Bleed Ring

= Flush Ring
= Bleed Ring Assembly
= Flush Ring Assembly

'fg = Manifold Valves
ﬁ ;\:’-"' = Flange x Flange Manifold
* = Low Profile Instrument Manifold
= Double Block and Bleed

Specialty Products

» Wake Frequency Software
= Spacer/ Spectacle Blind

= Stilling Well

= Spool Piece

Orifice Plates oL
! . = Paddle Crifice Plate
T ¥ s Universal Orifice Plate

» Custom Orifice Plate
= RTJ Orifice Plate

. Gauge Siphons

m&‘ﬂ:’(g = Finned Gauge Siphon

= Compact Gauge Siphon
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ISA Sarnia Section President’s Message

Welcome everyone to this year’s
edition of the Reference Guide. On
behalf of the ISA Sarnia Section
Executives and membership, |
proudly present to you the 26th
edition of the Reference Guide to
the Instrumentation and Control
Market. The Reference Guide

has been and still remains the
best purchasing guide and go-to
reference for people in the field of instrumentation,
control systems and automation. This Reference
Guide can also be accessed through our website at
www.isasarnia.com.

In this Global Economy where the Internet brings so
many markets closer together, your ability to adapt
quickly and make informed decisions is paramount
to success and profitability. Having strong technical
skills and a quick handy reference helps you lead

the pack. Automation and Controls is a big part of
everything we do. Most industrial applications require
control systems just to function. They make things
more efficient and less resource intense. With more
and more of a focus on energy efficiency and low
carbon foot prints it is more important than ever
that we use Automation and Controls to make things
faster, smarter and more energy efficient.

As an organization, ISA provides immense
opportunities to its members to become a valuable
asset for their company by providing them access
to technical standards, training, knowledge

bases and even industry experts through great
networking opportunities. ISA has a great network
of Sections, Districts and Divisions that are globally
connected. Making use of these global connections
provides a unique opportunity to ISA members and
throughthem to their employers. Quality programs
are the essence of what ISA is all about and we,
your Sarnia Section Executives, are committed to
offer you just that. The Reference Guide is one of
the several activities Sarnia Section is undertaking
this year. Some other programs and events planned
for this year include dinner meetings, educational

seminars, engineering week, golf tournament, etc.
Visit our section website www.isasarnia.com
often as the details of the programs are constantly
updated.

| would like to thank the Reference Guide committee
and Grafiks for their diligence and hard work in
producing this publication consistently for 26 years.
| would also like to thank all the advertisers and
technical contributors for their support. Without
them this successful publication would not continue.
Thank you, the user of this Reference Guide,

enjoys all the great references and support our
advertisers. When you call or write to any of the
advertisers, please mention that you have seen their
advertisement in the ISA Sarnia Reference Guide.

| would like to encourage every one of you to
become a member of ISA and if you are already,
become an active member of this premier
organization and make the most out of your
membership. The last couple of years have been
challenging for all of us and for ISA. We will continue
to move forward and adapt to this ever changing
world. As much as things change they still remain
the same in some aspects. We are human after all
and it is the networking and social aspect of ISA
that can really be of benefit. I'm looking forward to
seeing everyone at the dinner meetings and other
fun activities.

All the best,

Dave Woodill
ISA Sarnia Section President

Things To Do Today

W Attend Conference

U Bring in New
Member

U Read IN-TECH

 Join ISA

U Attend Dinner
Meeting

U Join a Division

IS‘Q Sarnia

Www.isasarhnia.com Section

ISA Sarnia Section Executive Group

To find or contact any of your 2023/2024 |SA Sarnia Executive, visit our website at
www.isasarnia.com and look for the Executive Group, or scan the QR code.
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Past Presidents

1945/46

1946/47

1947/48

1948/49
1949/50
1950/51

1951/52

1952/53
1953/54
1954/55
1955/56
1956/57
1957/58

1958/59
1959/60
1960/61

1961/62

1962/63
1963/64
1964/65

ISA officially

was born as the
Instrument Society
of America on
April 28 1945,

in Pittsburgh,
Pennsylvania, USA

Albert F. Sperry,
chairman of Panelit
Corporation,
became ISA’s first
president in 1946.
Sarnia Section not
yet chartered.

C.G. Elder

(Sarnia Section
received charter
September 1, 1947)

W.J. Graeb

Ken Goldring
Amby Upfold
Ken Goldring
Amby Upfold
Warren McKay
Jack Heatley
Larry Hall
Harold Kohlmeier
Ron Asselstine
Mike Hicks

Mike Hicks

Mike Hicks
George Mills
Robert Brayne
Robert Newman

Robert Newman

Sarnia Section

General Member Meetings

Sarnia Golf and Curling Club

Year 2024: January 29, March 25, May 27 (AGM),

Year 2025: January 27, March 31, May 26 (AGM),

1965/66
1966/67
1967/68
1968/69
1969/70
1970/71

1971/72

1972/73
1973/74
1974/75
1975/76
1976/77
1977/78

1978/79
1979/80
1980/81

1981/82

1982/83
1983/84
1984/85
1985/86
1986/87
1987/88

1988/89
1989/90
1990/91

1991/92

1992/93
1993/94
1994/95

September 30, November 25

September 29, November 24

Ted Stock

Ted Stock

Bill Rion

Bud Dodds
Ray Wechselberger
Bill Glendon
Curt McDonald
Everett Maness
Stan Thrift
Bernard West
E.A. Comello
Jim Henrikson
Jim Johnson
Ron Thurier
Dave Braedley
John Stassen
Wayne Jamieson
Frank Bandura
John Tranter
Robb Sharp
Ron Kells
Howie Whitton
Joe Lobo

Irvin Hawkes
Rich Paterson
Ken Blair

Jim Lomax
Bob Kelly

Bill Arundell
Larry Corbett

1995/96
1996/97
1997/98
1998/99
1999/2000
2000/2001
2001/2002
2002/2003
2003/2004
2004/2005
2005/2006
2006/2007
2007/2008
2008/2009
2009/2010
2010/2011
2011/2012
2012/2013
2013/2014
2014/2015
2015/2016
2016/2017
2017/2018
2018/2019
2019/2020
2020/2021
2021/2022
2022/2023

Executive Meetings
Sarnia Golf and Curling Club

Mike Murray

Randy Dennie
Andrew Tucker
Mike Murray

Mike Murray

Randy Dennie
Randy Dennie
Kalpen Vachharajani
Don Murch

Brian Smith

Don Murch

R. Steven Webster
Brian Davidson
Brian Davidson

Jeff Talbot

Jeff Talbot

Rob Dickson

Rob Dickson

Mike Murray

Mike Murray

Kalpen Vachharajani
Kalpen Vachharajani
Mike Murray

Mike Murray

Mike Murray

Mike Murray

Kalpen Vachharajani
Dave Woodill

Year 2024: February 26, April 19, June 24, August 26,
October 28, December 9

Year 2025: February 24, April 28, June 30, August 25,
October 27, December 8



International Society of Automation
Setting the Standard for Automation™

Why should you join ISA?

ISA is Your Organization
Join ISA to engage with peers and subject matter experts

around the world, sharing and developing best practices to
advance the profession.

We are creating the future of automation, and we need your
skills, perspective, and insight to make it happen.

e Standards e Technical Divisions
ISA Technical Divisions exchange

ISA develops consensus industry

ISA members have access Divisions align members

standards for automation to all ISA standards, information in newsletters around specific technical
technologies and applications in key | recommended practices, with timely technical articles and areas of interest and
areas such as security, safety, batch | and technical reports news, and through exclusive expertise across a wide-
control, enterprise integration, online. division online communities. range of automation

; it disciplines.
wireless communications,
traditional instrumentation, measurement, and control. * Analysis Division

» Automatic Controls and Robotics Division

* Automation Project Management and Delivery Division
® Education and Training

ISA has leading-edge training

* Building Automation Systems Division

available on topics that matter most: :,Seﬁggf_:jsel:?gff;?,;mg * Chemical and Petroleum Division
communications, control systems, and education programs « Communications Division
cybersecurity, plant maintenance, where you can develop . L
and safety. Courses are offered your skills through in- + Construction and Design Division
online via self-instruction, online depth, real-world material. i ivisi

’ ISA members are eligible * Education Division

instructor-assisted, or at aregional | ¢or course discounts.

classroom location * Food and Pharmaceutical Division

* Mining and Metals Division

* Power Industry Division
e Geographic Sections « Process Measurement and Control Division

ISA Sections engage in the Network with professionals ivisi
community to provide information, | inyour jocal area through * Pulp and Paper Division

resources, and scholarships geographic sections. + Safety and Security Division
to advance the automation

profession. By participating in your local section, you will
have opportunities to access resources such as table top « Test Measurement Division
exhibits, subject matter experts, networking and leadership
opportunities, and local employment opportunities.

* Smart Manufacturing and IloT Division

* Water and Wastewater Division



Conferences and Events

ISA organizes many events

. ISA hosts topic-focused
around the world. By attending 2

and industry-specific, face-

an event, you will have the to-face events in dozens
opportunity to exchange ideas, of countries throughout
engage with ISA leaders in the year. Members can

hear expert speakers and
panel discussions at a
discounted rate.

policy-setting and strategizing
during the annual leadership

conference, and discover new
technologies alongside some of the brightest minds in the
automation industry. Review ISA’s calendar for worldwide
events.

Publishing

Written and reviewed by

Through ISA's publications,
experts, ISA Publications help 2 g

members have access to

keep automation professionals thousands of articles and
fully informed about the technical papers at no
latest technical developments, charge.

applications, trends, and

standards. Technical topics include safety, cybersecurity,
instrumentation, process control, wireless technology, and
many others.

Certification

ISA Certification provides an
— . ISA members can apply to
objective, third-party assessment | ,1q |sA's Certified Control

and confirmation of a person'’s Systems Technician®
skills, and gives them the (CCST®) and Certified
opportunity to stand out from Automation Professional®

(CAP®) exams at a

the crowd and be recognized. ISA di
iscount.

currently offers two certification
programs: Certified Automation Professional® (CAP®) and
Certified Control Systems Technician® (CCST®).

ISA Connect

ISA Conn'ect ISan onlln.e The ISA Connect Technical
community to engage in Discussion Forum is
technical conversations and exclusively for members.

share best practices.

Members will have the ability to network and communicate
with other members around the world, contribute and
subscribe to technical discussions, share and access

resources in the technical library, and discover opportunities

to get involved in ISA.

Membership benefits at-a-glance

Member Programs
* Local section
+ Technical divisions
+ Automation Career Center
+ Leadership opportunities
* Member Directory
+ Use of ISA member logo
+ ISA Connect Technical Discussion Forum
+ Expert Directory

Standards and Publications
* Online viewing of ISA Standards
+ Access and downloads of ISA Technical Library
* Online viewing of ISA Transactions
¢ InTech magazine
+ Discount on books
+ Subscriptions to Automation.com newsletters

Education and Certification
Discounts on:
+ Training Course Registration
+ CCST® and CAP® Certification Programs
+ CAP® and CST Associate Recognition Programs
+ Conference Registration

www.isa.org/join




Offering Engineering and Technical Services in the field of
Instrumentation, Electrical and Process Control System Engineering.

 We have earned a solid reputation for consistently delivering

high-quality service to our Clients by concentrating on...
\\_YEARS
i ~

Controls Limited

Commitment to our people

Developing and retaining highly skilled employees by
offering the appropriate training, mentoring and
compensation... a large factor in our success today.

Commitment to our clients

Our projects begin with a sound understanding
of our client’s needs and expectations and end
with a successful project and satisfied client.
Meeting and exceeding our clients
expectation is always our goal.

Commitment to Safety
With well over 1 Million hours of
work without a Recordable Injury.

1569 Wellington Street, Sarnia, Ontario
519.344.6868 | www.langtreecontrols.com

www.intertec.info info@intertec-inst.com

GRP SHELTERS

EQUIPMENT
PROTECTION
SOLUTIONS [Eefias

HAZARDOUS LOCATION
HEATERS

SHEMS A Kk
255 Henry Drive, Sarnia, ON, N7T 7H5  519-333-2800  888-875-8756
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langtreecontrols.com
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Mississauga Montréal Calgary Edmonton Vancouver

(905) 670-2266 (514) 856-0370 (403) 252-2522 (780) 448-1580 (604) 231-0711
G g S
e I
. @
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KINETICS | % L)

MEASUREMENT & CONTROL

Sensible Solutions to Process Measurement and Control

Canada's Leader in Manufacturing Thermocouples & RTDs # - -
Spow
We offer In-house expertise for calibration and . ti' T B ==
repair of your process measurement devices. ’ 0\ @b f
https:/ithermo-kinetics.com/ T p—

/&- = o ‘ o —
. g 3 I\ = . e
=1 2}

noR
[
(5

Scan the QR code to see our full product list —>

866 Philip Street East, Unit #7,
DMy oo e

SPECIALTY PROCESS & FACTORY REPRESENTATIVES T: 519-336-2405 * F: 519-336-1177
ENVIRONMENTAL COMPANY  Serving the Process Industry Since 1987 E-Mail: info@specsarnia.com
200K Duyer, [S)BLISS ANAND ' specializing In:
Magnetic
Rupture Disks & Accessories Pressure & Temperature Switches Level Gauges * Over Pressure
THE o Protection
NOVAFLEX S@ - Level Gauges
. Grour & forH " g e 9
or Hazardous Liquids
Vibration Switches & Cap Dr(‘égf;ﬂ;es %:;&i,ﬁé?ﬂ'éﬂgfy * Steam Traps
Matasorbe * Heat Trace & Heaters
Sedonel ‘E " Sur-Flo Meters & Controls Ltd. Premium Qil-Only &
S Universal Adsorbents * Flow Meters/Pressure
: Control Valves &
Steam Traps, Analytical & L . .
Leak Detection Products Liquid Turbine Meters * Mechanical Seals
ch lox’ N » Working at Height
sromalox ‘;_r scully Structures/Gangways
; Liquid Level Detection
Heat Tracing Products Railcar & Tank Trucks ¢ Hard Shell Cases

Mechanical Seals Repair

& Replacement * Absorbents/Spill
Lc SafeRack @ Containment
2atehack ¢ Permanent Boom/Qil

Loading Rack Equipment Automated Non-Contact Oil Spill Monitoring Systems
Positive Displacement Meters & Accessories Sensor Monitor & Alarm

n


thermo-kinetics.com
specsarnia.com

A WORLD OF

¥

I N - . ;
YOUR PARTNER IN PROCESS MEASUREMENT AND AUTOMATION

A EVEREST

AUTOMATION

Providing Eastern Canada with more than 20 years of integrated solutions in process
measurement and automation. Our comprehensive range of industrial grade products,
unrivaled technical support and services are strategically aligned to help your business
realize the tangible benefits of increased production quality, efficiency and reduced
environmental impact in the short, medium and long-term.

A valuable resource, a reliable partner!

Sarnia Branch Contact Us
1129 Vanier Road, Phone: 519 332-5000
Sarnia, ON N7S 3Y6, Canada info@everestautomation.com

» Driger DURAG  rowsgrve (D) GesTRA
NELES  Wsenthv SIGNALFRE  Valmet 3

— WIRELESS TELEMETRY —

SARNIA | OAKVILLE | SAULT STE. MARIE | SUDBURY | MONTREAL | QUEBEC | HALIFAX | EDMONTON
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everestautomation.com

& 1-800-265-1430
& 519-918-5224

CONvaL

Conval Process Solutions Inc.

CJ§ www.convalpsi.com
info@convalpsi.com

W ASHCROFT

Gauges, Thermometers,
Switches, Sensors, Diaphragm
Seals and Isolation Rings

mum
# T o

=3

a
Pressure/Vacuum Vents, Emergency
Vents, Flame/ Detonation Arrestors,

Tank Blanketing Valves

Ball valves, Actuators, Actuation
Services

SCHUBERT & SALZER

CONTROL

AJIYSTEMS
e

Control Valves, Angle & Globe
On/Off Valves, 3 Way Valves

@ L&J TECHNOLOGIES
r\

Precision Level Gauging &
Monitoring Equipment & Software

MILWAUKEE VALVE : E

Ball, Butterfly, Gate, Globe,
Check Valves

ASC&

&m" ”
vE' ﬂ Ly

Solenoid Valves and Automatlon

"”s!

Electric Quarter Turn, Multiturn
and Electric Fail Safe

r“/,t\@ MV NEwAY

Hw@ g

Gates, Globes and Check Valves

Pneumatic Actuators and

Accessories

7O0PWORX

Discrete Valve Controllers

Position Monitoring & Control of
Automated On/Off Valves

Your source for industrial flow control solutions.
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centralontario.swagelok.com

Swasde

- Fluid System Components - Application Support - Swagelok®
Fabrication Solutions - System Evaluation & Advisory Services -
Training and Education - Materials Management

Authorized Sales and Service Centre
Phone: 519.336.3453 | Fax: 519.336.1537 | Email: sales(@soac.swagelok.com

Swagelok Ontario

ISA/IEC
62443

There is Value in Membership

ISA is a member-focused association, centered on offering you the community and tools
needed to shape the future of automation. We focus on values like excellence, integrity,
diversity, collaboration, and professionalism. ISA is not just an association, we are a
community, built for professionals like you.

ISA Connect Networking

Engage in technical discussions -
both online and live - with
automation professionals like
yourself all around the world.

Career Center

Search job boards, build your
resume, or get help career
planning - all the tools you need
to advance your career in
automation.

Standards

Access over 150 standards that
reflect the expertise of industry
leaders from around the world!

Visit ISA.org/membership
to learn more!

Enhance your professional
network by connecting with
members in your local community
or in your technical specialty.

Education and Training
Receive discounts on training
courses, event registrations,
books, and professional
credentials.



centralontario.swagelok.com

-==HCS=-"

Heaters, Controls & Sensors Lid.

Controls
Same Day Shipping

Data 7
Loggers ~ Sensors
In Stock #¢§ Custom

/‘ Made Today

YOUR PROCESS
INSTRUMENTATION
EXPERTS

World leading product
brands and solutions

Optimize your process operations with our complete
range of instrumentation products, shop and field
services, and engineered solutions.

e Level * Pressure
¢ Flow ¢ Environmental
e Temperature ¢ Valves & Specialty
\\ Together We Get More Done’ 1877 GO WAJAX wajax.com
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hcs77.com
wajax.com

INSTRUMENTS

VERoNIcs INc.
“Providing Industry Leading Instrumentation for over 40 years” E L E CT R OZ A D

+ Liquid, Gas, Flare and Steam

E Flow Meters
- - Hygrometers/Dew point NETWORK & PROCESS SOLUTIONS

R - Gas and Oxygen Analyzers TECH N |CAL SERVICES

+ Pressure Transmitters

« Calibrators
B DrUCR « Controllers @

+ Gauges and Hand Pumps

Fixed Gas Detection Operational Intgl‘llgence
« Industrial Flame & Gas Systems Informed Decisions

+ Wireless Gas Detection
« Controllers and Systems
/—) + Magnetic, Turbine and
Paddlewheel Flow Meters and HYH
Seametrics (o Productivity

Output and Capacity

nﬂn + Proven Data Logging Solutions @
SYSTEMS INC.

Risk Management
= + Relative Humidit
ro-l'rﬂnlc . Cz); ;\"Iliaszzlmlezt Safety and Support

MEASUREMENT soLuTions * Water Activity

Honeywell

E CH ROM ALOX + Heaters and Controls

Advanced Thermal Technologies

u e « Ultrasonic Inspection
— /UL

+ Leak Detection
SYSTEMS INC . .
The ultrasound approach ° Bearlng Analy SIS

Proudly Serving the Process Industry
in Southwestern Ontario for 65 years.

www.veronics.com

114-1100 South Service Rd., Stoney Creek, ON L8E 0C5

519-336-8550 | 625 Scott Rd., Sarnia

sarsales@electrozad.com
www.electrozad.com

T: (905) 643-7020, F: (905) 643-7030
E: info@veronics.com
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veronics.com
electrozad.com

SIEMENS

Reliable Process
Instrumentation &
Control for your
processes, every day

Siemens Process Instrumentation
and Automation solutions from
one single source Franklin Empire

To operate units of complex processes

reliably its components must be

rugged, field-tested and work

together seamlessly. Siemens process AN
instruments keep operators on top -‘3 E|.”

of the process performance, process = — = B FRANKLIN B s
parameters and analysis data. " r- EMPIRE F‘lﬁ‘

siemens.ca | franklinempire.com

INDUSTRIAL PROCESS HEATING

OLUTIONS

Thermon is the leading single-source provider of
industrial process heating, delivering comprehensive,
engineered solutions for complex projects, including
hazardous area applications.

Since 1954, we've led the industry in
designing a full spectrum of custom

services that address every essential
process heating requirement, from
beginning to end.

For the Thermon office nearest you visit us at ... : o
Follow us on Linkedin --
www.thermon.com @Thermoninc 1N

© Thermon, Inc.
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franklinempire.com
thermon.com

SOLUTIONS FOR

MEASUREMENT &
CONTROL

P AN

Valve Control
POSITIONERS

POSITION FEEDBACK MONITORS

BEIlsensors
Position - Speed
INDUSTRIAL ENCODERS

Highly Reliable — User Friendly
Pneumatic — Electro Pneumatic
Digital — Hi Air Delivery — Zero Bleed

General Purpose, Explosion Proof, Intrinsically Safe
Epoxy Coated Aluminum or Stainless Steel
Certified for Natural Gas

HART, Foundation Fieldbus, Profibus
Valve Diagnostic Software Included

-

Assorted Materials

e Aluminum

* Engineered Resin

¢ Stainless Steel
Assorted Switch Options
¢ Mechanical

* Proximity

e Namur

¢ Built In Solenoid Valves

Incremental
Absolute

General Purpose
Explosion Proof
Wireless

Gray Scale SSI or
CANBUS Output

m

macnaught

Flow Metering

POSITIVE DISPLACEMENT ADDITIONAL

e High Accuracy — e Thermal Mass
Repeatability e Transit Time

¢ Install in any piping Ultrasonic
configuration e Electromagnetic
* Assorted Materials * Vortex
e Aluminum * Doppler Ultrasonic
» Stainless Steel
e Ryton

LSD ! A @

Broad Range of Sizes and

Flow Capacities

e %”(100 LPH) > 4” (1200
LPM)

L3ANCPPBS  vississauga, N Nontreal, aC

(800) 595-0514 www.cancoppas.com controls@cancoppas.com
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www.spssales.com

=

Featuring: Instrument & Flowmeter
Calibration & Repair, Lined Spool Fabrication,
Loading Systems Services, Emergency Safety

Shower & Eye/Facewash Maintenance and
Repair, Hydrostatic Testing, Instrument &
Control Panel Assemblies, and Analyzer
Sample Condition Systems

HUGHES

BAUM
RICHTER

Process Pumps & Vales

5.

DREAKLE SFECIALTIES -.

{& ThermOmegaTech

‘{YITT

ERNGINEERED FOR LIFE

SOR

765 Evett St, Sarnia, ON N7S 5N3
Telephone: (519) 336-8820 Fax: (519) 336-2033
Email: info@spssales.com


cancoppas.com
spssales.com

PROVINCIAL

CONTROLS

AGAR
@ Al CORPORATION

LI UNITED ELECTRIC

CONTROLS
® LEADERS IN SAFETY. ALARM & SHUTOOWN
The Global Leader in Unique Solutions for Oil ) .
ESD,BMS, F&G, and Production a_"d Processing Safety Transmitters & Switches
HIPPS Systems Applications Gas & Oil Shutoff Valves,

Flame Scanners & Ignitors

A DET-TRONICS QL G HTWAVE K ENVANS rsERCRE

Air-Blown Fiber® Solution that can AUTOMATION
Flame, Gas and System Products grow quickly & cost-effectively Cor;\t;;g; /gg%’gﬁzgfgg‘;fog/g sand
as you grow
Sensors, Connectivity
Products, Fieldbus
Interfaces

vl - i
CISCO. InC' %

PARTNER

mp—— EMERSON
Explosion Protection Registered Conditioners, Alarm Trips and ™

& Automation Telemetry Products Discrete Automation Division
Interface Products

Solenoids, Valves, Sensors Valve Controllers, Switch Boxes
XA® & Systems & Sensor Technologies
Device Networking for ‘ |= I— U E N T H n u ma'lts | |
industries, Industrial . Valves, Cy/fnders, ) Valves, Cy/inders,
Ethernet, Wireless Serial & Leader in Flare Gas Flow Measurement Motion Control, Air Prep., Sensors Motion Control, Air Prep., Sensors
Fieldbus Solutions
Hazardous Area Equipment Service Offering
¢ Mobile Phones e Enclosures * WLAN Radios « Certified Calibration Services
* Monitors * PDAs * Tracking Solutions « Industrial Safety Services - Fire & Gas
Systems
Also Representing: * Valve Automation Services
* Smar * Frontline Test Eq.  « Alco Valves « Control Panel Fabrication
* Babbitt Level * B&B Electronics * Imperial Eastman « Safety System Services
* Dwyer * MACTek Corp. * Mac-Weld « Control Network Security Consulting
* Trident Air Dryers  * Fluke ¢ Drexan Heat
* Orange Research  « ExLoc Tracing One Stop Shop Provider of Test,
* Perma-Cal * Wika " Barber Pig Valves for all your Measurement,
Industries . ¢ BETA Calibrators .. . .
Ernst * Stainless Valve P Communications Calibration &
e Erns o =K | . o
Pri Flow Signal * Conant Controls . & Networking Recording
* Primary Flow Signa . ola .
Ly 9N&L, precision Digital i Requirements Instruments
e Leviton ¢ ICP DAS

864 Philip St. E., Sarnia, ON N7T 1Z6 - Phone: 519-336-7301 - Fax: 519-336-8082
www.provincialcontrols.com Email: sales@provincialcontrols.com
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provincialcontrols.com
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-
Automation Career !l!

Where People & Positions Meet

Your success is our success. That’s why we provide the
forum for employers and job hunters to meet and form
valuable partnerships toward mutual success.

results.

Visit our site at jobs.isa.org and see for yourself
what the excitement is all about.

Search for jobs or post your resume and you’ll see the a

Quick Facts

ISA members can

view all ISA standards,
recommended
practices, and technical
reports online, free of
charge.

ISA members receive

a 20%* discount on all
ISA training courses—
both classroom and
online. They can also
access all pre-recorded
ISA webinars for free.

ISA members receive
a 20% discount when
they apply to take
ISA’s Certified Control
Systems Technician®
(CCST®) and

Certified Automation
Professional® (CAP®)
exams.

ISA members receive
a discount on all

ISA conference and
symposia registrations.
In some cases,

joining ISA when you
register for an event
is like getting your

membership for free!

5 ISA members get a
20% discount on ISA
published books, plus
a free subscription to
InTech magazine and
online access to ISA
Transactions. They also
receive regular editions
of two e-newsletters:
Automation Weekly
and ISA Insights.

6 ISA members get
unlimited technical
division memberships.

7 Getting involved in an
ISA section is one of
the most convenient
ways to network
and get engaged
with others in your
profession.

International Society of Automation
Setting the Standard for Automation™

Join the International
Society of Automation

ISA is the professional home for engineers, technicians, leaders,

and students engaged in industrial automation.

ISA is Your Organization

Join ISA to engage with peers and subject matter experts around
the world, sharing and developing best practices to advance the
profession. Build your resume and your reputation, but even better,
use this opportunity to inspire the next generation of technical
professionals.

We are creating the future of automation, and we need your skills,
perspective, and insight to make it happen. Join us!

Together we will set the standard for
automation around the globe! f

ISA, founded in 1945, is the global professional
organization for automation. We develop
standards and educate the industry on critical
topics like safety, cybersecurity, instrumentation,
control systems, and much more,

www.isa.org/join =

L m—
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Electronic Addresses (Web Sites, E-mail)

Cancoppas Limited
Www.cancoppas.com
controls@cancoppas.com

CB Automation Inc.
www.cbautomation.com
sales@cbautomation.com

CGIS
www.cgis.ca

Conval Process Solutions Inc.

www.convalpsi.com

Davis Controls Ltd.
www.daviscontrols.com

Electrozad Supply
www.electrozad.com
sarsales@electrozad.com

Everest Automation
www.evermarkautomation.com
info@evermarkautomation.com

Franklin Empire Inc.
www.franklinempire.com

Heaters Controls & Sensors
www.hcs77.com
hcs@hcsl.com

Intertec Instrumentation Limited

www.intertec.info
info@intertec-inst.com

Lakeside Process Controls Ltd.

www.lakesidecontrols.com

Langtree Controls Limited
www.langtreecontrols.com

Mac-Weld Machining
www.mac-weld.com

Provincial Controls
www.provincialcontrols.com
sales@provincialcontrols.com

SPEC (Sarnia) Limited
www.specsarnia.com
info@specsarnia.com

SPS Industrial & Instrumentation

Specialists
www.spssales.com
eko@spssales.com

Swagelok Ontario
www..swagelok.com

Thermo-Kinetics Company Ltd.

www.thermo-kinetics.com

Thermon
www.thermon.com

Vanko Analytical &
Instrumentation Specialists
www.yedga.com

Veronics Instruments Inc.
WWww.veronics.com
info@veronics.com

Wajax
WWWw.wajax.com

Westech Industrial Ltd.
www.westech-ind.com

WIKA Instruments Ltd.
www.wika.ca
info@wika.ca

InTech Magazine

The most current issue of ISA’s
flagship publication is available
online in a Digital Edition—an easily
sharable format that lets you flip
virtual pages on your tablet or
desktop screen or download a PDF
of the entire magazine.

Also online, you can access the
InTech Magazine Archives — digital
magazine articles from 2016 to the
present.

InTech FOCUS Ebooks

The InTech FOCUS series of ebooks,

published in PDF format, covers
fundamental automation and
instrumentation topics through
technical articles contributed by
industry experts, including ISA
members.

Also available: InTech Plus
Newsletters

InTech Plus newsletters combine
technical articles, automation basics,
event coverage, book excerpts, and
more in an easy-to-scan format
delivered to your inbox.

Subscribe through the website:
www.isa.org/intech-home/
subscribe.

IS) Sarnia

Section
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BERTHOLD

Contactless nucleonic
instrumentation for level,
density, phase, online moisture

Urager

Portable gas detection,
toxic and combustibles,
vapours and oxygen

"“ TELEDYNE
MONITOR LABS
Everywhereyoulook™
Environmental monitoring
stack flow, opacity,
stack gas measurements

@PAC

&0y

Distillation, viscometers, total sulfur,
physical property, oil in water

Boucherville

Toronto

VANKDO

Analytical & Instrumentation Specialists

MAGNETROL

LEVEL MATTERS

Extensive range of innovative
level solutions

Valmet >

Flowrox pinch and
knife gate valves, slurry,
dosing and metering pumps

AMETEK | mocon

VOC gas analyzers, including
baseline gas chromatographs,
hydrocarbon analyzer

Advanced
SEensors

0il in water analyzers

Sarnia

customerservice@vanko.net | 1-800-307-8554 |

Winnipeg

Our Sarnia Location

is here to take care of all
your instrumentation
needs: 519-464-3270

PROUDLY
CELEBRATING
OVER 35 YEARS!

Our team of local,
factory trained, and
experienced field
service technicians are
here to support all of
your field requirements,
throughout Canada

™
7 ORI(ON

INSTRUMENTS
A@M@\etml'company

SERVOMEX "

Leading provider of reliable, accurate and
stable gas measurement solutions

High-visibility magnetic level indication and high-
accuracy magnetostrictive level transmitters

A2 JFLOow

Valves; butterfly, ball,
control, specialty
automation and controls

YU waltron

Water and steam
quality monitoring
instruments

DREXELBROOK’ Met One &LAUF“S

- Instruments TECHNOLOGIES

POWERED B AtoE Ultrasonic technology

for flare gas measurement,
gas venting

Capacitive water cut meters,
point and continuous level

Ambient air measurements,
air quality monitors

FilterSense

Particulate monitoring and
control solutions

AOTROL

& NAmerica
SMaRT TEANSRA TS

Smart pressure, differential pressure and
temperature transmitters

www.vanko.net

Regina Edmonton Vancouver

Calgary
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vanko.net

PRODUCT CATEGORY/
SUPPLIER CROSS REFERENCE

IMPORTANT NOTICE

The ISA Sarnia Section Reference Guide has been
carefully compiled. Every precaution was taken to
prevent errors or omissions to ensure maximum
accuracy. ISA cannot guarantee the correctness of
the information provided to them, and therefore shall
not be liable for damages resulting from errors or
omissions in this directory. We apologize for any errors
made. If the information provided on your company
has changed please contact us so that the changes
will be made for next years Reference Guide. Your
assistance is greatly appreciated.

Publications Committee

23




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Acceleration Instrumentation
Lakeside Process Controls Ltd..
Veronics Instruments Inc

...Inside Front

Acoustic Emissions Instrumentation
Thermo-Kinetics Company Ltd.......ccccoeneiciereeeeeeeeeeee s n

Actuators, Electric

Conval Process Solutions Inc
Davis Controls Limited.......
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd......
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Thermo-Kinetics Company Ltd

Actuators, Hydraulic

CGIS - The World’s Best Valves
Davis Controls Limited...........
Everest Automation Inc 12
Franklin Empire Inc
Lakeside Process Controls Ltd .
SPS Industrial & Instrumentation Specialists ....
Westech Industrial Ltd

Actuators, Pneumatic
CGIS - The World’s Best Valves ........veeeveeecesisennn, Back Cover
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc

Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ....

Air Compressors

ProvinCial CONIOIS......cciicieieeietse ettt ssaesnees 19
Air Dryers
CB AUtOMALION INC et sees Inside Back

Davis Controls Limited
Provincial Controls

Alarm Systems
CB AUtOMALION INC ..t
Davis Controls Limited
Electrozad Supply Company
Franklin Empire Inc
Provincial Controls....
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Westech Industrial Ltd

Amplifiers
CB Automation Inc
Electrozad Supply Company

Analyzer Shelters

CancopPPas LIMIted ...
Davis Controls Limited
Electrozad Supply Company 16
Everest Automation Inc
Intertec Instrumentation Ltd...
Provincial Controls...............
SPS Industrial & Instrumentation Specialists ....
Vanko Analytical & Instrumentation Specialists
Westech Industrial Ltd ...

24

Cross Reference Page

Analyzer System Design
Cancoppas Limited
Davis Controls Limited....
Everest Automation Inc
Intertec Instrumentation Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Vanko Analytical & Instrumentation Specialists
Westech INAUSEHAl LEd ..o sesseeseseesssesssnnnes

Analyzers, Carbon Dioxide
Cancoppas Limited
Everest Automation Inc
Lakeside Process Controls Ltd
Provincial Controls
Vanko Analytical & Instrumentation Specialists
Veronics Instruments INC ....ooeeevveccennes

Westech Industrial Ltd....

Analyzers, Carbon Monoxide
Cancoppas Limited
Everest Automation Inc
Heaters Controls & Sensors Ltd
Provincial Controls
Vanko Analytical & Instrumentation Specialists..
Veronics Instruments INC .....ccccoevvverieneenn.
Westech Industrial Ltd

Analyzers, Chromatographs
Cancoppas Limited
Everest AUtOMAtioN INCu..cccce e 12
Lakeside Process Controls Ltd.................
Vanko Analytical & Instrumentation Specialists........cccccoeevvivcrirernee.
Westech Industrial Ltd

Analyzers, Combustible Gas
Cancoppas Limited
Davis Controls Limited
Everest Automation Inc.....
Lakeside Process Controls Ltd...
Provincial Controls
Vanko Analytical & Instrumentation Specialists
Veronics Instruments Inc

Westech INAdUstrial Ltd ...

Analyzers, Flue Gas
Cancoppas Limited
Davis Controls Limited....
Everest Automation Inc
Lakeside Process Controls Ltd
Provincial Controls
Vanko Analytical & Instrumentation Specialists..
Veronics Instruments Inc

Westech INAUStrial Ltd ...

Analyzers, Gas On-Stream

CancoPPas LIMILEd ...
Everest Automation Inc
Lakeside Process Controls Ltd
Vanko Analytical & Instrumentation Specialists .......cccoovevveccrrreenee. 22
Veronics Instruments Inc
Westech Industrial Ltd

Analyzers, Hydrocarbon
Cancoppas Limited
Everest Automation Inc
Lakeside Process Controls Ltd
Vanko Analytical & Instrumentation Specialists
Veronics Instruments Inc

Westech INAUStrial Ltd......ccoiiiiccessecescesssee s




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Analyzers, Hydrogen Sulphide

CancoPPas LIMILEd ... e enees
Electrozad Supply Company
Everest Automation Inc............
Lakeside Process Controls Ltd..
Provincial Controls
Vanko Analytical & Instrumentation Specialists ..
Veronics Instruments Inc.
Westech Industrial Ltd

Analyzers, Infra-Red
Cancoppas Limited
Electrozad Supply Company.
Everest AUtOMAtioN INCu.. e 12
Lakeside Process Controls Ltd
SPS Industrial & Instrumentation Specialists ......ccccoevveevveccrirennen.
Vanko Analytical & Instrumentation Specialists ..
Veronics INSTrUMENTES INC ...
Westech Industrial LEd ...

Analyzers, Moisture
Cancoppas Limited
Davis Controls Limited
Everest Automation Inc
Provincial Controls
Vanko Analytical & Instrumentation Specialists ........cccoevvivecrcnins 22
Veronics Instruments Inc
Westech Industrial Ltd

Analyzers, Oxygen
CancopPPas LIMItEd ...
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc........
Lakeside Process Controls Ltd..
Provincial Controls
Vanko Analytical & Instrumentation Specialists..
Veronics Instruments Inc
Westech Industrial Ltd

Analyzers, Ph
Cancoppas Limited.....
Davis Controls Limited..........
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited ..

Analyzers, Solids On-Stream

Cancoppas Limited
Electrozad Supply Company
Everest Automation Inc
Lakeside Process Controls Ltd..
SPEC (Sarnia) Limited ..
Westech Industrial Ltd

Analyzers, Stack Gas
Cancoppas Limited
Davis Controls Limited..
Everest AULOMALtION INCuuieieiecre e 12
Lakeside Process Controls Ltd ..Inside Front
Vanko Analytical & Instrumentation Specialists .. .22
Westech Industrial LEd ... 3

Analyzers, Ultraviolet
Cancoppas Limited
Everest Automation Inc
Franklin Empire Inc.................

Lakeside Process Controls Ltd

..Inside Front
N

Cross Reference Page

Vanko Analytical & Instrumentation Specialists....
Westech Industrial Ltd

Analyzers, Water Quality
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Vanko Analytical & Instrumentation Specialists ....
Westech Industrial Ltd

Annunciators
CB AULOMALION INC v
Davis Controls Limited
Electrozad Supply Company ..
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls

Anti-Surge Controls

CB AULtOMAtioN INC.iiciiccece s Inside Back
Lakeside Process Controls Ltd ...Inside Front
Provincial Controls

Automation Engineering Services

CB AULtOMAtIoON INCaiiiiccec s
Electrozad Supply Company
Everest Automation Inc......
Franklin Empire Inc.......c.c.......
Lakeside Process Controls Ltd
Provincial Controls

Barriers, Intrinsic Safety

CB Automation INC....cccvvvicennincciennens
Cancoppas Limited ..
Davis Controls Limited........
Electrozad Supply Company ..
Franklin Empire InC.....ccccocvevneee.
Heaters Controls & Sensors Ltd
Provincial Controls
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists.....
WIKA Instruments Ltd ..o

Battery

Electrozad Supply Company
Heaters Controls & Sensors Ltd
ProvinCial CONIOIS......cciecieiceese et snteseees

Blending & Batching Systems
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company .. .16
Everest Automation Inc

Boiler & Furnace Instrumentation
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire INnC.....cccoveuueee.
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls....................
Swagelok Ontario
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Westech Industrial Ltd

Cable Tubing & Support Systems
CB Automation Inc
Electrozad Supply Company 16
Provincial Controls
Swagelok Ontario.
WajaX .o

Calibration Instrumentation & Service
CB Automation Inc
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company ..
Franklin Empire Inc.......cc.......
Heaters Controls & Sensors Ltd
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd ...

Calibration Standards
Franklin EMPIFE INCu..uceceieiecteeececetee ettt aes s
Provincial Controls
Thermo-Kinetics Company Ltd.
WIKA Instruments Ltd

Calorimeters

Everest AUtOMAtioN INCu . 12
Franklin Empire Inc
Westech Industrial Ltd
Cameras Security / Camera Process
Davis Controls Limited
Electrozad Supply Company
Provincial Controls
Thermo-Kinetics Company Ltd
Chemical Injectors Pneumatic

Combustion Controls
CB Automation Inc
Cancoppas Limited
Heaters Controls & Sensors Ltd....
Lakeside Process Controls Ltd..
Langtree Controls Limited...
Provincial Controls...................
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists
Westech Industrial Ltd

Commissioning & Start-Up Services
CB Automation Inc.......

Cancoppas Limited ..
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc..... .
Franklin Empire Inc.......cc...... 17
Heaters Controls & SeNsors LEd......cceeevcceneseeeeseseeeeesee e
Lakeside Process Controls Ltd
Provincial Controls
Thermon
Vanko Analytical & Instrumentation Specialists
WIKA Instruments Ltd
Westech Industrial Ltd....

Communications Equipment, Networks
CB Automation Inc

Davis Controls Limited
Electrozad SUPPIY COMPANY ..ottt 16

26

Cross Reference Page

Everest Automation Inc.. 12
Franklin Empire Inc...
Provincial Controls
Thermo-Kinetics Company Ltd........ccooeceieesieseeeeeesee e 1
Communications Systems, Design

Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Provincial Controls
Thermon

Communications Systems, Telemetry
CB Automation Inc
Davis Controls Limited....
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
ProvinCial CONIOIS......cciccceesccets et

Computers, Industrial
CB Automation Inc
Davis Controls Limited....
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls
Conductivity Instrumentation

CancopPPas LIMILEd ...ttt
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire Inc..............
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Westech Industrial Ltd

Configuration DSC/PLC

CancopPPas LIMILEd ...t
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Langtree Controls Limited...
Provincial Controls........

Consulting Engineering Services
Everest Automation Inc
Lakeside Process Controls Ltd
Langtree Controls Limited
Provincial Controls

Control Consoles
CancopPPas LIMILEd ...ttt
Everest Automation Inc
Lakeside Process Controls Ltd
Provincial Controls
Thermo-Kinetics Company Ltd

Controllers, Analog
CancopPPas LIMIted ...ttt b et
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc..............
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd..
WIKA Instruments Ltd.....




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Controllers, Digital
CB Automation Inc
Cancoppas Limited
Davis Controls Limited..........
Electrozad Supply Company .
Everest Automation Inc........
Franklin Empire INC.....ccocoeuvvunnee.

Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd.
Veronics Instruments Inc
WIKA Instruments Ltd ...

Controllers, Electrical Heat Tracing
CB Automation Inc
Electrozad Supply Company
Heaters Controls & Sensors Ltd
Provincial Controls.........cccceuuu... ...19

SPEC (Sarnia) LIMIted ..o sseseesessssssseseens n
SPS Industrial & Instrumentation Specialists ...18
Thermo-Kinetics Company Ltd.......ccoeiceiceeeeeeeeeee e n

Thermon......ceeee.
Veronics Instruments Inc

Controllers, Pneumatic
Cancoppas Limited
Davis Controls Limited..........

Electrozad Supply Company.
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMIted ...t n

Controls Ratio / Batch
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc

Provincial Controls

Thermo-Kinetics Company Ltd.........ieiceeeeeeeeeeeee e n
WIKA Instruments Ltd..............

Control Systems, Analog
CB Automation Inc
Cancoppas Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire INC.....cccccuvvevnenee

Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPS Industrial & Instrumentation Specialists ......ccccocevveevveecrieenee. 18
Thermo-Kinetics Company Ltd........cccooeneiieieecceeeeeeee s n

Control Systems, Digital
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls.........cccoveveniveniernenn.
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd........cccciiceeeeesesee s
WIKA Instruments Ltd

Cross Reference Page

Control Systems, General

CB AUtOMAtioN INC.ieriecteecee e Inside Back
Cancoppas Limited
Davis Controls Limited....
Everest Automation Inc..
Franklin Empire Inc.......cccc......
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls......ccevenvreninnns

SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd.......cceieiceieeceeeeeee s

Control Systems, Integration
Cancoppas Limited
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd..............

Westech Industrial Ltd

Control Systems, Pneumatic
Cancoppas Limited
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Langtree Controls Limited.......
Provincial Controls........cccceveeueeeiverriennes

SPS Industrial & Instrumentation Specialists

Converters, Analog To Digital
CB Automation Inc
Cancoppas Limited ..
Davis Controls Limited........

Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire InC.....cccoovuueee.

Heaters Controls & Sensors Ltd
Provincial Controls
SPEC (Sarnia) Limited

Converters, Digital To Analog
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
SPEC (Sarnia) LIMItEd ...t

Corrosion Instrumentation
CB Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd......coceevevecneeineisiennnnns Inside Front

Counters, Electromechanical
CB Automation Inc
Davis Controls Limited
Electrozad Supply Company
Heaters Controls & Sensors Ltd.
Provincial Controls...................

Inside Back

Counters, Electronic
CB Automation Inc
Davis Controls Limited
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls.......neneiennens

Data Acquisition Systems
CB AUtOMAtioN INCivciiccecce e Inside Back
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PRODUCT CATEGORY/SUPPLIER

Cross Reference

Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Franklin Empire InC......cccceuue.e.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls.........cccceuuu....
Thermo-Kinetics Company Ltd........cccooieneiccceeeeee s n
Veronics INSTruMENtS INC ... s 16
WIKA Instruments Ltd
Westech Industrial Ltd

Density Instrumentation
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls

Vanko Analytical & Instrumentation Specialists......c.cccccoeveveivecnnnne. 22
Westech INAUSEIal Ltd ... essesssseens 3

Display Systems

CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company .
Everest Automation Inc........

Franklin Empire INC.....ccoccvvvunnee.
Heaters Controls & Sensors Ltd
Provincial Controls
Veronics Instruments Inc

Dryers
CB Automation Inc
Davis Controls Limited..
Thermon

Electrical Heating Cable
CB Automation Inc
Heaters Controls & Sensors Ltd
Provincial Controls.........cccceuuu.....
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......c.ccoevvveveeecrrieennee. 18
Thermon
Veronics Instruments Inc

Electrical Measuring Instrumentation
CB Automation Inc..
Cancoppas Limited.....
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company.
Franklin Empire Inc

Heaters Controls & Sensors Ltd
Provincial Controls.........ccccce.......
SPEC (Sarnia) Limited ..
WIKA Instruments Ltd ..
Westech Industrial Ltd

Emergency Shut Down - ESD Systems
Electrozad Supply Company ...
Lakeside Process Controls Ltd..
Provincial Controls

Emission Analyzer Service

CancoPPas LIMILEd ... snees 18
Everest Automation Inc
Westech Industrial Ltd

Enclosures, Instrument
CB AUtOMAtioN INC..vceccceceesee s Inside Back

28

Cross Reference

Cancoppas Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc.........cc.......
Heaters Controls & Sensors Ltd.
Intertec Instrumentation Ltd...
Provincial Controls.......cccoeveveeverriennes .19
SPS Industrial & Instrumentation Specialists ..
Swagelok ONtario ........eeeeeeiereereens

Encoders

CancopPPas LIMItEd ...t
Davis Controls Limited
Electrozad Supply Company .. .16
Franklin Empire Inc
Heaters Controls & SENSOrS L. ... 15

Engine Test Equipment
Cancoppas Limited
Veronics Instruments Inc

Environmental

Cancoppas Limited ..
Franklin Empire Inc.......
SPEC (Sarnia) Limited
Vanko Analytical & Instrumentation Specialists.....
Westech Industrial Ltd

Environmental & Water Quality

CancoPPas LIMILEd ...ttt 18
Franklin Empire Inc
SPEC (Sarnia) Limited
Vanko Analytical & Instrumentation Special .
Westech INAUStrial Ltd.......ccoeeeeieccesseces e

Fiber Optics Data Links
ProvinCial CONIOIS........ccveicieeeecce et enaeneee 19

Field Service

CB Automation Inc
CGIS - The World’s Best Valves.
Davis Controls Limited............
Everest Automation Inc
Franklin Empire Inc
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
WIKA Instruments Ltd
Westech Industrial Ltd

Fieldbus - Components
CB Automation Inc
CGIS - The World’s Best Valves.
Davis Controls Limited
Everest Automation Inc
Franklin Empire InC.......ccoeuuue.

Lakeside Process Controls Ltd...

Inside Back
..Back Cover

Inside Back
..Back Cover

Fieldbus - Services
CGIS - The World’s Best Valves
Everest Automation Inc..........
Franklin Empire INC...cccccocvvuneee
Lakeside Process Controls Ltd

Filters, Gas
Davis Controls Limited
Provincial Controls



PRODUCT CATEGORY/SUPPLIER

Cross Reference Page
SPS Industrial & Instrumentation Specialists ......ccoovvnenereneninnens 18
SWAGEIOK ONLAIO ottt st 14
Thermon

WajaX...omrreeennns

Westech INAUSEIal Ltd ... esssssnseens

Filters, Liquid

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnens 18
Swagelok Ontario
Thermon

Filtration Systems, Bulk

Davis CoNtrols LIMITEd......crirercersissee e eseseeseseeseseens 2
SPS Industrial & Instrumentation Specialists .......coooceeevceecrcecrennee 18
Thermon

Westech Industrial Ltd

Fire & Heat Actuated Detectors
Lakeside Process Controls Ltd
Provincial Controls

Fire Detection
Lakeside Process Controls Ltd
Provincial Controls
Thermo-Kinetics Company Ltd n
Veronics Instruments Inc
Westech Industrial Ltd

Fittings, Manifolds & Seals

CB AUtOMAtioN INC..icecceere s
Conval Process Solutions Inc
Everest Automation Inc............
Lakeside Process Controls Ltd..
Provincial Controls..................
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd........cccieceeeeeseeee e
WIKA Instruments Ltd

Flame Arrestors

Conval Process SOIUtIONS INC .. ssees 13
Everest Automation Inc
Lakeside Process Controls Ltd..
Veronics Instruments Inc
Westech INAUSErial Ltd ...ttt

Flame Detectors
Everest Automation Inc
Lakeside Process Controls Ltd
Provincial Controls
Thermo-Kinetics Company Ltd....
Vanko Analytical & Instrumentation Specialists ........ccccoeevveveereinnns 22
Veronics Instruments Inc
WIKA Instruments Ltd ..

Westech Industrial Ltd

Flow Calibrators
CB Automation Inc
Cancoppas Limited.
Franklin EMPIFe INCu..uicceeicceeseetee ettt snas 17
Lakeside Process Controls Ltd..
Provincial Controls......
Veronics INSTrUMENES INC .. 16
WIKA Instruments Ltd

Flow Computers

CB Automation Inc......
Davis Controls Limited..........
Electrozad Supply Company

Cross Reference

Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls.........ccccccoeueunnee.
Thermo-Kinetics Company Ltd.. .
Veronics INSTrUMENES INC ..o 16
WIKA Instruments Ltd.....

Flow Indicators & Gauges
CB Automation Inc
Cancoppas Limited..............
Conval Process Solutions Inc..
Davis Controls Limited...............
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Swagelok ONtario ......cevereenenereeens

Thermo-Kinetics Company Ltd..
Veronics Instruments Inc........
WIKA Instruments Ltd

Flow Meters
CB AUtOMAtioN INC....vurceeece e Inside Back

CGIS - The World’s Best Valves Back Cover
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls.......ccccu....
SPEC (Sarnia) Limited ........
SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists
Veronics Instruments Inc

Flow Provers
CB AULtOMAtIioON INC.iiiicc s
Electrozad Supply Company
Franklin Empire Inc
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd..............
WIKA Instruments Ltd .....cccocovvenreivcennee

Flow Regulators, Gas
CB Automation Inc
Conval Process Solutions Inc..
Davis Controls Limited
Electrozad Supply Company
Lakeside Process Controls Ltd
Provincial Controls........cccceveeeeiverriennes .19
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd
Westech INAUStrial Ltd ...

Flow Sensors
CB Automation Inc
Cancoppas Limited

............... ....Inside Front

Inside Back




PRODUCT CATEGORY/SUPPLIER

Cross Reference

Conval Process Solutions Inc
Davis Controls Limited

Electrozad Supply Company
Everest Automation Inc........ 12
Franklin Empire Inc.....
Heaters Controls & SENSOrs L. ..o 15
Lakeside Process Controls Ltd..

Provincial Controls... ...19
SPEC (Sarnia) LIMItEd ...ttt n s n
SPS Industrial & Instrumentation Specialists ......ccccoevveevveicrririnnee. 18
Thermo-Kinetics Company Ltd......crneeenesseseeneeees n
Vanko Analytical & Instrumentation Specialists .. 22

WIKA Instruments Ltd ...

Flow Switches
CB AUtOMAtioN INC..iecccereree s
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire INC.....cccoevvrernnee

Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LImMIted ..o sesessesessssssseens
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd

Westech Industrial Ltd..

Flow Totalizers
CB Automation Inc
Cancoppas Limited....
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc........
Franklin Empire InC......cc......
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LiMIted ...t
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd.......ccceieiceceeesesee s
Veronics Instruments Inc

Flow Transmitters
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc.
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc........
Franklin Empire INC.....cccocuvvevneee 17
Heaters Controls & SENSOrs L. 15
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnens 18
Swagelok Ontario
Thermo-Kinetics Company Ltd....
Vanko Analytical & Instrumentation Specialists......c.cccooevevniricnnne. 22
Veronics Instruments Inc

Flowmeters, Armoured Tube
CB Automation Inc
Cancoppas Limited

30

Cross Reference

Electrozad Supply Company
Everest Automation Inc
Provincial Controls
SPS Industrial & Instrumentation Specialists ..

Swagelok ONtario .......eeveveeeeenes .14
Thermo-Kinetics Company Ltd.. N
WaJaX .ooeeiieeeeeesee e .15
Westech INAUSEral LEd ..o 3

Flowmeters, Magnetic
CB Automation Inc
Cancoppas Limited.......
Davis Controls Limited........ 2
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Thermo-Kinetics Company Ltd

Flowmeters, Mass
CancopPPas LIMILEd ...ttt

Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire InC.....cccoeeunee
Lakeside Process Controls Ltd

Flowmeters, Opacity
Davis Controls Limited
Electrozad Supply Company ..
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ..

Thermo-Kinetics Company Ltd.............. |
Vanko Analytical & Instrumentation Specialists .22
Wajax 15

Flowmeters, Pitot / Insertion Type

CB AULOMAtION INC i
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire INC....ccccoveunnee.
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd.....

Flowmeters, Positive Displacement
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc..
Provincial Controls............
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......cccocvevevvevcrecrevennen, 18




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Flowmeters, Solids

CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd..
Provincial Controls...
SPEC (Sarnia) LIMItEd ...t n
SPS Industrial & Instrumentation Specialists ......ccccoevveevveecrirenee. 18
Thermo-Kinetics Company Ltd

Flowmeters, Swirl & Vortex
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd......cnneneesesseseeeseeees
Veronics Instruments Inc

Flowmeters, Ultrasonic
CB Automation Inc
Cancoppas Limited.....
Davis Controls Limited..........

Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd.......ccoeneiicrieeeeee e 1
Vanko Analytical & Instrumentation Specialists ..
Veronics Instruments Inc.

Flowmeters, Venturi & Flow
CB Automation Inc..
Cancoppas Limited....
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......c.ccoeevveveeierrieenee. 18
Thermo-Kinetics Company Ltd........cccoeeneicereeeeeeeeessee s N1
WIKA Instruments Ltd ..

Flowmeters, Vortex

Cancoppas Limited...... ...18
Davis CoNtrols LIMITEd.....ccirescessiesse s sssesssseseseens 2
Electrozad Supply Company
Everest AUtOmMatioNn INCu . 12

Cross Reference Page

Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd.............. N
Veronics Instruments Inc........ .16

Ltd
Gas Detectors - Portable
Cancoppas Limited
Davis Controls Limited........ 2
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.

Westech Industrial

Gas Detectors, Toxic & Lethal

CancopPPas LIMILEd ...ttt
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire InC.....cccoeeunee
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls

Westech Industrial Ltd....

Gases, Calibration & Carrier

CancopPPas LIMILed ...t
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Provincial Controls

Westech Industrial Ltd

Heat Tracing, Electrical
CB Automation Inc
Electrozad Supply Company ..
Heaters Controls & Sensors Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Swagelok ONtario ...

Thermon

Heat Tracing, Steam
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario
Thermon
Veronics Instruments Inc ...
WIKA Instruments Ltd

Heaters, Enclosure
CB Automation InC.....ccoceveeene
Heaters Controls & Sensors Ltd

...Inside Front

..Inside Back

Humidity Instrumentation, General
CB Automation Inc
Davis Controls Limited....
Everest Automation Inc..
Franklin Empire Inc




PRODUCT CATEGORY/SUPPLIER

Cross Reference

Heaters Controls & Sensors Ltd
Provincial Controls
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd ..........

Westech Industrial Ltd..

Ignition Instrumentation, Service
Everest Automation Inc
Thermo-Kinetics Company Ltd

Indicators, Electronic
CB AUtOMAtioN INC.oiiirc s
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire INC.....cccceerevnnee
Heaters Controls & Sensors Ltd
Provincial Controls.........cccceuuu....
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......c.ccoevvveveeecvrieennee. 18
Thermo-Kinetics Company Ltd

Indicators, General Purpose

CB Automation Inc..
Cancoppas Limited.....
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls........ccccceu......

SPEC (Sarnia) Limited ..
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd.......ereieeeeeeeceeeeeee e n

Installation Commissioning & Start-Up
CB Automation Inc
Cancoppas Limited...............
Electrozad Supply Company.
Everest Automation Inc........
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
WIKA Instruments Ltd
Westech Industrial Ltd

Instrument Air Systems

ProvinCial CONIOIS......c.ccvicieeeieteee et 19
Swagelok Ontario
Veronics Instruments Inc

Instrument Certification & Calibration

Conval Process SOIUtIONS INC ..o 13
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls........cceveevcseerrennn.
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd.......cceiceeeeeseeeee e M
Veronics INSTrUMENES INC .. 16
WIKA Instruments Ltd ..

Instrument Housing & Enclosures
CB Automation Inc
Cancoppas Limited...............

Electrozad Supply Company.
Everest Automation Inc

32

Cross Reference

Franklin Empire Inc
Heaters Controls & Sensors Ltd
Intertec Instrumentation Ltd
Provincial Controls........cccceeveeeerverrinennes

SPS Industrial & Instrumentation Specialists ..

Insulated Instrument Tubing
CB AULOMALION INC v

Electrozad Supply Company
SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario.
Thermon

Insulation Covers, Flexible
CB Automation Inc
Heaters Controls & Sensors Ltd.
Intertec Instrumentation Ltd...
Provincial Controls

Intrinsic Safety Interfaces
CB Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls....................
Thermo-Kinetics Company Ltd..
WIKA Instruments Ltd

Laboratory Sampling Systems
Everest Automation Inc
Provincial Controls............
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Swagelok Ontario

Level, Capacitance
CB Automation Inc
Cancoppas Limited.......
Davis Controls Limited........
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists

Level, Differential Pressure
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc..
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
MacWeld Machining
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..

Thermo-Kinetics Company Ltd.......cccccovvvvernenee L1
Vanko Analytical & Instrumentation Specialists .22
Veronics INSTrUMENES INC ..o 16
WIKA Instruments Ltd..... . Front

Level, Float - Operated

CB Automation Inc
Cancoppas Limited




PRODUCT CATEGORY/SUPPLIER

Cross Reference

Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc

Heaters Controls & SeNSOrs L. 15
Lakeside Process Controls Ltd..
MacWeld Machining...............

Provincial Controls......
SPEC (Sarnia) LIMIted ..o sseseesesessssseseens n

SPS Industrial & Instrumentation Specialists .18
Thermo-Kinetics Company Ltd.......ccoveneiicceeeeee s n
Vanko Analytical & Instrumentation Specialists......c.ccccoeveveiricnnne. 22

WIKA Instruments Ltd

Level, Instrumentation, Solids

CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & SENSOrs L ... 15
Lakeside Process Controls Ltd..
Provincial Controls..................

SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......ccccoevveevveccrirennen. 18
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists
WIKA Instruments Ltd

Westech Industrial Ltd..

Level, Magnetic Gauges
CB Automation Inc
Cancoppas Limited....
Davis Controls Limited
Everest Automation Inc
Franklin Empire INC.....cccoevvvernenee

Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMIted ...t
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd........ccciniceecnesesee e

Vanko Analytical & Instrumentation Specialists ........ccccoeevivecrenins 22
WIKA Instruments Ltd

Level, Non-Contact
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc........

Franklin Empire InC.....ccccccuevnnee.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
MacWeld Machining
Provincial Controls
SPEC (Sarnia) LIMIted ...t
SPS Industrial & Instrumentation Specialists

Level, Optical, Sonic, Thermal

Cancoppas Limited
Davis Controls Limited

Cross Reference

Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd...
Provincial Controls........ccc.....

SPEC (Sarnia) Limited |
SPS Industrial & Instrumentation Specialists .. .18
Thermo-Kinetics Company Ltd |

Vanko Analytical & Instrumentation Specialists

Westech Industrial Ltd

Level, Sensors

CB Automation Inc...
Cancoppas Limited ..
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd...
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd......ccccovvvvecuneenee
Vanko Analytical & Instrumentation Specialists
Veronics Instruments Inc
WIKA Instruments Ltd

Level, Switches
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls.......ccccccuu...
SPEC (Sarnia) Limited ......cccccveveeeenee.

SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists
Veronics Instruments Inc
WIKA Instruments Ltd

Limit Switches
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire Inc...................
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists

Load Cells

CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc




PRODUCT CATEGORY/SUPPLIER

Cross Reference

Heaters Controls & Sensors Ltd
WIKA Instruments Ltd

Manifolds, Instrument
CB Automation Inc
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
MacWeld Machining
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok ONtario ...

Thermo-Kinetics Company Ltd
WIKA Instruments Ltd

Manometers
Davis Controls LimMited.......cccceeeieecsseeee et 2

Everest Automation Inc
Provincial Controls

Mass Flowmeters
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd

ProvinCial CONIOIS......ccciciiieieteeeiee et nees 19
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists ...18
Thermo-Kinetics Company Ltd.......eneieeeeeeceeeeeee e n

Vanko Analytical & Instrumentation Specialists ..
Veronics Instruments Inc

Modems

CB Automation Inc
Electrozad Supply Company
Everest Automation Inc
Lakeside Process Controls Ltd..
Provincial Controls

Moisture Instrumentation
CB Automation Inc.....
Davis Controls Limited..
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls

SPS Industrial & Instrumentation Specialists ......cccoevveevvecccrirennee. 18
Thermo-Kinetics Company Ltd.......eeeeeeeeeeceeeeeeeere s n
Vanko Analytical & Instrumentation Specialists ..
Veronics Instruments Inc
Westech Industrial Ltd

Monitors, General
CB Automation INC....ccccevervinene
Cancoppas Limited....
Davis CoNtrols LIMITEd.....ccmeirencerrssisse s ssssesesenns 2
Electrozad Supply Company .
Everest Automation Inc........
Provincial Controls
SPEC (Sarnia) Limited
Veronics Instruments Inc.

34

Cross Reference Page

Monitors, Industrial
CB AUtOMAtioN INC.ieriecteecee e Inside Back
Cancoppas Limited
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc...... .12
Provincial Controls............
SPEC (Sarnia) Limited ..o,

Vanko Analytical & Instrumentation Special
Veronics Instruments Inc

ists

Multiplexers
CB AULOMAtIioN INC.iiiicr s

Electrozad Supply Company
Lakeside Process Controls Ltd...
Thermo-Kinetics Company Ltd

Oil In Water Monitors
Davis Controls Limited
Everest Automation Inc..
Franklin Empire Inc
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd
Vanko Analytical & Instrumentation Specialists.....
Westech Industrial Ltd

Optical Instrumentation

Electrozad SUPPIY COMPANY ...t 16
Provincial Controls
Thermo-Kinetics Company Ltd..
WIKA Instruments Ltd...........
Westech Industrial Ltd........cccccovvvereiennee.

Optical Instrumentation - Fiber Optical
Electrozad Supply Company
Provincial Controls
Thermo-Kinetics Company Ltd.......ccoeiveicereeceseee s n

Orifice Plates

CB Automation Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
MacWeld Machining................
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd

Panel Meters, Analog
Cancoppas Limited......
Davis Controls Limited
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd..............

Veronics Instruments Inc

Panel Meters, Digital
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire Inc.......ccoeuuue.

Heaters Controls & Sensors Ltd




PRODUCT CATEGORY/SUPPLIER

Cross Reference Page

Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......ccccoevveevveccrirenen. 18
Thermo-Kinetics Company Ltd.......ccciiceeeeeseeee s M
Veronics Instruments Inc...... .16
WIKA Instruments Ltd ..

Panels Instrument
CancopPPas LIMItEd ...

Electrozad Supply Company
Everest Automation Inc........ 12
Franklin Empire INC.....ccccoevvunnee. L7
Heaters Controls & Sensors Ltd
Intertec Instrumentation Ltd
ProvinCial CONIOIS......cccicceeieteee ettt nee
SPS Industrial & Instrumentation Specialists
SWAGEIOK ONTANIO ..ottt nsees
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd
Westech INAUSEIial Ltd ... essssssseens

Pinch Valves
Conval Process Solutions Inc

PLC Programming Services

Davis CoNtrols LIMITEd.....cceieiieesie et ssenns 2
Electrozad Supply Company
Everest AUtOMation INCu . 12
Lakeside Process Controls Ltd..
Langtree Controls Limited.......
Provincial Controls.......ccccceuun... .
Thermo-Kinetics Company Ltd........ccoeenniceeeeeeeeesesee s

Pollution Instrumentation

Everest Automation Inc
Lakeside Process Controls Ltd..

SPEC (Sarnia) LIMIted ...t n
Vanko Analytical & Instrumentation Specialists .......ccccoeevivecreninns 22
Westech INAUSErial Ltd ...t 3

Power Instruments
CB Automation Inc
Electrozad Supply Company.
Franklin Empire InC.....ccccceuevevneee
Heaters Controls & SENSOrs L. ..o 15
Lakeside Process Controls Ltd
Provincial Controls
Thermo-Kinetics Company Ltd

Power Supplies
CB AUtOMAtioN INC..iiceceese s
Davis Controls Limited
Electrozad Supply Company .
Franklin Empire Inc

Heaters Controls & Sensors Ltd
Provincial Controls.........cccceuu......
Westech Industrial Ltd..

Power Supplies, Instrument
CB Automation Inc
Davis Controls Limited
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls.........cccceeuune.

Cross Reference Page

Power Supplies, Standby & Uninterruptable

Davis Controls LimMite@d........cccieieiciccieeeeeeee et
Electrozad Supply Company
Franklin Empire Inc...............
Provincial Controls....

Pressure Calibrators
Cancoppas Limited
Davis Controls Limited
Franklin Empire Inc
Provincial Controls

SPEC (Sarnia) Limited .... L1
Veronics Instruments Inc ... (RS 16
WIKA Instruments Ltd .... Inside Front

Pressure Controllers
Cancoppas Limited .......ccceveeevevevcrernennns
Davis Controls Limited....

Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd.....

Ltd
Pressure Indicators & Gauges
CB Automation Inc
Cancoppas Limited ..
Conval Process Solutions Inc..
Davis Controls Limited........
Everest Automation Inc..
Franklin Empire InC.....cccovvuueee.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd..............
Veronics Instruments Inc......

WIKA Instruments Ltd ....

Westech Industrial

Pressure Instrumentation
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc..
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Swagelok ONtario .....cereeneeeenereeens

Thermo-Kinetics Company Ltd.. L1
Veronics INStrUMENTS INC ... ses 16
WIKA Instruments Ltd .... . Front

Pressure Regulators
CB Automation Inc
Cancoppas Limited
Conval Process SOIULIONS INC ... 13
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Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc

Heaters Controls & SeNSOrs L. 15
Lakeside Process Controls Ltd..
Provincial Controls..................
SPEC (Sarnia) LIMIted ... n
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
WIKA Instruments Ltd

Pressure Snubbers
CB AUtOMALION INC ..t sees
Conval Process Solutions Inc
Davis Controls Limited
Everest Automation Inc
Heaters Controls & Sensors Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
WIKA Instruments Ltd

Pressure Switches

CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc. .13
Davis Controls Limited..........
Electrozad Supply Company . ...16
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls

SPEC (Sarnia) Limited

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnens 18
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd ..........

Pressure Transducers / Transmitters
CB Automation Inc
Cancoppas Limited.
Conval Process Solutions Inc.
Davis Controls LimMited......coceiiceeseseesee et 2
Electrozad Supply Company.
Everest Automation Inc........
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMiIted ... n
SPS Industrial & Instrumentation Specialists
Swagelok Ontario .......ccceveeveeee.
Thermo-Kinetics Company Ltd........cccceeeceeeceseeee s n
WIKA Instruments Ltd

Programmable Logic Controllers

Cancoppas Limited
Davis Controls Limited..........

Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls

Cross Reference Page

Proximity Sensors
CB AUtOMAtioN INC.ieriecteecee e Inside Back
Cancoppas Limited
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire INC...c.cccoveunee
Heaters Controls & Sensors Ltd.
Provincial Controls......ccevenivreninnns

SPS Industrial & Instrumentation Specialists

Pumps, Chemical Injection
CB Automation Inc
SPS Industrial & Instrumentation Specialists ..
Vanko Analytical & Instrumentation Specialists.....
Veronics Instruments Inc

Panel Heaters, Air

CB AULOMAtIioN INC.ciiii s
Heaters Controls & Sensors Ltd
Intertec Instrumentation Ltd...
Provincial Controls

Pumps, Metering
CB Automation Inc
Cancoppas Limited
SPS Industrial & Instrumentation Specialists
Veronics Instruments Inc

Pushbuttons

CB AUtOMAtioN INCieiccece e
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd
ProvinCial CONIOIS......cceeeicese e snseseens

Radiation Instrumentation / Nuclear
Cancoppas Limited
Everest Automation Inc
Lakeside Process Controls Ltd

Recorders

CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc.......ccc.......
Heaters Controls & Sensors Ltd.
Provincial Controls........cccccccovueunnee.

Thermo-Kinetics Company Ltd.. |
Veronics INSTrUMENTES INC ..o 16
WIKA Instruments Ltd.... . Front

Regulators, Back Pressure
CB Automation Inc...
Davis Controls Limited....
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario
WIKA Instruments Ltd
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Regulators, Differential Pressure

CB AUtOMAtioN INC..cieccceceeseee s
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc......
Lakeside Process Controls Ltd..

ProvinCial CONIOIS. ...ttt 19
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists ......cccooevveevveicrirennee. 18

WIKA INStruments Ltd .......ccooevceeeerneeseeeceeee e Inside Front
Westech INAUSErial Ltd ... esssssssnens 3

Regulators, Flow
CB Automation Inc
Conval Process Solutions Inc
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls..................

SPEC (Sarnia) Limited ..
SPS Industrial & Instrumentation Specialists ......cccoeevvevveeerreeenee.
WIKA Instruments Ltd

Westech Industrial Ltd

Regulators, Pressure
CB Automation Inc
Conval Process Solutions Inc.
Davis CoNtrols LIMITEd.....cceirescessissse s ssssesssseseseens 2
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd..
Provincial Controls

SPEC (Sarnia) LIMIted ..ottt sn s
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
WIKA Instruments Ltd

Regulators, Temperature
Conval Process Solutions Inc
Davis CoNtrols LIMILEd......coeieiieesce st 2
Everest Automation Inc....
Franklin Empire InC.....ccccccueuenneee
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......cccoeevveveercreeennee. 18
WIKA Instruments Ltd
Westech Industrial Ltd

Regulators, Temperature & Pressure
CB Automation Inc
Davis Controls Limited..
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & SeNsors LEd......ccnccenieeesese s 15
Lakeside Process Controls Ltd..
Provincial Controls..................
SPEC (Sarnia) LIMItEd ...t en e n
SPS Industrial & Instrumentation Specialists ......ccccoevveevveccrrirenee.
WIKA Instruments Ltd
Westech Industrial Ltd

Regulators, Vacuum
CB Automation Inc......
Davis Controls Limited..
Everest Automation Inc
Franklin EMPIFe INCu..cecceieseeeesee ettt snns

Cross Reference Page

Lakeside Process Controls Ltd ...Inside Front
Provincial Controls
SPEC (Sarnia) Limited

SPS Industrial & Instrumentation Specialists ..

Rentals Instruments / Systems

Cancoppas Limited
Davis Controls Limited
Franklin Empire Inc
Provincial Controls
SPS Industrial & Instrumentation Specialists .. .
Veronics INSTrUMENES INC ... 16
WIKA Instruments Ltd..... . Front

Repair Instrument Service
CGIS - The World’s Best Valves
Cancoppas Limited
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd...
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd..............
Veronics Instruments Inc......

WIKA Instruments Ltd ....

RO (Reverse Osmosis) Membrane Filtration
ProvincCial CONIOIS........cccceeeeeeeee ettt 19

Rupture Discs
CB Automation Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls........cccccu....
SPEC (Sarnia) Limited
Swagelok Ontario .....

Safety, Interlock System, Showers
Davis Controls Limited........ccoeovvrieennnns
Electrozad Supply Company ..
Provincial Controls

Sampling Systems
CancoPPas LIMILEd ...t
Electrozad Supply Company
Intertec Instrumentation Ltd...
Lakeside Process Controls Ltd...
Provincial Controls.......ccccccu....

SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Veronics Instruments Inc

Sanitary
CB AULOMAtioN INC.iiiiceee s
Heaters Controls & Sensors Ltd
WIKA Instruments Ltd
Westech Industrial Ltd

Scada Systems

CB Automation Inc
Davis Controls Limited
Electrozad Supply Company
Everest AUtOMAtioN INCu..es e
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Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls

Thermo-Kinetics Company Ltd

Scada Systems Engineering Service
CB AUtomMAtioN INC ...t Inside Back
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls..........ccccevvecrensircceniens

Sensors, Analytical or Chemical
Cancoppas Limited
Electrozad Supply Company. .
Everest Automation Inc........ .12
Franklin Empire Inc.................

Lakeside Process Controls Ltd
Provincial Controls

Signal Conditioners
CB Automation Inc
Cancoppas Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls.......c.cccceuune..
Thermo-Kinetics Company Ltd.......coierniiceseseeeesesee s n
WIKA Instruments Ltd ..........

Smoke Detectors

Electrozad Supply Company
Franklin Empire Inc
Provincial Controls........ccccceevuue.

Software - General
CB Automation Inc

Davis CoONtrols LIMITEd.....ccirsscessiesee s 2
Electrozad Supply Company . .16
Heaters Controls & Sensors Ltd .15
Provincial Controls.......c.ccccceeeueunee .19
Thermo-Kinetics Company Ltd.........eeeeeeeeceeeeeeee s n

Solar Power Systems
CB Automation Inc
Electrozad Supply Company.
Heaters Controls & Sensors Ltd
Provincial Controls

Solenoid Valves
Conval Process Solutions Inc
Electrozad Supply Company.
Everest Automation Inc........
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ......ccccoeeveevveicrririnnee. 18
Veronics Instruments Inc

Sound & Hearing Instrumentation
Electrozad Supply Company
Thermo-Kinetics Company Ltd.
Veronics Instruments Inc

38

Cross Reference Page

Space Heaters, Explosion-Proof

CB AUtOMAtioN INC.ieriecteecee e Inside Back
Electrozad Supply Company
Heaters Controls & Sensors Ltd.
Intertec Instrumentation Ltd...

Speed Controls & Variable Frequency Drives
CB Automation Inc
Davis Controls Limited
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls.......cccccu......
Thermo-Kinetics Company Ltd..
Westech Industrial Ltd

Speed Sensors
CB Automation INC....ccccvvviccnninccennns
Davis Controls Limited........

Electrozad Supply Company
Franklin Empire Inc
Veronics Instruments Inc

Strain & Stress Instrumentation
CB Automation Inc
Davis Controls Limited....
Everest Automation Inc..

...Inside Front

WIKA Instruments Ltd
Strain Gauge
CB Automation Inc... ..Inside Back

Cancoppas Limited ..
Davis Controls Limited
Everest Automation Inc
Heaters Controls & Sensors Ltd.

Surge Protection
CB Automation Inc
Conval Process Solutions Inc
Electrozad Supply Company
Franklin Empire Inc
Swagelok Ontario

Tank Gauging Systems
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc...... .12
Franklin EMPIFE INCu.uuiiieicieicieeece e snsesnnen 17
Lakeside Process Controls Ltd
Provincial Controls....
SPEC (Sarnia) Limited
Swagelok Ontario
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd
Westech Industrial Ltd

Tank Inventory Systems
Cancoppas Limited
Conval Process Solutions Inc..
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls....................

SPEC (Sarnia) Limited
Swagelok Ontario ..o

Thermo-Kinetics Company Ltd
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Telemetry Systems

CB AUtOMAtioN INC..cieccceceeseee s
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc......
Lakeside Process Controls Ltd..
Provincial Controls

Temperature Calibrators

Davis Controls LIMIted........oceueiciieiceceeesiesee et 2
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls...
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists ......ccccoeveeveeveerrieennen. 18
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd

Temperature Controllers, Electronic
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Intertec Instrumentation Ltd..
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMIted ...t
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd.......ecneeiesesee s M
Thermon
Veronics Instruments Inc.
WIKA Instruments Ltd

Temperature Controllers, Pneumatic
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Franklin Empire InC.....ccccceuevevneee
Heaters Controls & Sensors Ltd
Provincial Controls.........cccce.......

SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......cccccoevvvvevviccrirenee. 18
Veronics Instruments Inc
WIKA Instruments Ltd

Temperature Indicators, Electronic
CB Automation Inc..
Cancoppas Limited....
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls........ccccceuun... ...19
SPEC (Sarnia) LIMIted ...ttt n
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd.......cccoeneccseesecee e M
Veronics INStrumMENnts INC ...

WIKA Instruments Ltd

Temperature Indicators, Pneumatic
Cancoppas Limited
Davis Controls Limited
Electrozad SUPPlY COMPANY ..ot seeseas 16

Cross Reference Page

Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd...
Provincial Controls.........cc......

SPEC (Sarnia) Limited |
SPS Industrial & Instrumentation Specialists .. .18
Veronics Instruments Inc... .16
Wajax 15

Temperature Indicators, Thermal
Cancoppas Limited
Conval Process Solutions Inc..
Davis Controls Limited..............
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Veronics Instruments Inc........

WIKA Instruments Ltd

Temperature Regulators
Davis Controls Limited
Electrozad Supply Company ..
Franklin Empire InC.......ccccvueeeee.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
WIKA Instruments Ltd

Temperature Sensors, Filled
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire Inc........cc.......
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls........cccccovveeveereinnns

SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd

Temperature Sensors, Resistance
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls.......cccovenivireninnns

SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Veronics Instruments Inc
WIKA Instruments Ltd
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Temperature Sensors, Thermal

CB AUtOMAtioN INC..cieccceceeseee s
Cancoppas Limited
Davis Controls Limited..........
Electrozad Supply Company .
Everest Automation Inc........
Franklin Empire INC.....ccocoeuvvunnee.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMIted ..ottt sn s
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd.........eeeeeeceeeee s
Thermon
Veronics Instruments Inc.
WIKA Instruments Ltd.......

Temperature Switches

CB Automation Inc
Cancoppas Limited....
Conval Process Solutions Inc
Davis Controls Limited..............
Electrozad Supply Company.
Everest Automation Inc........
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd.......eceieeeeceeeee e
WIKA Instruments Ltd ..........

Temperature Transmitters
CB Automation Inc
Cancoppas Limited.....
Conval Process Solutions Inc. .
Davis Controls LIMIted........oecuiciieeeeeeeeesee et 2
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......ccccoeveevceveerrieennee. 18
Thermo-Kinetics Company Ltd......c s M
Veronics INSTrumMENts INC ... s 16
WIKA Instruments Ltd ..

Temperature Transmitters, Electronic
CB Automation InC.....cccevuenneee.

Cancoppas Limited.....
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company.
Everest Automation Inc
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd

Provincial Controls 19
SPEC (Sarnia) LIMIted ...t n
SPS Industrial & Instrumentation Specialists ...18
Thermo-Kinetics Company Ltd.......ececeeeeceeeeeee et n

Veronics Instruments Inc
WIKA Instruments Ltd .......cccoceveeeereeeeeeeceeee e

40

Cross Reference Page

Temperature Transmitters, Pneumatic

CancoPPAS LIMITEA ...
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire Inc.......cccc......
Heaters Controls & Sensors Ltd.
Provincial Controls....
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Veronics Instruments Inc

Terminals, Industrial

Davis Controls LIMIted......cccucieiieieiseseeeie e
Electrozad Supply Company
Heaters Controls & Sensors Ltd.
Provincial Controls

Test Equipment

Cancoppas Limited
Conval Process Solutions Inc..
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd.
Provincial Controls
SPS Industrial & Instrumentation Specialists
WIKA Instruments Ltd

Thermocouple Extension Wire
CB Automation Inc
Conval Process Solutions Inc..
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc...... 12
Franklin Empire Inc........cc........ 17
Heaters Controls & Sensors Ltd.
Provincial Controls
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
Thermon

Thermocouples
CB AULOMALION INC o
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc........ccc......
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
MacWeld Machining
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists
Thermo-Kinetics Company Ltd
ThermonN.... e

Veronics Instruments Inc ...
WIKA Instruments Ltd ....

Thermowells

CB Automation Inc
Conval Process Solutions Inc..
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc
Franklin EMPIFe INCu..iciicesiccesseessiss et sensnnas
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Cross Reference

Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists .
Thermo-Kinetics Company Ltd......cnneneeseseeseeeseeees n
Veronics INSTrUMENTES INC .. 16
WIKA Instruments Ltd ..

Timers, Electronic
CB Automation Inc
Davis Controls Limited..........

Electrozad Supply Company.
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Provincial Controls

Transducers

CB Automation Inc
Cancoppas Limited....
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire InC......cccceuue.e.
Heaters Controls & SENSOrs Ltd.....ceinesieesiessessesessseeneens 15
Lakeside Process Controls Ltd..
Provincial Controls
SPEC (Sarnia) Limited
Thermo-Kinetics Company Ltd.
Veronics Instruments Inc

Traps, Airline, Steam
Everest AULOMALtION INCuuieiiecee s sessenens 12

Tube Benders
Swagelok Ontario

Tube Couplings
SWAGEIOK ONELAIIO ottt aees 14

Tubing, Instrument / Fittings
Electrozad Supply Company
Everest Automation Inc
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists .......ccoooceeeveeiccreecnennes 18
Swagelok Ontario
Veronics Instruments Inc.

Turbidity Instrumentation
Cancoppas Limited
Davis Controls LiMited......ccceiceereeeeseeeesee s
Electrozad Supply Company.
Everest Automation Inc........
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls

Ultrasonic Transducers & Transmitters
CB Automation Inc
Cancoppas Limited
Davis Controls Limited
Electrozad Supply Company
Everest AUtOMAtioN INCu..c s

Cross Reference

Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls..........cc........

SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists .. .
Thermo-Kinetics Company Ltd.............. |
Veronics Instruments Inc...

Westech Industrial Ltd....

Vacuum Instrumentation
Conval Process Solutions Inc..
Franklin Empire InC.......ccccvueueee.
Lakeside Process Controls Ltd
Provincial Controls

SPS Industrial & Instrumentation Specialists ..

Valve Positioners

CGIS - The World’s Best Valves
Cancoppas Limited
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls........cccceeveeeercerrinennes

SPS Industrial & Instrumentation Specialists ..

Valves, 3 & 4 Way
CB Automation INC....ceeveeveeneeirsenieens
CGIS - The World’s Best Valves.
Conval Process Solutions Inc..
Davis Controls Limited........
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok ONntario ......veeeveveeeeenens

WIKA Instruments Ltd

..................... Inside Back
..Back Cover

Valves, Analyzer

CGIS - The World’s Best Valves
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls.......cevvenivrerienns

SPS Industrial & Instrumentation Specialists ..
Swagelok Ontario

Valves, Ball

CGIS - The World’s Best ValVes .......cccvvieveeveenensenns Back Cover
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ..
Swagelok ONtario ...
Vanko Analytical & Instrumentation Specialists ....

WIKA INStruments Ltd ... Inside Front
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Westech Industrial Ltd

Valves, Butterfly

CGIS - The World’s Best ValVes ........eeneneeneinsennens Back Cover
Conval Process Solutions Inc
Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire Inc.......c..........
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ....

Valves, Check
CGIS - The World’s Best Valves ....
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPEC (Sarnia) Limited .
SPS Industrial & Instrumentatlon Speaahsts

Swagelok Ontario

Westech Industrial Ltd

Valves, Control
CGIS - The World’s Best Valves ........ocevenieveeserenens Back Cover
Conval Process Solutions Inc
Electrozad Supply Company ..
Everest Automation Inc.....
Franklin Empire Inc......cccouee.
Heaters Controls & Sensors Ltd....
Lakeside Process Controls Ltd
Provincial Controls........ccccceveerernnnne
SPS Industrial & Instrumentation Specialists ....
Vanko Analytical & Instrumentation Specialists ..
Westech Industrial Ltd

Valves, Control Diagnostic & Repair Services
CGIS - The World’s Best Valves ....
Electrozad Supply Company ..
Everest Automation Inc..
Franklin Empire Inc.......ccu....

Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists ....
WIKA Instruments Ltd
Westech Industrial Ltd

Valves, Control, Low Flow

CB AUtomMAtioN INC...ociececeeese e Inside Back
CGIS - The World’s Best Valves .... ... Back Cover
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc......ccccouvue.
Lakeside Process Controls Ltd..
Provincial Controls.........cccccoeeeiverernne

SPS Industrial & Instrumentation Specialists ....
Westech Industrial Ltd
WIKA Instruments Ltd

Valves, Control, Pneumatic

CGIS - The World’s Best Valves ....
Conval Process Solutions Inc..
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc......ccccouue.
Lakeside Process Controls Ltd......

...Inside Front

... Back Cover
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Cross Reference Page
Provincial Controls .19
SPS Industrial & Instrumentation Specialists ......ccccoceceevevcccerecenee 18

WIKA INStruments Ltd .....coevenerereeneneseeeseeesseeees Inside Front

Valves, Diaphragm
CGIS - The World’s Best Valves
Electrozad Supply Company ..
Everest Automation Inc..

WIKA Instruments Ltd.....

Valves, Gate

CGIS - The World’s Best Valves
Conval Process Solutions Inc
Electrozad Supply Company
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Vanko Analytical & Instrumentation Specialists.. 22

Westech Industrial Ltd....

Valves, Globe & Angle
CGIS - The World’s Best ValVes ......cceevveveeveenernens Back Cover
Conval Process Solutions Inc
Electrozad Supply Company ..
Everest Automation Inc.....
Franklin Empire Inc..............
Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Vanko Analytical & Instrumentatlon Specialists ..

Valves, High Performance Metal Seated
CGIS - The World’s Best Valves
Conval Process Solutions Inc..
Electrozad Supply Company ..
Everest Automation Inc
Franklin Empire Inc

Lakeside Process Controls Ltd
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario
Vanko Analytical & Instrumentatlon Specialists ..
Westech Industrial Ltd

Valves, Instrument Manifold

CB Automation Inc Inside Back
CGIS - The World’s Best Valves. Back Cover
Conval Process SOIULIONS INC .. ssssssees 13
Everest Automation Inc.....
Franklin Empire Inc
Lakeside Process Controls Ltd
Provincial Controls............
SPEC (Sarnia) Limited ....
SPS Industrial & Instrumentation Specialists
Swagelok Ontario

WIKA Instruments Ltd.....
Westech INAUSEHal LEd ... 3
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Valves, Knife Gate
CGIS - The World’s Best Valves ........veeeveeecesinnnnnn, Back Cover
Conval Process Solutions Inc
Everest Automation Inc........
Franklin Empire Inc......
Lakeside Process Controls Ltd..
Provincial Controls.........cccccocevviveeesisecennne

SPS Industrial & Instrumentation Specialists ....
Vanko Analytical & Instrumentation Specialists ..

Valves, Multiport

CGIS - The World’s Best Valves
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
ProvinCial CONIOIS......ccicceicceeseee ettt nas
SPS Industrial & Instrumentation Specialists
Swagelok Ontario ......cccceveeveeee.

WIKA Instruments Ltd

Valves, Needle
CB AUtomMation INC....eeccesecesseeee s Inside Back Cover
CGIS - The World’s Best Valves Back Cover
Conval Process Solutions Inc.
Everest Automation Inc
Franklin Empire Inc.................

Lakeside Process Controls Ltd
MacWeld Machining
Provincial Controls
SPEC (Sarnia) Limited
SPS Industrial & Instrumentation Specialists ......cccoevveevveecrrininnen. 18
Swagelok Ontario
WIKA Instruments Ltd

Valves, Pinch
CGIS - The World’s Best ValVes .......eveneeneeneinsenens Back Cover
Conval Process Solutions Inc
Everest Automation Inc........

Franklin Empire Inc......
Lakeside Process Controls Ltd.............
SPS Industrial & Instrumentation Specialists ......ccccoevveevvecicricnnee. 18
Swagelok Ontario

Valves, Plastic

CGIS - The World’s Best Valves
Conval Process Solutions Inc.
Everest Automation Inc........
Franklin Empire Inc
Lakeside Process Controls Ltd......ccoeveveeereeneiniesienns
SPS Industrial & Instrumentation Specialists
SWAGEIOK ONLAIIO ottt aee

Valves, Plug

CGIS - The World’s Best Valves
Conval Process Solutions Inc
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
SWAGEIOK ONTANIO ..ottt sees

Valves, Relief, Safety

CGIS - The World’s Best Valves
Conval Process Solutions Inc
Franklin EMPIFe INCu..ceieceesesee ettt snns

Cross Reference Page

Lakeside Process Controls Ltd ...Inside Front
Provincial Controls
SPEC (Sarnia) Limited
Swagelok Ontario .........

Westech Industrial Ltd

Valves, Solenoid

CGIS - The World’s Best Valves
Conval Process Solutions Inc..
Davis Controls Limited
Everest Automation Inc
Franklin Empire Inc.........cc........
Heaters Controls & Sensors Ltd.
Lakeside Process Controls Ltd...
Provincial Controls
SPS Industrial & Instrumentation Specialists
Swagelok Ontario

Variable Speed Drives, Motors

Davis Controls LimMite@d........cccveieeeicereeceeeeee e
Electrozad Supply Company
Franklin Empire Inc
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
Provincial Controls
Westech Industrial Ltd....

Velocity Instrumentation
Lakeside Process Controls LEd......cccvveveenenneniiennens

Vibration Instrumentation
Cancoppas Limited
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
SPEC (Sarnia) Limited
Veronics Instruments Inc
WIKA INSErUMENES Ltd ..o

Viscosity Instrumentation
Cancoppas Limited
Everest Automation Inc
Lakeside Process Controls Ltd
Westech Industrial Ltd

Weight Instrumentation
CB AUtomMaAtion INC....cviveeeereseese s
Cancoppas Limited
Davis Controls Limited....
Everest Automation Inc
Franklin Empire Inc
Lakeside Process Controls Ltd
WIKA Instruments Ltd

Wireless Transmission
CB Automation Inc
Cancoppas Limited
Conval Process Solutions Inc
Davis Controls Limited
Electrozad Supply Company ..
Everest Automation Inc......
Franklin Empire INC.....cccovvuneee.
Heaters Controls & Sensors Ltd
Lakeside Process Controls Ltd
SPS Industrial & Instrumentation Specialists ..
Thermo-Kinetics Company Ltd
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PRINCIPAL BRAND NAME/SUPPLIER

3M

Electrozad SUPPIY COMPANY ..o sesesseseseesssesseseseeseens 16
A-Line Lighting (Liteline) ABB Access

Franklin EMPIFE INCu.oeeeineeireeeneisee s sssssssesessssssssssesesssseens 17
A+

Westech INAUSErial Ltd ... 3

A+ Genie Filters
Westech Industrial Ltd

AB Chance

Electrozad SUPPRIY COMPANY ..ottt 16
ABB

Electrozad SUPPIY COMPANY ..ottt 16

ABB Process Analytics
Everest Automation Inc

ABZ Butterfly Valves

AT = T DT 15
Acculite

Electrozad SUPPIY COMPANY ..ottt 16
Acculite (Acuity) Aculux (Acuity) Adesso

Franklin EMPIFE INCu.uuicceeecteieeseete ettt esesnas 17
ACR

Veronics INSTrUMENES INC ..o 16

Acromag Inc.

Davis Controls LimMited.......cccceeiecesseeee et 2
Adorne (Legrand) Advantech Aero-Motive

Franklin EMPIFe INCu.uuicceeicceeeseetee ettt snas 17
Advanced Energy

Thermo-Kinetics Company Ltd.......ccoenniicneneeeessee s n
Aeromotive

Electrozad SUPPIY COMPANY ... sssssassnees 16
AEV

Lakeside Process Controls Ltd......ccccoeeeeveerveeincisiersnienne Inside Front
AF Lighting Aimlite Aiphone

Franklin EMPIFE INCu.uuoicceieeecteeececetee ettt nes 17
AGAR Corporation

ProvinCial CONIOIS......cccvieeieieeieise et sssssnees 19
Agastat

Electrozad SUPPIY COMPANY ..ottt 16
Air King

Electrozad Supply Company

Air Torque

Electrozad SUPPIY COMPANY ..ottt 16
AirOptics

Westech INAUSEIial Ltd ... 3
Aladdin Light Lift Alcan Alico

Franklin Empire Inc 17

Alcan

Electrozad SUPPlY COMPANY ..ottt 16
ALCO Valves Group

Conval Process SOIULIONS INC ... 13
Alco Valves Ltd.

ProvinCial CONIOIS......c.cciciceeeceteeeeee et nee 19
Allen-Bradley

Electrozad SUPPRIY COMPANY ..ottt 16

Alltemp Sensors
WIKA INsStruments Ltd .......cccoeceenieseeeese s Inside Front
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Alpha

Electrozad SUPPIY COMPANY ...t essesesseseseesesseeens 16
America BOA

SPS Industrial & Instrumentation Specialists ......ccccovevcnerneninns 18
American Lighting Amerlux Amlite

Franklin EMPIFE INCu..iiicicecsiceeseee st nns 17
Ametek Mocon

Vanko Analytical & Instrumentation Specialists......ccccoovveecerenee. 22
AMP

Electrozad SUPPIY COMPANY ... snsesenes 16
Amphenal

Electrozad SUPPRIY COMPANY ...ttt ses et sesenas 16
Amphenol

Veronics INSTrUMENES INC ..o 16

Amprobe Anamet Andis

Franklin EMPIFE INCu..ucccieiceeieeeeseeeee ettt ses st sen s 17
AMS

Lakeside Process Controls Ltd

Anaconda

Electrozad SUPPRIY COMPANY ...t 16
Anamet

Electrozad SUPPRIY COMPANY ... 16
Anderson Greenwood

Lakeside Process Controls LEd......covevennennnneinnnens Inside Front
Anfield Sensors Inc.

Davis Controls LimMite@d........cccieieeieesseceseeee et 2
Antaira Technologies

Davis Controls LimMite@d........cccieieeiceeceieeseee et 2
Anton Paar

Westech INAUSErial Ltd.....cccoeeeiccessecesesee e 3
APG Sensors

Davis Controls LIMIted.......cceciueieieieesesee et 2
Apollo Valves

Conval Process SOIUtIONS INC ... 13
Appleton

Electrozad SUPPRIY COMPANY ...ttt senenas 16

Ari Armaturen
Everest AUtOMAtioN INCu..ec e 12

Arista Arlington Artcraft
Franklin Empire Inc

Arjay

Westech INAUSEHal LEd ... esesessseenes 3
Arjay Engineering Ltd.

Davis CoNtrols LiMIted. ...t sees 2

Arrow Hart
Electrozad SUPPIY COMPANY ... essesesseseseesesseeens 16

Artemide ATC Atlantic Lighting
Franklin EMPIFE INCu.rriererereieee s sesessesesesssssessssesessssssssens 17

Asco
Conval Process SOIULIONS INC ...
Lakeside Process Controls Ltd
Provincial Controls

Asco Electric
Electrozad Supply Company
Provincial Controls




PRINCIPAL BRAND NAME/SUPPLIER

Ashcroft
Conval Process SOIULIONS INC ... 13

ASI Keco
Westech Industrial LEd ... 3

ASL
WIKA Instruments Ltd ... Inside Front

AT Controls

ATC
Electrozad Supply Company
Heaters Controls & Sensors Ltd

Aube (Honeywell) Axis Lighting

Franklin EMPIFE INCu.uuiceceeiecieeesecetee ettt be st sesnaes 17
Autrol
Vanko Analytical & Instrumentation Specialists ........ccccoeeviveerenine 22

Autrol - Tecktrol
Cancoppas Limited

Auvesy-MDT

CB AUtOMAtion INC.ccccccceeree s Inside Back
Aventics

ProvinCial CONIOIS......ccicceicceesees ettt 19
AW-Lake

Davis Controls Limited

Aysix
Cancoppas Limited

Azbil

B-Line
Electrozad SUPPIY COMPANY ..ottt 16

B-Line (Eaton) Baldor Barbican
Franklin EMPIFE INCu..uiicecieiccteeeseetee ettt bt sesnas 17

B&B Electronics
ProvinCial CONTIOIS. ..ot sssssssessnens 19

Babbitt Level Controls
ProvinCial CONIOIS......cciccieecceeseete et 19

Bach Simpson
Electrozad SUPPIY COMPANY ..o seseseeseseessssesseseseeseens 16

Baker Hughes

Veronics INSTrUMENTES INC .. 16
Balluff Inc.

Davis CoNtrols LIMITEd......ceieieesiessesse e ssssesssenns 2
Balston

Davis CoNtrols LIMITEd.....cceiresie e ssssesssseseseens 2
Banner

Electrozad SUPPIY COMPANY ..ottt 16
Barber Pig Valves

ProvinCial CONTIOIS. ..ot ssssssssssesessnens 19
Barber-Coleman

WIKA Instruments Ltd ... Inside Front
Barnant

Heaters Controls & SeNsors LEd......cccencccieeseeeesee e 15

BARTEC/Benke/ORB

Westech INAUSErial Ltd......cccoieeecccsseces e 3
Baum Plastic-Lined Piping Systems

SPS Industrial & Instrumentation Specialists ......ccccoveverevnevinens 18
Baumann

Lakeside Process Controls Ltd.......ccoeeveceeineveieeisiseenenns Inside Front
Baumer Bega / Limburg Beghelli

Franklin EMPIFe INCu..iciccesicces et 17
Baumer Inc.

Davis Controls LIMIted.......cccoeiueieeiecscsee e e 2
BEHA (Greenlee)

Electrozad SUPPRIY COMPANY ...ttt ses st sesesans 16

BEI - Industrial Encoders
CancopPPas LIMILEd ...ttt 18

Bel Products Belden Bemag
Franklin EMPIFE INCu..ucucieccceieeeets ettt 17

Bel Products Inc.
Electrozad Supply Company

Belden

Electrozad SUPPRIY COMPANY ...t 16
BelGas

Conval Process SOIULIONS INC ..o sssssseees 13
Berthold

Vanko Analytical & Instrumentation Specialists........ccccovvvvicrrreennee. 22
Besa Lighting Bircher Reglomat Blackburn (ABB)

Franklin EMPIFE INCu.rriererereisce s esesessesesesssssessssesessssssssens 17
Bestobell

SPEC (Sarnia) LImMited ...t n
Beta - Martel Corporation

ProvinCial CONIOIS......cicicceeseee st 19
Bettis

Lakeside Process Controls Ltd.....ccceennneeeenineeenns Inside Front
Biffi

Lakeside Process Controls Ltd ...Inside Front
Bindicator

WVJAX ctttitiiiieieteee ettt ettt bbbt e e sttt ettt ea s e e s ettt et bebenens 15
BinMaster

CancopPPas LIMILEd ...ttt 18
Blackline Safety

Westech INAUStrial Ltd ... 3
Bliss Anand

SPEC (Sarnia) Limited
Provincial Controls

Blue-White

WWBJAX ettt ess s ese sttt et 15
Bonfiglioli Brad Harrison (Molex) Brady

Franklin EMPIFE INCu..iicecccscsesee ettt sssnans 17
Boreal

Lakeside Process Controls Ltd

Bourdon

Davis Controls LIMIted.......cceciiueieieiecsesee et 2
Brad Harrison

Electrozad SUPPRIY COMPANY ...ttt ses et sesenans 16
Brady

Electrozad SUPPRIY COMPANY ... sen s 16




PRINCIPAL BRAND NAME/SUPPLIER

Bray

Conval Process SOIULIONS INC ... 13
Bray * Broan (Nutone) Brook Crompton

Franklin EMPIFE INCu.oeeeineeireeeneisee s sssssssesessssssssssesesssseens 17
Brian

WVBJAX ittt ettt b et a s a s a s nne 15
BRISK Heat

Heaters Controls & SeNsors LA 15
Broan

Electrozad SUPPIY COMPANY ... sssaesnees 16
BS&B

Lakeside Process Controls Ltd......cccceeeveeveeicrnicsienne Inside Front
Budgit Burndy (Hubbell) Bussmann (Eaton)

Franklin EMPIFE INCu..uicrceieieeteeececete ettt aesnas 17
Burkert Fluid Control Systems

SPS Industrial & Instrumentation Specialists .......coovevieveveerseenenns 18
Burndy

Electrozad Supply Company 16
Bussmann

Electrozad SUPPIY COMPANY ..ottt 16
BW Technologies by Honeywell

WVBJAX ittt ettt b bbb bbbt aee 15
C3 Controls

ProvinCial CONTIOIS. ..ot sssssssessnens 19
Cable-Tech

Electrozad SUPPIY COMPANY .. esessessesesesseens 16
Caddy

Electrozad SUPPIY COMPANY w.oiiriirieieeieiseeisesisesesseseseessssesseseseeseens 16
Cadweld

Electrozad SUPPlY COMPANY ..ot 16

Cal Controls
Davis Controls Limited
Heaters Controls & Sensors Ltd

Caldweld Caloritech Canarm

Franklin EMPIFE INCu.uuicceeececteececetee ettt snas 17
Caloritech

Electrozad SUPPIY COMPANY ..ottt 16
Canary

CB AUtOMALION INC e sees Inside Back
Cancoppas

CancopPPas LIMItEd ... 18
Canstrut (ABB) Capital Lighting Carlo Gavazzi

Franklin EMPIFE INCu.eceeineeiseeseisee s sssessesesessssssssssesssseens 17
Carlo Gavazzi

Heaters Controls & SeNsors LEd......cccencccieeseeeesee e 15
Carlon (ABB) Carte Casablanca

Franklin EMPIFe INCu.uuicceeicceeseetee ettt ssssnns 17

Carol Cables
Electrozad Supply Company

Carte

Electrozad SUPPIY COMPANY ... sssssaesnees 16
Cash Valve

Lakeside Process Controls Ltd......cccceeveveeeveeiicinieisienns Inside Front

Cavex Century Champion
Franklin EMPIFE INCu..ucrceieiecteeececetee ettt aennes 17
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Century Instrument Company

SPS Industrial & Instrumentation Specialists ......ccccoveveenirrenennns 18
Cera System

Electrozad SUPPIY COMPANY ..iririirierireeisessesesseseseessesesseseseesesseeens 16
CFl

Electrozad SUPPIY COMPANY ...t 16
Chaoda

CGIS - The World’s Best Valves .......eeeneccnnieinen, Back Cover
Cherry

Electrozad SUPPIY COMPANY ... snsesenes 16
Chromalox

Electrozad SUPPRIY COMPANY ...ttt ses st sesesans
Heaters Controls & Sensors Ltd
SPEC (Sarnia) Limited

Veronics INSTrUMENTES INC ..o

Cinch Jones

Electrozad SUPPRIY COMPANY ...t ses e sesnas 16
Circor Circle Seal

WVJAX ettt ettt bbbttt et b a b n s e st et bebenens 15
Cisco

ProvinCial CONIOIS. ... snseseees 19

Clark Reliance
Westech INAUSEHAl LEd ... esssesssennes 3

Clarkson
Lakeside Process Controls Ltd

Clear Water Clarification Technology

Westech INAUStrial Ltd.......ccoceeiecccsseces e 3
Coel Color Kinetics (Signify) Columbia MBF
Franklin EMPIFe INCu..iiicieccesiccesee sttt nnns 17

Columbia Mbf
Electrozad Supply Company

Columbus McKinnon Comac Comelit

Franklin EMPIFE INCu..uicieicieicieeeeceece e snsesnens 17
Con-Tech Lighting Continental Fan Canada Inc. Contraste
Franklin EMPIFE INCu..uccuceeeecceeieeeets ettt es s ses st ses s 17
Conant Controls Inc.

ProvinCial CONIOIS.......ciecieicseece e snteseees 19
Condrad Heated Hose

Heaters Controls & SENSOrS L. ... 15

Continental Industries

WIKA INStruments Ltd ... Inside Front
Control Concepts

Thermo-Kinetics Company Ltd.......coeiiecceieeceeeeee s 1
Convectronics

Heaters Controls & SENSOrS L ... 15

Cooper Lighting Solutions Corbett Lighting Corelite
(Eaton)
Franklin EMPIFE INCu.rriereeeresce st esesessesesesssssessssesessssssssens 17

CR Magnetics
Heaters Controls & Sensors Ltd

Creation Nova Cree (Rudd) Cristal Controls

Franklin EMPIFE INCu..iiciceesiccets ettt ssnnnns 17
Crompton
Electrozad SUPPIY COMPANY ... 16

Crompton Instrument Crystal World Canada Crystorama
Franklin EMPIFE INCu..uiieicieieieecece et sssesnens 17



PRINCIPAL BRAND NAME/SUPPLIER

Crosby

Lakeside Process Controls Ltd.......ccccoevvceevivccesiseeenns Inside Front
Crouse-Hinds

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Crouzet

Electrozad SUPPly COMPANY ..ot eseeseaes 16
Crowcon

Thermo-Kinetics Company Ltd.......ccenniicneneeeesee s n
Crystal Engineering

ProvinCial CONIOIS......ccciciceeeeteeeteee et nee 19
CTC

Lakeside Process Controls Ltd......cccceeeveeveeicrnicsienne Inside Front

Current, powered by GE Cyan Design

Franklin EMPIFE INCu..uicrceieieeteeececete ettt aesnas 17
Custom Valve Concepts

Westech INAUSErial Ltd ...t 3
Dainolite LTD Dals LighBting Danalite (Acuity)

Franklin EMPIFE INCu.uuicecieeccieeeseete ettt bt sesnas 17
Danaher

Electrozad SUPPIY COMPANY ..ottt 16

Danfoss Inc.
Davis CoNtrols LIMITEd.....ccmirercessee e esssesseseeseseens 2

Daniel Woodhead
Electrozad Supply Company

Dasal Architectural Lighting Datalogic
Day-brite CFI (Signify)
Franklin Empire Inc

Davis-Klinger

Davis Controls LimMit@d......ccooceiiceereceesee s 2
Dayton Delta Delta Light

Franklin EMPIFE INCu..uviceereeeieecteteeeeeeteeeeee ettt esaese st essssnans 17
Daytronics

Electrozad SUPPRIY COMPANY ..ottt 16
Delta M

WVAJAX ittt ettt bbb sttt bbb e s s 15
DeltaV

Lakeside Process Controls Ltd......cceevecveeneinicinienns Inside Front

Demag Devine Doerr

Franklin EMPIFE INCu.uuceceeecteteeceetee ettt sennas 17
Des-Case
Lakeside Process Controls Ltd......veneeneiniienennns Inside Front

Desgranges & Huot
WIKA Instruments Ltd

Det-Tronics Systems

ProvinCial CONTIOIS. ..ot ssssssssssesessnens 19
DH Instrument

ProvinCial CONIOIS......cciccieiccesseete et 19
DH-Budenberg

WIKA Instruments Ltd ... Inside Front
Dicom

Electrozad SUPPly COMPANY ..ottt eseenas 16
Digi

ProvinCial CONIOIS......cciceicceesee et 19
Dillon

WVJAX ittt ittt ettt sttt ettt 15

Dongan

Electrozad SUPPIY COMPANY ...t essesesseseseesesseeens 16
DPS Technologies Duct-O-Bar DVI

Franklin EMPIFe INCu..uiciecccsceesee st 17
Draeger Fixed Gas Detection Systems

Everest AUtOMAtioN INCu..cccsces e 12
Drager

Vanko Analytical & Instrumentation Specialists......cccoovveecrcrenee. 22
Drake Specialties

SPS Industrial & Instrumentation Specialists .......cccooeveeivcrvicrcesiennes 18
Drexan Heat Tracing

ProvinCial CONIOIS........ceeieieecce et 19
Druck

Veronics INSTrUMENES INC ..o 16
DSS Valves

CGIS - The World’s Best ValVes ......ccceveveeveeveeneesens Back Cover

Dual Lite (Edwards)
Electrozad Supply Company

Duracell

Electrozad SUPPRIY COMPANY ...t 16
Durag

Everest AULOMAtION INCuuiiieeecre st 12

Dwyer Instruments
Davis Controls Limited
Franklin Empire Inc...
Provincial Controls....
SPEC (Sarnia) Limited
WIKA Instruments Ltd

DwyerOmega

Everest AUtOMAtioN INCu..iiccces e 12
Dynamic Water Control Gates

Conval Process SOIUtIONS INC ... 13
Dynisco

Heaters Controls & Sensors Ltd

E One Environment One Corporation
CB AUtOMALioN INC...vieceeeee e s Inside Back

Eagle Signal Controls (Danaher) Eastern
Wire Easy Heat (Emerson)

Franklin EMPIFE INCu..uicciccesicees et 17
Eastech Flow Controls

CB AULOMALION INC v Inside Back
Easy Heat

Electrozad SUPPRIY COMPANY ..o 16
EBM/Papst Edge Lighting Edison Lighting Group

Franklin EMPIFE INCu.rriereseresce st esesessesesesssssessssesessssssseens 17
EBRO ARMATUREN

CGIS - The World’s Best Valves .......cevveeeeevecceeseennen Back Cover
ECD Analytical

WWBJAX ettt sttt 15
ECG Semiconductors

Electrozad SUPPIY COMPANY ... 16
EDAC

Electrozad Supply Company

Edwards Eglo Eiko
Franklin EMPIFE INCu..evcuceeeecceeieeeets ettt es s st ses st sen s 17




PRINCIPAL BRAND NAME/SUPPLIER

Eiko Lamps

Electrozad SUPPIY COMPANY ..o sesesseseseesssesseseseeseens 16
EL-O-Matic

Lakeside Process Controls Ltd......ccocoevveeeevevcccsiseeenns Inside Front
Elan Elco Electra

Franklin EMPIFe INCu.uuicceeicceeseete ettt nas 17
Electro-Mecanik Playford Electro-Meters Electronicon
Franklin EMPIFe INCu..cceieceesese ettt snns 17
Electromatic

Electrozad SUPPIY COMPANY ... sssaesnees 16
Electrometers

Electrozad SUPPRIY COMPANY ..ottt teseesnans 16
ProvinCial CONIOIS. ..o sssssssessnees 19
Electrotray

Electrozad SUPPIY COMPANY ..ottt 16

Elegant Lighting Elk ELK Products
Franklin Empire Inc

eltherm

CB AUtOMALIoON INC .. Inside Back
Emergi-Lite (ABB) Emerson Energizer

Franklin EMPIFE INCu. et ssssessesessssssssssssssssseens 17
Emerson

Lakeside Process Controls Ltd
Provincial Controls

Enardo
Lakeside Process Controls Ltd

Encoder Products Company

Electrozad SUPPIY COMPANY ..ottt 16
English Electric

Electrozad SUPPIY COMPANY ..ottt 16
Entrelec (TE Connectivity) ET2 Etlin Daniels

Franklin EMPIFE INCu..uiicecieiccteeeseetee ettt bt sesnas 17
Envent Engineering Ltd.

Westech INAUSEIal Ltd ... eesseseneens 3
Enviro-Box

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnns 18
Ernst

ProvinCial CONIOIS. ...ttt nas 19
Essex

Electrozad SUPPlY COMPANY ..o eseesens 16
ETA

Electrozad SUPPIY COMPANY ... 16
Eureka Eurobex Eurofase

Franklin EMPIFE INCu.uuiicecieeeececteteececetee ettt sessnaes 17
Euromisure

WIKA INsStruments Ltd .......cccoeceenieseeeese s Inside Front
Eurotherm

Heaters Controls & SENSOrs Lt ... 15

WIKA Instruments Ltd
Eurotherm Chessell

Inside Front

WIKA Instruments Ltd ... Inside Front
Eurotherm Controls

WIKA Instruments Ltd ... Inside Front
EVANS consoles

ProvinCial CONIOIS......ccicceeicceesee e 19
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Eveready

Electrozad SUPPIY COMPANY ...t essesesseseseesesseeens 16
Excel Loading Systems

SPS Industrial & Instrumentation Specialists ......cccoceeevveccccrirennen, 18
Exergen

Heaters Controls & SeNsors L. 15
Exide

Electrozad SUPPIY COMPANY ..ot 16
ExLoc

ProvinCial CONIOIS........cciveicieeeecce ettt 19
Exotherm

Heaters Controls & SENSOrs L. ... 15
Eyedro

Franklin EMPIFE INCu..uccciiiceeieeeete ettt ses s 17

Factor Electronics Failsafe (Eaton) Fanimation
Franklin EMPIFE INCu..uccuceiicceeeieeeetsese ettt ss s 17

Farfisa (Fisacom Solutions de Sécurité) Fasco Fastrak
Franklin Empire Inc

Fasani
Lakeside Process Controls LEd......ccoveneeneinneneiennens Inside Front

FC Lighting Federal Signal Feelux
Franklin EMPIFE INCu..uiicieicceeieeets ettt 17

Federal Signal
Electrozad Supply Company
Westech Industrial Ltd

Feiss Fine Art Lamps Flender (Siemens)

Franklin EMPIFE INCu..occuceeiecceeeeeceets ettt ses st ses s 17
Fenwal
Electrozad SUPPRIY COMPANY ...ttt sesenas 16

Ferraz Shawmut
Electrozad SUPPRIY COMPANY ...t sesenas 16

Filter Sense

Vanko Analytical & Instrumentation Specialists.......cccccoeevvevcrerennee. 22
Firex

Electrozad SUPPRIY COMPANY ...t 16
Fisher

Lakeside Process Controls LEd......ccvvereenennnnenneens Inside Front
Flir

Lakeside Process Controls Ltd.......ccocveiveeeeenceieeeneseeienns Inside Front
Flomotion Systems

CB AUtOMAtioN INCicvciiccecee s Inside Back
Flos Fluke Focal Point

Franklin EMPIFE INCu..iiceeceesceesi sttt ssnnas 17
Flowline

Davis Controls LimMited........ccieiiiesiieeesee e 2
Flowserve

Everest Automation Inc

Flowserve - PMV
CancoPPAs LIMILEd ...ttt saans 18

Flowserve (Automax, Atomac, Durco, Edward, McCanna-
MARPAC, Serck Audco, Worcester)

CGIS - The World’s Best ValVes .......ceevveveeveenereens Back Cover
Fluenta
ProvinCial CONIOIS. ... snseseees 19



PRINCIPAL BRAND NAME/SUPPLIER

Fluidwell

CB AUtOMAtioN INC..icicccccee e Inside Back
CancopPPas LIMILEd ...t 18
Fluke

Electrozad SUPPRIY COMPANY ..ottt 16
ProvinCial CONIOIS. ..o sssssssessnees 19
Fluoroseal

Everest AULOMALtION INCuucicceceee s snseenens 12
Flygt

Electrozad Supply Company

FMD - Flow Management Devices

WIKA Instruments Ltd ... Inside Front
Forte Lighting Framburg Fredrick Ramond

Franklin EMPIFE INCu.ereieeeireeereisee e sssessesesessssssssssssssseens 17
Fossil Power Systems

ProvinCial CONIOIS. ...ttt nas 19
Foxcroft

CancopPPas LIMIEd ... sses 18

Frontline Test Equipment
ProvinCial CONIOIS. ...ttt asesnas 19

Fulham Fusetek

Franklin EMPIFE INCu.uuvceeieeececteteececeteteeeee ettt esessnaes 17
Fusetek
Electrozad SUPPRIY COMPANY ..ottt 16
Fuzypro

Heaters Controls & Sensors Ltd

GA Industries
Conval Process SOIUtIONS INC .. ssees 13

Galaxy Gardco (Signify) GE Appliances

Franklin EMPIFE INCu..uiiceceiecieeeseetee ettt be st esessnas 17
Gasera

Westech INAUSEIal Ltd ... essssssneens 3
Gayesco

WIKA INStruments Ltd ......coveneineenencesee s Inside Front
Gefran

Heaters Controls & SeNsors Ltd.....ceeececienveeeeseeesesee s 15
Gems Sensors Inc.

Davis Controls LimMited.......cccicceeiecessieeesee e 2
GEMU

CGIS - The World’s Best Valves ........veenvececesisennnn, Back Cover

General Cable Geometrix by Schonbek Glow
Franklin Empire Inc

General Eastern

Veronics INStruMENtS INC ... 16
Gentran
Heaters Controls & SENSOrs L. 15

Gestra Steam Traps

Everest AUtOmMation INCu . 12
GF+Signet

WV@JAX ittt ettt bbb bbbt ettt b bbb e s n s 15
GFC (Tectrol)

Electrozad SUPPIY COMPANY ..ottt 16
Gitta

Heaters Controls & SENSOrs L. ..o 15
GO

ProvinCial CONIOIS. ..o sssssssessnens 19

Go Regulators

WWBJAX et trteieetree ittt s ettt et 15
Goldcoaster Golden Lighting Grace Engineered Products
Franklin EMPIFE INCu.rriereeeresee s esesessesesesssssessssesessssssseens 17
Gordos

Electrozad SUPPIY COMPANY ...t 16
Graessner Greenlee Guild Master

Franklin EMPIFe INCu..iciccesicces et 17
Great Plains Industries (GPI)

Davis Controls LIMIted.......cccoeiueieeiecscsee e e 2
Greenlee

Electrozad SUPPRIY COMPANY ...ttt ses et sesenans 16
Gripple Inc.

Electrozad SUPPRIY COMPANY ...t sesnas 16
Guardian

Electrozad SUPPRIY COMPANY ...ttt sesnas 16

GVA Lighting
Franklin Empire Inc

GWEF Technologies

CancoPPAS LIMILEd ..o sssenes 18
Gyrolok

WWJAX 1 rrtiieieteeeteese st ase s ssss sttt 15
Habonim

Lakeside Process Controls LEd......covevennennnneinnnens Inside Front
Hach Hadco (Signify) Halo (Eaton)

Franklin EMPIFE INCu..iicecieesccetseee sttt 17
Halo

Electrozad SUPPIY COMPANY ... essesesseseseesesseseens 16

Halopika Hammond Manufacturing Hammond
Power Solutions

Franklin EMPIFe INCu..iciicesicces sttt snnns 17
Hammond

Electrozad SUPPIY COMPANY ... sssesenes 16
Hancock

Lakeside Process Controls Ltd.......ccocvevevicrveieiccseennns Inside Front

Hanover Lantern Haskel Hazlux (ABB)
Franklin Empire Inc

Hansen
ProvinCial CONIOIS.. ..ot snteseees 19

Hareus RTD sensors

Heaters Controls & SENSOrS L. ... 15
Haskel

Electrozad SUPPRIY COMPANY ...t 16
HCS

Heaters Controls & SENSOrS LA ... 15
Headline Filters

SPS Industrial & Instrumentation Specialists ......ccccoceevevvvceevivennen, 18
Heated Hoses - Nordson

Heaters Controls & SeNsors L. 15
Hedland

WWBJAX et trteeereiree ittt s st s ettt et 15
Heinemann

Electrozad Supply Company

Hemera Himmel Hinkley
Franklin EMPIFe INCu..iciccesiccesces sttt ssnsnnas 17




PRINCIPAL BRAND NAME/SUPPLIER

HIMA

ProvinCial CONIOIS......cciccieicceeseee et 19
Hioki

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Hirschmann

WIKA Instruments Ltd ... Inside Front
HMS Networks (Anybus) Holtkotter Homac (ABB)

Franklin EMPIFe INCu..cceieceesese ettt snns 17
Hobré Analyzer Solutions

Westech INAUStrial Ltd ...t 3
Hoffman

Electrozad SUPPRIY COMPANY ..ottt 16
Hoke

WV@JAX ittt ettt bbb en ettt bbbt e s n s 15
Holophane

Electrozad SUPPIY COMPANY ..ottt 16
Honeywell

Electrozad SUPPIY COMPANY ..ottt 16

Honeywell (Microswitch) Hortilux House of Troy
Franklin EMPIFE INCu.uuiceceececieeseccte ettt bt sessnas 17

Honeywell Analytics
Veronics INStrUMENTS INC ...t sees 16

Honeywell ENRAF Tank Gauging
Everest AUtomMation INCu .. 12

Honeywell Process Measurement and Control

Thermo-Kinetics Company Ltd.......ccoeieicereeececeeeee s n
Hubbardton - Forge Hubbell Hudson Valley

Franklin EMPIFE INCu.uuiicecieecceeeseete ettt sesnas 17
Hubbell

Electrozad SUPPIY COMPANY w.viiiririeiririeisesisessesesseseseessssessesesseseens 16
Hughes Safety Showers

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnns 18
Hunter Hunter Fan Company Hydrel (Acuity)

Franklin EMPIFe INCu.uuicceeicceeeseetee ettt snas 17
HY-GRADE Valve Inc.

CGIS - The World’s Best Valves .......eevnecesisennnn, Back Cover
Hydramotion Viscosity

Westech INAUStrial Ltd ...t 3
Hytork

Lakeside Process Controls Ltd......ccoeveveeveeicnicinienns Inside Front
Iberville (ABB) Ideal Idec

Franklin EMPIFE INCu..ucecicieeecteeececetee ettt aesnas 17
ICON Process Controls

CB AUtOMALioN INC .. Inside Back
Ideal

Electrozad SUPPIY COMPANY ..ottt 16
Idec Izumi

Electrozad SUPPIY COMPANY ..ottt 16
IDI

Electrozad SUPPIY COMPANY ..ot 16

idSolutions Primary Flow Elements
Everest Automation Inc

lisco Inaxys Indy (Acuity)
Franklin EMPIFE INCu.ereeineeireeersisee s ssssessesesessssssssssesssseens 17
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Imbiber Beads

SPEC (Sarnia) LImMited ...t n
Imperial Eastman

ProvinCial CONIOIS......ccicieccesiece st 19
Intek

Davis Controls LimMited........ccieieeiccseecseesee et 2
Interlight Intermatic iPort

Franklin EMPIFE INCu..iciceesiccetsceesesse st sssnnns 17
Intermatic

Electrozad SUPPIY COMPANY ... snsesenes 16
International Temperature Control

Heaters Controls & SENSOrs L.t 15
Intertec

Everest Automation Inc
Intertec Instrumentation Ltd

Ipex

Electrozad Supply Company

Isatral

Electrozad SUPPIY COMPANY .. essesesseseseesesseeens 16
Islip Flow Controls (IFC)

SPEC (Sarnia) LImMited ... ses s n
ISOIL Industria

CB AUtOMAtioN INC.iceeicce e Inside Back
ISSC (Industrial Solid State Controls)

Electrozad SUPPIY COMPANY ..o 16
ITT Conoflow

CB AULtOMAtIioN INC.iieieicceece s Inside Back
SPS Industrial & Instrumentation Specialists ......cccocveeeveverccrecennee, 18
ITT Neo-Dyn

CB AUtOMALION INC v Inside Back

Jacobt-Tarbox Sanitary

Westech INAUSEHal LEd ... 3
Jacoby-Tarbox

WWBJAX ettt et 15
Jacoby-Tarbox Eductor

Westech INAUStrial Ltd.......ccoieeieccessecesesee e 3
Jacoby-Tarbox® Sight Flow Indicators

Westech INAUSErial Ltd.....cocoieiccesecessee s 3
JAG

Conval Process SOIUtIONS INC ... 13

Jag Flocomponents LLP (Neway Valves)

SPS Industrial & Instrumentation Specialists ......ccocoveeevevcrercricennen, 18
James R. Moder Jesco Lighting Johnson Controls

Franklin EMPIFE INCu..uccucieccceieeees ettt 17
Jerguson® Gauges & Valves

Westech INAUStHal Ltd ... 3
Jerguson® Level Switches

Westech INAUSEHal LEd ... 3
Jerguson® Magnicator Products

Westech INAUStrial Ltd.......ccoceeiecccssecescee e 3
JFlow

Vanko Analytical & Instrumentation Specialists .......cccoovvrvicrreenee. 22
Jogler

CB AUtOMAtioN INC.iiciccee s Inside Back

Joslyn (ABB) Juno (Acuity) Justice Designs
Franklin EMPIFE INCu..uiieicieieieecece et sssesnens 17



PRINCIPAL BRAND NAME/SUPPLIER

Jumo

Davis Controls LimMit@d.......ccccceicceesieeesee e 2
Justrite Safety Group

SPS Industrial & Instrumentation Specialists ......ccccoeeveevvevcrrireenen. 18
Kalco KB Electronics Keene (Signify)

Franklin EMPIFe INCu.uuicceeicceeseete ettt nas 17
Kayden

Everest AUtOMAtioNn INCu .. 12
Keene

Electrozad SUPPIY COMPANY ... sssaesnees 16
Kellums

Electrozad SUPPRIY COMPANY ..ottt teseesnans 16
Kemtrak

Westech INAUSErial Ltd ...t 3
Kenall Kendal Lighting Kichler

Franklin EMPIFE INCu.uuicceeecteeeceetee ettt ettt 17
Kepware

CB AUtOMALioN INC .. sees Inside Back
Kester

Electrozad SUPPIY COMPANY ..ottt 16
Keystone

Lakeside Process Controls Ltd......vrrennenienenens Inside Front

Kidde Killark (Hubbell) Kito
Franklin Empire Inc

Killark

Electrozad SUPPIY COMPANY ..o seseseeseseesessesseseseeseens 16
Kimray

WIKA Instruments Ltd ... Inside Front
Kistler Morse

Davis Controls LimMit@d......ccooceiiceereceesee s 2
Klein

Electrozad SUPPIY COMPANY ... sssssassnees 16
Klein Tools Knipex Kuzco

Franklin EMPIFE INCu.uoiiceieiceteeeiee ettt ssss s ssssssssnees 17
Kobold Instruments

CancopPas LIMILEd ... 18
Korn

Electrozad SUPPRIY COMPANY ..ottt ettt 16
KPC Valve

CGIS - The World’s Best Valves Back Cover
Kraus & Naimer

Electrozad SUPPIY COMPANY ..ottt 16
Krohne

Thermo-Kinetics Company Ltd.......ccoeneiieeeeeeeeeee s n
KSR Kuebler

WIKA INStruments Ltd ... Inside Front
KT-Elektronik

Electrozad SUPPIY COMPANY ..o eeseseeseseessssessesesseseens 16
KTM

Lakeside Process Controls Ltd.......ccccoevveceevevceesiseeenns Inside Front
Kunkle

Lakeside Process Controls Ltd.......cccevvceeviieeceniveennns Inside Front
Kurz Instruments

Everest AUtOMation INCu . 12

Kyoritsu
Electrozad Supply Company

Kytola Instruments

ProvinCial CONIOIS......cicieceescee st 19
L&J Technologies

Conval Process SOIULIONS INC ...t 13
La Creu Lafert Lampiste

Franklin EMPIFE INCu..iiicicecsiceeseee st nns 17
Lambda

Electrozad SUPPIY COMPANY ..ot 16
Lance Ball Valves

SPS Industrial & Instrumentation Specialists .......cccooeveeevereecrcisiennes 18
LAND Ametek

Thermo-Kinetics Company Ltd.......ceiiececeseeeeeeeeeeeeeeeesesens 1
RTAT = = D T RRSTTTRN 15
Landmark

Electrozad SUPPRIY COMPANY ... 16

Landmark Lighting LBL LDI Technology Design
Franklin Empire Inc

Langtree Controls

Langtree Controls LimMited ......coenerereeneesreeseeeseeseseseseeseeneeens 10
Lascar

Heaters Controls & SeNsors L. 15
Lauris Technologies

Vanko Analytical & Instrumentation Specialists .......cccoovevvvcrrennnee. 22
LC Meters

SPEC (Sarnia) Limited ... n
Ledalite (Signify) Ledoux Accoustique Leds-C4

Franklin EMPIFE INCu..uicieicieicieeeeceece e snsesnens 17
Leecraft

Electrozad SUPPRIY COMPANY ...ttt ses et sesenans 16

Leeson Leroy-Somer Leucos
Franklin EMPIFE INCu..uccieiicceeieeeetseecee ettt enans 17

Lenox Instruments
Thermo-Kinetics Company Ltd

Leser PRV

Westech INAUStHal LEd ... 3
Leuch

Electrozad SUPPRIY COMPANY ...t 16
Leviton

Electrozad Supply Company
Provincial Controls

Leviton Leviton Security & Automation Liebert

Franklin EMPIFE INCu.uucieecieccieecece e snsesnnen 17
Liebert

Electrozad SUPPRIY COMPANY ...ttt ses et sesenas 16
Light Efficient Design Lightolier (Signify) Lind

Franklin EMPIFE INCu..uccucecceeeieeetseeee ettt ses s 17
Lightolier

Electrozad Supply Company
Lily Fasteners

Electrozad SUPPRIY COMPANY ...t ses s 16
Limesoft
Everest AUtOmMation INCu. e 12

Linemans Testing Laboratories Liteline Littelfuse

Franklin EMPIFE INCu..uiiuceiiccericees ettt s 17
Linemaster
Electrozad SUPPRIY COMPANY ... 16




PRINCIPAL BRAND NAME/SUPPLIER

Lion

Electrozad SUPPIY COMPANY ..o sesesseseseesssesseseseeseens 16
Lithonia

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Littlefuse

Electrozad SUPPly COMPANY ..ot eseeseaes 16
LJ Star

WIKA Instruments Ltd ... Inside Front
Logenex Louisville Ladder LPS Laboratories

Franklin EMPIFE INCu.uuvicececeeeeecteeeeeeceteeeeeee ettt eassnnans 17
Louisville Ladders

Electrozad SUPPRIY COMPANY ..ottt teseesnans 16
LPS

Electrozad SUPPRIY COMPANY ..ottt 16

LS Industrial Systems
Davis CoNtrols LIMITed......ceieieesee et ssenns 2

LSI Luce Plan Lumacell (ABB)
Franklin Empire Inc

Lufran
Heaters Controls & SENSOrs L. ..o 15

Lumacell Inc.

Electrozad SUPPIY COMPANY ..ottt 16
Lumark (Eaton) Lumca Lumec (Signify)

Franklin EMPIFE INCu.uuiiceciceeceeeseete ettt sesnas 17
Lumenpulse Lumenwerx Lumiconcept

Franklin EMPIFE INCu.oeeirereeeisee s esssessesesessssssssssssesseens 17
Lumifaro Luminergie Lutron

Franklin EMPIFE INCu. e esssessesessssssssssssssssseens 17
Lutron

Electrozad SUPPlY COMPANY ..ot 16
Lutze Inc.

Davis Controls LimMit@d......ccooceiiceereceesee s 2
Luxo

Franklin Empire Inc
M.A. Stewart

Westech INAUStrial Ltd ...t 3
M&G, Ametek
WV@JAX ittt ettt ettt bbb sttt bbb s n s 15

Mac-Weld Machining Ltd.
Davis Controls Limited..
MacWeld Machining...
Provincial Controls

Macnaught

CancopPPas LIMItEd ... 18
MacTek

ProvinCial CONIOIS. ..o sssssssessnens 19
Macurco Gas Detection

Davis CoNtrols LIMITEd.....cmireirersesee e sseseeseseeseseens 2
Madgetech Data Loggers

Heaters Controls & SeNsors L. 15
Madison Company

Davis Controls LimMited.......cccicceiiecceseeeesee e 2
MAG Lite

Electrozad SUPPlY COMPANY ..ottt 16

54

Magic Lite Maglite Magnetek (GE)

Franklin EMPIFE INCu. et esssessesesesssssessssesessesesseens 17
Magnetrol

Vanko Analytical & Instrumentation Specialists .......cccccovvvvvcrrreennee. 22
Magtech

Lakeside Process Controls Ltd.......ccoeeveceeineveieeisiseenenns Inside Front
Mallory

Electrozad SUPPIY COMPANY ..ot 16
Marathon

Electrozad SUPPIY COMPANY ... sssesenes 16
Marathon Marcus Marr (ABB)

Franklin EMPIFE INCu..occuceeecceeteieeeetseeeee e tetes st es s ses st sesenans 17
Marimex

Westech INAUSEIial Ltd ...t 3
Marr

Electrozad SUPPRIY COMPANY ...ttt sesenas 16
Marsh Bellofram

Conval Process SOIULIONS INC ... 13
Matasorb

SPEC (Sarnia) LIMIted ...ttt n
Matteo Maxilite Maxim

Franklin EMPIFE INCu..uiicicccesicceseee st 17

Max Machinery
Cancoppas Limited

McGill

Electrozad SUPPIY COMPANY .. essesesseseseesessesens 16
McGill (Emerson) McGraw (Eaton) MCM Structures
Franklin EMPIFE INCu..icreceescces sttt nans 17
MDI

Heaters Controls & SeNsors L. 15
Megger Met

Electrozad SUPPIY COMPANY ... sssesenes 16
Meltric* Mencom Mersen

Franklin EMPIFE INCu..iiecieieseeicee e snsesnens 17
Mensor

WIKA InStruments Ltd ... Inside Front
Metalumen Metalux (Eaton) Meyda

Franklin EMPIFE INCu.cieeieieieieiieese st ssssssesssse s sssssssessssessnnns 17
MetOne

Vanko Analytical & Instrumentation Specialists....
Metron-Farnier

CancoPPAS LIMILEd ..o snseees 18
Mettler Toledo (Ingoid)

Westech INAUSEHAl LEd ... esssesssennes 3
Mettler Toledo (Thornton)

Westech INAUStrial Ltd.......ccoceeiecccssecescee e 3
Meyers

Electrozad SUPPIY COMPANY ... 16
Microlectric (ABB) Milwaukee Mipco (ABB)

Franklin EMPIFe INCu..iciccesiccesces sttt ssnsnnas 17
MicroMod Automation & Controls

CB AULtOMAtIioON INCuiiiiccece s Inside Back
Micromold Products Inc.

SPS Industrial & Instrumentation Specialists .......cccooevevivcveercesiennns 18
MicroMotion

Lakeside Process Controls Ltd......ccoevevecneeinesiennnnns Inside Front



PRINCIPAL BRAND NAME/SUPPLIER

Mid-West Instruments

WV@JAX e ttririerereiese ettt e e en 15
Miller

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Milwaukee

Electrozad SUPPly COMPANY ..ot eseeseaes 16
Milwaukee Valve

Conval Process SOIULIONS INC ... 13
Mircom Mitzi (Hudson Valley) Molex

Franklin EMPIFE INCu.uuvicececeeeeecteeeeeeceteeeeeee ettt eassnnans 17
Mission Communications

CancoPPAs LIMILE ...t 18
Mitylite

Electrozad SUPPRIY COMPANY ..ottt 16
Modatec

Electrozad SUPPRIY COMPANY ..ottt ettt 16
MOGAS Industries

SPS Industrial & Instrumentation Specialists ......ccccoevvvevveecrrirenee. 18
Mold Control Systems (MCS)

Heaters Controls & SENSOrs L. ..o 15
Monarch

Heaters Controls & SENSOrs L. ..o 15
Monte Carlo MP Lighting MTE

Franklin EMPIFE INCu..uviceceeeceeeseete ettt nas 17
Moore Industries

CB AUtOMAtioN INC..cicccceece e Inside Back
Motorola

Electrozad SUPPIY COMPANY ..o sesesseseseessssessesesseseens 16
Moxa

ProvinCial CONIOIS......cciceieeiccteeseee et nas 19
MRG

Lakeside Process Controls Ltd......cveeevinccesneennns Inside Front

MTS Sensors

WIKA Instruments Ltd Inside Front

Mueller

Electrozad SUPPRIY COMPANY ..ottt 16
Mueller Murrplastik Muxlab

Franklin EMPIFE INCu.uuceceieeectceeeeetee ettt aesnas 17
Multi-Instruments (Instrument Enclosures)

WV@JAX ittt ettt bbb ettt bt n s n s 15
N-Line Valves

CGIS - The World’s Best ValVes .......vveneneeseienenns Back Cover
Nanco

Electrozad SUPPIY COMPANY ..ottt 16
NAPCO Royal Pipe & Fittings Napoleon Navilite (Acuity)
Franklin EMPIFE INCu.uuiceceeecieeesecete ettt sessnaes 17

National Energy Equipment
SPEC (Sarnia) LImMIted ..o seseesesessssseseens n

NDR Electric Nelson Heat Trace
(Emerson) Neo-Ray (Eaton)

Franklin EMPIFE INCu.ereeineeireeersisee s ssssessesesessssssssssesssseens 17
Neles

Everest Automation Inc 12
Nepco

Electrozad SUPPlY COMPANY ..ot esseseas 16

Neptune Meters

SPS Industrial & Instrumentation Specialists ......ccccoveveenirrenennns 18
Net Safety

Lakeside Process Controls Ltd......ccoeeeveeeeeneeieeeseseenenns Inside Front
New Wave Audio Nexans Nora Lighting

Franklin EMPIFe INCu..uiceeccescces ettt ssnnns 17
Neway

Conval Process SOIULIONS INC ... 13
Nextron

CB AUtOMAtIoON INCiiiicceece s Inside Back
Niagara Meters

WVJAX cttititiiiiieie ettt ettt bbb s sttt et et ettt ae e e st sttt bebenens 15
Nica Power Battery Corporation

Electrozad SUPPRIY COMPANY ...ttt senenas 16
Nivelco

CancopPPas LIMILEd ...ttt 18
Noma

Electrozad Supply Company

Norlabs Calibration Gases
Westech INAUSLrial Ltd......ccoieecceseeee s 3

North Port Valves
Conval Process SOIULIONS INC ... 13

NoShok
CB Automation Inc.......
Everest Automation Inc

Nova
Electrozad SUPPRIY COMPANY ..ottt ses et sesenas 16

Novaflex
SPEC (Sarnia) LIMIted ...ttt n

NTE
Electrozad SUPPRIY COMPANY ...t sesenas 16

Nuevo Nutone nVent Caddy
Franklin Empire Inc

Numatics

ProvinCial CONIOIS. ... sssesnens 19
Nutone

Electrozad SUPPIY COMPANY ..ot 16
nVent Nuheat nVent Raychem

Franklin EMPIFE INCu.eriereersece st sssssessssesessssssssssssessssesnens 17
O-Z Gedney Company

Electrozad SUPPIY COMPANY ..vririirireireeiseessesesseseseessesesseseseesssseeens 16
O’Brien

Electrozad SUPPIY COMPANY ..vririirieereeiseesseseseeseseessesesseseseesssseeens 16
O’Brien (Ametek) - Instrument Enclosure & Protection
SPS Industrial & Instrumentation Specialists ......ccccoceevevvecccrirennen, 18
Ocal (ABB) Oldcastle Infrastructure Oriental Motor
Franklin EMPIFe INCu..iciccescceisces sttt sssnnns 17
ODE

Conval Process Solutions Inc

Ogden

Heaters Controls & SENSOrs L. 15
OGDEN Heaters

Heaters Controls & SENSOrs L. ... 15

Ogden Manufacturing
Veronics INSTrUMENTES INC ..o 16




PRINCIPAL BRAND NAME/SUPPLIER

Ohio Brass

Electrozad SUPPIY COMPANY ..o sesesseseseesssesseseseeseens 16
Ohmite

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Oil & Gas Process Solutions

WIKA Instruments Ltd ... Inside Front
Olfex

Electrozad SUPPlY COMPANY ..ot 16
Omega

Electrozad SUPPIY COMPANY ... sssaesnees 16
OMNI Flow Computers

CB AUtomMAtioN INC...cuicccecee e Inside Back
Omron

Heaters Controls & SENSOrs Lt ... 15
Onyx Valve

Conval Process SOIUtIONS INC ..o sses 13
OPSIS

Cancoppas Limited

Optex

Heaters Controls & SENSOrs L. ..o 15
Optris

Heaters Controls & SENSOrs L. ..o 15
OPW Engineered Systems

Conval Process SOIUtIONS INC .. sesessees 13
Orange Research

ProvinCial CONIOIS......cciccieecceeseete et 19
Orion

Vanko Analytical & Instrumentation Specialists........ccccoeveveiricnnne. 22
OSlsoft

Lakeside Process Controls Ltd......ccccevvceeviieceesisennnns Inside Front
Osram Ballasts

Electrozad SUPPlY COMPANY ..o eseeseas 16
Ovation

Lakeside Process Controls Ltd

PAC

Vanko Analytical & Instrumentation Specialists........cccccoeveveivecnnnne. 22
Pacific Coast Panduit Paradise/Northern Int.

Franklin EMPIFE INCu..uicecieeieeteeeeecetee ettt nas 17
Panametrics

Veronics INSTrUMENTES INC ... 16
Panasonic

Electrozad SUPPIY COMPANY ..ottt 16
Panduit

Electrozad SUPPIY COMPANY ..ottt 16
Paragon

Electrozad SUPPIY COMPANY ..ottt 16
Parker/Balston

Davis CoNtrols LIMITEd.....cmireirersesee e sseseeseseeseseens 2
Partlow

Heaters Controls & Sensors Ltd 15
Peacock

WV@JAX e ttrereerere ettt ettt e en 15
Peerless Pelican Pentair Thermal Management

Franklin EMPIFe INCu.uuicceeicceeseetee ettt ssssnns 17

56

Pelican

Electrozad SUPPIY COMPANY ...t essesesseseseesesseeens 16
Pelmar Engineering

ProvinCial CONIOIS......ccicieccesiece st 19
Penberthy

Lakeside Process Controls Ltd.......ccoeeveceeineveieeisiseenenns Inside Front
Pepperl & Fuchs Philips (Signify) Pinnacle

Franklin EMPIFe INCu..iciccesicces et 17
PEPPERL + FUCHS

CB AUtOMAtIoON INCiiiicceece s Inside Back
Perma-Cal Industries, Inc.

ProvinCial CONIOIS........ceeieieecce et 19
Pfieffer

Electrozad SUPPRIY COMPANY ...ttt senenas 16
Phase IV Engineering

WIKA INStruments Ltd ... Inside Front
Philips

Electrozad Supply Company
Phoenix Contact

Electrozad SUPPRIY COMPANY ...t 16
Photoswitch (Allen-Brady)

Electrozad SUPPIY COMPANY ...t 16
Pioneer Lighting Pow-R-Feed Precision Digital

Franklin EMPIFE INCu..oicciiieesieeeseee st 17
Plast-O-Matic Valves Inc.

Conval Process SOIULIONS INC ...t 13
Plastibond (Rob-Roy)

Electrozad SUPPIY COMPANY .. essesesseseseesessesens 16
PMT, by Ametek

WVBJAX 1ttt st 15
Powers

Conval Process SOIULIONS INC ... 13

Powers Process Controls
Heaters Controls & Sensors Ltd

Pratt Industrial

Westech INdustrial Ltd ... 3
Precision
Electrozad SUPPRIY COMPANY ...ttt sesenans 16

Precision Digital
CB Automation Inc...
Provincial Controls....................
Thermo-Kinetics Company Ltd

Precision Digital Precision Multiple Controls Premise
Franklin EMPIFE INCu..uccuceeieecceeteieeeets ettt es s ses st ses s 17

Pribusin Inc.
ProvinCial CONIOIS.......ciieceicseee et 19

Primary Flow Signal
Provincial Controls

Process Insights
Everest AUtOMatioN INCu. e 12

Process Technology
Heaters Controls & SENSOrS L. ... 15

Proeger Flow Solutions
CGIS - The World’s Best ValVes .......cccevvvneenencensnenns Back Cover

Proface Progress Prysmian
Franklin EMPIFE INCu..ovcceicccesicceseee st nas 17



PRINCIPAL BRAND NAME/SUPPLIER

Prognost

Lakeside Process Controls Ltd.......ccccoevvceevivccesiseeenns Inside Front
Progress

Electrozad SUPPIY COMPANY ..o esessesseseseeseens 16
Protective Coatings, Inc. - Rubber Linings

SPS Industrial & Instrumentation Specialists .....cccccoevveevricicrirennee. 18
Protimeter

Veronics INStrumMENnts INC ... s 16

Provincial Controls

ProvinCial CONIOIS......ccciciceeeeteeeteee et nee 19
Provo
Electrozad SUPPRIY COMPANY ..ottt teseesnans 16
Pulsar
Everest AUtOmMation INCu. s 12

PureFlex Hose & Fittings
SPS Industrial & Instrumentation Specialists ......ccccoeveeveeecriieennee. 18

Pyrotenax
Electrozad Supply Company

QC Conveyors
Davis CoNtrols LIMITed.....cceireiscessieseese s ssssesssseseseens 2

Quadbeam Technologies

Everest AULOMALtION INCuuieiciecee s 12
Quality Machine & Manufacturing

WVBJAX ettt ettt ettt ane 15
Quorum International

Franklin EMPIFE INCu.oeeirereeeisee s esssessesesessssssssssssesseens 17
R.C. Systems Inc.

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnens 18
Rab

Electrozad SUPPlY COMPANY ..ot 16

RAB Design Rack-A-Tiers Rayovac
Franklin EMPIFe INCu..ceicceieseeee ettt essesnns 17

Radiant Heat
Heaters Controls & Sensors Ltd

RAE Systems By Honeywell

WVAJAX ittt ettt ettt bbbttt ettt bbbt s e s n s 15
Ralston
Heaters Controls & SENSOrs Lt ... 15

Ralston Instruments

ProvinCial CONIOIS......cciiciieieieieise et sssesnees 19
Rawl

Electrozad SUPPIY COMPANY ..ottt 16
Ray-O-Vac

Electrozad SUPPIY COMPANY ..ottt 16
Raychem

Electrozad SUPPIY COMPANY ..ottt 16
Raytek

Heaters Controls & SENSOrsS L. ..o 15
RCC

Electrozad Supply Company
RCS Actuators

Conval Process SOIULIONS INC ... 13
RDC
CGIS - The World’s Best Valves ........veeevevecesisenne, Back Cover

Ready-Lite (ABB) Rebelle Red Lion
Franklin EMPIFe INCu..cceieeeieseeieesee ettt sssssnns 17

Red Dot

Electrozad SUPPIY COMPANY ...t essesesseseseesesseeens 16
Red Seal Measurement

SPS Industrial & Instrumentation Specialists ......ccccovevcnerneninns 18
Reed Instruments

ProvinCial CONIOIS......ciccceree st 19
Rees

Electrozad SUPPIY COMPANY ..ot 16
Reliance Reuland Rex

Franklin EMPIFE INCu.uuiiicecieicieeice et sssesnnen 17
Reliance® Boiler Trim

Westech INAdUstrial Ltd ... 3
Renaissance - Data Gator

CancopPPas LIMILEd ...ttt b et 18
Rense Instruments

ProvinCial CONIOIS. ... snseseees 19
Rex / RKC

Heaters Controls & SENSOrS L. ... 15
REXA

Everest AULOMAtION INCuuiieeeierce st 12
Reynolds

Electrozad SUPPIY COMPANY ..o 16
RF Valves

Everest Automation Inc

Rhosonics

Everest AUtOMAtioN INCu..cccscesre s 12
Richter Process Pumps & Valves

SPS Industrial & Instrumentation Specialists ......cccoceevevvevccerisennee, 18
Ringo

Electrozad SUPPIY COMPANY ..o 16
Risco Group Rittal Robert Abbey

Franklin EMPIFE INCu.uuiiieicieeceeecece e snseseees 17
RKC Instruments

Heaters Controls & SENSOrs L. 15
RKI

CancopPPas LIMILEd ...ttt 18
Robertshaw

SPEC (Sarnia) LIMIted ...ttt n
Robroy

Electrozad Supply Company
Rockwell Automation

Electrozad SUPPRIY COMPANY ...t 16
Ronan

Lakeside Process Controls LEd......ccocoveveenennnniennens Inside Front
Rosemount

Lakeside Process Controls LEd......cccvvevennennnnenneens Inside Front
Rosslare Rotech Rotom

Franklin EMPIFE INCu.rriereseresce st esesessesesesssssessssesessssssseens 17
Rotork (Fairchild)

Everest AUtOMAtioN INCu..iicccces e 12
Rotronics

Veronics INSTrUMENES INC ..o 16
Roxtec

Electrozad SUPPIY COMPANY ..ot 16

Russell & Stoll
Electrozad Supply Company




PRINCIPAL BRAND NAME/SUPPLIER

Russell & Stoll (ABB)

Franklin EMPIFE INCu. et esssessesessssssssssssesssseens 17
S-Products

WV@JAX et ttrireirere ittt e en 15
SAF Precision Mfg Ltd.

SPEC (Sarnia) LIMiIted ... n
Saf-T-Bar Scangift Schmersal

Franklin EMPIFe INCu..cceieceesese ettt snns 17
Safe-T-Matic

ProvinCial CONIOIS......ccciciceeeeteeeteee et nee 19

SafeRack Loading Rack Technologies

SPEC (Sarnia) LIMItEd ...t n s n
Sammi Machinery

SPEC (Sarnia) LIMIted ...t n
SAMSON

Electrozad SUPPRIY COMPANY ..ottt ettt 16

Samson Controls
Provincial Controls
SAMSON Controls (Air Torque, Cera Systems,

Leusch, Pfeiffer, Ringo, SED, Starline, Vetec)
CGIS - The World’s Best Valves

Samsonatic

Electrozad SUPPIY COMPANY ..ottt 16
Sandelius Instruments Inc.

SPS Industrial & Instrumentation Specialists ......cccccoeeveevrecccrirenen. 18
Sasco

Electrozad SUPPIY COMPANY ..o seseseeseseesessesseseseeseens 16
Scandura

WIKA Instruments Ltd ... Inside Front
Schmersal

Davis Controls LimMit@d......ccooceiiceereceesee s 2
Schneider Electric

Westech INAUSErial Ltd ...t 3
Schonbek SDL Lighting Sea Gull Lighting

Franklin EMPIFE INCu.uuiicecreieeceteteeeeceteeeece ettt sessnas 17

Schroedahl ARV
Westech Industrial Ltd

Schubert and Salzer Control Systems

Conval Process SOIUtIONS INC .. 13
Scully

SPEC (Sarnia) LIMIted ...ttt n
Seametrics

Veronics INSTrUMENES INC ..o 16
Secomea

Davis CoNtrols LIMITEd.....ccirssiesseeisse s 2
Sempell

Lakeside Process Controls Ltd......cnrnennenienenens Inside Front
SenSOR (SOR) Sampling Systems

SPS Industrial & Instrumentation Specialists ......ccooevvnenirenennnens 18
Sensor Switch Shaw Box (Lift-Tech) SICK*

Franklin EMPIFE INCu.ereeineeireeersisee s ssssessesesessssssssssesssseens 17

Sentry Equipment
Everest Automation Inc

Servomex
Vanko Analytical & Instrumentation Specialists......ccocoeveeiceeienennn. 22
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Shafer

Lakeside Process Controls Ltd......cccoceeveeeeevceieeeneicenenns Inside Front
Shand and Jurs

Conval Process SOIULIONS INC ...t 13
Shawflex / Dekoron

Electrozad SUPPIY COMPANY ...t 16
Sick Gas and Dust measurement (CEMS)

Westech INAUSErial Ltd......ccoieiccerecesseseesse e 3
Siemens

Electrozad SUPPIY COMPANY ... snsesenes 16
Siemens Sistemalux Slamp

Franklin EMPIFE INCu..occuceeecceeteieeeetseeeee e tetes st es s ses st sesenans 17
Signal Fire

Everest AUtOMAtioN INCu.. e 12
SIKA

Davis Controls LiMIted......ccccueicieeiecsesee e 2
Skinner

Electrozad Supply Company

Slick Sleuth

SPEC (Sarnia) LIMIted ..ot sssesssseens n
Smar

ProvinCial CONIOIS......oveeeiereee e ssseseens 19
SmartSights

CB AUtOMALION INC oo Inside Back
Snoc Socomec Sola

Franklin EMPIFE INCu..iiicicccesceetsee ettt 17
Sofis Valve Operation

CGIS - The World’s Best Valves .......cvveeeevececeseennens Back Cover
Sola / Hevi-Duty

Electrozad SUPPIY COMPANY ...t 16
Sola HD

ProvinCial CONIOIS......cieeceesicce st 19

SolaHD (Emerson) Solavanti Lighting Solera
Franklin Empire Inc

Solar Products
Heaters Controls & SENSOrs L. 15

Somfy Sonalert Sonneman

Franklin EMPIFE INCu..uccuceiiiceeieeeetseee ettt 17
SOR Controls

Westech INAUStrial Ltd ... 3
Southwire Stanpro Steel City (ABB)

Franklin EMPIFE INCu..uiciccceieeets ettt 17
Spectro

Electrozad SUPPRIY COMPANY ...ttt 16
Spectro Scientific

Lakeside Process Controls LEd......ccoveveensnnenennenns Inside Front
Spemco

Electrozad SUPPRIY COMPANY ... 16
Sprague

Electrozad Supply Company

SPS Field Services
SPS Industrial & Instrumentation Specialists ......ccccovveveenernininnns 18

SPS Installation Services
SPS Industrial & Instrumentation Specialists .....ccooeeevevvececrirennee, 18



PRINCIPAL BRAND NAME/SUPPLIER

SPS Instrument Repair & Calibrations

SPS Industrial & Instrumentation Specialists ......ccooevvnenrenennnens 18
SPS Winterized Enclosures & Heaters

SPS Industrial & Instrumentation Specialists ......ccooevvnnenennnens 18
Stafsjo

Everest AUtOMAtioNn INCu . 12
STAHL

ProvinCial CONIOIS. ...t 19
Stahlin

Electrozad SUPPIY COMPANY ... sssaesnees 16

Stainless Valve Co
ProvinCial CONIOIS......cccieiieieieeeee ettt nees 19

Standard Power

Electrozad SUPPRIY COMPANY ..ottt 16
Starline
Electrozad SUPPRIY COMPANY ..ottt ettt 16
Stealth

Electrozad Supply Company
Stein World Stelpro Stober

Franklin EMPIFE INCu.uuicecieeccieeeseete ettt bt sesnas 17
Stelpro

Electrozad SUPPIY COMPANY ..ottt 16
Stewart R. Browne

Electrozad SUPPIY COMPANY ..ottt 16
STI (Scientific Technologies Inc)

Electrozad SUPPIY COMPANY .. esessessesesesseens 16
Stonco

Electrozad SUPPIY COMPANY w.oiiriirieieeieiseeisesisesesseseseessssesseseseeseens 16
Streamlight

Electrozad SUPPlY COMPANY ..ot 16

Sumitomo Electric - FutureFlex Fibe
ProvincCial CONTIOIS......cc ettt 19

Sun Valves Inc

SunWize

Westech INAUStrial Ltd ...t 3
Superior Electric Superstrut (ABB)

Franklin EMPIFE INCu..uicecieeieeteeeeecetee ettt nas 17
Sur-Flo Meters & Controls

SPEC (Sarnia) LIMIted ...t n
Sure Flow Equipment Inc.

Conval Process SOIUtIONS INC .. ssees 13
Swagelok

SWAGEIOK ONELAIO .t aes 14
SwissFluid Lined Valves

SPS Industrial & Instrumentation Specialists ......ccooeivvinrenieinens 18
Sylvania

Heaters Controls & SENSOrsS L. ..o 15
Syncade

Lakeside Process Controls Ltd

Syrelec

Electrozad SUPPIY COMPANY ..o sesesseseseesessessesesseseens 16
Syscon

Heaters Controls & SeNsors L. 15

T.M.S. Lighting TCI Tech Lighting

Franklin EMPIFE INCu. et esssessesesesssssessssesessesesseens 17
Tantaline - Corrosion Solutions

SPS Industrial & Instrumentation Specialists ......ccccovevcnerneninns 18
TCI Incinerators

Westech INAUStrial Ltd......cccoceeieccesseccsesee e 3
TechnipFMC (Smith)

SPS Industrial & Instrumentation Specialists ......ccccoecevevveeerirennnne, 18
Techspan Teco-Westinghouse Thermo Electric

Franklin EMPIFE INCu.uuiiicecieicieeice et sssesnnen 17
Teco Westinghouse

Westech INAdUstrial Ltd ... 3
Tecsis

WIKA INStruments Ltd ... Inside Front
Tel-Tru

WVJAX ettt bbb s et bbbt a b ee s s st pe bt ebenens 15

Tel-Tru Pressure & Temperature Instruments
SPS Industrial & Instrumentation Specialists

Telaire
Veronics INSTrUMENES INC ..o 16

Teldyne Monitor Labs

Vanko Analytical & Instrumentation Specialists........cccccooeivevcrirennnee. 22
Tempco

Heaters Controls & SENSOrS LA ... 15
Tempco Heaters

Heaters Controls & SeNsors L. 15
Tenor Industrial Control

Heaters Controls & SeNsors L. 15
Tenor Timers

Heaters Controls & SeNsors L. 15
Theben

Davis Controls LiMited........ccieiceniieeesee e 2
Therm-Omega-Tech

SPS Industrial & Instrumentation Specialists

Thermo Electric

Electrozad SUPPRIY COMPANY ...ttt ses et sesenas 16
Thermo-Kinetics
ProvinCial CONIOIS.. ...t snteseees 19

Thermo-Kinetics Company Ltd.

Thermo-Kinetics Company Ltd.......ceieeceeeeeeeeeeeseee s 1
Thermon
TREINON ettt bbb 17

Thermon Canada Inc Heating Systems

CB AUtOMALION INC v Inside Back
Thermon Thomas & Betts (ABB) Thomas Lighting

Franklin EMPIFE INCu..uiiuciceceieects ettt 17
Thermotex

Intertec Instrumentation Ltd ... 10

Thomas & Betts
Electrozad Supply Company

TMEIC
Westech INAUStrial Ltd.......ccoeeeecccssecesecee e 3

Topworx
Conval Process SOIULIONS INC ...
Lakeside Process Controls Ltd
Provincial Controls




PRINCIPAL BRAND NAME/SUPPLIER

Toshiba

Electrozad SUPPIY COMPANY ..o sesesseseseesssesseseseeseens 16
Totec TPC Wire & Cable Transfab

Franklin EMPIFE INCu.oeeeineeireeeneisee s sssssssesessssssssssesesssseens 17
TR Encoders

Electrozad SUPPly COMPANY ..ot eseeseaes 16
Triad

Electrozad SUPPlY COMPANY ..ot 16

Trident Instrument Air Dryers
ProvinCial CONIOIS. ...ttt eaeesnans 19

Tritonics Troy Lighting TT Electric

Franklin EMPIFE INCu.uuicceeeeececteteececeteeeeeee ettt aennans 17
Tronic

WIKA INStruments Ltd ... Inside Front
Trox Technik

Conval Process SOIUtIONS INC ..o sses 13
Turck

Electrozad Supply Company
Provincial Controls

Turck Turolight

Franklin EMPIFE INCu. et ssssessesessssssssssssssssseens 17
Turner Designs Hydrocarbon Instruments

Everest AUtOMAtioNn INCu .. 12
Tylok

ProvinCial CONIOIS......ciiieicceeseee et 19
UE (United Electric)

ProvinCial CONIOIS......c.ccvicieeeieteee et 19
WV@JAX ittt bttt 15
UE Systems

Lakeside Process Controls Ltd......veneensiniennnnns Inside Front
Veronics INStruMENtS INC ... 16

UK International Ulextra Ultrasave

Franklin EMPIFe INCu.uuicceeicceeeseetee ettt snas 17
Unistrut
Electrozad SUPPlY COMPANY ..ot 16
Unitorq
Conval Process SOIUtIONS INC ..ot 13

Universal Electric Universal Lighting
Technologies US Motors

Franklin EMPIFE INCu..uicecieeieeteeeeecetee ettt nas 17
US Gauge, Ametek

WV@JAX ittt ettt ettt bbb sttt bbb s n s 15
Vacon Drives

Davis Controls Limited 2
VAG

Conval Process SOIUtIONS INC .. ssssesssees 13
VAISALA

Westech INAUSEIal Ltd ... esssssssnens 3
Validyne

CancopPPas LIMItEd ... 18
Valmet

Vanko Analytical & Instrumentation Specialists ........cccoeeviveereninns 22

Valmet Flow Control
Everest AUtOMAtioN INCu..o e 12
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ValvTechnologies

CGIS - The World’s Best Valves .......cevveeeeeveceeneseenenen, Back Cover
Vanessa

Lakeside Process Controls Ltd......ccoeeeveeeeeneeieeeseseenenns Inside Front
Varec

Lakeside Process Controls Ltd.......ccoeeveceeineveieeisiseenenns Inside Front
Varec Biogas

Westech INAUSErial Ltd......ccoieiccerecesseseesse e 3
VEGA

Everest AUtOMAtioN INCu..iccsces s 12
Venture Lighting Version Dog Viabizzuno

Franklin EMPIFE INCu..occuceeecceeteieeeetseeeee e tetes st es s ses st sesenans 17
Venture Measurement

WV@JAX ittt ettt ettt bbbttt b aene e s 15
Vetec

Electrozad SUPPRIY COMPANY ...t sesnas 16

Visa Lighting Visioneering (Leviton) Viso
Franklin Empire Inc

Visual Comfort Vynckier (Mersen)

Franklin EMPIFE INCu..viieceiiccesieeetseee ettt ss s 17
VorTek Instruments

Davis CoNtrols LiMIted.....crieeseiseeseis e sssssssseessssssesnes 2
VTScada

CB AUtOMALION INC oo Inside Back
W.A. Kates

Westech INAUStrial Ltd.......ccoieeecccsseccs e 3
W.A.C. Wasip WattStopper (Legrand)

Franklin EMPIFe INCu..icecccsccesseee ettt ssnnans 17
Waltron

Vanko Analytical & Instrumentation Specialists......ccccocovveeercrenee. 22
Warrick Controls

Davis Controls LIMIted.......cccoeiieeicieieesesee ettt e 2
Watlow

Heaters Controls & SENSOrs L. 15
Watts

Conval Process SOIUtIONS INC ..o 13

Weg Weidmiiller Wera

Franklin EMPIFE INCu..uccucieiceeieeeets ettt ses s 17
Weidmuller

Electrozad Supply Company

Weiland

Electrozad SUPPRIY COMPANY ...t 16
West Instruments

Davis CoNtrols LiMIted. ...t snes 2
West Instruments

Heaters Controls & SENSOrS LA ... 15
Westech

Westech INAUStrial Ltd......cccvceeiecccssecesrecee s 3
Westech Flame Arrestors

Westech INAUSErial Ltd......ccoeeiecccsecessesee s 3
Western Valve / Dan-Ex

CGIS - The World’s Best ValVes .......ccccevcveeverecereeceesees Back Cover
Wheatland White-Rodgers (Emerson) Wieland

Franklin EMPIFE INCu..eciuceecceeteieeeets ettt en s ses st ses s 17
Wide-Lite

Electrozad SUPPRIY COMPANY ...ttt sesnas 16



PRINCIPAL BRAND NAME/SUPPLIER

Cross Reference Page

WIKA

Provincial Controls
WIKA Instruments Ltd

WIKA Manifold Valves

WIKA Instruments Ltd ... Inside Front
WIKA Mobile Control

WIKA Instruments Ltd ... Inside Front
WIKA Sensor Technology

WIKA Instruments Ltd ... Inside Front
WIKA Valves

WIKA Instruments Ltd ... Inside Front
WIN-911

CB AUtOMAtioN INC..iciccecce s Inside Back

Winters Instruments
CB Automation Inc
Davis Controls Limited
Lakeside Process Controls Ltd....
Provincial Controls

Winters Wiremold (Legrand) Wittenstein
Franklin EMPIFE INCu.uuoicceieeecteeececetee ettt nes 17

Wireless Hart
ProvinCial CONIOIS......cciicieieieeietrse et snse s sssesnees 19

Cross Reference Page

Woodhead (Molex) World Imports

Franklin EMPIFE INCu. et esssessesesesssssessssesessesesseens 17
Worcester Rhino

Conval Process SOIULIONS INC ...t 13
Yarway

Lakeside Process Controls Ltd.......ccoeeveceeineveieeisiseenenns Inside Front
Yaskawa

Lakeside Process Controls Ltd......cceeenniceeinineenenns Inside Front
YZ Systems

WIKA Instruments Ltd .......cccoevereicrecieeceeeeeeeee s Inside Front
Z Lite Zaneen Zumtobel

Franklin EMPIFE INCu..occuceeecceeteieeeetseeeee e tetes st es s ses st sesenans 17
ZOOK

SPEC (Sarnia) LIMIted ...ttt n

Zuo Modern
Franklin Empire Inc

Zwick

Westech INAUStHal Ltd ... 3
Zwick TOV

Westech INAUSEHal LEd ... sssessssnnes 3

Working
. Hand-in-Hand -

Best regards,

Thank You!

Thank you from all of us at ISA Sarnia Section for your continued
support over the last 26 years. We sincerely hope that you find your
Reference Guide of benefit. Be sure to view the electronic version of
this publication at www.isasarnia.com.

We encourage you to let the executive know what you think of our
efforts or if there is anything that you wish to see done differently.

ISA Sarnia Section Executive
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This technical section has been prepared by the
ISA Sarnia Section for exclusive use by ISA Sarnia Section.
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Temperature Sensor Comparisons

Thermocouples - Pros & Cons

Advantages Disadvantages

* Inexpensive * Non-linear

e Fast responding * Least stable

* Rugged * Sensitivity is low

e Tip sensitive * Low voltage output

* Self-powered * Requires special extension

* Range of -200 to 2300 °C wire

¢ Small diameters 0.0107(0.25 mm) » Reference required

¢ Multi-point sensing * Accuracy degrades over time

RTD - Pros & Cons

Advantages Disadvantages

¢ Linear output e Limited range of -200 to
¢ Long term stability 850 °C

¢ Long term stability * Slow response

¢ Special extension wire not required e Current source required
¢ More accurate than a thermocouple e Self-heating error

¢ Repeatable * More expensive than a

thermocouple
e Less rugged than a
thermocouple

RTD vs. Thermocouple

RTD Advantages T/C Advantages

» Higher Accuracy * Rugged

* Higher Stability e Small Size

e Does not Require Cold » Fast Response
Junction Compensation * Wide Range

» Better Linearity » Self powered
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Sarnia Information

Latitude
Longitude
Elevation

Minimum Recorded Temperature
Maximum Recorded Temperature

Jan 2.5% Design Temperature

Jan 1% Design Temperature

July 2.5% Design Dry Bulb Temperature
July 2.5% Design Wet Bulb Temperature

Annual Average Temperature
Annual Total Degree Days Below 18 C

Atmospheric Pressure Average

Maximum 24 Hour Rainfall
Annual Total Precipitation
10 Year Storm 15 min

10 Year Storm 1 hour

100 Year Storm 15 min
100 Year Storm 1 hour

Ground Snow Load

Hourly Wind Pressure - 1/10
Hourly Wind Pressure - 1/30
Hourly Wind Pressure - 1/100
Prevailing Wind Direction

Frost Penetration
Seismic Design Parameter Za

Seismic Design Parameter Zv
Seismic Design Parameter V

Approximately 43.00 N
Approximately 82.30 W
Approximately 181m

-28.7C
40C
-16.0C
-18.0C
322C
23.0C

82C
3800

99.44 Pa

98.0 mm
890.0 mm
23.0 mm
36.9 mm
41.8 mm
52.3 mm

1.0 Kpa
0.35 Kpa
0.43 Kpa
0.52 Kpa
Sw

1.2m

o



Properties of Selected Gases

Chemical Molecular Density O Specific O] Individual Ra‘tlo of
Gas Formula Weight Ib/ft3 Gravity Gas Specific Heat
Constant R K=Cp/Cy
Acetylene CaHp 26.0382 .06858 0.897 59.348 1.28
Air - 28.9644 07649 1.000 53.352 1.40
Ammonia NHj 17.0306 04488 0.587 90.738 1.29
Argon A 39.9480 .10553 1.379 38.683 1.67
Butane-N CaHio 58.1243 15873 2.075 26.586 1.08
Butane-1SO CaH1p 58.1243 .15814 2.067 26.586 1.10
Carbon Dioxide CO; 44.0100 .11684 1.528 35.113 1.28
Carbon Monoxide CO 28.0106 .07397 0.967 55.169 1.41
. .18046 2.490
Chlorine CL, 70.9060 0°C 0°C 21.794 1.36
Ethane CaHg 30.0701 .0BOO0S 1.047 51.391 1.19
Ethylene CoHa 28.0542 07382 0.967 55.083 1.22
Helium He 4.00260 .01056 0.138 386.07 1.66
Heptane, Average CiHqys 100.2060 .26451 3.458 15.421 —
Hextane, Average CeH1a 86.1785 .22748 2.974 17.932 1.08
Hydrochloric Acid HCL 36.4610 .09806 1.256 42.383 1.40
Hydrogen H, 2.01594 .00532 0.070 766.55 1.40
Hydrogen Sulfide H,S 34.0799 .09024 1.177 45,344 1.32
Methane CH, 16.0430 .04243 0.555 96.324 1.31
Methyl Chloride CH,CL 50.4881 .13292 1.738 30.606 1.20
Neon Ne 20.1830 .05155 0.674 76.565 1.64
Nitric Oxide NO 30.0061 .07908 1.034 51.500 1.40
Nitrogen Na 28.0130 .07397 0.967 55.164 1.40
Nitrous Oxide N,O 44.0128 11606 1.518 35.111 1.26
Octane, Average CgH1g 114.2330 .30153 3.942 13.528 —
Oxygen O, 31.9988 .08453 1.105 48.293 1.40
Pentane, ISO CsHy2 72.1514 .18045 2.480 21.418 1.06
Propane CiHg 44,0972 .11854 1.550 35.044 1.33
04842 0.634
Propylene CaHe 42.081 —47°C _47°C 36.722 1.14
Sulphur Dioxide S0, 64.0630 .16886 2.208 24,122 1.25
@Densily is given for gas at 14.73 psia and 60°F unless noted.
(@ Specific gravity used air at 14.73 and 60°F as base conditions.
Alr Density
Temperature Air Denaity TPM/FT3
of o 14,73 100 200 300 400 500 800 700 800 900 1000 1100
PSIA PSIA PSIA PSIA PSIA PSIA PSIA PSIA PSIA PSIA PSIA PSIA
-40 -40 0.0949 | 0.6488 | 1.3087 | 1.9796 | 2.661 3.3525 | 4.0533 | 4.7628 | 5.4768 | 6.2031 | 6.9315 | 7.6632
-20 -29 0.0905 | 0.6182 | 1.245 1.8799 | 2.5227 | 3.1728 | 3.8295 | 4.492 5.1594 | 5.8308 | 6.5051 | 7.1811
0 -17.8 0.0866 | 0.5905 | 1.1875 | 1.7906 | 2.3995 | 3.0135 | 3.6321 | 4.2547 | 4.8805 | 5.5086 | 6.1382 | 6.7684
20 - 6.7 | 00830 | 0.5652 | 1.1353 | 1.71 22887 | 2.8711 | 3.4567 | 4.0447 | 46347 | 5.2258 | 5.8175 | 6.409
40 4.4 0.0797 | 0.5421 | 1.0878 | 1.6368 | 2.1886 | 2.7429 | 3.2992 | 3.857 4.4157 | 4.9748 | 5.5338 | 6.092
60 15.6 0.0765 | 0.5208 | 1.0442 | 1,5699 | 2.0974 | 2.6266 | 3.1569 | 3.6879 | 4.2191 | 4.7502 | 5.2805 | 5.8098
80 26.7 0.0737 | 0.5012 | 1.0041 | 1.5085 | 2.0141 | 2.5205 | 3.0275 | 3.5347 | 4.0416 | 4.5478 | 5.0529 | 5.5567
100 37.8 0.0711 | 0.4829 | 0.9670 | 1.4519 | 1.9375 | 2.4234 | 2.9093 | 3.3949 | 3.8798 | 4.3637 | 4.8464 | 53274
120 49 0.0687 | 0.4660 | 0.9327 | 1.3997 | 1.8668 | 2.3339 | 2.8006 | 3.2666 | 3.7316 | 4.1954 | 4.6577 | 5.1184
140 60 0.0664 | 0.4503 | 0.9007 | 1.3511 | 1.8013 | 2.2511 | 2.7001 | 3.1482 | 3.5951 | 4.0406 | 4.4845 | 4.9265
160 71 0.0841 | 0.4356 | 0.871 1.3061 | 1.7406 | 2.1744 | 2.6073 | 3.0391 | 3.4695 | 3.8985 | 4.3257 | 4.7509
180 82 0.0621 | 0.4218 | 0.8432 | 1.264 1.684 2.103 2.521 2.938 3.3529 | 3.7665 | 4.1783 | 4.5882
200 83 0.06802 | 0.4089 | 0.8171 | 1.2246 | 1.6311 | 2.0364 | 2.4405 | 2.8432 | 3.2444 | 3.6439 | 4.0417 | 44375
220 104 0.0585 | 0.3967 | 0.7927 | 1.1877 | 1.5815 | 1.9741 | 2.3654 | 2.7551 | 3.1432 | 3.5296 | 3.9144 | 4.2972
240 116 0.0568 | 0.3853 | 0.7697 | 1.1529 | 1.5349 | 1.9156 | 2.2948 | 2.6725 | 3.0485 | 3.4228 | 3.7953 | 4.1658
260 127 0.0552 | 0.3745 | 0.7480 | 1.1202 | 1.4911 | 1.8606 | 2.2288 | 2.5956 | 2.9608 | 3.3239 | 3.6846 | 4.0424
280 138 0.0537 | 0.3644 | 0.7275 | 1.0893 | 1.4497 | 1.8088 | 2.1666 | 2.5231 | 2.8779 | 3.2306 | 3.5803 | 3.9264
300 149 0.0523 | 0.3547 | 0.7081 | 1.0601 | 1.4107 | 1.7599 | 2.1078 | 2.4546 | 2.7997 | 3.1424 | 3.4819 | 3.8174
320 160 0.0510 | 0.3456 | 0.6898 | 1.0325 | 1.3737 | 1.7136 | 2.0523 | 2.3897 | 2.7256 | 3.059 3.389 3.7147
340 171 0.0497 | 0.3369 | 0.6724 | 1.0063 | 1.3388 | 1.6698 | 1.9997 | 2.3283 | 2.6553 | 2.98 3.3013 | 3.6184
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Vapor Pressure of Water

VAPOR PRESSURE OF WATER (psia)

°F psia °F psia °F psia
32 .088 100 .950 160 4.741
40 122 105 1.102 165 5.335
45 .148 110 1.275 170 5.992
50 178 115 1.470 175 6.715
55 214 120 1.693 180 7.510
60 .256 125 1.942 185 8.383
65 .306 130 2223 190 9.339
70 .363 135 2.537 195 10.385
75 430 140 2.889 200 11.526
80 .507 145 3.281 205 12.769
85 .596 150 3.718 210 14.123
90 .698 155 4203 212 14.696

95 815

Critical Pressures of Some Common Liquids
Bar Bar
Liquid psia Absolute Liquid psia Absolute

Acetic Acid 840 58.0 Hexane 433 29.9
Acetic Anhydride 676 46.6 Hydrogen 188 13.0
Acetone 691 47.6 Hydrogen Sulphide 1308 90.1
Acetylene 911 62.9 Isopropyl Alcohol 779 53.8
Air 547 37.7 Methane 673 46.4
Ammonia 1638 113.0 Methyl Alcohol 1156 79.8
Benzene 701 48.3 Methyl Chloride 967 66.7
Bromine 1485 102.3 Nitrogen 492 33.9
Butadiene 627 43.3 Octane 362 25.0
Butane 529 36.5 Oxygen 730 50.4
Butyl Alcohol 71 49.0 Pentane 485 33.5
Carbon Dioxide 1072 74.0 Phenol 889 61.3
Carbon Tetrachloride 661 45.6 Propane 617 42.6
Dowtherm A 465 32.1 Propylene 661 45.6
Dowtherm E 465 32.1 Propyl Alcohol 735 50.7
Ethane 717 49.5 Propyl Chloride 664 45.8
Ethy! Alcohol 927 64.0 Pyridine 882 60.8
Ethyl Chloride 2750 190.0 Pyridine Pure 882 60.8
Ethylene 742 51.2 Toluene 611 421
Heptane 394 27.2 Water 3206 221.0
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Physical Constants of Various Fluids

Boiling Point

Specific Gravity

Molecular at 14.696 Liquid Gas
Fluid Formula Weight psia °F (Water=1.00) (Air=1.00)

Acetic Acid HC,H,0, 60.05 245 1.05
Acetone C;HO 58.08 133 0.79 2.01
Acetylene C.H, 26.03 -119 0.62 0.90
Air N,O, 28.97 -317 0.86 1.00
Alcohol, Ethyl C,HsO 46.07 173 0.789 1.59
Alcohol, Methyl CH,O 32.04 148 0.791 1.1
Ammonia NH,4 17.03 -28 0.62 0.59
Ammonium Chloride* NH,CI 1.07
Ammonium Hydroxide* NH,OH 0.91
Ammonium Sulfate* {NH,),SO, 1.15
Aniline CeH;N 93.12 365 1.02
Argon A 39.94 -302 1.65 1.38
Benzene CeHg 78.08 176 0.88 2.70
Bromine Br, 159.84 138 2.93 5.52
Butane CyHyo 58.10 31 0.58 2.07
Calcium Carbonate* CaCo, 1.48
Calcium Chloride* CaCl, 1.23
Calcium Hydroxide* Ca(OH), 1.31
Carbon Dioxide Co, 44.01 -109 1.52
Carbon Disulfide CS, 76.10 115 1.29 2.63
Carbon Monoxide co 28.01 -314 0.80 0.97
Carbon Tetrachloride CCl, 153.84 170 1.59 5.31
Chlorine Cl, 70.91 -30 1.42 2.45
Chromic Acid H,CrO, 118.03 1.21
Citric Acid CegHsO7 192.12 1.54
Copper Sulfate* Cuso, 1.17
Cyclohexane CeHis 84.13 177 0.78 2.91
Cyclopentane C:H,, 70.10 121 0.75 242
Diethylamine (C,H;),NH 73.12 133 0.71
Ethane C,Hsg 30.05 -128 0.57 1.05
Ethyl Chloride C,H:Cl 64.50 55 0.90 2.22
Ethylene C,H, 28.04 -155 0.97
Ferric Chloride* FeCl, 1.23
Flourine F, 38.00 -305 1.1 1.31
Formaldehyde H,CO 30.03 -6 0.82 1.08
Formic Acid HCO,H 46.03 214 1.23
Freon CCl,F, 120.90 -18 1.35 417
Furfural C:H,0, 96.08 324 1.16
Gasoline CeHi4 86.20 145
Glycerine C,Hg04 92.09 554 1.26
Glycol C,H0, 62.07 387 1.1
Helium He 4.003 -454 0.18 0.14
Heptane C;His 100.20 209 0.69 3.46
Hexane CeHy. 86.14 156 0.66 2.98
Hydrochloric Acid HCI 36.47 -115 1.64
Hydrofluoric Acid HF 20.01 66 0.92
Hydrogen H, 2.016 -422 0.07 0.07
Hydrogen Chloride HCI 36.47 -115 1.26
Hydrogen Peroxide H,0, 34.016 185 1.44
Hydrogen Sulfide H,S 34.07 -76 0.79 1.17
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Physical Constants of Various Fluids (Continued)

Specific Gravity

Boiling Point
. Molecular at 14.696 Liquid Gas
Fluid Formula Weight psia °F (Water=1.00) (Air=1.00)

Isopropyl Alcchol C3H;0 60.09 180 0.78 2.08
Kerosene CyH,0 128.30 278 0.75
Magnesium Chloride* MgCl, 1.22
Magnesium Hydroxide* Mg{OH), 1.34
Mercury Hg 200.61 670 13.60 6.93
Methane CH, 16.04 -259 0.43 0.56
Methyl Bromide CHBr 94.95 38 1.73 3.27
Methyl Chloride CH,CI 50.49 -1 0.99 1.74
Methyl Ethyl Ketone CH3CH,COCH;,4 72.10 176 0.81
Naphthalene CioHs 128.16 424 1.14 4.43
Nitric Acid HNO, 63.02 187 1.50
Nitrobenzene CH;NO, 123.08 410 1.20
Nitrogen N, 28.02 -320 0.81 0.97
Nitrous Oxide N,O 4410 -126 1.98 1.52
Octane CgHig 114.20 258 0.71 3.94
Oxygen O, 32.00 -297 1.14 1.105
Pentane C:H,s 72.12 97 0.63 2.49
Phenol C¢HsOH 94.10 358 1.07
Phosphoric Acid HsPO, 98.00 415 1.83
Potassium Chloride* KCI 1.16
Potassium Hydroxide™ KOH 1.24
Propane C.H, 44.10 -44 0.59 1.55
Sodium Carbonate* Na,CO;, 1.38
Sodium Chloride* NaCl 1.19
Sodium Hydroxide™ NaCH 1.27
Sodium Sulfate* Na,SO, 1.24
Sodium Thiosulfate* Na,S,04 1.23
Starch {CeH1605)x 1.50
Styrene CyHs 104.10 293 0.91 3.60
Sugar Solutions* C12H3044 1.10
Sulfur Dioxide SO, 64.60 14 1.39 2.21
Sulfuric Acid H,S0, 98.08 626 1.83
Tetraethyl Lead Pb(C,Hs), 323.40 195 1.66
Toluene C;Hg 92.10 231 0.87 3.18
Trichloroethylene CHCI:CCI, 131.40 188 1.46
Water H,O 18.016 212 1.00 0.62
Zinc Chloride* ZnCl,
Zinc Sulfate ZnSO,

* Aqueous solution - 25% by weight of compound
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Properties of Saturated Water

Temperature Density SGr.::ﬁﬂlc Viscosity Temperature Density SG;:eczﬂc Viscosity
oF o Ibm/FT3 o | centipolse oF pvs lbm/FT? o | centipoise
165 60.8909 9763 .380
az2 0.0 62.4140 1.0007 1.75 170 77 60.7862 9746 .366
33 0.6 62.4167 1.0007 1.72 175 60.6789 8729 353
34 1.1 62.4191 1.0008 1.69 180 82 60.5693 9717 341
35 1.7 62.4212 1.0008 1.68 185 60.4573 9693 330
36 2.2 62.4229 1.0008 1.63 190 88 60.3430 9675 318
37 2.8 62.4242 1.0009 1.61 195 60.2265 9656 .308
38 3.3 62.4252 1.0009 1.58 200 93 60.1076 8837 .300
39 3.9 62.4258 1.0009 1.55 205 59,9866 9618 291
40 4.4 62.4261 1.0009 1.53 210 99 59,8635 9508 .282
41 5.0 62.4261 1.0009 1.50 215 59.7382 9578 274
42 5.6 62.4257 1.0009 1.48 220 104 59.6108 9558 267
43 6.1 62.4251 1.0009 1.45 225 59.4813 9537 .259
44 6.7 62 4241 1.0009 1.43 230 110 59,3457 9516 252
45 7.2 62.4229 1.0008 1.41 235 59.2181 0494 246
46 7.8 62.4213 1.0008 1.38 240 116 59.0804 9472 238
47 8.3 62.4194 1.0008 1.36 245 58.9428 9450 233
48 8.9 62.4173 1.0007 1.34 250 121 58.8031 9428 228
49 9.4 62.4149 1.0007 1.32 255 58.6614 9405 222
50 10.0 62,4122 1.0007 1.30 260 127 58.5177 9382 217
51 10.6 62.4092 1.0008 1.28 265 58.3720 9359 212
52 111 62.4059 1.0006 1.26 270 132 58.2244 8335 207
53 1.7 62.4024 1.0005 1.24 275 58.0747 9311 .203
54 12.2 62.3986 1.0004 1.22 280 138 57.9231 9287 188
55 12. 62.3946 1.0004 1.20 285 57.7695 9262 194
56 13.3 62.3903 1.0003 1.19 290 143 57.6139 9237 180
57 13.9 62.3858 1.0002 1.17 295 57.4563 9212 .186
58 14.4 62.3810 1.0002 1.15 300 149 57.2966 9186 183
59 15.0 62.3760 1.0001 1.14 305 57.1350 9161 179
60 15.6 62.3707 1.0000 112 310 154 56.9713 9134 176
61 16.1 62.3652 .9999 1.10 315 56.8056 9108 72
62 16.7 62.3595 .9998 1.09 320 160 56.6378 9081 .169
63 17.2 62.3535 9997 1.07 325 56.4680 8054 166
64 17.8 62.3474 9996 1.06 330 166 56.2960 8026 163
65 18.3 62.3410 9995 1.04 335 56.1220 .8998 160
66 189 62.3344 9994 1.03 340 171 55.9458 .8970 157
67 19.4 62.3275 9993 1.02 345 55.7674 .8941 .155
68 20.0 £62.3205 9992 1.00 350 177 55.5859 .B912 152
69 20.6 62.3132 .9991 .988 355 55.4042 .8883 150
70 21.1 62.3058 .9990 975 360 182 55.2192 8853 147
71 21.7 62,2981 .9988 962 365 55.0320 .8823 145
72 22.2 62.2902 9987 950 370 188 54,8424 8793 143
73 228 62.2822 9986 937 375 54.6506 8762 141
74 233 62.2739 9984 925 380 193 54.4563 8731 138
75 23.9 62.2654 .9983 913 385 54,2597 8700 137
76 244 62.2568 .g982 802 390 199 54,0806 .8668 135
77 25.0 62.2479 .9980 .890 395 53.8590 8635 133
78 256 62.2389 .9979 .879 400 204 53.6548 .8603 131
79 26.1 62 2297 8977 .868 405 53.4481 .8569 .129
80 26.7 62.2203 9976 .B57 410 210 53.2387 8536 127
81 27.2 622107 9974 .847 415 53.0267 8502 126
82 27.8 62.2009 .89973 837 420 216 52.8119 .B4B7 124
83 28.3 62.1910 9971 .826 425 52.5942 .8433 122
84 28.9 62.1809 .9970 .B16 430 221 52.3737 .8397 21
85 29.4 62.1708 9968 807 435 52,1503 .B361 119
20 322 62.1166 9959 761 440 227 51.9238 .8325 118
95 35.0 62.0585 .9950 718 445 51.6942 .8288 116
100 378 61.9964 .9940 .680 450 232 51.4615 8251 115
105 61.9307 .9929 645 455 51.2255 .B213 114
110 43.0 61.8612 9918 612 460 238 50.9862 8175 112
1158 61.7884 .9907 .582 465 50.7434 8136 RN
120 49.0 61.7121 .9894 555 470 243 50.4971 .B086 110
125 61.6326 9882 529 475 50.2472 .B056 .109
130 54.0 61.5500 .9868 505 480 249 49.9935 .8016 .108
135 61.4643 .9855 483 485 49.7359 7974 .106
140 60.0 61.3757 .9840 463 490 254 49,4744 7932 105
145 61.2842 9826 444 495 49.2087 7890 104
150 B66.0 61.1899 .9811 426
155 61.0928 9795 410
160 71.0 60.9932 9779 394
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Viscosity of Water and Steam

Viscosity of Water and Steam—In Centipoise ()
Temperature
°F (°C) 1 2 5 10 20 50 100 200 500 1000
psia psia psia psia psia psia psia psia psia psia
Saturated
Water 667 524 .388 313 .255 197 .164 .138 11 .094
Saturated
Steam .010 .010 .01 .012 012 013 014 .015 .017 .019
1000 (538) .030 .030 .030 .030 .030 030 .030 .030 .030 031
950 (510) 028 .029 .029 .029 .029 .029 029 .029 .029 .030
900 (482) .028 .028 .028 .028 .028 .028 028 .028 .028 .028
850 (454) .026 .026 026 .026 .026 .026 .027 .027 027 .027
800 (427) 025 .025 025 .025 .025 025 025 .025 026 .026
750 (399) .024 .024 024 024 024 .024 .024 024 025 .025
700 (371) 023 .023 023 .023 .023 .023 .023 023 023 024
650 (343) .022 .022 .022 022 022 022 022 .022 .023 .023
600 (316) .021 .021 021 021 021 021 .021 021 .021 021
550 (288) .020 .020 .020 .020 .020 020 .020 .020 .020 .019
500 (260) .019 .018 .019 .019 018 019 .019 .018 .018 .103
450 (232) .018 .018 .018 .018 017 017 017 017 115 116
400 (204) .016 .016 .016 .016 .016 016 016 016 131 .132
350 (177) .015 015 .015 .015 .015 015 015 152 153 .154
300 (149) .014 014 014 014 .014 .014 182 .183 .183 .184
250 (121) .013 013 .013 013 .013 228 .228 228 .228 229
200 ( 93) .012 012 012 012 300 300 .300 .300 .300 301
150 ( 66) 011 .on 427 427 427 427 427 427 427 428
100 (37.8) .680 680 .680 .680 680 .680 .680 .680 .680 .680
50 ( 10) 1.299 1.299 1.299 1.299 1.299 1.299 1.299 1.299 1.299 1.298
32 (0 1.753 1.753 1.753 1.753 1.753 1.753 1.753 1.752 1.751 1.749
Values below the line are for water.
i0
Viscosity of Various Liquids zg EANER !
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18. 10% Calcium Chloride Brine .. ................ 10% CaCl, = , . !
19. 20% Calcium Chloride Brine . .................20% CaCl, = - L ? | ‘\T\ j
Example: The viscosity of ammonia at 40°F is 0.14 centipoise. ——in : | T
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Specific Gravity—
Temperature Relationship for Petroleum Olls

(Reproduced by permission from the Oil and Gas Journal)

=9

¢ R |
‘-: N _— p— :
f \Q\NMENE% SPECIFIC GRAVITY)| i
A SSSSSNaSSSeNYINE
SN NN N A e S | art omavire
2 Cd 1 "-“h S i '
T oA 3 I
5 M~ Se <~ "'\.h
E :-:"--L __‘t:: :QQM::? :L‘-\Lﬁ-““": 1 ;°-‘ — - -":
2 4 NN - 0w s S T ;jm""*-
2 AN i T~ ~ T 2 g —~
3 %\_\ ::‘\ \\ ™~ c:’\:.:‘:\ \\j", %, N it Sy h:;
E % ~ ; ~ ~
=) 6 '\\\\\\\\\L ) ’o\\x\il\ \J’ 7, \'\_ ~ ~
z 2 ¢ b, ° N ~
p \\ :‘{\\Q\ :"\\Q&\'J " \‘\\‘ \&\ \.\
= K S ! i
3 08 N \\\\5. ‘c,~:~ \ . \5': - \.\ \‘ .\“~~ “\\
- AN *, ' NN
2 \'\ :\ . 61, é\;)o %, 7y '\ \\ \‘i 'J\ \\
| e |

= \ L7 Jg_ T \\\ l\ \.‘ \' \
E ‘i : V (-; £ h i CRITICAL TEMPERATURE ‘\
& 63 s o= = : 1 L
st AR
T i - A ;

ST s w P O S N _.J. i _

0 100 200 300 400 SO 500 700 F 900 1000

C,Hg = Ethane
CiHg°Propane
CgH'm = Butane
quH1o =|sobutane

iCsH,; = Isopentane

Example: The specific gravity of an oil at 60°F is 0.85. The
specific gravity at 100°F =0.83.

To find the weight density of a petroleum oil at its flowing
temperature when the specific gravity at 60°F is known, multip-
ly the specific gravity of the oil at flowing temperature (see chart
above) by 62.4, the density of water at 60°F.

*Reprinted from Crane Company's Technical Paper 410.

Chart for Specific Gravity versus API Gravity

tor hydrocarbon based products and water gravity © A.P.I.

74

150 130 110 a0 70 S0 30 10 0
1.00
| //
0.90 | [
> | | /
= SR b Vs
> ' ! "4
< 0.80 //
=
U 1
o N0.TO i -
I »
(S
=
I D.60 ‘A/‘"‘/ oApI = l4é_5 - 131.5 —
e o |
0.5 Yomcim — :




Viscosity of Water and Liquid Petroleum Products
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Example: The viscosity of water at 125°F is 0.52 centipoise (Curve No 6).

. Ethane (C;Hg)

. Propane (C3Hg)

. Butane (C4H,0)

. Natural Gasoline
. Gasoline

. Water

. Kerosene

. Distillate

. 48 Deg. AP! Crude

40 Deg. API Crude

. 35.6 Deg. AP! Crude

32.6 Deg. AP! Crude
Salt Creek Crude
Fuel 3 (Max.)

. Fuel 5 (Min))

SAE 10 Lube (100 V.I.
SAE 30 Lube (100 V.I.

Fuel 5 (Max.) or
Fuel 6 (Min.)

SAE 70 Lube {100 V.I. -

Bunker C Fuel (Max.)
and M.C. Residuum

Asphalt
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Flammable Properties of Common Gases and Vapors

CSA Flash Auto LEL % HEL % Vapor

Class 1 Point C Ignition by by Density

Group Temp C | Volume | Volume Air =1
Acetone C -18 465 2.6 12.8 2
Acetylene A Gas 305 2.5 100 0.9
Benzene D -11 560 1.3 7.1 2.8
Butadiene B Gas 420 2 12 1.9
Butane D Gas 405 1.9 8.5 2
1-Butene D -80 385 2
cis-2-Butene D -62 324 1.7 9.7 2
trans-2-Butene D -73 324 1.7 9.7 2
iso-Buty! alcohol D 28 427 1.2 10.9 2.6
(2-methyl 1-propropanol)
tert-Buty! alcohol D 11 480 2.4 8 2.6
Carbon Monoxide C Gas 609 12.5 74 0.96
Cresols D 94 558 1.1
Cumene D 44 425 0.9 6.5 4.1
Cyclohexane D -20 245 1.3 8 2.9
Ethane D Gas 515 3 12.5 1
Ethyl Alcohol (ethanol) D 13 365 3.3 19 1.6
Ethyl Chloride D -50 519 3.8 15.4 2.2
Ethylene C Gas 490 2.7 38 1
Ethylene Cxide B -20 429 3.6 100 1.5
Gasoline D -43 280-471 1.4 7.6 3-4
n-Hexane D -22 222 1.1 7.5 3
Hydrogen B Gas 500 4 75 0.1
Hydrogen Sulphide C Gas 260 4 49 1.2
Isoprene D -54 220 2 9 2.4
Jet Fuel (JP4) C -23 240 1.3 8
Kerosene {#1 Qil) D 38 210 0.7 5
Methane (Natural Gas) D Gas 540 5 15 0.6
Methy! Alcohol D 11 385 6.7 36 1.1
{methanol)
Methylamine D Gas 430 4.9 27 1
Methylene Chloride D 615 15.5 66 2.9
Methyl Mercaptan C 3.9 21.8 1,7
Nonene D
Octene D 21 0.8 6.7 3.9
n-Pentane D -40 260 1.5 7.8 2.5
Petroleum Naptha D -2 278 0.9 6.7 4.1
Phenol D 80 715 3.2
Propane D Gas 450 2.2 9.5 1.6
Propylene D Gas 460 2 11.1 1.5
Styrene D 32 490 1.1 6.1 3.6
Toluene D 4 480 1.2 7.1 3.1
Vinyl Chloride D Gas 472 3.6 33 2.2
Xylene (mixed) D 27 465 1 7 3.7




Compressibility Factor Z

For many real gases subjected to commonly encoun-
tered temperatures and pressures, the perfect gas laws
are not satisfactory for flow measurement accuracy and
therefore correction factors must be used.

Following conventional flow measurement practice, the
compressibility factor Z, inthe equation p, = ZRT, willbe
used. Z can usually be ignored below 100 psi for
common gases.

The value of Z does not differ materially for different
gases when correlated as a function of the reduced
temperature, T, , and reduced pressure, p, , found from
Figures 2 and 3.

Figure 2 is an eniargefnent of a portion of Figure 3.
Valuestaken from these figures are accurate to approxi-
mately plus or minus two percent.

To obtain the value of Z for a pure substance, the
reduced pressure and reduced temperature are calcu-
lated as the ratio of the actual absolute gas pressure and
its corresponding critical absolute pressure and abso-
lute temperature and its absolute critical temperature.

Compressibility Factor, Z
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Reduced Pressure, p,
Figure 2
Compressibility Factors for Gases with
Reduced Pressures from 0 to 6

(Data from the charts of L. C. Nelson and E. F. Obert,
Northwestern Technological Institute)

The compressibility factor Z obtained from the Nelson-Obert charts is generally accurate within 3 to 5 percent. For
hydrogen, helium, neon and argon, certain restrictions apply. Please refer to specialized literature.
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Compressibility
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Figure 3
Compressibility Factors for Gases with Reduced Pressures from 0 - 40

(Reproduced from the charts of L. C. Nelson and E. F. Obert, Northwestern Technological Institute)



Thermodynamic Critical Constants and Density of Elements,
Inorganic and Organic Compounds

Density - Ib/ft? Density - kg/m?® Mol
Element or Compound 14.7 psia & 60°F 1013 mbar & 15.6°C Wit
Liquid Gas Liquid Gas
Acetic Acid, CH,-CO-OH 65.7 1052.4 66.1
Acetone, CH,-CO-CHg 49.4 791.3 58.1
Acetylene, C,H, 0.069 1.11 26.0
Air, O5+N, 0.0764 1.223 29.0
Ammonia, NH, 0.045 0.72 17.0
Argon, A 0.105 1.68 39.9
Benzene, CgHg 54.6 874.6 78.1
Butane, C4Hyq 0.154 2.47 58.1
Carbon Dioxide, CO, 0.117 1.87 440
Carbon Monoxide, CO 0.074 1.19 28.0
Carbon Tetrachloride, CCl, 99.5 1593.9 153.8
Chlorine, Cl, 0.190 3.04 70.9
Ethane, C,Hg 0.080 1.28 30.1
Ethyl Alcohol, C,H;OH 49.52 793.3 46.1
Ethylene, CH2=CH2 0.074 1.19 28.1
Ethyl Ether, C,H5-O-C,H, 44.9 719.3 741
Fluorine, F, 0.097 1.55 38.0
Helium, He 0.011 0.18 4.00
Heptane, C;H,q 42.6 682.4 100.2
Hydrogen, H, 0.005 0.08 2.02
Hydrogen Chloride, HCI 0.097 1.55 36.5
Isobutane, (CH,), CH-CH,4 0.154 2.47 58.1
Isopropyl Alcohol, CH5-CHOH-CH, 49.23 788.6 60.1
Methane, CH, 0.042 0.67 16.0
Methyl Alcohol, H-CH,OH 49.66 795.5 32.0
Nitrogen, N, 0.074 1.19 28.0
Nitrous Oxide, N,O 0.117 1.87 44.0
Octane, CHa-(CH,)g-CHq 43.8 701.6 114.2
Oxygen, O, 0.084 1.35 32.0
Pentane, CgH4, 38.9 623.1 72.2
Phenol, CgH;OH 66.5 1065.3 941
Phosgene, COCl, 0.108 1.73 98.9
Propane, C5Hg 0.117 1.87 441
Propylene, CH,=CH-CH,4 0.111 1.78 421
Refrigerant 12, CCI,F, 0.320 5.13 120.9
Refrigerant 22, CHCIF, 0.228 3.65 86.5
Sulfur Dioxide, SO, 0.173 2.77 64.1
Water, H,0 62.34 998.6 18.0




Thermodynamic Critical Constants and Density of Elements,

Inorganic and Organic Compounds
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Critical Pressure - p, Critical Temperature - T, k *
Element or Compound

psia bar (abs) °F °C Cp/Cv
Acetic Acid, CH4-CO-OH 841 58.0 612 322 1.15
Acetone, CHS-CO-CH3 691 47.6 455 235 -
Acetylene, C,H, 911 62.9 97 36 1.26
Air. O,+N, 547 37.8 -222 -141 1.40
Ammonia, NH, 1638 113.0 270 132 1.33
Argon, A 705 48.6 -188 -122 1.67
Benzene, CgHg 701 48.4 552 289 1.12
Butane, C4Hyq 529 36.5 307 153 1.09
Carbon Dioxide, CO, 1072 74.0 88 31 1.30
Carbon Monoxide, CO 514 35.5 -218 -139 1.40
Carbon Tetrachloride, CCl, 661 45.6 541 283 -
Chlorine, Cl, 1118 77.0 291 144 1.36
Ethane, C,Hg 717 49.5 90 32 1.22
Ethyl Alcohol, C,H;OH 927 64.0 469 243 1.13
Ethylene, CH,=CH, 742 51.2 50 10 1.26
Ethyl Ether, C,Hg-O-CoH; 522 36.0 383 195
Fluorine, F, 367 25.3 -247 -155 1.36
Helium, He 33.2 2.29 -450 -268 1.66
Heptane, C;H,q 394 27.2 513 267 -
Hydrogen, H, 188 13.0 -400 -240 1.41
Hydrogen Chloride, HCI 1199 82.6 124 51 1.41
Isobutane, (CH5) CH-CH,4 544 37.5 273 134 1.10
Isopropyl Alcohol, CH,-CHOH-CH, 779 53.7 455 235 -
Methane, CH, 673 46.4 -117 -83 1.31
Methyl Aicohol, H-CH,OH 1156 79.6 464 240 1.20
Nitrogen, N, 492 34.0 -233 -147 1.40
Nitrous Oxide, N,O 1054 727 99 37 1.30
Octane, CH,-(CH,)g-CH, 362 25.0 565 296 1.05
Oxygen, O, 730 50.4 -182 -119 1.40
Pentane, CgHy 485 33.5 387 197 1.07
Phenol, C;H;OH 889 61.3 786 419
Phosgene, COCI, 823 56.7 360 182
Propane, C5Hg 617 42.6 207 97 1.13
Propylene, CH,=CH-CH,4 661 45.6 198 92 1.15
Refrigerant 12, CCI,F, 582 40.1 234 112 1.14
Refrigerant 22, CHCIF, 713 49.2 207 97 1.18
Sulfur Dioxide, SO, 1142 78.8 315 157 1.29
Water, H,O 3206 221.0 705 374 1.32

* Standard Conditions




Properties of Steam

US Customary Units

Saturated Superheated: Total Temperature - °F

Abs. | Gauge _Sat. S 360 | 400 | 440 | 4 600 | 70 1
P p Temp. at 80 500 0 800 900 000

v 2680 | 33.03| 34.68 6.32 | 37. 3878 | 4286| 46.94| 51.00 .07 :
14.696 0.0 | 212.00 ® % 5507 | 59.13

hg | 1150.4 | 1221.1| 1239.9 | 1258.8 | 1277.6 | 1287.1 | 1334.8 | 1383.2 | 1432.3 | 1482.3 | 1533.1

v 2008 | 2421| 2543| 2665 | 27.86| 28.46| 31.47| 34.47| 37.46| 4045 | 43.44
20.0 53 | 227.96

hg | 1156.3 | 1220.3| 1239.2} 1258.2 | 1277.1 | 1286.6 | 1334.4 | 1382.9 | 1432.1 | 14821 | 1533.0

V | 13.746 | 16.072| 16.897 | 17.714 | 18.528 [ 18.9 20. 22, 2496 | 26.95 | 289
30.0 153 | 250.33 33 095 % 9 N

hg | 1164.1 | 1218.6| 1237.9| 1257.0 | 1276.2 | 12857 | 1333.8 | 1382.4 | 1431.7 | 1481.8 | 1532.7

v | 10498 | 12.001| 12628 | 13.247 | 13862 | 14.168 | 15.688 | 17.198 |18.702 | 20.20 | 21.70
40.0 253 | 267.25 28 ° 3862 8 °

hg | 1169.7 | 1216.9| 1236.5 | 1255.9 | 1275.2 | 1284.8 | 1333.1 [ 1381.9|1431.3 | 14814 | 1532.4
50.0 353 | 28101 v 8515 | 9.557| 10.065| 10.567 | 11.062 | 11.309 [ 12.532 | 13.744 [ 14.950 | 16.152 | 17.352

) ) hg | 1174.1 | 1215.2| 12351 | 1254.7 | 12742 | 1283.9 | 1332.5 | 1381.4 |1430.9 | 1481.1 | 1532.1

v 71475 | 7927 88357| 8779 | 9.196 | 9403 | 10.427 | 11.441 |12.449 | 13.452 | 14.454
60.0 453 | 292.71

hg | 1177.6 | 1213.4| 12336 | 12535 | 12732 | 1283.0 | 1331.8 | 1380.9 | 1430.5 | 1480.8 | 1531.9

v 6.206 | 6.762| 7.136| 7502 | 7.863 | 8041| 8924| 9.796|10.662 | 11.524 | 12.383
70.0 55.3 | 302.92

hg | 1180.6 | 1211.5| 1232.1 | 1252.3 | 12722 | 1282.0 | 1331.1 | 1380.4 | 1430.1 | 1480.5 | 1531.6

v 5472 | 5888| 6220 6544 | 6862 | 7.020| 7.797| 8562 9.322 | 10.077 | 10.830
80.0 65.3 | 312.03

hg | 1183.1 | 1209.7 | 1230.7 | 1251.1 | 1271.1 | 1281.1 | 1330.5 | 1379.9 | 1429.7 | 1480.1 | 1531.3

v 4896 | 5.208| 5508| 5799 | 6.084 | 6225| 6920 7.603| 8.279| 8952 | 9.623
90.0 753 | 32027

hg | 11853 | 1207.7| 1229.1 | 1249.8 | 1270.1 | 1280.1 | 1329.8 | 1379.4 | 1429.3 | 1479.8 | 1531.0

v 4432 | 4663| 4037 5202 | 5462 | 5589 | 6218| 6.835| 7.446 | 8.052 | B.656
100.0 853 | 327.81

hg | 1187.2 | 1205.7 | 1227.6 | 1248.6 | 1269.0 | 1279.1 | 1329.1 | 1378.9 | 1428.9 | 1479.5 | 1530.8

v 3728 | 3844 4.081| 4307 | 4527 | 4636| 5165| 5683 | 6.195| 6702 | 7.207
1200 | 1053 | 341.25

hg | 1190.4 | 1201.6| 1224.4 | 1246.0 | 1266.9 | 1277.2 | 1327.7 | 1377.8 | 1428.1 | 1478.8 | 1530.2

v 3.220 | 3.258| 3468 | 3.667| 3860 | 3.954| 4413 | 4861 | 5301 5738 | 6.172
140.0 | 1253 | 353.02

hg | 1193.0 | 11973 1221.1| 12433 | 12647 | 1275.2 | 1326.4 | 1376.8 | 1427.3 | 1478.2 | 1528.7

v 2.834 | seemceoees 3008 | 3.187| 3359 | 3443 3849| 4244 4831 | 5015 | 5.39
160.0 | 1453 | 363.53

hg | 11951 | --eeeeee 1217.6 | 12406 | 1262.4 | 1273.1 | 1325.0 | 1375.7 [1426.4 | 1477.5 | 1529.1

Vv 2.532 | -eemeeee- 2649 | 2813 | 20969 | 3.044| 3411| 3764 | 4110 | 4452 | 4792
180.0 | 1653 | 373.06

hg | 1196.9 [ --------- 12140 | 1237.8 | 1260.2 | 1271.0 | 1323.5 | 1374.7 [ 1425.6 | 1476.8 | 1528.6

v 2.288 | -eerees 2631| 2513 2656 | 2.726| 3.060| 3.380| 3.693 | 4.002 | 4.309
2000 | 1853 | 381.79

hg | 1198.4 -| 12103 | 12349 | 1257.8 | 1268.9 | 1322.1 [ 1373.6 [1424.8 | 1476.2 | 1528.0

v 2.087 | woeeemes 2125 | 2267 | 2400 | =2465| 2772 3.066| 3.352 | 3634 | 3.913
2200 | 2053 | 389.86

hg | 1199.6 | -----mme 1206.5 | 1231.9 | 1255.4 | 1266.7 | 1320.7 | 1372.6 | 1424.0 | 1475.5 | 15275

v 1.918 2062 | 2187 | 2247| 2533| 2.804] 3.068 | 3.327 | 3.584
2400 | 2253 | 397.37

hg | 1200.6 1228.8 | 1253.0 | 1264.5| 1319.2 | 1371.5 [ 1423.2 | 1474.8 | 1526.9

v 1.774 1.8882 | 2.006 | 2063 | 2.330| 2582| 2.827 | 3.067 | 3.305
260.0 | 2453 | 404.42

hg | 1201.5 [ -oeeeeeee | coveceenm 1225.7 | 12505 | 1262.3 | 1317.7 | 1370.4 [ 1422.3 | 1474.2 | 1526.3

Vv 1651 | woeemenee | woneeene 1.7388 | 1.8512 | 1.9047 | 2156 | 2.392| 2621 | 2.845 | 3.066
280.0 | 265.3 | 411.05

hg | 1202.3 | -eoeoeee | oo 12224 | 1247.9 | 1260.0 | 1316.2 | 1369.4 | 1421.5 | 1473.5 | 1525.8

v 1.543 | womemeeees | cceeenes 1.6090 | 1.7165 | 1.7675| 2.005| 2227 | 2.442| 2.652 | 2.859
3000 | 2853 | 417.33

hg | 1202.8 | -reeeees | wocemeee 1219.1 | 12453 | 1257.6 | 1314.7 | 1368.3 | 1420.6 | 1472.8 | 1525.2

Y LF:Z:E: ) [R— 1.4950 | 1.5985 | 1.6472 | 1.8734 | 2.083| 2.285 | 2.483 | 2.678
3200 | 3053 | 423.29 ;

hg | 1203.4 |- 12156 | 12426 | 12552 | 1313.2 | 1367.2 | 1419.8 | 1472.1 | 1524.7

Y [RcI: 3 [—— 1.3941 | 1.4941 | 15410 | 1.7569 | 1.9562 | 2.147 { 2.334 | 2,518
3400 | 3253 | 428,97

hg | 1203.7 | wreereees [ ooreneees 12121 | 1239.9 | 1252.8 | 13116 | 1366.1 | 1419.0 | 1471.5 | 1524.1

v 1.289 | -oomemmes [ mooeeoeee 1.3041 | 1.4012 | 1.4464 | 1.6533 | 1.8431 | 2,025 | 2202 | 2.376
360.0 | 3453 | 434.40

hg | 1204.1 | -eoeeee | 2emeeeeee 1208.4 | 1237.1 | 1250.3 | 1310.1 | 1365.0 | 1418.1 | 1470.8 | 1523.5

* V = Specific volume, cubic feet per pound

hg =total heat of steam, Btu per pound
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Properties of Steam (continued)

US Customary Units

Saturated Superheated: Total Temperature - °F
Abs. | Gauge Sat. | 3
* i
p' p Temp. \ Sat 500 | 540 600 640 660 700 (740 | 800 800 | 1000
; i
v 112 361 A444 | 15 1.6345 1.6707 | 1.7419| 1.8118 [1.914 2, -
3800 | 3653 | 439.60 22 | 1.3616| 1.444 3605 63 9 083 | 2.249
hg 1204.3 { 1247.7| 1273.1 | 13085 | 1331.0 1342.0 | 1363.8 | 1385.3 | 1417.3 | 1470.1 1523.0
CoA. ) . & 1.54 . 1. . 1. . -3
400.0 853 | 44459 vV o 1.161 | 1.2851] 1.3652 | 1.4770 5480  1.5827 6508 | 1.7177 | 1.8161 19767‘ 2.134
hg ;12045 | 12451 1271.0 1306.9 | 1329.6 1340.8 | 1362.7 | 1384.3 | 1416.4 | 1469.4 | 1522.4
v 1.1 2158 1.2935 | 1.4014 | 1.4 1.5030 | 1.5684 | 1.6324 [1.7267 | 1.8802 ' 2.031
4200 | 4053 | 449.39 06 | 1 0 697 5684 | 1 6 8 03
hg ' 1204.6 | 1242.5| 1268.9 [ 1305.3 | 1328.3 1339.5 | 1361.6 [ 1383.3|1415.5 | 1468.7 . 1521.9
1.0 A . ‘ . . 4934 | 1. 6454 | 1.792 .
4400 | 4253 | 4s4.02 Vv 55 | 1.1526| 1.2282 | 1.3327 | 1.3984  1.4306 | 1.4934 | 1.5549 |1.645 925 1.9368
hg 1204.6 | 1239.8| 1266.7 | 1303.6 | 1326.6  1338.2 | 1360.4 | 1382.3 |1414.7 | 1468.1 1521.3
v . . 1. 2698 | 1. 1. 1.42 1.4 5 ) .
4600 | 4453 | 45850 1.009 | 1.0948| 1.1685 | 1.2698 3334 3644 50 842 15711 | 1.7124 [ 1.8508
hg 1204.6 | 1237.0| 12645 | 13020 | 13254 13369 | 1359.3 | 1381.3 |1413.8 | 1467.4 - 1520.7
v 0.967 | 1.0417| 1.1138] 12122 | 1.2737 1.3 1. 4193 | 1.5031 | 1.6390 : 1.772
4800 | 4653 | 4s2.82 6 0 038 3622 | 1.41 5031 | 1.639 : 0
hg 12045} 12342 12623 | 1300.3 | 1324.0 1335.6 | 1358.2 | 1380.3 | 1412.9 | 1466.7 ' 1520.2
Y 0.827 | 0.9927| 1.0633| 1.1591 | 1.21 1.2478 | 1.3044 | 1.3596 | 1.4405 | 1.5715 : 1.6996
500.0 | 485.3 | 467.01 88 %0 1.3596 515 *
hg | 1204.4 | 1231.3| 1260.0 | 1298.6 | 1322.6 1334.2 | 1357.0 | 1379.3 | 1412.1 | 1466.0 | 1519.6
Y 891 | 0.9473| 1.0166 | 1.11 1.1681  1.1962 | 1.2511 | 1.3045 | 1. 5001 . 1.
5200 | 5053 | 471.07 0.891 | 0.9473] 1.01 01 16 962 | 1.2 053 3826 | 1.5091 ; 1.6326
hg 1204.2 | 1228.3| 1257.7 | 1296.9 | 1321.1 ° 13329 | 1355.8 | 1378.2 |1411.2 | 1465.3 1519.0
' ! 0.857 | 0. 0.9733 | 10646 | 1.1211  1.1485| 1.2017 { 1. :1.3291 | 1.4514 : 1.5707
540.0 5253 | 475.01 V | 0.857 | 0.9052 646 0 1.2535 | 5
hg ' 1204.0 | 12253 12554 | 12952 | 13197 1331.5 | 1354.6 | 1377.2 1 1410.3 | 1464.6 1518.5
v 826 | 0.86 9330 [ 1.0224 | 1.077 1.1 1558 | 1. 112794 | 1.3978 - 1.5132
560.0 5453 | 478.85 0.8 0.8659 | 0.93 5 041 | 1.1558 | 1.2060 ' 1.27 8 1513
hg 1203.8 | 12222 1253.0 | 1293.4 | 13182 1330.2 | 1353.5 | 1376.1 - 1409.4 | 1463.9 = 1517.9
v 7 0.8291| 0.8954 | 0. 1, 1.0827 | 1.1 1.1619 '1.2331 | 1.3479 ' 1.4
580.0 s653 | 48258 0.797 8954 | 0.9830 0368  1.08 1.1131 9‘1 33 | 1.4596
hg 1203.5 | 1219.0| 1250.5 | 1291.7 | 1316.7 1328.8 | 1352.3 | 1375.1 . 1408.6 | 14632 1517.3
0.769 | 0.7947] 0. . . 0241 | 1.07 1207 1.1 1.3013 i 1,
6000 | 5853 | 48621 v | 0.7947 | 0.8602 | 0.9463 09988; 1.02 0732 | 1.12 : 899 | 1.3013 | 1.4096
hg :1203.2 | 1215.7| 1248.1 | 1289.9 | 13152 © 13274 | 1351.1 | 1374.0 | 1407.7 | 1462.5 : 1516.7
v . 7624 | 0. . . ©0.9880 | 1. . i1, . i1
6200 | 6053 | 489.75 0.744 | 0.7624 | 0.8272 | 0.9118 | 0.9633 ' 0.98 0358 | 1.0821.11.1494 12577; 3628
hg 1202.9 | 12124 | 12455 | 1288.1 | 13137 1326.0 | 1349.9 | 1373.0 - 1406.8 | 1461.8 : 1516.2
v . . N; ) .9299 . 0.9541 | 1. . 11 2168 | 1.31
6400 6253 | 493.21 0.719 | 0.7319] 0.7962 | 0.8785 | O _ 0.95 1.0008 10459:1 5(1.2 68‘1 90
hg . 1202.5 | 1209.0 | 1243.0 | 1286.2 | 1312.2 | 1324.6 | 1348.6 | 1371.9 '1405.9 | 1461.1 | 1515.6
v 0.697 | 0.7032| 0.7670 | 0.8491 | 0.8985 = 0.9222 | 0.9679 | 1.0119 1.0759 | 1.1784 , 1.277
€60.0 6453 | 496.58 : 0.76 ol | 8
hg  1202.1 1284.4 | 13106 | 1323.2 | 1347.4 | 1370.8 1405.0 | 1460.4 ' 1515.0
v 0.67 . . L0 . ) 0424 | 1.1423 |1,
680.0 6653 | 490.88 - 0875 0.8205 086905 0.8922 | 0.9369 | 0.9800 1 3 11.2390
hg @ 12017 1282.5 | 1308.1 i 1321.7 | 1346.2 | 1369.8 1404.1 | 1459.7 | 1514.5
v X 7 . ©o0. 9077 | 0.9498 1.01 . .
200.0 6853 | 50810 0.655 0.7934 | 0.8411 ‘ 0.8639 | 0.9077 | 0.9498 1.0108 | 1.1082 | 1.2024
hg i 1201.2 1280.6 | 1307.5 | 1320.3 | 1345.0 | 1368.7 1403.2 | 1459.0 | 1513.9
vV oo ) ) ;0. 84 . ) . .
50.0 7353 | 51086 . 0609 0.7319 0.7778 . 07996 | 0.8414 | 0.8813 0.9391 | 1.0310 | 1.1196
hg ' 1200.0 1275.7 | 1303.5 | 1316.6 | 1341.8 | 1366.0 1400.9 | 1457.2 | 1512.4
Lo 677 ) | 074 ) ) . ) .
8000 7853 | s18.23 v | 0.568 0.6779 072231 0.7433 | 0.7833 | 0.8215 . 0.8763 | 0.9633 | 1.0470
hg ' 1198.6 1270.7 | 1299.4 © 1312.9 | 1338.6 | 1363.2 1398.6 | 1455.4 | 1511.0
V | 0532 0.6301 | 0.6732 | 0.6934 | 0.7320 | 0.7685 0.8209 | 0.9037 | 0.
850.0 | 835.3 | 525.26 4‘ 30 | 3 &8 9830
hg ' 1197.1 1265.5 | 1295.2 1 1309.0 | 1335.4 | 1360.4 1396.3 | 1453.6 | 1509.5
vV | 0.500 0.587 6294« 0. .686 7215 0.7716 | 0.8506 | 0.
9000 | 8853 | s31.98 I 5873 | 0 | 0.6491 | 0.6863 | 0.7215 0.7 8506 | 0.9262
hg {11954 1260.1 | 1290.9 | 13051 | 1332.1 | 1357.5 1393.9 | 1451.8 | 1508.1
v 0.471 .54 0.5901 | 0.6092 | 0.64 6793 0.727 .8031 | 0.
o500 | 9353 | s38.42 \ 0.5489 590 | 0.6092 | 0.6453 | 0.679: 5 | 0.8031 | 0.8753
hg | 1193.7 1254.6 | 1286.4 | 1301.1 | 1328.7 | 1354.7 1391.6 | 1450.0 | 1506.6
V| 0445 | cemeen | e 0.5140 | 0.5546 | 0.5733 | 0.6084 | 0.6413 0.68 .7604 | 0.8294
1000.0 985.3 | 544.61 { | 0.6878 | 0.7604 | 0.829
hg |1191.8 seeeseseem | eeeeeee | 1248.8 | 12819 | 1297.0 | 1325.3 | 1351.7 1389.2 | 1448.2 | 1505.1
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* V = Specific volume, cubic feet per pound

hg = total heat of steam, Btu per pound




Properties of Steam (continued)

US Customary Units

Saturated Superheated: Total Temperature - °F
Abs. | Gauge Sat.
. 9 * Sat 660 | 700 740 760 780 800 | 860 900 | 1000 | 1100 | 1200
P P Temp.

V | 0.4001 | 0.5110| 0.5445 | 0.5755 | 0.5904 | 0.6049 | 0.6191| 0.6601|0.6866 | 0.7503 | 0.8117 | 0.8716
1100.0 | 1085.3 556.31

hg | 1187.8 | 1288.5| 1318.3 | 1345.8 | 1358.9 | 1371.7 | 1384.3! 1420.8| 14445 | 1502.2 | 1558.8 | 1615.2

V | 03619 | 0.4586| 0.4909 | 0.5206 | 0.5347 | 0.5484 | 0.5617| 0.6003| 0.6250 | 0.6843 | 0.7412 | 0.7967
12000 | 11853 | 567.22

hg | 1183.4 | 12796 | 1311.0 | 1339.6 | 1353.2 | 1366.4 | 1379.3| 1416.7| 1440.7 | 1499.2 | 1556.4 | 1613.1

V | 03293 | 0.4139| 0.4454 | 0.4739 | 0.4874 | 0.5004 | 0.5131| 0.5496| 0.5728 | 0.6284 | 0.6816 | 0.7333
1300.0 | 1285.3 | 577.46

hg | 1178.6 | 1270.2| 1803.4 | 1333.3 | 1347.3 | 1361.0| 1374.3| 1412.5|1437.0 | 1496.2 | 1553.9 | 1611.0

V ] 0.3012 | 0.3753| 0.4062 | 0.4338 | 0.4468 | 0.4583 | 0.4714| 0.5061|0.5281 | 0.5805 | 0.6305 | 0.6789
1400.0 | 1385.3 | 587.10

hg | 11734 | 1260.3| 1295.,5 | 1326.7 | 1341.3 | 1355.4| 136C.1| i408.2| 1433.1 | 1493.2 | 1551.4 | 1608.9

\ 0.2765 | 0.3413| 0.3719 | 0.3989 | 0.4114 | 0.4235; 0.4352| 0.4684| 0.4893 | 0.5390 | 0.5862 | 0.6318
1500.0 | 1485.3 | 596.23

hg | 1167.9 | 1249.8| 1287.2 | 1320.0 | 1335.2 | 1349.7 | 1363.8| 1403.9| 1429.3 |{ 1490.1 | 1548.9 | 1606.8

V102548 | 0.3112| 0.3417 | 0.3682 | 0.3804 | 0.3921| 0.4034| 0.4353|0.4553 | 0.5027 | 0.5474 | 0.5906
1600.0 | 1585.3 | 604.90 _

hg | 1162.1 | 1238.7| 1278.7 | 1313.0 | 13288 | 13439 | 1358.4| 1396.5| 1425.3 | 1487.0 | 1546.4 | 1604.6

vV 10.2354 | 0.2842| 0.3148 | 0.3410 | 0.3529 | 0.3643 | 0.3733| 0.4061| 0.4253 | 0.4706 | 0.5132 | 0.5542
1700.0 | 1685.3 | 613.15

hg | 11559 | 1226.8| 1269.7 | 1305.8 | 1322.3 | 1337.9 | 1352.9| 1395.0| 1421.4 | 1484.0 | 1543.8 | 1602.5

V 102179 | 02597 | 0.2907 | 0.3166 | 0.3284 | 0.3395 | 0.3502| 0.3801|0.3986 | 0.4421 | (.4828 | 0.5218
1800.0 | 1785.3 | 621.03

hg | 1149.4 | 1214.0| 1260.3 | 1298.4 | 13155 | 1331.8| 1347.2| 1390.4| 1417.4 | 1480.8 | 1541.3 | 1600.4

V| 0.2021 | 0.2371| 0.2688 | 0.2847 | 0.3063 | 0.3173| 0.3277| 0.3568 | 0.3747 | 0.4165 | 0.4556 | 0.4929
1900.0 | 1885.3 | 628.5 _

hg | 11424 | 1200.2| 1250.4 | 1290.6 | 1308.6 | 1325.4 | 1341.5| 1385.8| 1413.3 | 1477.7 | 1538.8 | 1598.2

V | 0.1878 | 0.2161| 0.2489 | 0.2748 | 0.2863 | 0.2972 | 0.3074| 0.3358| 0.3532 | 0.3985 | 0.4311 | 0.4668
2000.0 | 1985.3 | 635.82 ;N

hg | 1135.1 | 1184.9| 1240.0 | 12826 | 1301.4 | 1319.0 | 1335.5| 1381.2| 1409.2 | 14745 | 1536.2 | 1596.1

v | 01746 | 0.1962| 0.2306 | 0.2567 | 0.2682 | 0.2789 | 0.2880| 0.3167 | 0.3337 | 0.3727 | 0.4089 | 0.4433
2100.0 | 20853 | 64277 N

hg | 1127.4 | 1167.7| 1229.0 | 12743 | 1284.0 | 1312.3| 1328.5| 1376.4| 1405.0 | 1471.4 | 1533.6 | 1593.9

vV | 0.1625 | 0.1768| 0.2135 | 0.2400 | 0.2514 | 0.2621 | 0.2721| 0.2994| 0.3159 | 0.3538 | 0.3887 | 0.4218
2200.0 | 21853 | 649.46

hg | 11192 | 11478 1217.4 | 12657 | 1286.3 | 1305.4 | 1323.3| 1371.5| 1400.8 | 1468.2 | 1531.1 | 1591.8

vV |01513 | 0.1575| 0.1978 | 0.2247 | 0.2362 | 0.2468 | 0.2567| 0.2835| 0.2997 | 0.3365 | 0.3703 | 0.4023
2300.0 | 22853 | 655.91

hg | 11104 | 1123.8| 1204.9| 1256.7 | 1278.4 | 1298.4 | 13169| 1366.6| 1396.5 | 1464.9 | 1528.5 | 1589.6

V| 01407 | e 0.1828 | 0.2105 | 0.2221 | 0.2327 | 0.2425| 0.2689|0.2848 | 0.3207 | 0.3534 | 0.3843
24000 | 23853 | 662.12 -

hg | 11011 | =meeeeeee- 11915 | 1247.3 | 1270.2 | 1291.1| 1310.3] 1361.6]| 1392.2 | 1461.7 | 1525.9 | 1587.4

V| 0.1307 [ ---eeeeeee 0.1686 | 0.1973 | 0.2090 | 0.2196 | 0.2294| 0.2555| 0.2710 | 0.3061 | 0.3379 | 0.3678
2500.0 | 2485.3 | 668.13

hg | 1091.1 | ==smeeeee- 1176.8 | 1237.6 | 1261.8 | 1283.6| 1303.5| 1356.5| 1387.8 | 1458.4 | 1523.2 | 1585.3

vV 01213 | - 0.1549 | 0.1849 | 0.1967 | 0.2074 | 0.2172] 0.2431| 0.2584 | 0.2926 |0.3236 | 0.3526
2600.0 | 2585.3 | 673.94

hg | 1080.2 1160.6 | 1227.3 | 1252.6 | 1275.8| 1296.8| 1351.4| 1383.4 | 1455.1 | 1520.6 | 1583.1

vV |0.1123 0.1415| 0.1732 | 0.1853 | 0.1960| 0.2059| 0.2315]| 0.2466 | 0.2801 | 0.3103 | 0.3385
2700.0 | 26853 | 679.55

hg | 1068.3 | --rreeee- 11425 | 1216.5 | 1243.8 | 1267.9| 1280.7| 1346.1|1378.9 | 1451.8 | 1518.0 | 1580.9

v 101035 | --emeeeee 0.1281 | 0.1622 | 0.1745 | 0.1854 | 0.1953| 0.2208| 0.2356 | 0.2685 | 0.2979 | 0.3254
2800.0 | 2785.3 | 684.99

hg | 1054.8 1121.4 | 1205.1 | 12342 | 1269.6 | 1282.4]| 1340.8| 1374.3 | 14485 | 1515.4 | 1578.7

vV | 0.0047 0.1143 | 0.1517 | 0.1644 | 0.1754 | 0.1853| 0.2108] 0.2254 | 0.2577 | 0.2864 | 0.3132
2900.0 | 2885.3 | 690.26

hg | 1039.0 1095.9 | 1193.0 [ 1224.3 | 1251.1| 1274.9| 1335.3| 1369.7 | 1445.1 | 1512.7 | 1576.5

V] 0.0858 | ------e- 0.0984 | 0.1416 | 0.1548 | 0.1660 | 0.1760| 0.2014|0.2159 | 0.2476 | 0.2757 | 0.3018
3000.0 | 2985.3 | 695.36

hg | 1020.8 | ------—-| 1060.7 | 1180.1 | 1213.8 | 1242.2| 1267.2| 1329.7|1365.0 | 1441.8 | 1510.0 | 1574.3

V| 0.0753 | ---mmee | meeeen 0.1320 | 0.1456 | 0.1571| 0.1672| 0.1926| 0.2070 | 0.2382 | 0.2657 | 0.2911
3100.0 | 3085.3 | 700.31

hg 993.1 | weemmmeenn | 2mmeeeeas 1166.2 | 1202.9 | 1233.0| 1258.3| 1324.1| 1360.3 | 1438.4 | 1507.4 | 1572.1

V| 0.0580 | --ememres | seemmeeees 0.1226 | 0.1369 | 0.1486 | 0.1589| 0.1843|0.1986 | 0.2293 | 0.2563 | 0.2811
3200.0 | 31853 705.11

hg 934.4 | -=-mmeeee | omemeeeen 11511 | 1191.4 | 1223.5| 1251.1| 1318.3| 1355.5 | 1434.9 | 1504.7 | 1569.9

V| 0.0503 | -mm--mmmes | eeeeeeeen 0.1220 | 0.1363 | 0.1480 | 0.1583| 0.1838|0.1981 | 0.2288 | 0.2557 | 0.2806
3206.0 | 3191.2 | 705.40

hg e R 1150.2 | 1190.6 | 12229 | 1250.5| 1317.9| 13552 | 1434.7 | 1504.5 | 1569.8

* V' = Specific volume, cubic feet per pound

hg = total heat of steam, Btu per pound
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Saturated Steam Tahle

Pressure Absolute TOTAL HEAT IN B.T.U. PER LB.
Inches Hg Prassure Temperature Cu. FL/Lb.
at 32 °F Lbs./Sq. In. °F Sat. Vapor Sat. Liquid Evap. Sat. Vaper
1.02 0.5 80 642 47.60 1047.5 1095.1
2.03 1 101 334 £69.69 1035.3 11050
4.06 2 126 174 93.97 1021.6 11156
6.09 3 142 119 109.33 1012.7 1120.0
10.15 5 162 74,0 130.10 1000.4 11306
15.3 75 180 50.3 147 .81 989.9 1137.7
20.3 10 163 38.4 161.13 g981.8 1143.0
28,5 14 209 28.0 177.55 o718 11493
29.92 14.696 212 26.8 180.0 970.2 1150.2
Gauge Prassure
Lbs./Sq. In.
0.0 14,696 212 26.8 180.0 970.2 1150.2
1.3 16 216 24.8 184.35 067.4 1151.8
23 17 219 23.4 187.48 965.4 1152.3
3.3 18 222 22.2 190.48 963.5 1154.0
43 19 225 211 193.34 961.7 1155.0
5.3 20 228 20.1 196.09 959.9 1156.0
7.3 22 233 18.4 201.25 956.6 1157.8
10.3 25 240 16.3 20833 9519 1160.2
15.3 30 250 13.7 218.73 9450 1163.7
20.3 as 259 1.9 227.82 9389 1166.7
253 40 267 10.5 235.93 9333 1169.2
303 45 274 2.40 243.28 928.2 11715
353 50 281 B.51 249.98 9235 1173.5
40.3 55 287 7.78 256.19 919.1 11753
45.3 &0 293 717 261.98 915.0 1177.0
50.3 85 298 6.65 267.39 N1 1178.5
55.3 70 303 6.20 272.49 907.4 1179.9
60.3 75 307 581 277.32 903.9 1181.2
65.3 80 312 5.47 281.90 900.5 1182.2
70.3 85 36 5.18 286.90 8973 11836
75.3 90 320 4,89 290.45 894 2 118458
BO.3 a5 324 4.65 294 .47 8912 11856
85.3 100 328 4,42 208,33 888.2 1186.86
590.3 105 an 422 302.03 885.4 11875
95.3 110 335 4,04 30581 8827 1188.3
100.3 115 338 3.88 309.04 880.0 1189.*
105.3 120 344 372 312.37 B77.4 1189.8
110.3 125 44 3.60 315.60 874.9 1180.5
115.3 130 347 3.45 318.73 8724 1191.2
120.3 135 350 333 321.77 870.0 1181.8
125.3 140 353 322 32474 B67.7 11922
130.3 145 358 3.20 327.63 BB5.3 1193.0
135.3 150 358 3.01 330.44 863.1 1193.5
140.3 155 361 292 333.18 860.8 1194.0
1453 160 363 2.83 335.86 Bs8.7 11945
150.3 165 366 275 338.47 B56.5 1195.C
155.3 170 368 267 341.03 8545 1195.<
160.3 175 370 260 343.54 8523 11958
165.3 180 373 253 345.99 850.3 1196.3
1703 185 375 2.46 348.42 8482 1196.7
1753 190 377 2.40 350377 846.3 1187.0
180.3 195 380 2.34 353.07 8443 1197.4
185.3 200 382 2.28 355.33 842.4 1197.8
2103 225 392 2.039 366.10 833.2 1199.3
2353 250 401 1.841 376.02 B24.5 12005
260.3 275 409 1.678 385.24 816.3 12018
285.3 300 417 1.541 393.90 808.5 1202.+
335.3 350 432 1324 409.81 793.7 1203.6
385.3 400 444 1.160 4242 7798 1204,
435.3 450 456 1.030 437.4 766.7 1204 ¢
4853 500 467 0.926 449.7 754.0 1203.7
585.3 600 486 0.767 4723 729.8 1202.%
685.3 700 503 0.653 4929 706.8 1189.7
785.3 200 518 0.565 511.8 684 .9 1196.7
885.3 200 532 0.496 5295 663.8 119332
985.3 1000 544 0.442 546.0 8435 11895
12353 1250 572 0.341 583.6 5956 1179.2
1485.3 1500 596 0.274 617.5 550.2 11678
1985.3 2000 635 0.187 679.0 460.0 11390
24853 2500 668 0.130 742.8 352.8 10856
2985.3 3000 695 0.084 B23.1 2025 1025.5
3211.3 3226 706 0.0522 925.0 o} 925.9
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Preface — Units and Conversion Factors

Rapidly becoming the most commonly used units system in
the world, the International System of Units (SI, for Systeme
International d’Unites) derives nearly all quantities needed in
all technologies from only seven base units: the meter (m), for
length; the kilogram (kg), for mass (what is usually called
weight); the second (s), for time; the ampere (A), for electric
current; the Kelvin (K), for thermodynamic temperature; the
mole (mol), for amount of substance; and the candela (cd), for
luminous intensity. There are also two supplementary units,
the radian (rad), for plane angle, and the steradian (sr), for
solid angle. More information on the properties of these units
and their conversion factors can be found in documents pub-
lished by the International Standards Organization.

To take maximum advantage of the Sl system, only base, sup-
plementary, or derived Sl units should be used. The appropri-
ate units for quantities commonly used in process control are
listed in Table 1, along with the base or supplementary units
from which they are derived.

Sl units are terms and symbols to abbreviate numbers and
show relationships between any number and its unit. For
example, 1 000 000 (one million) meters is expressed as one
megameter or one Mm. The most common terms and symbols
are listed in the Multiplication Factors Table on page 93.

To assist in preserving the advantage of Sl as a coherent sys-
tem, it is advisable to minimize the use of units from other sys-
tems. It is also desirable not to mix unit symbols with unit
names or abbreviations (including the name “per” and its sym-
bol, “/"). Some examples of proper and improper usage are
listed below.

PROPER USAGE IMPROPER USAGE
joules per kilogram joules/kilogram

J/kg joules/kg

kilometers per second kilometers/second

km/s km/second

liters per minute liters/minute

L/min L/m (because “m” alone

means “meter”)

All units in the following table are listed in alphabetical order
and are cross-referenced to commonly used units in both the
U.S. customary and metric systems.

In some units, the preferred form may pose too great a mag-
nitude for all applications. For example, while kilogram is the
proper term for mass, a very small amount is more easily
expressed in terms of grams. Similarly, kilowatts are usually
used instead of watts and kilopascals instead of pascals. The
expression of speed (which in an aspect of velocity) takes this
concept a little further; the proper term is meter per second,
but common usage expresses traffic speeds as kilometers per
hour in S| countries.

Pressure and mass are two particularly appropriate examples,
since each is affected (at least very slightly) by gravity. For
example, many pressure and differential pressure instruments
use forms of springs as measuring elements, which measure
force directly; these are called “gravity-independent”.
However, the pressure standards used to calibrate the
springs, such as dead-weight testers which measure the force
of gravity on a column of mercury or other substance of fixed
mass, are often “gravity-dependent”. Pneumatic systems can-
cel the effect of gravity when the same type of pressure stan-

dard is used for both input and output (current or voltage).
They must have either a gravity-independent input or be cali-
brated in a way that accommodates the local gravitational
force (either by incorporating a correction factor or by calibrat-
ing the pressure instrument at the location where it will be
used).

Complicating the problem is the fact that force units (which
more closely reflect weight) often incorporate mass terminolo-
gy (for example, pounds-force or kilograms-force). Even pres-
sure units sometimes use mass terminology (e.g., pounds per
square inch). The Sl system provides the means to incorpo-
rate the effect of gravity, establish a common terminclogy, and
distinguish pure mass from force (mass accelerated over a
distance), pressure (force per unit area), density (mass per
unit volume), and flow (mass per unit time). Even energy,
power, and torque units are partially derived from mass, but
mass is not a significant enough factor for the mass vs. force
issue to be of concern. Refer to the table of proper Sl units to
see how they all relate.

Notes about Units

The following is general information about the unit categories
and helpful hints for working with individual units.

ABSOLUTE VISCOSITY:
Also called “dynamic viscosity” or just “viscosity”.

ACCELERATION:

1. “Meter per second squared” (the term preferred in S| guide-
lines) is also called “meters per second per second”.

2. The acceleration of gravity is about 10 m/s?.

ANGULAR VELOCITY:

1. The Sl unit for this is defined in terms of a supplemental
unit, the radian; rad/s.

2. The terms “revolutions per minute” and “revolutions per
second” are properly abbreviated “r/min” and “r/s", respec-
tively, rather than “rpm” and “rps”.

3. This category is also called rotational frequency, primarily
in specifications on rotating machinery, when the revolution
per second and revolution per minute are widely used as
units.

AREA:

1. The term "hectare” (abbreviated “ha") is used as an alter-
native name for square hectometer and is restricted to the
measurement of large land areas. Agricultural engineers
use the term to relate machines to field sizes.

2. The square meter is also called “centare.”

3. Although the centimeter (cm) is rarely used to indicate
length (meter or millimeter is preferred), the square cen-
timeter (cm?) is often used to indicate area because the
interval between the square meter (m?) and square mil-
limeter (mm?) is so great (1 000 000 to 1).

ENERGY:

1. This unit category includes “quantity of heat” and “work”.

2. The use of the calorie was discontinued by SI.

3. The kilowatt-hour and variations thereon (e.g., MW-h,
GW-h), although not proper Sl units (the joule is the prop-
er one), are in widespread use for measurement of electric
energy.
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4. The units based on the electronovolt (eV, keV, MeV, and
GeV) are also improperly but widely used in atomic and
nuclear physics and in accelerator technology (the joule
should be used).

5. The joule is equivalent to one watt-second.

FORCE:

1. The use of the kilogram-force (once widely used in Europe)
was discontinued by SI.

2. The kilogram-force is also called “kilopond”.

KINEMATIC VISCOSITY:

The Sl unit, the square meter per second (m?%s) is equivalent
to the English unit Stoke (St} and the Sl unit square millimeter
per second (mm?s) is equivalent to the English unit centiStoke
(cSt).

LENGTH:

1. The smaller units in this category (like the meter and mil-
limeter) are easy to learn because they can be related to
items contacted every day. For example, a U.S. dime is
about one millimeter thick, a U.S. guarter is about 25 mil-
limeters wide, and the height of most home doorways is
about two meters. However, the kilometer is harder to visu-
alize and is therefore easier to learn by memorization.
Following is a list of common values.

miles or mph km or km/h
10 16
25 40
50 80
55 90
62 100
75 120
100 160

2. The millimeter is used all over the world on industrial engi-
neering drawings.

3. The use of centimeter is generally restricted to body mea-
surements, clothing sizes, and textile weights.

4. The micrometer (sometimes called “micron”) is the pre-
ferred unit to express surface finish.

MASS:

1. The kilogram and gram will generally replace the use of the
pound and ounce, respectively.

2. Two aspirin, an American dollar bill, and one paper clip
each weigh about one gram.

3. Akilogram is the weight of one liter of water.

4. The alternate name of “tonne” is “metric ton”. A tonne is
equal to one megagram.

5. A load-supporting rating (e.g., floor load) should be
expressed in Kilograms.

6. This unit category is also called “weight”.

MASS PER UNIT TIME:
This unit category is also called “flow” and “mass flow”.

MASS PER UNIT VOLUME:

1. This unit category is also called “density”, “mass density”,
and “mass capacity”.

2. One part per million is equal to one milligram per liter or
one gram per cubic meter, referenced as “by weight in
water” at a specified temperature.
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PLANE ANGLES:

1. The radian, a supplementary Sl unit, is the proper unit for
this category. The decimalized degree (defined as [pi +
180] rad) is not proper but is widely used. Although the
minute and the second are still widely accepted, their use
is discouraged because they require an extra conversion
step.

2. The plane angle is also called just “angle”.

POWER:

1. There are several types of horsepower. The one usually
assumed is electric horsepower (unless otherwise stated).

2. Boiler horsepower is primarily used to rate the size of small
industrial boilers.

3. The use of the calorie was discontinued by Sl on January
1, 1978.

4. Power is also called “heat flow rate” and “radiant flux”.

PRESSURE:

1. Although the pascal is the proper SI unit for pressure, the
kilopascal (kPa) is recognized for use in all fields except
high vacuum measurement of absolute pressure, for which
the pascal may be more convenient.

2. The kPa is used for measurement of both gauge and
absolute pressure (gauge pressure is absolute pressure
minus ambient pressure [ambient pressure is usually
atmospheric pressure]). However, when absolute pressure
is intended, the unit kPa should be followed by the word
“absolute”.

3. The bar is a convenient multiple of the pascal, the proper
Sl term for pressure (1 bar = 10° Pa), but its use is dis-
couraged. The millibar is and will continue to be widely
used in meteorology; however, the kilopascal should be
used in most cases.

4. The mmHg is also called “torr”. (The torr was once widely
used in Europe but its use, as well as use of the kilogram-
force per square centimeter, was discontinued by Sl).

5. This unit category is also called “stress” and “force per unit
area”.

SOLID ANGLE:
The steradian is a supplementary Sl unit.

TEMPERATURE:

1. Technically, this unit is called “thermodynamic tempera-
ture”.

2. The proper Sl unit for this category is the Kelvin, not the
degree Kelvin. For example, a temperature would be cor-
rectly expressed as 283K or, less properly but more com-
monly, as 10°C (though not 10C). But be careful not to
confuse the abbreviation for Kelvin with the designation for
1000, as in a 10K ohm resistor.

3. Degrees Celsius was called Degrees Centigrade and it is
the most commonly encountered form of temperature mea-
surement.

4. One degree Celsius as a temperature interval is equal to
one Kelvin unit.

5. Kelvin is the absolute temperature scale in the metric
(Celsius) system.

6. Degrees Rankine is the absolute temperature scale in the
English (Fahrenheit) system.



TIME:

1. The second is the proper Sl unit of time. However, a coher-
ent system of time measurement is not practical (e.g., a
solar day cannot be conveniently divided into kilo-sec-
onds). Therefore, the noncoherent system now in use with
minutes, hours, days, and years will continue to be used
indefinitely.

2. Time units can be defined as mean or sidereal: mean time
closely approximates actual star movement but is modified
slightly to provide regularity of measurement; sidereal units
are based on actual movement of stars but do not break
down into neat units (e.g., a sidereal day is 23 hours, 56
minutes, and 4.09 seconds long - expressed in mean time).

3. Note that the S| symbol for “year” is “a”.

TORQUE:

1. The units in this category are mathematically the same as
these in the category “bending movement’, although the
application of the units is different.

2. Torque is also called “moment of force”.

3. The preferred unit for this category, the N-m, is the same as
the definition for the energy unit joule (J = N'm), but the two
should not be used interchangeably since they have differ-
ent applications.

4. The use of the unit kilogram-force times meter was discon-
tinued by SI.

VELOCITY: )

1. The best way to learn the commonly used velocity mea-
surement, kilometers per hour (although meters per sec-
ond is the proper unit), is by memorizing comparable
values. (Refer to the kilometers-to-miles list under
“LENGTH".

2. This unit category includes “speed”. (Velocity, a vector, is
magnitude plus direction while speed, a scalar, is magni-
tude only.)

VOLUME:

1. Although liters are frequently used as a substitute for
quarts, at least in the U.S., it is not technically correct to do
s0. According to Sl guidelines, the cubic meter should be
used instead. However, the liter will probably continue to
be used for measurement of displacement of an internal
combustion engine and for the volume of space in a refrig-
erator or the trunk of a car.

2. Aliter is equivalent to a cube 10 cm on each side (a cubic
decimeter).

3. A milliliter is equivalent to a cubic centimeter.

4. The symbol for liter has been a lower case |, but is changing
to upper case L to avoid confusion with the number one (1).

5. Water and gas supplies for homes and factories - in fact,
almost anything now measured in cubic feet - will be mea-
sured in cubic meters, the proper Sl unit.

6. Automotive fuel consumption is expressed in countries
using the metric system as liters per 100 kilometers or kilo-
meters per liter rather than miles per gallon. A conversion
estimate from mpg to L/100 km is achieved by dividing 235
by the mpg (e.g., if you normally get 20 mpg, you will get
approximately 12 L/100 km); to go from mpg to km/L,
divide the mpg by 2.35 (e.g., 20 mpg = 8.5 km/L).

7. This unit category is also called “capacity”.

VOLUME PER UNIT TIME:

This unit category is also called “instantaneous volume veloc-
ity” or just “volume velocity”. The unit category “mass per unit
time” also includes flow.

NOTE: In some cases, a prefix symbol is the same as a unit
symbol, so it is important to look at the position of each sym-
bol in the term to determine its meaning. For example, in ms
the “m” means “milli” (millisecond), but in km the “m” means
“meter” (kilometer). Also to avoid confusion, it is important that
no more than one prefix be used when forming the decimal
multiple or submultiple of a derived unit. For example, mum
should be expressed as nm. Refer to Table | - Proper Sl Units
for appropriate abbreviations.

Another general rule is to use SI prefixes to indicate order of
magnitude and eliminate nonsignificant digits and leading
zeroes. This also provides a convenient conversational alter-
native to the powers-of-ten notation preferred in computation.

For example,
12300 mm becomes 12.3m
12.3 x 10°m becomes 12.3km
0.001230 pA becomes 1.23nA

Another point illustrated by the numbers in Table 1 is the
placeholding value of the comma. Outside the United States
the comma is sometimes used instead of the decimal point
(e.g., the American 0.00123 would be written 0,00123). To
avoid confusion, recommended international practice uses a
space instead of a comma when dividing numbers into groups
of three digits (a decimal point is still used to indicate a break
between numbers greater than one and numbers less than
one). This applies to groupings of numbers on either side of
zero. For example, 12,300.001230 could be written as 12
300.001 230.
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TABLE | - Proper Sl Units

Unit Expressed as

Quantity Name of Unit Dseyr'il::ggluc:\fi t Base or Slljjp_plementary
nits
Absolute Viscosity Pascal Second Pas Paxs
Acceleration Meter per Second Squared m/s?
Angular Velocity Radian per Second rad/s
Area Square Meter m?
Energy Joule J N-m (kg x m? x s7%)
Force Newton N kgxmxs?
Kinematic Viscosity Square Meters per Second m¥/s
Length Meter m
Mass Kilogram kg
Mass per Unit Time Kilogram per Second kg/s
Mass per Unit Volume Kilograms per Cubic Meter kg/m?*
Plane Angle Radians rad mxm’
Power Watt W Jfs (kg x m? x s7°)
Pressure Pascal Pa N/m? (kg x m™" x s73)
Solid Angle Steradian sr m? x m®
Temperature Kelvin K
Celsius °C K-273.15
Time Second S
Torque Newton-Meter N'm kg/s® x m
Velocity Meters per Second m/s
Volume Cubic Meters m?
Volume per Unit Time Cubic Meters per Second m¥/s
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Formulas, Conversions and Definitions

Pressures and Densities

force
area

Pressure =

1 column of water 1 foot deep = 62.4 pounds per square foot,
or 0.433 pounds per square inch. 1 column of water 1 centime-
ter deep = 1 gram per square centimeter.

Specific Gravity = number of times a substance is as heavy as
an equal body of water, or Specific gravity (liquid)=
weight of liquid

weight of equal volume of water

weight

volume

Pressure = depth x density, or force per unit area. An increase
in pressure is transmitted equally through the liquid.

Density =

Specific Gravity (solid) = weight of body
weight of equal volume of water
or Specific gravity (solid)= weight of body

loss of weight in water

One cubic yard of air weighs about 2 pounds. Atmospheric
pressure at sea level = about 15 pounds per square inch.

Velocities and Energies
Velocity = distance

time

Acceleration=  change of velocity

time

Acceleration= 32 feet per second

of gravity seconds
Centripetal = weight X (velocity)?
force acceleration of gravity radius

Potential Energy = weight of body x elevation

Kinetic Energy: 1 weight

— x (velocityyac
2 acceleration of gravity

Momentum = mass of body x its velocity
Mass = WEight ’\/ L
acceleration of gravity G

Period of pendulum: T = 2x

Wave velocity = wave frequency x wave length, or v=nx1
Speed of Sound: 1090 feet per second in air at 0 degrees
Centigrade. Velocity of sound increases 2 feet per second for
each degree Centigrade rise in temperature above zero
degrees Centigrade.

Electricity
1 ampere = 1 coulomb per second
1 volt = 1 joule per coulomb

Ohm’s Law: Current potential difference

resistance
or Amperes volts or 1 \Y}
ohms R

Ampere = electric current

Volt = potential difference

Ohm = electrical resistance

One volt potential difference will drive 1 ampere through
a resistance of 1 ohm.

The resistance of conductor can be calculated by the
formula:

R =K1 (Where 1 is length, d is diameter, and k is constant)

d2
The combined resistance of conductors connected in parallel is
1 1 1 1
—_— = —_ + _ + J—
Rc R1 R2 R3
1 Watt is the power of a current on 1 ampere when the poten-
tail difference is 1 volt.

To compute electric power: P (power in watts) = V (voltage in
volts) x1 (current in amperes) or P=Vxl.

To compute the heat (H), produced by a current (I} through a
resistance (R), in a time (t), use the equation: H=l,xRxix0.24
cal/watt-sec.

Lights and Lenses
1 foot-candle: the illumination of any point on a surface 1 foot
from a standard candle.

Illumination (ft-c) = intensity (candles)

distance in feet®

Velocity of Light = 186,000 miles per sec.
velocity of light in air
velocity of light in the substance
Lens image equation: 1 X 1 _ 1
D, D,f

image length ; image distance
object distance

Index of refraction =

Magnification =
object length
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Formulas, Conversions and Definitions

Heat

To convert Fahrenheit to Centigrade: subtract 32 from F,
then multiply by 5/9 written C=5/9 (F-32). NOTE: Centigrade is
now referred to as Celsius. (NOTE: 212F=100). To convert
Centigrade to Fahrenheit: multiply C by 9/5, then add 32, writ-
ten F = (9/5C) +32.

To convert Centigrade to Absolute or Kelvin scale: add 273
to C.

To convert Fahrenheit to Absolute or Kelvin scale: first con-
vert F to C, then add 273.

Boyle’s Law: p; x v; = p; X V, at constant temperature. Zero
degrees Kelvin is the lowest possible temperature.

In Kelvin Absolute temperature scale: water boils at 373K,
freezes at 273K.

Charles’ Law: _\_{j _ 1 at constant pressure

Ve Tz
Combination of Charles’ and Boyle’s Laws:
V4P V2P2
T Tz

When heated through one degree Centigrade,
any gas expands 1
273

of its volume at 0 degrees Centigrade if the pressure remains
constant. One BTU is the heat required to raise the temperature
of 1 pound of water through 1 degree Fahrenheit.

One calorie: the heat required to raise the temperature of 1
gram of water through 1 degree Centigrade.

Specific Heat: heat required to raise the temperature of a unit
mass of that substance through 1 degree. If H is total heat and
M is mass, H=M x sx (t,-t,)

Heat of melting or heat of fusion, L, is the quantity of heat need-
ed to melt one unit weight of substance without changing its
temperature, or H=MxL.

0 calories of heat required to melt 1 gram of ice without raising
its temperature,

Boiling point of liquid: that temperature at which the vapor
pressure is equal to the pressure above the liquid.
0.427 kilogram-meter (kg-m) = 1 calorie
work

mechanical equivalent of heat
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Horsepower

1 horsepower = 550 ft-Ib sec
force(lb) x distance (ft)

550 ft-Ib sec x time (sec)

Horsepower =

friction force
weight

Friction Constant =

Work = force x distance moved
Power = work
time

1 watt - 10,200 gram-centimeters per sec.

1 kilowatt is 1000 watts

1 kilowatt is approximately 1-1/3 horsepower

Dyne is absolute metric unit of force. Erg is its unit of work.

1 Erg = force of 1 dyne acting through 1 centimeter

1 Joule = 10,000,000 ergs or about 3/4 foot pounds

The law of work when friction is neglected: effort force x

effort distance = resistance force x resistance distance
Mechanical advantage of a machine =

resistance force
effort force
When friction is zero, mechanical advantage of a machine:
effort distance
resistance distance

Mechanical advantage of a lever: = effort arm

resistance arm
Moment of force = force x lever arm
Frictionless mechanical advantage of an inclined

length

ane =
P height

Frictionless mechanical advantage of a wheel and axle:
circumference of wheel

circumference of axle



Conversion Tables

Units and Conversion Factors
Millimeters to Decimals

mm Decimal mm Decimal mm | Decimal | mm | Decimal mm Decimal
0.01 .00039 0.41 .01614 0.81 | .03189 | 21 82677 61 2.40157
0.02 .00079 0.42 .01654 0.82 | .03228 | 22 86614 62 2.44094
0.03 .00118 0.43 .01693 0.83 | .03268 | 23 80551 63 2.48031
0.04 .00157 0.44 .01732 0.84 | .03307 | 24 | .94488 64 2.51969
0.05 00197 0.45 01772 0.85 | .03346 | 25 [ .98425 65 2.55906
0.06 .00236 0.46 .01811 0.86 | .03386 | 26 | 1.02362 66 2.59843
0.07 .00276 0.47 .01850 0.87 | .03425 | 27 [ 1.06299 67 2.63780
0.08 .00315 0.48 .01890 0.88 | .03465 | 28 | 1.10236 68 2.67717
0.09 .00354 0.49 .01929 0.89 | .03504 | 29 |1.14173 69 2.71654
0.10 .00394 0.50 .01969 0.90 | .03543 | 30 [ 1.18110 70 2.75591
0.1 .00433 0.51 .02008 0.91 | .03583 | 31 | 1.22047 71 2.79528
0.12 .00472 0.52 .02047 0.92 | .03622 32 [1.25984 72 2.83465
0.13 .00512 .053 .02087 0.93 | .03661 33 |1.28921 73 2.87402
0.14 .00551 0.54 .02126 0.94 | .03701 34 | 1.33858 74 2.91339
0.15 .00591 0.55 .02165 0.95 [ .03740 35 | 1.37795 75 2.95276
0.16 .00630 0.56 .02205 0.96 | .03780 36 |1.41732 76 2.99213
0.17 .00669 0.57 .02244 0.97 | 0.3819 | 37 | 1.45669 77 3.03150
0.18 .00709 0.58 .02283 0.98 | .03858 | 38 | 1.49606 78 3.07087
0.19 .00748 0.59 .02323 0.99 | .03898 | 39 |1.53543 79 3.11024
0.20 .00787 0.60 .02362 1.00 | .03937 | 40 | 1.57480 80 3.14961
0.21 .00827 0.61 .02402 1 .03937 | 41 | 1.61417 81 3.18898
0.22 .00866 0.62 .02441 2 07874 | 42 | 1.65354 82 3.22835
0.23 .00906 0.63 .02480 3 .11811 43 | 1.69291 83 3.26772
0.24 .00945 0.64 02520 4 15748 | 44 | 1.73228 84 3.30709
0.25 .00984 0.65 .02559 5 19685 | 45 [1.77165 85 3.34646
0.26 .01024 0.66 .02598 6 23622 | 46 | 1.81102 86 3.38583
0.27 .01063 0.67 .02638 7 27559 | 47 |1.85039 87 3.42520
0.28 .01102 0.68 .02677 8 31496 | 48 | 1.88976 88 3.46457
0.29 .01142 0.69 02717 9 .35433 | 49 |1.92913 89 3.50394
0.30 .01181 0.70 .02756 10 39370 | 50 [ 1.96850 90 3.54331
0.31 .01220 0.71 .02795 11 43307 | 51 | 2.00787 91 3.58268
0.32 .01260 0.72 .02835 12 A7244 | 52 | 2.04724 92 3.62205
0.33 .01299 0.73 .02874 13 51181 53 | 2.08661 93 3.66142
0.34 .01339 0.74 .02913 14 .55118 54 | 2.12598 94 3.70079
0.35 .01378 0.75 .02953 15 59055 | 55 |2.16535 95 3.74016
0.36 01417 0.76 .02992 16 .62992 56 |2.20472 96 3.77953
0.37 .01457 0.77 .03031 17 .66929 57 | 2.24409 97 3.81890
0.38 01496 0.78 .03071 18 .70866 | 58 | 2.28346 98 3.85827
0.39 .01535 0.79 .03110 19 74803 | 59 |2.32283 99 3.89764
0.40 .01575 0.80 .03150 20 78740 60 | 2.36220 100 3.93701
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Conversion Tables Dﬁﬁ:?::fe:: Decimal o Decimal —_
Fractions to Decimals to Millimeters 0.001 0.0254 0.500 12.700
0.002 0.0508 0.510 12.9540
0.003 0.0762 0.520 13.2080
Fraction| Decimal | mm | Fraction| Decimal mm 0.004 0.1016 0.530 13.4620
0.005 0.1270 0.540 13.7160
o 0.0156 | 0.3969 e 0.5156 | 13.0969 0.006 0.1524 0.550 13.9700
0.007 0.1778 0.560 14.2240
Y 0.0312 | 0.7938 fs 0.5312 | 13.4938 0.008 0.2032 0.570 14.4780
- z 0.010 0.2540 0.590 14.9860
e 0.0625 | 1.5875 e 0.5625 | 14.2875 0.020 0.5080
0.030 0.7620
5o 0.0781 | 1.9844 | /a 0.5781 | 14.6844 0.040 1.0160 0.600 15.2400
0.050 1.2700 0.610 15.4940
7 s, 0.070 1.7780 0.630 16.0020
foa 0.1094 | 2.7781 /e 0.6094 | 15.4781 0.080 20320 0.640 16.2560
Y 0.1250 | 3.1750 %a 0.6250 | 15.8750 0.090 2.2860 0.650 18.5100
0.660 16.7640
o 0.1406 | 3.5719 Vs 0.6406 | 16.2719 0.100 2.5400 0.670 17.0180
. 0.110 2.7940 0.680 17.2720
*faz 0.1562 | 3.9688 faz 0.6562 | 16.6688 0.120 3.0480 0.690 17.5260
0.130 3.3020
"ea 0.1719 | 4.3656 e 0.6719 | 17.0656 0.140 3.5560
" 0.150 3.8100
3 A 4.762 .687 17.462
1e 0.1875 625 /18 0.6875 625 0.160 4.0640 0.700 17.7800
e 0.2031 | 5.1594 /o4 0.7031 17.8594 0.170 4.3180 0.710 18.0340
0.180 4.5720 0.720 18.2880
7fa 0.2188 | 55562 | /= 0.7188 | 18.2562 0.190 4.8260 0.730 18.5420
1 aj 0.740 18.7960
/| 0.2344 | 59531 u | 0.7344 | 186531 0.200 5.0800 0.750 19.0500
' 3 0.210 5.3340 0.760 19.3040
fa 0.2500 | 6.3500 a 0.7500 | 19.0500 0920 5 5880 0.770 19.5580
T | 0.2656 | 6.7469 | 0.7656 | 19.4469 0.230 5.8420 0.780 19.8120
0.240 6.0960 0.790 20.0660
9z 0.2812 | 7.1438 | %/ 0.7812 | 19.8438 0.250 6.3500
- o 0.260 6.6040
/s | 02969 | 7.5406 o 0.7969 | 20.2406 0.270 6.8580
. . 0.280 7.1120 0.800 20.3200
e 0.3125 | 7.9375 %16 0.8125 | 20.8375 0.290 7'3660 0.810 20,5740
2, 0.3281 | 8.3344 | 0.8281 | 21.0344 0.820 20.8280
- - 0.300 7.6200 0.830 21.0820
a2 0.3438 | 8.7312 s 0.8438 | 21.4312 0.310 7.8740 0.840 21.3360
0.320 8.1280 0.850 21.5900
Bas 0.3594 | 9.1281 /s 0.8594 | 21.8281 0.330 8.3820 0.860 21.8440
0.340 8.6360 0.870 22.0980
2 s 0.360 9.1440 0.890 22.6060
foa 0.3906 | 9.9219 foa 0.8906 | 22.6219 0.370 0.3980
Wy | 0.4062 (10.3188| #/x 0.9062 | 23.0188 0.380 9.6520
0.390 9.9060 0.900 22.8600
e 0.4219 (10.7156 fea 0.9219 | 23.4156 0.400 10.1600 0.910 23.1140
0.410 10.4140 0.920 23.3680
e 0.4375 [11.1125| /e 0.9375 | 23.8125 0.420 10.6680 0.930 23.6220
0.430 10.9220 0.940 23.8760
o 0.4531 |11.5094 16 0.9531 | 24.2094 0.440 11.1760 0.950 24.1300
e | 04688 |11.9062| ° 0.9688 | 24.6062 0.450 11,4300 0.950 24.3840
= ® 0.4680 11.6840 0.970 24.6380
o 0.4844 |12.3031| /e 0.9844 | 25.0031 0.470 11.9380 0.980 24.8920
0.480 12.1920 0.990 25.1460
2 0.5000 |12.7000 1 1.0000 | 25.4000 0.490 12.4460 1.000 25.4000
Weights
Troy  |Avoirdupois| Troy  [Avoirdupois| Metric | Avoirdupois
Grain Grams Qunces Ounces | Pounds | Pounds | Kilograms Tons Tons Per
Symbol Units PerUnit | PerUnit | PerUnit | PerUnit | PerUnit | PerUnit | PerUnit | Per Unit Unit
gr Grain 1 0648 | .002083 | .002286 | .0001736 | .0001429 - - -
g Gram 154324 1 032151 | 036274 | 002679 | 002205 001 - -
oz.t. [OunceTroy| 480 31.1035 1 1.09715 | 083333 | 0.68571 | .031103 - -
oz.av. | QunceAv.| 4375 | 28.3405 | .911458 1 075955 0625 | .028350 - -
Ib.t.  |Pound Troy| 5760 373.242 12 13.1657 1 822857 | 37324 | 000373 | .000411
Ib.av. | PoundAv.| 7000 45359 | 14.5833 16 1.215278 1 45359 | .000454 | .00050 e.0.1 gram = 032151 froy ounces
kg KI|OgramIS - 1000 321507 | 35274 | 267923 | 2.20462 1 001 001102 | < a0 grams would be {40 g)
- Ton Metric - - 32150.7 | 36274 2679.23 | 2204.62 1000 1 110231 (032151 oz.t/g) = 1.28604 ozt
- Ton Av. - - 20166.7 | 32000 | 2430.56 2000 907.185 | .907185 1




Conversion Tables

Units and Conversion Factors

Linear Measure
Symbol Unit Inches per Feet per Yards per Miles per Centimeters | Meters per |Kilometers per
Unit Unit Unit Unit per Unit Unit Unit
in Linear Inch 1 0.0833 0.027778 - 2.54 0.0254 -
ft Linear Foot 12 1 0.3333 30.480 0.3048 -
yd Linear Yard 36 3 1 - 91.44 0.9144 -
mi Linear Mile 63360 5280 1760 1 - 1609.34 1.609
cm Centimeter 0.3937 0.0328 0.010936 - 1 0.01 -
m Meter 39.37 3.2808 1.093613 - 100 1 .001
km Kilometer 39370 3280.8 1093.613 6214 - 1000 1
Eg. 1 meter = 3.2808 ft so 300 meters would be (300m) (3.2808 ft/m) = 984.24 ft,
Square Measure
Symbol Unit Square Inches | Square Feet [ Square Yards | Acres per | Square Centimeters|Square Meters| Hectares per
per Unit per Unit per Unit Unit per Unit per Unit Unit
in? Square Inch 1 0.006944 0.0007716 - 6.4516 0.000645 -
ft2 Square Foot 144 1 0.111111 - 929.034 0.0929 -
ya? Square Yard 1296 9 1 - 8361.274 0.836127 -
- 'Acre - 43560 4840 1 - 4047 0.4047
cm? Sq. Centimeter .15500 0.0010764 0.00011960 - 1 0.0001
m? Square Meter 1550.0031 10.76391 1.195990 - 10000 1 0.0001
- Hectares - - 11954.8 2.47 - 1000 1
1) 640 Acres = 1 square mile. Eg. 1 square meter = 1.195990 square yards so
30 square meters would be (30m?) (1.195990 yd?/m?) = 35.88 yd2
Cubic Measure
Symbol Unit Cubic Inches Cubic Feet Cubic Yards Cubic Centimeters | Cubic Meters per
per Unit per Unit per Unit per Unit Unit
cuin Cubic Inch 1 .0005787 .00002143 16.387064 .000016387
cu ft Cubic Foot 1728 1 037037 28316.847 .018317
cu yard Cubic Yard 46656 27 1 764554.9 .7646
cu cm or em® Cu Centimeter 0.06810237 .0000353 .000001308 1 .000001
cumorm? Cubic Meter 61023.74 35.31467 1.307951 1,000,000 1
Eg. 1m® = 1.307951cu yds so 3 cubic meters would be (3m?) (1.307942 cu yd/m*) = 3.923853 cu yd
Liguid Measure
Symbol Unit Fluid Ounces Pints Quarts Gallons Litres
per Unit per Unit per Unit per Unit per Unit
fl. oz. Fluid Ounces 1 .0625 03125 0078125 .02957
- Pint 16 1 5 125 4732
1qt. Quart 32 2 1 25 .9464
gal Gallons 128 8 4 1 3.7854
1 Litre 33.814 2.1134 1.0567 26417 1
Eg. 1 Litre = .26418 gallons so 4 Litres would be (41) (.26418 gal/l) = 1.05672 gal
Weights
Symbol | Grain Units | Grams Troy  |Avoirdupois Troy Avoirdupois | Kilograms | Metric Tons | Avoirdupois Per Unit
per Unit | Ounces Ounces Pounds |Pounds per| per Unit per Unit Tons per
per Unit per Unit per Unit Unit Unit
gr Grain 1 .0648 .002083 002286 .0001736 .0001429 — - -
g Gram 15.4324 1 .032151 .035274 .002679 .002205 .001 = -
oz. t. Ounce Troy 480 31.1035 1 1.09715 .083333 .068571 031103 - -
0zZ. av. Qunce Av. 437.5 28.3495 911458 1 075955 .0625 .028350 - =
Ib. t. Pound Troy 5760 373.242 12 13.1657 1 822857 37324 .000373 000411
Ib. av. Pound Av. 7000 453.59 14.5833 16 1.215278 1 .45359 .000454 00050
kg Kilograms - 1000 32.1507 35.274 2.67923 2.20462 1 .001 2001102
- Ton Metric = - 32150.7 35274 2679.23 2204.62 1000 1 1.10231
- Ton Av. - - 29166.7 32000 2430.56 2000 907.185 907185 1

Eg. 1 gram = .032151 troy ounces so 40 grams would be (40g) (.032151 oz.t./g) = 1.28604 oz. t.
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Pressure Conversion

to Inches* Inches**
from PSI KPA H 0 mmH,0 Hg mm Hg Bars m Bars Kg/em? | gm/em?
PSI 1 6.8948 27.7620 705.1500 2.0360 51.7149 0.0689 £68.9470 0.0703 70.3070
KPA 0.1450 1 40266 102.2742 0.2953 7.5006 0.0100 10.0000 0.0102 10.197
Inches* 0.0361 0.2483 1 25.4210 0.0734 1.8650 0.0025 2.4864 0.0025 25355
H.O
mm H,0 0.0014 0.0098 0.0394 1 0.0028 0.0734 0.0001 0.0979 0.00001 0.0982
'"CSES" 0.4912 3.3867 13.6195 345.936 1 25.4000 0.0339 33.8639 0.0345 34.532
9
mm Hg 0.0193 0.1331 0.5362 13.6195 0.0394 1 0.0013 13332 0.0014 1.3595
Bars 14.5040 100.000 402.180 10215.0 29.5300 750.060 1 1000 1.0197 1019.72
|
m Bars 0.0145 0.1000 0.4022 10.2150 0.0295 0.7501 0.001 1 0.0010 1.0197
Kg/cm? 14.2233 97.9047 394.408 10018.0 28.9590 735.559 0.9000 980.700 1 1000
gm/cm? 0.0142 0.0979 0.3944 10,0180 0.0290 0.7356 0.0009 0.9807 0.001 1
EXAMPLE 1 mm Hg = 0.5362 inches H,O = 1.3332 mBars " at 60 °F
97 mm Hg = 97(0.5362) = 52.0114 inches H,0 "t at 32 °F
97 mm Hg = 97(1.3332) = 129.3204 mBars
I . i . .
from\to { cm?® liter | m? in® ft3 yd? fl oz fl pt ' fl qt gal |gal (Imp.)! bbl {oil) | bbl (lig)
cm? 1 0.001 ‘ 1x10% | 0.06102 [3.53x 10| 1.31x 10~ | 003381 |0.00211 | 0.00108 | 2.64 x 10+|2.20 x 10~ |6.20x 10+ 839 x <0~
liter 1000 1 ‘ 0.001 61.02 0.03532 0.00131 33.81 2.113 1.057 0.2642 0.2200 0.00629 0.00839
m? 1x10° | 1000 | 1 6.10x10*| 3531 1308 | 338x10° | 2113 1057 264 2 220.0 6.290 8.386
in? 16.39 | 0.01639 | 164 x 10 1 579x 10~ | 2.14x10° | 05541 |0.03463 | 0.01732 ] 0.00433 | 0.00360 [1.03x10* [1.37x 10"
ft* 283x10*] 28.32 | 002832 1728 1 0.03704 957.5 59.84 29.92 7.481 6.229 0.1781 0.2375
yd? 765x10%| 7645 | 0.7646 | 467x10* 27 1 253x10' | 1616 8079 202.0 168.2 4.809 6.412
floz 2057 | 0.02957 | 2.96x 10 | 1.805 0.00104 |3.87x10° 1 0.06250 | 0.03125| 0.00781 | 0.00651 [1.86x 10~ |2.48x 0™
fl pt 4732 | 04732 !473x104 | 28.88 0.01671 | 6.19x 10~ 6 1 0.5000 | 0.1250 0.1041 0.00298 0.00397
fl qt 946.4 | 0.0463 !9.45: 10| 57.75 0.03342 | 0.00124 32 2 1 0.25C0 0.2082 0.00585 0.00794
gai 3785 3.785 I 0.00379 2310 0.1337 0.00495 128 8 4 1 0.8327 0.02381 0.03175
gal {Imp.)| 4546 4548 { 0.00455 277 4 0.1605 0.00595 153.7 96mR | 4804 1.20¢ 1 0.02859 0.03813
bbl (oil) [1.59x10% 159.0 i 0.1590 9702 5615 0.2079 5376 336 F 168 a2 34.97 1 1.333
1cord =128 =3.625 m?
from\ to lisec gal/min ft¥/sec ft*/min bbl/hr bbl/day
livVsec 1 15.85 0.03532 2.119 22.66 543.8
gal/min 0.08309 1 0.00223 0.1337 1.429 34.30
ft¥sec 28.32 448 8 1 60 541.1 1.54 x 10*
ft3/min 0.4719 7.481 0.01667 1 10.69 256.5
bbl/hr 0.04415 0.6997 0.00158 0.09359 1 24
bbl/day 0.00184 0.02817 6.50x 10°3 0.00390 0.04167 1

bbl refers to bbi oil = 42 gallens
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Temperature Conversions

Temperature Conversions

Fahrenheit thermometers are in common use in the United States, but scientists and all others who use the metric system
use the scale called Celsius. This scale is the same as Centigrade, but the National Insistute of Standards and Technology
has recommended the use of the term Celsius since 1948. See the conversions below:

Celcius to Fahrenheit Fahrenheit to Celcius Centigrade-Fahrenheit Dimension
Conversion Ratios
100° 212° - - BOILING 212°-- C---1000 [ F C F C F
95 - |203 210 98.9 0 | 320 | 3 | %0 | 70 | 1580
90 - 194 200 -1 [933 1 338 | 36 96.8 71 159.8
s5 4 Liss 190 4 |} 878 2 35.6 37 98.6 72 161.6
o 4 Li7s 180 4 Faoo 3 37.4 38 | 1004 73 163.4
: 4 39,2 39 | 1022 74 165.2
7% - 167 170 | [ 76.7 5 41.0 40 104.0 75 167.0
70 - - 158 160 - - 71.1 6 42.8 41 105.8 76 168.8
4 L | 7 446 42 | 107.6 77 170.6
65 149 150 65.6 8 | 464 | 43 | 1004 | 78 | 1724
60 - [~140 140 -{ }60.0 9 | 482 | 44 | 1112 79 174.2
5 4 13 130 4 544 10 | 50.0 45 | 113.0 80 176.0
50 - |-122 1 51.8 46 | 114.8 81 177.8
s 4 L 120 48.9 12| 536 | 47 | 1160| 82 | 1796
w0 4 Lioa 110 4 [ 433 13 | 554 48 | 118.4 83 181.4
37° 100 | |388 ... gp | 14| 572 49 | 1202 84 183.2
35 - 9 ---NORMAL-- o0 - Faso 15 | 590 | 50 | 1220 | 85 185.0
30 - }-86 ) : 16 | 608 51 123.8 86 186.8
o5 4 |77 80 1 267 17 | 626 52 | 1256 87 188.6
4 L 18 | 64.4 53 | 1274 88 190.1
20 ﬂ 68 70 1 L ? ! 19 | 66.2 54 | 129.2 89 192.2
15 1 959 60 5.6 20 | 680 | 55 | 131.0 | 90 194.0
10 4 F50 50 |1 r10.0 21 69.8 56 132.8 91 195.8
5 4 E# 40 - a4 22 71.6 57 134.6 92 197.6
o | 23 | 734 58 | 136.4 93 199.4
0 32 _..FREEZING 30 -1.1 O 1 24 | 752 | 59 | 1382 | o4 201.2
5 1 23 20 - |67 25 | 770 | 60 | 1400 | 95 203.0
10 1 14 100 4 F-122 26 | 788 | 61 | 141.8 96 204.0
15 4 s o 4 kFars 27 | 806 62 | 1436 97 206.6
20 4 L . 28 | 824 63 | 1454 98 208.4
o5 4 L.s -10 | [-233 29 | 842 64 | 147.2 99 210.2
20 4 |-289 30 86.0 65 149.0 100 212.0
30 1 [-22 31 87.8 66 | 150.8
30 4 |-344
35 - |}--31 30 34. 32 | 896 | 67 | 1526
-40 .40 -40 —-40.0 33 91.4 68 154.4
34 | 932 69 | 156.2
Q Centigrade-Fahrenheit Conversion

F=(Cx °:) + 32C=(F-32) x

To convert Celsius degrees into Fahrenheit: multiply by 9, divide by 5 and add 32.
To convert Fahrenheit into Celsius: subtract 32 from Fahrenheit, multiply by 5,
divide by 9

Centigrade-Fahrenheit Conversion
F=(Cx ) + 32C=(F-32) x5
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Metric Conversions

Conversion Ratios

Metric Conversions
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1 square kilometer

Multiply By To Obtain Metric u.s.
Diameter circle 3.141 Circumference circle Length
Diameter circle 0.8862 | Side of equal square 1 millimeter =0.03937 inches
Diameter circle squared |0.7854 Area of circle ! cenylmeter =0'3937.' inches

. . . 1 decimeter =3.937 inches
Circular mils 0.7854 Square mils 1 meter -39 37 inches
Diameter sphere squared | 3.1416 | Area of sphere 1 meter =3.280 feet
Diameter sphere cubed | 0.5236 Volume of sphere 1 meter =1.094 yards
U.S. gallons 0.8327 | Imperial gallons (British) 1 dekameter =32.808 feet
U.S. gallons 0.1337 | Cubic feet 1 kilometer =3280.8 feet
U.S. gallons 8330 | Pounds of water (20C) || .. 1 kilometer =0.621 miles
Cubic feet 62.427 | Pounds of water (4C) 1 square millimeter =0.002 square inches
Feet of water (4C) 0.4335 | Pounds per square inch 1 square centimeter =0.155 square inches
Inches of mercury (0C) |0.4912 Pounds per square inch 1 square decimeter =15.500 square inches
Seconds squared 16.08 Feet fallen from rest 1 square meter =10.764 square feet
Knots 1.1516 Miles per hour 1 square meter =1.196 square yards

- — - - 1 acre =119.599 square yards

To obtain the above Divide by | Starting with the above 1 hectare =0 471 acres

=0.386 square miles

Volume
1 millimeter =0.271 fluid drams
1 liter =1.057 liquid quarts
1 dekaliter =2.642 gallons
1 hectoliter =26.418 gallons
Weight
1 milligram =0.015 grains
1 gram =15.432 grains
1 gram =0.035 ounces
1 kilogram =25.274 ounces
1 kilogram =2.205 pounds
1 metric ton =1.102 short (U.S.) tons
1 metric ton =2,204.623 pounds
uU.S. Metric
Length
1 inch =2.54 centimeters
1 foot =0.3048 meters
1 yard =0.9144 meters
1 mile =1,609.3 meters
1 mile =1,609 kilometers
Area

Volume

Weight

1 square inch
1 square foot
1 square yard
1 acre

1 square mile

1 pint
1 quart
1 gallon

1 grain

1 ounce

1 pound

1 short ton

=6.4516 square centimeters
=9.2903 square decimeters
=0.836 square meters
=0.405 hectares

=2.5899 square kilometers

=0.473 liter
=0.946 liter
=3.785 liters

=64.799 milligrams
=28.350 grams
=453.592 grams
=.907 metric ton




Temperature Sensor Technology

Table 3
Sheaths Max. Operating Temp.

Table 4
Interior Insulations
Max. Operating Temp.

Table 5
Lead Insulations
Max. Operating Temp.

RTDs (Resistance Temperature Detectors)

RTDs are made of copper, nickel, balco (nickel-iron) and plat-
inum, with platinum now becoming the industry standard.
These are resistance temperature detectors made of a single
high purity wire, usually 0.001” in diameter, space wound onto
a ceramic mandrel. Lead wires of nickel plated or ni-clad cop-
per are fusion or resistance welded onto the sensor, usually in
a three-wire or four-wire configuration. The sensor itself is then
inserted into a thermowell of appropriate material and pres-
sure rated for the intended environment. Most sheathed sen-
sors (RTD or T/C) in industial applications are brazed or
welded onto appropriate fittings and attached through a pipe
extension to a connection head.

These intermediate leads are normally glass insulated
and are brought out to the end of the sheath through pow-
dered aluminum oxide insulation or a suitable high tempera-
ture epoxy. The external lead wires are attached (welded,
brazed, soldered, etc.) and potted with a moisture sealing
compound (epoxy or ceramic cement). If operation is above
700°F, preoxidized inconel tubing may replace the stainless
steel sheath to avoid outgassing contamination.

Standard RTD resistance (at ice point) are 100 and 200
ohms for platinum, 120 or 500 ohm for nickel and 604 or 2000
ohm for balco. Copper RTDs (and thermistors) are specified at
25°C (77°F) instead of ice point (32°F). Thus a 10 or 100 ohm
copper RTD is actually 9.038 or 90.38 ohms @ 32°F.

RTD’s used the most instrumentation and the only stan-
dard to date, DIN, is 100 ohm platinum with a coefficient of
0.00385/Q°C (or 3850 ppm), indicating a resistance of
138.50 ohms at boiling point (100°C, 212°F). Tables for the
Calendar-Van Dusen Equation have been calculated for both
DIN 3850 alphas and higher U.S. Reference Grade (higher
purity (99.999%) platinum), alphas, such as 3915 and 3923

ppm.

Theoretically, it is possible to build an RTD above 1200°F.
Unfortunately, platinum is easy to contaminate or strain, which
shifts the “alpha” or temperature coefficient, rendering the sen-
sor unstable.

Material Max. Temperature (F°) Material Max. Temperature (F¢) Material Max. Temperature (F°)
Carbon Steel 1000°F (1) A1203 2400°F Teflon 500°F
304/316 SS 1800°F (2) Mg 0 2500°F Kapton 55/750°F
**Monel TM 2000°F (3) Th O2° 4000°F Glass 1200°F
***Hastelloy TM C 2000°F (4) Be 0 (toxic) 4200°F Asbestos 1200°F
446 Stainless Steel 2000°F Cefir (R) 2500°F
Nickel 2000°F Table 6 Ceramic 3000 to 4000°F
****Inconel TM 600 2100°F Temperature Span vs.

*****Kanthal TM 2200°F Thermistor Resistance

Quartz 2300°F

Cobalt Tungsten 2400°F Temperature Resistance (Ohms)

Thantum e +300 t0 600°F | 100K-500K @ 25°C
reonium . +150 to 300°F 2K-75K @ 25°C

Silicon Carbide 3000°F o B

Platinum Rhodium 3050°F +82 to 212°F 2K-5K @ 25°C

Silicon Nitride 3150°F ~100t0 +150°F 100-1K @ 25°C

Mullite (Porcelain 3200°F .

09% A,ﬁmia (AI2I33) 3400°F * Trademark of Hoskins Mfg. Co.

Moly (molybdenum) 4000°F ** Trademark of International Nickel Co.

Tantium 4500°F *** Trademark of Union Carbide Co.

Tunasten 5000°F **** Trademark of International Nickel Co.

9 ****+ Trademark of Kanthal Corp.

Thermistors

As resistance temperature devices (RTD), thermistors provide
a direct indication of absolute temperature. They do not need
cold junction compensation. They are excellent for low tem-
perature measurements (-450°F) and to a high temperature of
about 600°F, above which they decrease in stability. Their
sensing area is small and their low mass (unless sheathed)
allows a fairly fast response time of measurement.

Thermistors exhibit very high sensitivity and may change
resistance 10 million to one over the span of -100 to +400°C
where a platinum RTD would only change resistance by a 4:1
ratio over the same span. A thermocouple’s output over its
entire temperature range will change only 10 or 15 to 1.
Compared with thermocouple accuracies of a few degrees
and RTD accuracy of possibly a tenth of a degree, thermistor
offer accuracies of +.01°C over narrow temperature spans.

Efforts have been made recently to overcome their
extreme nonlinearity by increasing the number of elements in
the measuring network. With three thermistor networks, the
linearity has been improved and the temperature span
widened.

With curve matched and selected units, thermistor inter-
changeably has yielded accuracies of +0.2°C over wider tem-
perature ranges. Their low cost makes them attractive in
volume applications such as the automotive industry and for
refrigeration controls. Their upper temperature limit (600°F)
effectively precludes them from use in the power, chemical
and metal process industries. They are widely used in tem-
perature controllers for copiers, air conditioning, photography,
and other limited applications.
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Temperature Sensor Technology

Types of Sensors

There are three basic types of temperature sensors common-
ly used today: Thermistors, Thermocouples and Platinum
RTDs. Listed below in tabular format are the important fea-
tures of each of these devices.

In general, thermocouples provide the most economical
means of measurement over the widest temperature detectors
which include both thermistors and platinum RTDs will, in gen-
eral, provide a more accurate means of absolute temperature
measurement. This is true, however, over narrow temperature
ranges.

Thermocouples

Thermocouples (T/C) are practically the only option available
today to measure temperatures in the range from +1200°F to
+5000°F.

When using and selecting thermocouples, it is very impor-
tant to consider the atmosphere, environment, (how corrosive,
how much pressure or vacuum, reducing or oxidizing atmos-
phere), as well as the temperature being measured. These
and other factors not only affect the choice of material used for
insulation, wire size, wire insulation and sheaths, but also may
determine the construction of the sensor.

Most thermocouples are physically mounted in stainless
steel (type 304 or 316) sheaths, approximately 0.25 inch diam-
eter. They are mineral insulated inside and hendable to differ-
ent shapes. External lead wire insulation includes teflon,
micatemp and ceramic beads or cloth. Wire sizes used
depend on the sheath diameter and other factors. Larger
diameters (from 12-16 gauge) are often used in open or
exposed junction configurations. Larger diameter wires are
also required to operate at higher temperatures.

The following tables show the maximum operating tem-
peratures for thermocouples and their related components.

Comparison of Temperature Sensors

Specification Platinum RTD** Thermocouple Thermistor
Typical -320°F -320°F -150°F
Operating to to to
Temperature +1200°F +2300°F +300°F
Range
Accuracy -40 to 212°F:+0.5°F 32 to 530°F:+1 '2°F to +4°F -40 to 2121°F:+0.5°F
Interchangeability 212 to 932°F:+3°F 530 to 2300°F:= - to + %" degrades rapidly

932 to 1200°F:+3.75°F over 212°F
Typical 0.21 mV/°F 0.02 mV/°F 2 mV/I°F
Sensitivity at 32°F with bridge with bridge
Stability +0.01% for 5 Years 1 to 2°F per year +0.2 to 0.5°F per year
Repeatability 0.05°F 2 to 4°F 0.2to 1°F
Linearity GOOD AVERAGE POOR
Size (Min.) 0.125" 0.015” 0.100”
Diameter diameter diameter

Time Response 2-5/secs. 2-5/secs. 1-2/secs.
Remarks Best for accuracy & Wide range, economical, limited High sensitivity

stability over wide Low signal-level on temp., poor linearity

temp. range Not best accuracy

* % of measuring reading.

** Industrial grade, 100 ohms, at 0°C, at 0°C, with 1.0 milliampere excitation.

Reprinted Courtesy of Analogic Corporation

In addition, thermocouples require a reference junc-
tion. The output voltage of a T/C is approximately proportional
to the temperature difference between the measuring (hot)
junction and the reference (cold) junction. This constant of
proportionality is known as the Seebeck Coefficient and
ranges from 5 to 50V/°C for commonly used thermocouples.
The best way to know the temperature at the reference junc-
tion is to keep this junction in an ice bath resulting in zero out-

put voltage of 0°C (32°F), A more convenient approach used
in electronic instruments is known as cold junction compensa-
tion. This technique adds a compensating voltage to the ther-
mocouple’s output so that the reference junction appears to be
at 0°, independent of the actual temperature. If this compen-
sating voltage is proportionality as the thermocouple, changes
in ambient temperature will have no effect on output voltage.

Table 1 Table 2
Sheath and Wire Sizes Thermocouples Max. Operating Temp.
Sheath Diameter Wire Diameter Thermocouples Max. Temperature (F°)
Fractions inches Inches mm Gauge J Iron Constantan 2192°F
ha 0.062 0.01t00.018 | 0.2t00.32 | 28-32 *K Chromel Alumel TM 2501°F
' 0.125 0.016t00.02 | 0.4t00.8 | 24-36 Egzppef ?gns'famfin 178532;';
3 0.1 88 0‘032 08 2 rome onstantan
‘?a 0.250 | 0.032t0 0.040 | 0.810 1.0 18-20 R/S Platinum Rhodium s214F
. : : : . : B Platinum Rhodium 3308°F
C Tungsten Rhenium 5000°F
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Thermocouple Wire Specifications

ANSI Color Code for Thermocouple and Thermocouple Extension Wire
ANSI Thermocouple Wire Color T/C extension Wire Color
Type Wire Alloys Polarity Individual Overall Individual Overall
T Copper +TP Blue Brown Blue Blue
Constantan -TN Red Red
J Iron +JP White Brown White Black
Constantan -Jn Red Red
E Chromel +EP Purple Brown Purple Purple
Constantan -EN Red Red
K Chromel +KP Yellow Brown Yellow Yellow
Alumel -KN Red Red
R | Platinum 13% Rhodium +RP Black Green
Platinum -RN Red
S | Platinum 10% Rhodium +SP Black Green
Platinum -SN Red
B | Platinum 30% Rhodium +BP Grey Grey
Platinum 6% Rhodium -BN Red
Bare Thermocouple Wire Approximately Weight feet/lb.
Wire | Wire Tyvpe J Type K Type T Type E
Ga | Size | Iron+ | Constantan- | Chromel+ | Alumel- |Copper+| Constantan- | Chromel+|Constantan-
B&S | Dia. | JpP JN KP KN TP N EP EN
6 162 | 14.2 12.6 13 13 12.6 12.6 13 12.6
7 144 | 18.0
8 128 | 22.8 20.2 21 21 19.8 20.2 21 20.2
14 064 | 91.2 80.9 83 83 80.5 80.9 83 80.9
16 .050 144 127 130 130 128 127 130 127
18 .040 | 233 207 212 212 203 207 212 207
20 |.032 | 365 324 331 331 324 324 331 324
24 .020 925 821 838 838 820 821 838 821
26 |.015 | 1478 1312 1340 1340 1299 1312 1340 1312
28 .012 | 2353 2089 2130 2130 2062 2089 2130 2089
30 .010 | 3736 3316 3370 3370 3294 3316 3370 3316
36 .005 |14940 13260 13500 13500 13250 13260 13500 13260
Nominal Thermocouple Resistance Ohms per Double Foot @ 68°F (20°C)
Wire | Wire ANSI Types
Sa | Jize J K T s R B
6 162 014 .023 012 027 007 .007 .008
*7 144 .021
8 128 022 .036 .019 .044 010 010 013
14 .064 .089 147 074 176 044 044 054
16 .050 A4 232 117 277 .069 .069 .086
18 .040 229 377 .190 .450 112 113 .139
20 032 357 588 297 702 75 178 218
24 |.020 .905 1.488 .754 1.778 449 453 .550
26 .015 1.441 2.450 1.200 2.840 701 .708 875
28 .012 2.297 3.580 1.920 4.330 1.062 1.073 1.392
30 .010 3.650 6.020 2.940 7.190 1.794 1.813 2.213
36 .005 14.660 24.080 12.220 28.800 7.150 7.226 8.897

American
Wire Size
Gauge Dia.
(AWG) Inches
7/0 —
6/0 0.5800
5/0 0.5165
4/0 0.4600
3/0 0.4096
2/0 0.3648
1/0 0.3249
1 0.2893
2 0.2576
3 0.2294
4 0.2043
5 0.1819
6 0.1620
7 0.1443
8 0.1285
9 0.1144
10 0.1019
11 0.0907
12 0.0808
13 0.0720
14 0.0641
15 0.0571
16 0.0508
17 0.0453
18 0.0403
19 0.0359
20 0.0320
21 0.0285
22 0.0253
23 0.0226
24 0.0201
25 0.0179
26 0.0159
27 0.0142
28 0.0126
29 0.0113
30 0.0100
31 0.00893
32 0.00795
33 0.00708
34 0.00630
35 0.00561
36 0.00500
37 0.00445
38 0.00396
39 0.00353
40 0.00314
M 0.00280
42 0.00249
43 0.00222
44 0.00198
45 0.00176
46 0.00157
47 0.00140
48 0.00124
49 0.00111
50 0.00099
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Thermocouple Wire Specifications

Selection and Use of Thermocouple
and Thermocouple Extension Wire

Thermocouple wire can be fabricated into accurate and
dependable thermocouples by joining the thermoelements
together at the sensing end. Thermocouple wire or thermo-
couple extension wire must be used to extend thermocouples
to indication or control instrumentation. The conditions of mea-
surement determine the type of thermocouple wire and insu-
lation to be used. Temperature range, environment, protection,
insulation requirements, response and service life should be
considered. The following parameters serve as a guide to the

selection of wire. For basic application study refer to Maelin lit-
erature “Applying the Systems Concept to Thermocouple
Installations” an ISA reprint.

Temperature Limits for Thermocouple Wire

Temperature limits for standard thermocouples that are
protected with a closed end protecting tube are shown. These
limits are suggested for continuous temperature sensing
where insulation is not a factor. For unprotected thermocou-
ples where fast response is required, these limits should be
reduced for equivalent service life.

Upper Temperature Limits for Thermocouples

Thermocouple Type ANSI WIRE GAUGE (AWG)
SQ:IZ%L 8 GAL 14 GAL 20 GAL 24 GAL 30 GAL
Copper-Constantan T 370°C (700°F) | 260°C (500°F) | 200°C (400°F) 150°C (300°F)
*Iron-Constantan J 760°C (1400°F) | 600°C (1100°F) 500°C (900°F) 370°C (700°F) 320°C (600°F)
Chromel™-Constantan E 870°C (1600°F) | 650°C (1200°F) | 550°C (1000°F) 430°C (B0OO°F) 430°C (800°F)
Chromel™-Alumel™ K 1260°C (2300°F) | 1100°C (2000°F) | 1000°C (1800°F) | 870°C (1600°F) 760°C (1400°F)
Nicrosil-Nisil N 1260°C (2300°F) | 1100°C (2000°F) | 1000°C (1800°F) | 870°C (1600°F) | 760°C (1400°F)
Platinum-10% Rhodium S 1480°C (2700°F)
Platinum-13% Rhodium R 1480°C (2700°F)
Platinum-30% vs. 6% Rhodium B 1700°C (3100°F)
Tungsten-26% Rhenium WR= 2300°F (4200°F)
Tungsten-3% vs. 256% Rhenium W3= 2300°F (4200°F)
Tungsten-5% vs. 26% Rhenium W5= 2300°F (4200°F)

* Magnetic ™ Trade Mark Hoskins Mfg. Co. = Not ANS| Symbol
Insulation Characteristics
insu. Insufation Description Continuous Use Single Exposure Moisture Abrasicn
Code Individual/Overall Temperature Limits | Temperature Limit Resistance Resistance
601 PVC/PVC -20 to +221°F 221°F Excellent Good
603 PVC Rip Cord -29 to +105°C 105°C ” "
605 Polyvinyl/Polyvinyl -20 to +176°F 176°F Excellent Good
Twisted & Shielded -29 to 80°C 80°C Excellent Good
606 Nylon/Nylon 350°F -~ Fair Excellent
607 |Teflon on Singles (FEP) 400°F 600°F Excellent Excellent
608 | Teflon/Teflon (FEP ext.) 204°F 316°C " ”
609 Teflon/Teflon -90 to 500°F 600°F Excellent Very Good
TFE Tape -68 to 260°C 316°C ” i
610 Teflon/Teflon FEP 400°F 600°F Excellent Excellent
Twisted & Shielded 204°C 316°C " i
611 TFE, Synthetic Fiber/ 500°F 700°F Good Good
Synthetic Fiber 260°C 371°C " "
612 FEP, Fiberglass/ 400°F 600°F Good Good
Fiberglass 204°C 316°C " ”
618 Ceramic Fiber/ 2600°F 2600°F Fair Fair
Ceramic Fiber 1430°C 1430°C " "
620 Vitreous Silica Fiber/ 1600°F 2000°F Fair Fair
Vitreous Silica Fiber 871°C 1093°C " "
622 High Temp. Glass/ 1300°F 1600°F Fair Fair
High Temp. Glass 704°C 871°C ” ”
623 High Temp. Fiberglass 1300°F 1300°F Fair Fair
Twisted 482°C 538°C ” i
628 Fiberglass/Fiberglass 900°F 1000°F Good to 400°F Fair
482°C 528°C (204°C) ”
S SS Overbraid - - - Excallent
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Dimensions of Steel Tubing

Outside Wall Inside Flow
Diameter Thickness Diameter Area

(in) (mm) (in) (mm) {mm) (m?)
1/8 3.18 0.028 0.71 1.75 2.413 x 10
0.032 0.81 1.55 1.885 x 10
0.035 0.89 1.40 1.533x 10
3/16 4.76 0.032 0.81 3.14 7.729 x 10
0.035 0.89 2.98 6.996 x 10~
1/4 6.35 0.035 0.89 4.57 1.642x 10°®
0.049 1.24 3.86 1171 x 10
0.065 1.65 3.05 7.297 x 10°®
3/16 7.94 0.035 0.89 6.16 2.979 x 10°®
0.049 1.24 5.45 2.331 x10°®
0.065 1.65 4.64 1.688 x 10~
3/8 9.53 0.035 0.89 7.75 4.714 x 10°®
0.049 1.24 7.04 3.888 x 10°
0.065 1.65 6.22 3.042x 10
1/2 12.70 0.035 0.89 10.92 9.365 x 10°°
0.049 1.24 10.21 8.189 x 10°®
0.065 1.65 9.40 6.937 x 10
0.083 2.1 8.48 5.652 x 10
5/8 15.88 0.035 0.89 14.10 1.561 x 10™
0.049 1.24 13.39 1.408 x 10
0.065 1.65 12.57 1.241 x 107
0.083 2.1 11.66 1.068 x 10
3/4 19.05 0.049 1.24 16.56 2.154 x 10
0.065 1.65 15.75 1.948 x 10
0.083 2.1 14.83 1.728 x 10
0.109 2.77 13.51 1.434 x 107
7/8 22.23 0.049 1.24 19.74 3.059 x 10~
0.065 1.65 18.92 2.812x 10~
0.083 2.1 18.01 2,547 x 107
0.109 2.77 16.69 2.187 x 10~
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Commercial Wrought Steel Pipe Data (ANSI B36.10)
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Nominal Wall
Pipe Size 0.D. Thickness 1.D. Flow Area
mm inches inches mm inches inches mm? sq in
2 350 14 14 6.35 0.250 13.5 92200 143
% 400 16 16 6.35 0.250 15.5 121900 189
D 450 18 18 6.35 0.250 17.5 155500 241
E 500 20 20 6.35 0.250 19.5 192900 299
n 600 24 24 6.35 0.250 235 280000 434
750 30 30 7.92 0.312 29.4 437400 678
200 8 8.63 6.35 0.250 8.13 33500 51.9
250 10 10.8 6.35 0.250 10.3 53200 82.5
S 300 12 12.8 6.35 0.250 12.3 76000 117.9
o 350 14 14.0 7.92 0.312 13.4 90900 141
3 400 16 16.0 7.92 0.312 15.4 120000 186
2 450 18 18.0 7.92 0.312 17.4 152900 237
& | 500 20 20.0 9.53 0.375 19.3 187700 291
600 24 24.0 9.53 0.375 23.3 274200 425
750 30 30.0 12.70 0.500 29.0 426400 661
200 8 8.63 7.04 0.277 8.07 33000 51.2
250 10 10.8 7.80 0.307 101 52000 80.7
o 300 12 12.8 8.38 0.330 12.1 74200 115
‘; 350 14 14.0 9.53 0.375 13.3 89000 138
'%'3 400 16 16.0 9.53 0.375 15.3 118000 183
2 450 18 18.0 11.13 0.438 17.1 148400 230
8 500 20 20.0 12.70 0.500 19.0 183200 284
600 24 24.0 14.27 0.562 22.9 265100 411
750 30 30.0 15.88 0.625 28.8 418700 649
15 'z 0.84 2.77 0.109 0.622 190 0.304
20 s 1.05 2.87 0.113 0.824 340 0.533
25 1 1.32 3.38 0.133 1.05 550 0.864
32 14 1.66 3.56 0.140 1.38 970 1.50
40 1'/2 1.90 3.68 0.145 1.61 1300 2.04
50 2 2.38 3.91 0.154 2.07 2150 3.34
5 65 2'/2 2.88 5.16 0.203 2.47 3100 4.79
: 80 3 3.50 5.49 0.216 3.07 4700 7.39
3 100 4 4.50 6.02 0.237 4.03 8200 12.7
B 150 6 6.63 7.1 0.280 6.07 18600 28.9
5 200 8 8.63 8.18 0.322 7.98 32200 50.0
@ 250 10 10.8 9.27 0.365 10.02 50900 78.9
300 12 12.8 10.31 0.406 11.9 72200 112
350 14 14.0 11.13 0.438 13.1 87100 135
400 16 16.0 12.70 0.500 15.0 114200 177
450 18 18.0 14.27 0.562 16.9 144500 224
500 20 20.0 15.06 0.593 18.8 179300 278
600 24 24.0 17.45 0.687 22.6 259300 402
*Standard wall pipe same as Schedule 40 through 10" size. 12" size data follows.
300 12 12.8 9.53 0.375 12.00 72900 113




Commercial Wrought Steel Pipe Data (ANSI B36.10) (continued)

Nominal Wall
Pipe Size 0.D. Thickness LD. Flow Area
mm inches inches mm inches inches mm? sqin
15 Ve 0.84 3.73 0.147 0.546 150 0.234
20 3/a 1.05 3.91 0.154 0.742 280 0.433
25 1 1.32 4.55 0.179 0.957 460 0.719
32 114 1.66 4.85 0.191 1.28 820 1.28
40 1'/2 1.90 5.08 0.200 1.50 1140 1.77
5 50 2 2.38 5.54 0.218 1.94 1900 2.95
© 65 2' 2.88 7.01 0.276 2.32 2700 4.24
% 80 3 3.50 7.62 0.300 2.90 4200 6.51
T 100 4 4.50 8.56 0.337 3.83 7400 11.5
5 150 6 6.63 10.97 0.432 5.76 16800 26.1
n 200 8 8.63 12.70 0.500 7.63 29500 45.7
250 10 10.8 15.06 0.593 9.56 46300 71.8
300 12 12.8 17.45 0.687 11.4 65800 102
350 14 14.0 19.05 0.750 12.5 79300 123
400 16 16.0 21.41 0.843 14.3 103800 161
450 18 18.0 23.80 0.937 16.1 131600 204
500 20 20.0 26.16 1.03 17.9 163200 253
600 24 24.0 30.99 1.22 2186 235400 365
15 2 0.84 475 0.187 0.466 110 0.171
20 3a 1.05 5.54 0.218 0.614 190 0.296
25 1 1.32 6.35 0.250 0.815 340 0.522
32 174 1.66 6.35 0.250 1.16 680 1.06
40 12 1.90 7.14 0.281 1.34 900 1.41
50 2 2.38 8.71 0.343 1.69 1450 2.24
o 65 22 2.88 9.53 0.375 2.18 2300 3.55
S 80 3 3.50 11.13 0.438 2.62 3500 5.41
% 100 4 4.50 13.49 0.531 3.44 6000 9.28
3 150 6 6.63 18.24 0.718 5.19 13600 211
5 200 8 8.63 23.01 0.906 6.81 23500 36.5
w 250 10 10.8 28.70 1.13 8.50 36600 56.8
300 12 12.8 33.27 1.31 10.1 51800 80.5
350 14 14.0 35.81 1.41 11.2 63400 98.3
400 16 16.0 40.39 1.59 12.8 83200 129
450 18 18.0 45.21 1.78 14.4 105800 164
500 20 20.0 50.04 1.97 16.1 130900 203
600 24 24.0 59.44 2.34 19.3 189000 293
15 fo 0.84 7.47 0.294 0.252 30 0.050
o 20 34 1.05 7.82 0.308 0.434 90 0.148
5 25 1 1.32 9.09 0.358 0.599 180 0.282
a—-‘; 32 14 1.66 9.70 0.382 0.896 400 0.830
o 40 1'/2 1.90 10.16 0.400 1.10 610 0.950
= 50 2 2.38 11.07 0.436 1.50 1140 1.77
l:; 65 22 2.89 14.02 0.552 1.77 1600 2.46
) 80 3 3.50 15.24 0.600 2.30 2700 4.16
3 100 4 4.50 17.12 0.674 3.15 5000 7.80
= 150 6 6.63 21.94 0.864 4.90 12100 18.8
200 8 8.63 22.22 0.875 6.88 23900 37.1
*Extra strong pipe same as Schedule 80 through 8" size, 10" & 12" size data follows.
250 10 10.8 12.70 0.500 9.75 48200 747
300 12 12.8 12.70 0.500 11.8 69700 108
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Size Table

1. ANSI Type Flange (150 Ib)
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% T % C |v Y @3;: E:/i/ —r c |y
0 | o} i ! 8- J
THREADED SLIP-ON-WELDING [ o |
SOCKET-WELDING(4 TO 3 ONLY}
f= X
X A
: J
3 Z 3 ¢’ 7%, | ° b / B8 1Y
1/ R/ N wind
0 ' 0 LN
LAPPED BLIND WELDING NECK
Dimensions of class 150 steel flanges
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Length Through Hub Bore
Hub Corner
Outside |Thickness Diameter| Threaded Thread Welding |Radius of
Nominal |Diameter of Diameter Beginning| Slip-On Length | Slip-On Neck | Bore of | Depth
Pipe of Flange | of Hub pf Chamfer| Socket Welding | Threaded| Socket | Lapped | Socket | Lapped of
Size Flange Min. Welding | Welding | Lapped | Neck Min. | Welding | Min. Welding | Flange | Socket
Neck Min. and Pipe
e} C X A Y Y Y T B B B r D
fa 3.50 0.44 1.19 0.84 0.62 0.62 1.88 0.62 0.88 0.90 0.62 0.12 0.38
s 3.88 0.50 1.50 1.05 0.62 0.62 2.06 0.62 1.09 1.1 0.82 0.12 0.44
1 4.25 0.56 1.94 1.32 0.69 0.69 219 0.69 1.36 1.38 1.05 0.12 0.50
1 4.62 0.62 2.31 1.66 0.81 0.81 2.25 0.81 1.70 1.72 1.38 0.19 0.56
1'% 5.00 0.69 2.56 1.90 0.88 0.e8 2.44 0.88 1.95 1.97 1.61 0.25 0.62
2 6.00 0.75 3.06 2.38 1.00 1.00 2.50 1.00 2.44 2.46 2.07 0.31 0.69
2 7.00 0.88 3.56 2.88 1.12 1.12 2.75 1.12 2.94 2.97 2.47 0.31 0.75
3 7.50 0.94 4.25 3.50 1.19 1.19 2.75 1.19 3.57 3.60 3.07 0.38 0.81
3 8.50 0.94 4.81 4.00 1.25 1.25 2.81 1.25 4.07 4.10 3.55 0.38 -
4 9.00 0.94 5.31 4.50 1.31 1.31 3.00 1.31 4,57 4.60 4.03 0.44 -
5 10.00 0.94 6.44 5.56 1.44 1.44 3.50 1.44 5.66 5.69 5.056 0.44 -
6 11.00 1.00 7.56 6.63 1.56 1.56 3.50 1.56 6.72 6.75 6.07 0.50 -
8 13.50 1.12 9.69 8.63 1.75 1.75 4.00 1.75 8.72 8.75 7.98 0.50 -
10 16.00 1.19 12.00 10.75 1.94 1.94 4.00 1.94 10.88 10.92 10.02 0.50 -
12 19.00 1.25 14.38 12.75 2.19 2.19 4.50 219 12.88 12.92 12.00 0.50 -
14 21.00 1.38 15.75 14.00 2.25 3.12 5.00 2.25 14.14 14.18 To be 0.50 -
16 23.50 1.44 18.00 16.00 2.50 3.44 5.00 2.50 16.16 16.19 |Specified| 0.50 -
18 25.00 1.56 19.88 18.00 2.69 3.81 5.50 2.69 18.18 18.20 by 0.50 -
20 27.50 1.69 22.00 20.00 2.88 4.06 5.69 2.88 20.20 20.25 pur- 0.50 -
24 32.00 1.88 26.12 24.00 3.25 4.38 6.00 3.25 24.25 24.25 chaser 0.50 -
Notes: (1) All dimensions are given in inches.
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Size Table

2. ANSI Type Flange (300 Ib)

X X 8
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A
X
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7 b ;
0 BLIND )
LAPPED WELDING NECK
Dimensions of class 300 steel flanges
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Length Through Hub Bore
Hub Corner
Outside | Thick- Diameter [Threaded Thread | Slip-On Welding |Radius of | Counter
Nominal | Diam. |ness of | Diam- [Beginning| Slip-On Length | Socket Neck | Bore of | Bore Depth
Pipe | eterof | Flange | eter of |of Chamfer| Socket Welding | Thread- |Welding | Lapped | Socket | Lapped [Threaded| of
Size | Flange | Min. Hub | Welding | Welding | Lapped | Neck |[ed Min. | Min. Min. |Welding | Flange | Flange | Socket
Neck and Pipe| Min.
0 C X A Y Y Y T B B B r Q D
2 3.75 0.56 1.50 0.84 0.88 0.88 2.06 0.62 0.88 0.90 0.62 0.12 0.93 0.38
s 4.62 0.62 1.88 1.05 1.00 1.00 2.25 0.62 1.09 1.1 0.82 0.12 1.14 0.44
1 4.88 0.69 2.12 1.32 1.06 1.06 2.44 0.69 1.36 1.38 1.05 0.12 1.41 0.50
1 5.25 0.75 2.50 1.66 1.06 1.06 2.56 0.81 1.70 1.72 1.38 0.19 1.76 0.56
1'% 6.12 0.81 2.75 1.90 1.18 1.18 2.69 0.88 1.95 1.97 1.61 0.25 1.99 0.62
2 6.50 0.88 3.31 2.38 1.31 1.31 2.75 1.12 2.44 246 2,07 0.31 2.50 0.69
2/ 7.50 1.00 3.94 2.88 1.50 1.50 3.00 1.25 2.94 2.97 247 0.31 3.00 0.75
3 8.25 1.12 4.62 3.50 1.69 1.69 3.12 1.25 3.57 3.60 3.07 0.38 3.63 0.81
3 9.00 1.19 5.256 4.00 1.75 1.75 3.19 1.44 4.07 4.10 3.55 0.38 413 -
4 10.00 1.25 5.75 4.50 1.88 1.88 3.38 1.44 4.57 4.60 4.03 .044 4.63 -
5 11.00 1.38 7.00 5.56 2.00 2.00 3.88 1.69 5.66 5.69 5.05 0.44 5.69 -
6 12.50 1.44 8.12 6.63 2.06 2.06 3.88 1.81 6.72 6.75 6.07 0.50 6.75 -
8 15.00 1.62 10.25 | 8.63 244 2.44 4.38 2,00 8.72 8.75 7.98 0.50 8.75 -
10 17.50 1.88 12.62 | 10.75 2.62 3.75 4.62 2.19 10.88 | 10.92 | 10.02 0.50 10.88 -
12 20.50 2.00 1475 | 1275 2.88 4.00 5.12 2.38 12.88 12.92 | 12.00 0.50 12.94 —
14 23.00 212 16.75 | 14.00 3.00 4.38 5.62 2.50 14.14 14.18 0.50 14.19 -
16 25.50 2.25 19.00 | 16.00 3.25 4,75 5.75 2.69 16.16 | 16.19 | To be 0.50 16.19 -
18 28.00 | 2.38 | 21.00 | 18.00 3.50 5.12 6.25 2.75 18.18 | 18.20 [specified| 0.50 18.19 -
20 30.50 2.50 23.12 | 20.00 3.75 5.50 6.38 2.88 20.20 | 20.25 | by pur- 0.50 20.19 -
24 36.00 2,75 27.62 | 24.00 4.19 6.00 6.62 325 2425 | 24.25 | chaser 0.50 24.19 -

Notes: (1) All dimensions are given in inches.
(2} For machining tolerances see ANSI Standard B 16.5 - Latest Addition
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Glossary"

Globe Valve Nomenclature

Bonnet: A valve pressure retaining boundary which may guide the stem and contain
the packing box and seal. The major part of the bonnet assembly, excluding the
sealing means. (This term is often used in referring to the bonnet and its included
packing parts. More properly, this group of component parts should be called the
Bonnet Assembly.)

Bonnet Assembly: (Commonly Bonnet, more properly Bonnet Assembly): An
assembly including the part through which a vaive plug stem moves and a means for
sealing against leakage along the stem. It usually provides a means for mounting the
actuator.

Cage: A hollow cylindrical trim element that is a guide to align the movement of a
valve plug with a seat ring. The cage may also retain the seat ring in the valve body.
(The walls of the cage have openings which usually determine the flow characteristic
of the control valve.)

Cage Guided Valve: A type of valve which uses a cage for plug guiding and
alignment. See Cage.

Extension Bonnet: A bonnet with an extension between the packing box and bonnet
flange for hot or cold service.

Globe Valve: A valve construction style with a linear motion flow controlling member
with one or more ports, normally distinguished by a globular-shaped cavity around
the port region. Two categories are commonly recognized depending on the method
of plug guiding; cage guided and stem or plug guided.

Guide Bushing: A bushing in a bonnet, bottom flange, or body to align the movement
of a valve plug with a seat ring.

Isolating Valve: A hand-operated valve between the packing lubricator and the
packing box to shut off the fluid pressure from the lubricator.

Packing Box (Assembly): The part of the bonnet assembly used to seal against
leakage around the valve plug stem. Included in the complete packing box assembly
are various combinations of some or all of the following component parts: Packing,
Packing Follower, Packing Nut, Lantern Ring, Packing Spring, Packing Flange,
Packing Flange Studs or Bolts, Packing Flange Nuts, Packing Ring, Packing Wiper
Ring, Felt Wiper Ring.

Packing Lubricator: An optional part of the bonnet assembly used to inject lubricant
into the packing box.

Port: A fixed opening, normally the inside diameter of a seat ring, through which fluid
passes.

Retaining Ring: A split ring that is used to retain a separable flange on a valve body.

Seat: That portion of the seat ring or valve body which a valve plug contacts for
closure.

Seat Ring: A separate piece inserted in a valve body to form a valve body port. It
generally provides a seating surface for the closure member.

1. Many of the cefinitions containec herein are either direct quotations of or derived from the Instrument Society of America’s ANSI Approved
Standard S75.05 - Controi Vaive Terminology. Copyright © ISA 1986. Reproduced herein by permission.



Separable Flange: A flange which fits over a valve body flow connection. It is
generally held in place by means of a retaining ring.

Stem: See Valve Plug Stem.

Stem Connector: A two piece clamp which connects the actuator stem to the valve
plug stem.

Stem or Plug-Guided Valve: A valve whose plug is guided by a bushing surrounding
the plug or the stem (as opposed to cage guiding).

Trim: The internal parts of a valve which are in flowing contact with the controlled
fluid. (In a globe valve body, trim would typically include valve plug, seat ring, cage,
stem, and stem pin.)

Trim, Anti-Cavitation: Trim which is specifically designed to eliminate or reduce
cavitation and cavitation damage in a control valve. A common approach uses a
specially designed cage to maintain high pressures within the valve to prevent the
liquid from cavitating.

Trim, Balanced: Trim which uses some design technique to equalize the forces of the
flowing media on the bottom and the top of the plug. This technique reduces the
actuator force necessary to throttle and seat the plug.

Trim, Noise Abatement: Trim which is specifically designed to eliminate or reduce
control valve noise due to turbulence associated with high velocity flow. A common
approach uses a slotted or drilled hole cage to reduce flowstream turbulence.

Trim, Reduced Capacity: A valve trim package which provides a smaller than
standard port diameter to reduce capacity of the valve. Often used in startup
situations when increased capacity at a later date is anticipated.

Trim, Soft-seated: Globe valve trim with an elastomer, plastic, or other readily
deformable material used as an insert, either in the valve plug or seat ring, to provide
very tight shutoff with minimal actuator force.

Valve Body: A housing for internal parts having inlet and outlet flow connections.
Among the most common valve body constructions are: a) Single-ported valve bodies
having one port and one valve plug, b) Double-ported valves bodies having two ports
and one valve plug, c) Two-way valve bodies having two flow connections, one inlet
and one outlet, d) Three-way valve bodies having three flow connections, two of
which may be inlets with one outlet (for converging or mixing flows), or one inlet and
two outlets (for diverging or diverting flows). (The term Valve Body, or even just Body,
frequently is used in referring to the vaive body together with its bonnet assembly and
included trim parts. More properly, this group of components should be called the
Valve Body Assembly).

Valve Body Assembly: (Commonly Valve Body or Body, more properly Valve Body
Assembly): An assembly of a bedy, bonnet assembly, bottom flange (if used), and
trim elements. The trim includes the valve plug which opens, closes, or partially
obstructs one or more ports.

Valve Plug: A movable part which provides a variable restriction in a port.

Valve Plug Stem: The rod or shaft which connects the actuator to the plug.
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Rotary-Shaft Valve Nomenclature

Ball, Full: The flow-controlling member of rotary-shaft control valves utilizing a
complete sphere with a flow passage through it.

Ball, V-notch: The flow-controlling member for a popular style of throttling ball valve.
The V-notch ball includes a polished or plated partial-sphere surface that rotates
against the seal ring throughout the travel range. The V-shaped notch in the ball
permits wide rangeability and produces an equal percentage flow characteristic.

Ball Segment, Eccentric: The flow controlling member of the eccentric rotary plug
valve. Because of its eccentric action, it clears its seat soon after opening. This
results in longer life, especially in erosive services, and reduces the actuator force
required to operate the valve.

Note

The balls mentioned above, and the disks which follow, perform a function
comparable to the valve plug in a globe-style control valve. That is, as they rotate
they vary the size and shape of the flowstream by opening more or less the seal
area to the flowing fluid.

Disk, Conventional: The flow-controlling member used in the most common varieties
of butterfly rotary valves. High dynamic torques normally limit conventional disks to
80 degrees maximum rotating in throttling service.

Disk, Dynamically Designed: A butterfly valve disk contoured to reduce dynamic
torque at large increments of rotation, thereby making it suitable for throttling service
with up to 90 degrees of disk rotation.

Disk, Eccentric: Common name for valve design in which the positioning of the valve
shaft/disk connections causes the disk to take a slightly eccentric path on opening.
(This allows the disk to be swung out of contact with the seal as soon as it is opened,
thereby reducing friction and wear.) This design is also commonly referred to as a
high performance butterfly valve (HPBV).

Flangeless Body: Body style common to rotary-shaft control valves. Flangeless
bodies are held between ANSI-ciass flanges by long through-bolts. (Sometimes also
called wafer-style valve bodies.)

Flow Ring: Heavy-duty ring used in place of ball seal ring for V-notch rotary valves in
severe service applications where some leakage can be tolerated.

High Performance Butterfly Valve (HPBV): See Disk, Eccentric.
Plug, Eccentric: See Ball, Eccentric Segment

Reverse Flow: Flow of a fluid in the opposite direction from that normally considered
the standard direction. (Some rotary-shaft control valves, such as conventional-disk
butterfly valves, are capable of handling flow equally well in either direction. Other
rotary designs may require modification of actuator linkage to handle reverse flow.
Capacity and allowable working pressures are often lowered to maintain allowable
leakage limits with flow in the reverse direction.)

Rotary-Shaft Control Valve: A valve style in which the flow closure member (full ball,
partial ball, or disk) is rotated in the flowstream to modify the amount of fluid passing
through the valve.



Seal Ring: The portion of a rotary-shaft control valve assembly corresponding to the
seat ring of a globe valve. Positioning of the disk or ball relative to the seal ring
determines the flow area and capacity of the unit at that particular increment of
rotational travel. As indicated above, some seal ring designs permit bi-directional
flow.

Shaft: The portion of a rotary-shaft control valve assembly corresponding to the valve
stem of a globe valve. Rotation of the shaft positions the disk or ball in the flowstream
and thereby controls the amount of fluid which can pass through the valve.

Shim Seals: Thin, flat, circular metal gaskets, usually 0.005-inch (0.125 mm} thick,
used in varying numbers to adjust seal deflection in V-notch ball rotary control valves.
(Adding more shim seals reduces the amount of seal deflection; reducing the number
of shim seals used increases the amount of seal deflection obtained.)

Standard Flow: For those rotary-shaft control valves having a separate seal ring or
flow ring, the flow direction in which fluid enters the valve body through the pipeline
adjacent to the seal ring and exits from the side opposite the seal ring. (Sometimes
called Forward Flow. See also Reverse Flow.)

Venturi-Ball: The spherically (ball) shaped closure member of a reduced port ball
valve.

Wafer-Style Valve Body: A flangeless type of butterfly or gate, short face-to-face,
valve body. Also called a flangeless valve body; it is clamped between pipeline
flanges.

Control Valve Attributes, Specifications, and
Applications Terminology

Actuator: A device which supplies force and motion to the valve closure member
Block Valve: An isolating valve, often a butterfly valve, used to create a bypass
around the control valve. A bypass is frequently created so that service may be
performed on the control valve without shutting down the process.

Cavitation: In liquid service, the noisy and potentially damaging phenomenon that
accompanies vapor cavity bubble formation and collapse in the flowstream.

Capacity: Rate of flow through a valve under stated conditions.

Clearance Flow: That flow below the minimum controllable flow with the valve plug
not seated.

Closure Member: A moveable part of the valve which is positioned in the flow path to
modify the rate of flow through the valve.

Control Valve: A power operated device which modifies the fluid flow rate in a
process control system. It consists of a valve connected to an actuator mechanism
that is capable of changing the position of a flow controlling element in the valve in
response to a signal from the controlling system.

Corrosion: The damaging effects of hostile media on control valve components
resulting from material incompatibility.

Cv: Flow coefficient commonly used for liquids. See Flow Coefficient
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Dynamic Unbalance: The net force produced on the valve plug in any stated open
position by the fluid pressure acting upon it.

Equal Percentage Flow Characteristic: The inherent flow characteristic which for
equal increments of rated travel will ideally give equal percentage changes of the flow
coefficient C,.

Erosion: The damaging effects of gritty or dirty media media on control valve
components. Erosion is forestalled with valve designs which separate the flowstream
from critical valve components and with hardened materials.

Fail-Closed: A condition wherein the valve port remains closed should the actuating
power fail.

Fail-Open: A condition wherein the valve port remains open should the actuating
power fail.

Flashing: A phenomenon observed in liquid service when the pressure of the media
falls below its vapor pressure and does not recover to a higher pressure. Flashing
commonly produces damage to control valve components which gives the
appearance of erosion damage (smooth, polished cavities on the affected
components).

Flow Characteristic: Relationship between flow through the valve and percent rated
travel as the latter is varied from 0 to 100 percent. This is a special term. It should
always be designated as either inherent flow characteristic or installed flow
characteristic. Common flow characteristics are linear, equal percentage, and quick
opening. See Inherent Flow Characteristic and Instailed Flow Characteristic.

Flow Coefficient (Cv): The number of U.S. gallons per minute of 60 degree F water
that will flow through a valve with a one pound per square inch pressure drop.

Hard Facing: The process of applying a material harder than the surface to which it is
applied. This technique is used to resist fluid erosion and/or to reduce the chance of
galling between moving parts, particularly at high temperature.

Hardness: Metallic material hardness is commonly expressed by either a Brinell
number or a Rockwell number. (In either case, the higher the number, the harder the
material. For example, a material with a Rockwell “C” hardness of 60 is file hard
while a hardness of 20 is fairly soft. Elastomer hardness is determined by a
Durometer test.)

Inherent Flow Characteristic: Flow characteristic when constant pressure drop is
maintained across the valve.

Inlet: The body opening through which fluid enters the valve.

Installed Flow Characteristic: Flow characteristic when pressure drop across the
valve varies as dictated by flow and related conditions in the system in which the
valve is installed.

Leakage: Quantity of fluid passing through an assembled valve when the valve is in
the fully closed position under stated closure forces, with pressure differential and
pressure as specified. Leakage is is usually expressed as a percentage of the valve
capacity at full rated travel.

Linear Flow Characteristic: An inherent flow characteristic which can be represented
ideally by a straight line on a rectangular plot of flow versus percent rated travel.
(Equal increments of travel yield equal increments of flow at a constant pressure
drop.)



Noise, Control Valve: Generally refers to aerodynamic noise associated with
flowstream turbulence in compressible fluids. Noise levels can be reduced to safe
levels defined by OSHA and the EPA with noise-abatement trim (source treatment)
and with silencers and diffusers (path treatment).

Normally Closed Control Valve: One which closes when the diaphragm pressure is
reduced to atmospheric.

Normally Open Control Valve: One which closes when the diaphragm pressure is
reduced to atmospheric.

Outlet: The body opening through which fluid exits the valve.

Pressure Drop: The difference between upstream pressure and downstream
pressure using the control valve as a reference.

Pressure Drop, Maximum Allowable: The maximum flowing or shutoff pressure drop
that a control valve can withstand. While maximum inlet pressure is commonly
dictated by the valve body, maximum allowable pressure drop is generally limited by
the internal controlling components (plug, stem, disk, shaft, bearings, seals).
Maximum allowable pressure drop may apply to the pressure drop while flowing
process fluids or at shutoff.

Push-Down-to-Close Construction: A globe-style valve construction in which the
valve plug is located between the actuator and the seat ring, such that extension of
the actuator stem moves the valve plug toward the seat ring, finally closing the valve.
(Also called Direct Acting. The term may also be applied to rotary-shaft valve
constructions where linear extension of the actuator stem moves the ball or disk
toward the closed positicn.)

Push-Down-to-Open Construction: A globe-style valve construction in which the seat
ring is located between the actuator and the valve plug, such that extension of the
actuator stem moves the valve plug away from the seat ring, opening the valve. (Also
calied Reverse Acting. The term may also be applied to rotary-shaft valve
constructions where linear extension of the actuator stem moves the ball or disk
toward the open position.)

Quick Opening Flow Characteristic: An inherent flow characteristic in which there is
maximum flow with minimum travel.

Rangeability: Ratio of maximum to minimum flow within which the deviation from the
specified inherent flow characteristic does not exceed some stated limit. (A control
valve that still does a good job of controlling when flow increases to 100 times the
minimum controllable flow has a rangeability of 100 to 1. Rangeability might also be
expressed as the ratio of the maximum to minimum controllable flow coefficients.)

Rated Cv: The value of Cy at the rated full-open position.

Recovery: A relative term used to describe how much flowstream pressure is
reduced due to the design of the control valve; the ratio of maximum (valve fully open)
downstream pressure to upstream pressure. For example:

High-Recovery Valve: A valve design that dissipates relatively little flow-stream
energy due to streamlined internal contours and minimal flow turbulence. Therefore,
pressure downstream of the valve vena contracta recovers to a high percentage of its
inlet value. (Straight-through flow valves, such as rotary-shaft ball and butterfly
valves, are typically high-recovery valves.)
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Low-Recovery Vaive: A valve design that dissipates a considerable amount of
flowstream energy due to turbulence created by the contours of the flowpath.
Consequently, pressure down-stream of the valve vena contracta recovers to a
lesser percentage of its inlet value than is the case with a valve having a more
streamlined flowpath. (Although individual designs vary, conventional globe-style
valves generally have low pressure recovery capability.)

Seat Load: The contact force between the seat and the valve plug. (In practice, the
selection of an actuator for a given control valve will be based on how much force is
required to overcome static, stem, and dynamic unbalance with an allowance made
for seat load.)

Shutoff: See Leakage.

Static Unbalance: The net force produced on the valve plug in its closed position by
the fluid pressure acting upon it.

Stem Unbalance: The net force produced on the valve plug stem in any position by
the fluid pressure acting upon it.

Stroke: See travel.

Travel, Rated: The amount of linear movement of the valve plug from the closed
position to the rated full-open position. (The rated full-open position is the maximum
opening recommended by the manufacturer.)

Throttling: The action of a control valve in maction as it regulates flow through a
pipeline.

Vapor Pressure: The pressure at which a given liquid begins to vaporize.
Vena Contracta: The location where cross-sectional area of the flowstream is at its
minimum size, where fluid velocity is at its highest level, and fluid pressure is at its

lowest level. (The vena contracta normally occurs just downstream of the actual
physical restriction in a control valve.)

Miscellaneous Abbreviations
ANSI: American National Standards Institute.

API: American Petroleum Institute.

ASME: American Society of Mechanical Engineers.

ASTM: American Society for Testing and Materials.

EPA: Environmental Protection Agency

ISA: International Society of Automation.

NACE: National Association of Corrosion Engineers. (U.S.A.)

OSHA: Occupational Safety and Health Act. (U.S.A.)



Shutoff

ANSI Class Seat Shutoff is ordinarily stated in terms of classes of seat leakage defined in the American

Leakage National Standard for Control Valve Seat Leakage. In actual service, shutoff leakage
depends on many factors including pressure drop, temperature, the condition of the
sealing surfaces, and the force load on the seat - which is a function of actuator force
available. Since shutoff ratings are based on standard test conditions which may be
very different from actual service conditions, service leakage cannot be absolutely
predicted. However, the ANSI shutoff classes provide a good basis for comparison
among valves of similar configuration.

ANSI Classes As we identify the different seat leakage standards, we can roughly calculate the seat

Compared leakage of a typical 3-inch globe body that would conform to each of the leak classes.
First, because ANSI Class two, three, and four leakage is expressed as a percentage
of rated capacity, we'll have to calculate the normal wide open flow of our three inch
valve under test conditions. The basic formula for flow is C, times the square-root of
AP so we’'ll have to know the C, of the valve and the pressure drop of our setup. The
maximum rated C, of 140 comes from the manufacturers literature and the pressure
drop of 50 psi is one of the test conditions in the ANSI Standard. Solving the
equation, we find that our 3-inch valve will produce a maximum flow of approximately
1,000 gallens per minute under test conditions.

MANUAL
VALVE

N

MANUAL CONTROL MANUAL
VALVE VALVE VALVE

Block and bypass piping arrangements are commonly used to isolate the control vaive for maintenance or
emergency situations. Such arrangements frequently eliminate the need for tight shutoff at the control valve.

13
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ANSI Seat Leakage Classifications

Classes |-V
Leakage Maximum Test Test Testing Procedures
Class Leakage Medium Pressures Required for
Designation Allowable Establishing Rating
| No test required provided
user and supplier so agree.
1l 0.5% of rated capacity Air or water 45-60 psig or max. Pressure applied to valve
at 50-125°F operating differential, | inlet, with outlet open to
(10-562°C) whichever is lower atmosphere or connnected
to a low head loss measur-
ing device, full normal
closing thrust provided by
actuator.
1 0.1% of rated capacity As above As above As above
v 0.01% of rated capacity | As above As above As above
\ 0.0005 ml per minute Water at Max. service pressure | Pressure applied to valve
of water per inch of 50-125°F drop across valve inlet after filling entire
port diameter per psi (10-52°C) plug, not to exceed body cavity and connected
differential. ANSI body rating. piping with water and
(100 psi pressure stroking valve plug closed.
drop minimum) Use net specified max.
actuator thrust, but no
more, even if available
during test. Allow time for
leakage flow to stabilize.
Vi Not to exceed Air or 50 psig or max. rated | Actuator should be
amounts shown in Nitrogen differential pressure adjusted to operating con-
following table at 50-125°F across valve plug, ditions specified with full
based on port (10-50°C) whichever is lower. normal closing thrust
diameter applied to valve plug seat.
Allow time for leakage
flow to stabilize and use
suitable measuring device.
Class VI
NOMINAL PORT DIAMETER LEAK RATE
Inches Millimeters ml Per Minute Bubbles Per Minute*
1 25 0.15 1
1-1/2 38 0.30 2
2 51 0.45 3
2-1/2 64 0.60 4
3 76 0.90 4
4 102 1.70 1
6 152 4.00 27
8 203 6.75 45

*Bubbles per minute as tabulated are an easily mea-
sured suggested alternative on a suitable calibrated
measuring deivee such as a 1/4-inch O.D. x 0.032-inch
wall tube submerged in water to a depth of 1/8-inch to
1/4-inch. The tube end shall be cut square and smooth

with no chamfers or burrs and the tube axis shall be per-
pendicular to the surface of the water. Other apparatus
may be constructed and the number of bubbles per
minute may vary from these shown, as long as they cor-
rectly indicate the flow in ml per minute.




Class|

Class |l

Class lli

Class IV

Class V

Class VI

Cost of Over-
specifying Shutoff

Special Cases

ANSI Class | shutoff does not require testing but is mutually defined by and agreed to
by the user and supplier. It is a special classification that might apply to a valve with a
higher leakage class rating which has been modified for some purpose. So, in our
example, the amount of leakage would be negotiated between the customer and the
manufacturer.

Class Il shutoff allows leakage of up to one-half of one percent (0.5%) of the rated
capacity of the valve using air or water as the test medium at a pressure drop of 50
psid. In our example, leakage of the specified valve is 5 gallons per minute.

Class lll shutoff allows leakage of up to one-tenth of one percent (0.1%) of the rated
capacity of the valve again using air or water as the test medium with a 50 psid
pressure drop. This is one-fifth the leakage of Class Il and, in the example, is one
gallon per minute.

Class IV shutoff allows leakage of one one-hundredth of one percent (.01%) of the
rated capacity of the valve under the same test conditions as above. Leakage is
slightly less than one pint per minute.

Class V standards become more stringent and allow only .0005 milliliters of water per
minute per inch of port diameter at a minimum test pressure drop of 100 psid. In the
example, wide open flow would be increased to about 1400 gallons per minute
because of the increased test pressure. However, because of the more demanding
requirements, an eyedropper could be used to measure leakage accumulated in one
minute.

Class VI standards are very demanding. Instead of water as a test medium, air or
nitrogen is used with a pressure drop of 50 psid. The allowable leakage for different
nominal port diameters is expressed in both milliliters per minute and bubbles per
minute. Allowable leakage does not follow a linear scale but is identified for port
diameters through 8-inches. Obviously, this leak class provides very tight shutoff.

In actual application, not all throttling valves need to provide tight shutoff. Block
valves placed around the control valve provide the tight shutoff function. Over-
specifiying control valve shutoff has been identified as one of the greatest
unnecessary costs incurred during control valve selection. What typically happens is
that every specifier in the chain - the designer, plant manager, engineer, and so on -
adds a safety margin to the specifications; each person who reviews the plans and
specifications increases the shutoff requirement. The result is good - though not
always necessary - shutoff, at a progressive penalty in cost.

In some instances, tight shutoff should be specified even though it not a specific
process requirement. For instance, when flowing toxic or flamable fluid, tight shutoff
is often specified for safety reasons. In severe services involving erosive fluids, high
pressure drops, or cavitation (discussed later), tight shutoff may be specified to
reduce wear or erosion of closure members and seats.
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ANSI Class Seat Leakage Comparison

Task: Calculate actual seat leakage of a typical 3-inch globe valve at all ANSI seat leakage classifications.

1. Seat leakage classes define maximum allowable leakage as a percent of the valve’s rated capacity, so maximum
flow under test conditions must be known.

2. Maximum flow (Q) = maximum C, VAP
a. Maximum C, = 140 (from manufacturers literature)

b. AP = 50 psid {test condition for Classes I, Il and IV)

3. Q=140x+50

Q = 1,000 gallons per minute (approximate)

Class | Class i

Not specified by ANSI. Leakage mutually agreed
upon by user and supplier.

0.5% Rated Capacity

1,000
X 0.005
5 gallons per minute
5 GALLONS
Class lll Class IV
.1% Rated Capaci
0.1% pacity 0.01% Rated Capacity
1,000
x0.001 x 0.0001
1 gall er minut x 0.0001
gallon p nie 0.1 gallon per minute
(less than 1 pint)
1 GALLON 1 PINT
1 GALLON
Class V Class VI
0.0005 mL/in. port dia./psid
0.9 mL/minute, or
3 (port diameter)
x_0.0005 6 visible bubbles per minute
0.0015 (minimum test psid)
x__ 100 P TIGHT!

0.15 mL per minute

1. Maximum flow under Class V test pressure of 100 psid minimum is approximately 1400 gallons per minute.

116



Definition

Vena Contracta

Vapor Pressure

Flashing

Cavitation

Cavitation and Flashing

Cavitation and flashing are phenomena which are often grouped together as they
both can accompany high pressure drop applications. Cavitation is defined as the
noisy and potentially damaging formation and collapsing of vapor cavities formed
when the pressure of a liquid drops below its vapor pressure. The beginning stages
of cavitation can often be detected by a hissing or roaring sound in the control valve
or pipeline. Fully developed cavitation produces a sound giving the sensation that
gravel is passing through the control valve.

When a control valve is applied to a system, there resuits in the flowstream a point of
minimal cross-sectional area of flow. This point is referred to as the vena contracta.
The vena contracta is generally slightly downstream of the point of maximum
restriction in the control valve.

When a fluid passes through the vena contracta, velocity increases and pressure
decreases. When flowing liquids under certain conditions such as high pressure
drop, pressure may decrease to a level which is below the vapor pressure of the
liquid; that is, below the pressure at which the liquid begins to vaporize. If pressure at
the vena contracta falls below this point, vapor cavities begin to form in the liquid.

If the downstream pressure remains below the vapor pressure of the liquid, the vapor
cavities remain in the flowstream and the process is flashing.

If downstream pressure recovers to a pressure above the vapor pressure of the
liquid, the vapor cavities begin to collapse and the process is cavitating.

Both flashing and cavitation can result in damage to controt valves and related
equipment. The total damage which occurs depends on the intensity and location of
the phenomenon, the materials of which the valve is made, and the total amount of
time of exposure.

Flashing damage is produced by high velocity flowstreams impinging on valve parts.
Damage from flashing resembies erosion and has a smooth, polished appearance.
Control valves for flashing services generally use hard materials to resist the effects
of high velocity flow.

Cavitation damage is produced when the vapor cavities collapse against valve parts
or piping. The energy released during this change of state produces damage which is
typically much more severe than flashing damage. Parts damaged by cavitation have
a rough, pitted, cinder-like surface. Cavitation damage similar to the example may
OCCUr OVer years or, in extreme cases, in just a few minutes.
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1 Control Valve Noise

1.1 Introduction

Noise pollution will soon become the third greatest
menace to the human envircnment after air and water
poliution. Since noise is a by-preduct of energy conver-
sion, there will be increasing noise as the demand for
energy for transportation, power, food, and chemicals
increases.

In the field of control equipment, noise produced by
valves has become afocal point of attention triggered in
part by enforcement of the Occupational Safety and
Health Act, which in most cases limits the duration of
exposure to noise in industrial locations to the levels
shown in Table 1.

1.2 Acoustic Terminology

Table 1
Duration of Exposure Sound Level
(Hours) (dBA)
8 90
4 95
2 100
1 105
e 110
/4 or less 115

Noise
Noise is unwanted sound.

Sound

Sound is a form of vibration which propagates through
elastic media such as air by aiternately compressing
and rarefying the media. Sound can be characterized
by its frequency, spectral distribution, amplitude, and
duration.

Sound Frequency

Sound frequency is the number of times that a particular
sound is reproduced in one second, i.e., the number of
times that the sound pressure varies through a com-
plete cycle in one second. The human response
analogous to frequency is pitch.

Spectral Distribution

The spectral distribution refers to the arrangement of
energy in the frequency domain. Subjectively, the
spectral distribution determines the quality of the sound.

Sound Amplitude

Sound amplitude is the displacement of a sound wave
relative to its "at rest" position. This factor increases
with loudness.

Sound Power

The sound power of a source is the total acoustic energy
radiated by the source per unit of time.
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Sound Power Level

The sound power level of a sound source, in decibels,
is 10 times the logarithm to the base 10 of the ratio of the
sound power radiated by the source to a reference
power. The reference power is usually taken as 102
watt.

Sound Pressure Level: SPL

The sound pressure level, in decibels, of a sound is 20
times the logarithm to the base of 10 of the ratio of the
pressure of the sound to the reference pressure. The
reference pressure is usually taken as 2 x 10% N/M?2,

Decibel: dB

The decibel is a unit which denotes the ratio between
two numerical quantities on a logarithmic scale. In
acoustic terms, the decibel is generally used to express
either a sound power level or a sound pressure level
relative to a chosen reference level.

Sound Level

A sound level, in decibels A-scale (dBA) is a sound
pressure level which has been adjusted accordingto the
frequency respanse of the A-weighting filter network.
When referring to valve noise. the sound level can imply
standard conditions such as a position 1 m downstream
of the valve and 1 m from the pipe surface.



NEMA Enclosures for Control Equipment

Enclosure Purge Types

Purge Types

Type Z  Reduces classification within an enclosure from Division 2 to non hazardous
Type Y Reduces classification within an enclosure from Division 1 to Division 2
Type X  Reduces classification within an enclosure from Division 1 to non hazardous
Other Equipment for Hazardous Areas

Nonincendive  Equipment that will not ignite a specific hazardous atmosphere under

Equipment it's normal operating conditions. Note that exposed surface
temperatures must be less than 80% of the auto-ignition temperature
of the specific gas.

Intrinsically Equipment that is incapable of releasing sufficient energy to ignite a
specific hazardous atmosphere under normal or abnormal conditions.

Safe Equipment
Enclosure Temperature codes for Hazardous Locations

Temperature code Maximum External
Temperature C

T1 450

T2 300

T2A 280

T2B 260

T2C 230

T2D 215

T3 200

T3A 180

T3B 165

T3C 160

T4 135

T4A 120

T5 100

T6 85
If Enclosure is not marked, rating is as follows
Group A 280C Group B 280 C
GroupC 160C Group D 215C
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Enclosures NEMA Ratings

Enclosures Classification | Description

Type 1 Nonhazardous | indoor use protecting against contact with the enclosed
environment

Type 2 Nonhazardous | indoor use protecting against limited amounts of falling water & dirt.

Type 3 Nonhazardous | outdoor use protecting against windblown dust, rain, sleet, &
external ice formation.

Type 3R Nonhazardous | outdoor use protecting against rain, sleet, & external ice formation.

Type 38 Nonhazardous | outdoor use protecting against windblown dust, rain, sleet, &
provide for operation of external mechanisms if ice laden.

Type 4 Nonhazardous | indoor/outdoor use protecting against windblown dust and rain,
splashing water, & hose directed water.

Type 4X Nonhazardous | indoor/outdoor use protecting against corrosion, windblown dust,
rain, splashing water & hose directed water.

Type 5 Nonhazardous | indoor use protecting against dust & falling dirt.

Type 6 Nonhazardous | indoor/outdoor use protecting against entry of water during
occasional temporary submersion at a limited depth.

Type 6P Nonhazardous | indoor/outdoor use protecting against entry of water during
prelonged submersion at a limited depth.

Type 7 Hazardous enclosures are for use indoors in locations classified as Class 1,
Groups A, B, C, or D, as defined in the National Electric Code.

Type 8 Hazardous enclosures are for use indocr or outdoor locations classified as
Class 1, Groups A, B, C, or D, as defined in the National Electric
Code.

Type 9 Hazardous enclosures are for use indoors in locations classified as Class I,
Groups E, F, or G, as defined in the National Electric Code.

Type 10 Hazardous enclosures are constructed to meet the applicable requirements of
the Mine Safety and Health Administration.

Type 11 Nonhazardous | indoor use protecting, by oil immersion, enclosed equipment
against the corrosive effects of liquids and gases.

Type 12 Nonhazardous | indoor use protecting against dust,dirt & noncorrosive liquids

Type 12K Nonhazardous | enclosures with knockouts are intended for indoor use protecting
against dust, dirt & dripping noncorresive liquids.

Type 13 Nonhazardous | indoor use protecting against dust, spray water, oil & noncorrosive
coolants.
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Hazarpous LocAaTions EQuiPMENT MARKING

Markings for North America

Option A: (Zone System)
Ex ia lIC T4 (Canada)
Class | Zone 0 AEx ia lIC T4 (U.S.)

Flammable gas or vapour
Area classification
Conformity to U.S. requirements
Explosion protected

Gas group (acetylene &
hydrogen)

Temperature

v *code

Class| Zone0 A Ex ia lIC T4

Option B: (DivisionSystem)

Flammable gas or vapour

Protection method - (intrinsic safety)

Area classification A: acetylene Conformity to CENELEC standard
Gas group - B: hydrogen Explosion protecl;ted o
C: ethylene Protection method - (intrinsic safety)
D: propane Gas group (acetylene & hydrogen)
Temperature Temperature class
1 code EU marking for
explosion
protection
Class | Division 1 Groups T4 (optional)
A,B,C,D v
EEx ia lic T4 @

Markings for Europe

ATEX Directive (94/9/EC) on
Potentially Explosive Atmospheres
(mandatory by July 1, 2003)

CE marking symbol
ID No. of Notified Body of the QA system
EU Explosive Atmospheres symbol
Surface (non-mining) equipment
Equipment category
Type of flammable
substance

v

CE - ® " 1 G

CENELEC (European) Directive (76/117/EEC)
(mandatory requirement until July 1, 2003)

ProTecTioN MeTHODS FOR ComBUSTIBLE/IGNITABLE DusT

ATMOSPHERES

North America Class I, lll

Europe (CENELEC), International (IEC)

Protection Method Division Standard Zone EumpstanclinatredrnationaI
Canada CSA us CENELEC IEC

Intrinsic Safety - i@ 1 C22.2 No. 157 FMB610/UL913 = = =

Dust ignition protection 1 C22.2 No. 25 or E61241-1-1 UL 1203 20/21/22EN50281-1-1] 61241-1-1

Purged 1/2 = NFPA 496 = = 61241-4

Dust tight 2 C22.2 No. 25 or E61241-1-1 | FM3611/UL1604 — — —

Non-incendive 2 = FM3611/UL1604 = = =

INgRESs ProT1ECTION (IP) CoDES

First NUMERAL
Protection Against Solid Bodies
No Protection

Objects Greater Than 50 mm
Objects Greater Than 12.5 mm
Objects Greater Than 2.5 mm
Objects Greater Than 1.0 mm
Dust-Protected

Dust-Tight

oW = O

0N O~ WN = O

SECOND NUMERAL

Protection Against Water

No Protection

Vertically Dripping

Angled Dripping (15° tilted)
Spraying

Splashing

Jetting

Pow erful Jetting
Temporary Immersion
Continuous Immersion
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ATEX DirecTive 94/9/EC

Equipment  Equipment Presence of Flammable Correlation
Group Category and Explosive Substances with

Level of Atmosphere Hazardous
Protection Areas
M1 - very high level Presence -
of protection
I- Mines M2 - high levelof | Risk of Methane, Dust
protection Presence -
1 - very high level Continuous Zone 0 (Gas
of protection Presence etc.)
Zone 20 (Dust)
2 - high level of Likely to Occur | G-Gas, Vapours gt%nf 1 (Gas
rotection T .
- Surface B2 Mist; Zone 21 (Dust)
D-Dust
3 - normal level of Unlikely to Zone 2 (Gas
protection Occur etc.)
Zone 22 (Dust)

ProTECTION METHODS FOR POTENTIALLY EXPLOSIVE GAS/VAPOUR

ATMOSPHERES

Europe (CENELEC),

North America Class |
International (IEC)

Protection Method Div. Standard Zone Standard Zone Standard
Canada us Canada us European International
CSA CSA Norm (EN) IEC

Intrinsic Safety - ia FM3610/ . ISA 12.02.01/ .

(2 faults) 1 JC22.2 No. 157 UL913 0 |E60079-11 UL2279 0 50020 60079-11

Intrinsic Safety - ib _ _ _ 1 1es0079-11 ISA 12.02.01/ 1 50020 60079-11

(1fault) UL2279

Explosionproof FM3615/ ISA S§12.22.01/

1 | C22.2 No. 30 1 E60079-1 1 50018 60079-1
Flameproof - d UL1203 uL2279
Purged Pressurized - p 1/2 CSA TIL 13A/ NFPA 496 1/2 | E60079-2 — 1 50016 60079-2
NFPA 496
ANSVISA S12.16.01/

I d Safety - — — — 1 E79-7 1 50019 60079-7

ncreased Safety - e UL2279

Encapsulation - m — — - 1 E79-18 ISA $12.23.01/ 1 50028 60079-18
uL2279

Oil immersion - o — — — 1 E79-6 ) SU ST 1 50015 60079-6
uL2279

Pow der filled - g - — — 1 E60079-5 ANSVISA $12.25.01/ 1 50017 60079-5
uL2279

Non-incendive/ FM3611/

2 |C22.2 No. 213 — — — — — -

non-sparking UL1604

Protection - n — — — 2 E60079-15 uL2279 2 50021 60079-15

Special requirements . _ _ _ _ _ 0 50284 _

(2 protection methods)

ArPARATUS GROUPING AREA CLASSIFICATION - DivisioN

VERSUS ZONE

Typical US (NEC) US (NEC)
Gas/Dust/ Canada (CEC) Canada (CEC) Type of Area NEC and CEC CENELEC
Fibres/Flyings IEC, CENELEC (North America) and IEC
Acetylene Class |, Group A Continuous Hazard Division 1 or Zone 0 Zone 0
Group IIC

Hydrogen Class |, Group B Intermittent Hazard Division 1 or Zone1  Zone 1
Ethylene Class |, Group C Group IIB Hazard Under Abnormal Conditons ~ Division 2 or Zone 2  Zone 2
Propane Class |, Group D Group IIA
Methane Gaseous Mines* Group I
Magnesium Class |l, Group E IEC, CENELEC
Coal Class ll, Group F ..

. do not subdivide
Grain Class Il, Group G by material tvpes
Cotton Class Il y P

*not w ithin scope of NEC or CEC
Class | - gas/vapour/mist, Class Il - dust, Class Il - fibres, flyings
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Electrical
Safety

Authority

Certification Marks Acceptable under the
Electrical Safety Code

ESA Bulletin 2-7-20

Recognized Certification Markings

BACL (Bay Area
Compliance
Laboratories)

—

BACL

Canadian
Standards
Association

) &

(&)

Curtis Strauss

o

DEKRA
Certification BV c

l

DEKRA

Electrical Safety

Authority -
Field Evaluation C
(ESAFE)
FM Approvals LLC C
C
APPROVED
IAPMO Research eLecrmcaL

and Testing, Inc.

ICC NTA, LLC

=

IAPMO Ventures, NRTL

(BACLys
s @
C us
CPDEKRAI w

ELECTRICAL ELECTRICAL

-

Internatinal Testing
Laboratory Inc.

Intertek Testing Al
Services ( )

€0

Iélc_a(;dba IAPMO Us
[ INit

N~

LabTest
Certification Inc.

®

().

WHERTE,

€

Ligye®

Intertek

c@us

e,
(I-i-.-)
cy, - dus
. nacs vt

Met Laboratories
(MET)

Nemko North
America, Inc.

1 ®

o

=z ®
=

o

NSF International

<
[ELECTRICAL]

<
@

OMNI
Environmental
Services Inc.

QPS Evaluation
Services, Inc.

,,

= | &
3
L'"..

Certified

Quality Auditing
Institute (QAID

2
==

co
S
=

SGS ‘ . (=

TR Arnold and
Associates, Inc.

TOV Rheinland of  &%&,
North America, Inc. %é‘ é lué‘w

TUV Sud America .
Inc. OV

Underwriters’
Laboratories of
Canada (ULC)

Underwriters’ @
Laboratories Inc. c@us 0@ cemmned

W0
E123456
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Recognized SPE-1000 Field Evaluation Marks

AC&E North
America Inc.

Attesta
International Safety
Certification Inc.

Canadian Group
for Approval Inc.
(CGA)

Canadian
Standards
Association (CSA)

Electrical Safety
Authority
(operating as ESAFE)

International
Testing Laboratory
Inc.

Intertek Testing
Services

LabTest
Certification Inc.

MET Laboratories

Nemko Canada Inc.

QPS Evaluation
Services, Inc.

Quality Auditing
Institute

Q Test
Inspection Ltd.

SEAC
Engineering Inc.

TUV Sud
America Inc.

TUV Rheinland of
North America Inc.

“EHCu DEPCT

TrTT
= R AN

Underwriters
Laboratories of
Canada (ULC)

Vision Integrity
Engineering Ltd.

AC&E North
America Inc.

Attesta
International Safety
Certification Inc.

Canadian
Standards
Association (CSA)

Electrical Safety
Authority
(operating as ESAFE)

Intertek Testing
Services

QPS Evaluation
Services, Inc.

*PANEL-ONLY label identifies that the panel has been evaluated to the SPE-1000. It does not cover equipment that is added or connected to

the panel.
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Recognized SPE-3000 Field Evaluation Marks

Attesta
International Safety
Certification Inc.

Canadian
Standards
Association (CSA)

Electrical Safety
Authority
(operating as ESAFE)

Intertek Testing
Services

CM-0000001

LabTest
Certification Inc.

QPS Evaluation
Services, Inc.

Underwriters’
Laboratories Inc.

Component Certification Markings that are not Recognized on Complete End-Use Products

Canadian
Standards sp
Association (CSA) 4

Underwriters’
Laboratories Inc.
(UL

[;“ ¢ us

Note: Electrical components bearing these marks may have restrictions on their performance or may be incomplete in construction, and are
intended to be used as part of a larger approved product or system. The Component Recognition marking is found on a wide range of products,
including some switches, power supplies, printed wiring boards, some kinds of industrial control equipment and thousands of other product.

Withdrawn Field Evaluation Agency Markings**

LabTest Certification Inc.
Date Withdrawn: June 29, 2020

Electrical Safety Authority
(operating as ESAFE)
Date Withdrawn: Now. 11, 2018

Quality Auditing Institute
Date Withdrawn: June 1, 2020

AXXHAANAX

**These Field Evaluation marks are only acceptable on products labeled before the withdrawal date. Any product bearing these marks after
the indicated withdrawal date are considered unapproved and cannot be used or sold in Ontario.

Area Classifications

Zone O - a location in which explosive gas
atmospheres are present continuously or are present
for long periods.

Zone 1 - a location in which:

a. explosive gas atmospheres are likely to occur in
normal operation; or

b. the location is adjacent to a Zone O location,
from which explosive gas atmospheres could be
communicated.

Zone 2 - a location in which

a. explosive gas atmospheres are not likely to occur
in normal operations and, if they do occur, they will
exist for a short time only; or

b. the location is adjacent to a Zone 1 location,
from which explosive gas atmospheres could
be communicated, unless such communication

is prevented by adequate positive-pressure
ventilation from a source of clean air, and effective
safeguards against ventilation failure are provided

Zone 20 - a location in which an explosive dust
atmosphere, in the form of a cloud of dust in air,
is present continuously, or for long periods, or
frequently.

Zone 21 - a location in which an explosive dust
atmosphere, in the form of a cloud of dust in air, is
likely to occur in normal operation occasionally.

Zone 22 - a location in which an explosive dust
atmosphere, in the form of a cloud of dust in air, is
not likely to occur in normal operation but, if it does
occur, will persisit for a short period only.
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Ohm’s Law

Ohm’s Law Amperage Conversion
Volts (E) Ohms (R) | Amperes (I) | Watts (W) ) Volts 3 Phase
E-R E-EN |- ER W=El Volts Single Phase Balanced Load
E=WR R = ExW | = W/E W = IFR Watts 120 240 480 240 480 Watts
E=wWi/ R=W/I? I =W/R W =FEYR 100 .83 42 21 24 13 100
150 1.25 .63 .31 .36 .18 150
200 1.67 .83 42 49 .25 200
250 2.08 1.04 52 61 .30 250
300 2.50 1.25 .63 73 37 300
350 2.92 1.46 73 .85 43 350
400 3.33 1.67 .84 .97 49 400
450 3.75 1.88 .93 1.10 55 450
500 4.17 2.08 1.04 1.20 60 500
600 5.00 2.50 1.25 1.45 73 600
700 5.83 2.92 1.46 1.70 .85 700
750 6.25 3.13 1.56 1.81 91 750
800 6.67 3.33 1.67 1.93 .97 800
900 7.50 3.75 1.87 2.17 1.09 900
1000 8.33 417 2.10 2.4 1.21 1000
1100 9.17 4.58 2.30 2.65 1.33 1100
1200 10.0 5.00 2.51 2.90 1.45 1200
1250 10.4 5.21 2.61 3.10 1.55 1250
1300 10.8 5.42 2.71 3.13 1.57 1300
1400 1.7 5.83 2.91 3.38 1.69 1400
1500 125 6.25 3.12 3.62 1.82 1500
1600 13.3 6.67 3.34 3.86 1.93 1600
1700 14.2 7.08 3.54 4.10 2.05 1700
1750 14.6 7.28 3.65 4.22 2.10 1750
1800 15.0 7.50 3.75 4.34 217 1800
1900 15.8 7.92 3.96 4.58 2.29 1900
2000 16.7 8.33 417 4.82 2.41 2000
2200 18.3 9.17 4.59 5.30 2.65 2200
2500 20.8 104 5.21 6.10 3.05 2500
2750 23.0 1.5 5.73 6.63 3.32 2750
3000 25.0 12,5 6.25 7.23 3.62 3000
3500 29.2 14.6 7.30 8.45 4.23 3500
4000 33.3 16.7 8.33 9.64 4.82 4000
4500 37.5 18.8 9.38 10.84 5.42 4500
5000 M7 20.8 10.42 12.1 6.1 5000
6000 50.0 25.0 12.50 14.50 7.25 6000
7000 58.3 29.2 14.59 16.9 8.5 7000
8000 66.7 33.3 16.67 19.3 9.65 8000
9000 75.0 37.5 18.75 | 21.7 10.85 9000
10000 83.3 41.7 20.85 | 2441 12.1 10000
Electrical Formulas for Obtaining kW, kVA, HP and Amperes
Wanted Single Phase Two & Four-Phase Three-Phase Direct Current
Kilowatts I xE x PF IxEx2xPF IxEx1.73x PF IxE
1000 1000 1000 1000
kVA IxE IxEx2 IxEx173 LxE
1000 1000 1000 1000
Horsepower | x E x %Eff. x PF | | x E x 2 x %Eff. x PF| | x E x 1.73 x %Eff. x PF | 1 x E x %Eff.
746 746 746 746
Amperes from kVA kVA x 1000 kVA x 1000 kVA x 1000 kVA x 1000
E 2xE 1.73x E E
Amperes from kW kW x 1000 kW x 1000 kW x 1000 kW x 1000
E x PF 2xExPF 1.73 x Ex PF E
Amperes from Hp Hp x 746 Hp x 746 Hp x 746 Hp x 746
E x % Eff. x PF 2 x E x %Eff. x PF 1.73 x E x %Eff. x PF E x % Eff.

E = Volts | = Amperes %Eff. = Percent Efficiency PF = Power Factor
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PID Loop Tuning Tips
DESCRIPTION OF PID UNITS
Proportional Term: is the amount added to the control output based on the current error.

Proportional Gain: is the multiplier Example: If the error is 10 and the Gain is 0.8 then the output will
change 8%

Proportional Band: is the divider as a percentage Example: If the error is 10 and the Band is 125%, then
the output is (10*(100/125)) = 8%

Conversion between P-GAIN and P-BAND
P-Band = 100 / P-GAIN
Integral Term: is the amount added to the output based on the sum of the error.

Time Constant: is the time for one full repeat of P-Term Example: If the P-Term is 10% and the time con-
stant is 10 seconds, then the output will ramp up 10% every 10 seconds.

Reset Rate: is the amount the output will move in one second.

Example: If the P-Term is 8% and the reset rate is 0.1 repeats/sec, then the output will move 0.1 * 8 every
second and take 10 seconds for the full repeat of the P-Term of 8%.

Integral Gain: is the same as the reset rate multiplied by the P-Gain.

Conversion between Time Constant and Reset Rate

Reset rate = 1 / time constant

I-Gain = (1 / Time Constant) * P-Gain

Derivative Term: is the amount subtracted from the output based on the rate of change of the error.
Time Constant: is the amount of time the controller will look forward

Derivative Gain: is the amount of time the controller looks forward multiplied by the P-Gain

DESCRIPTION OF PROCESSES
Fast Loops (flow, pressure)

P — Little (too much will cause cycling)

| — More

D- Not needed

Slow Loops (temperature)

P — More

| — Some (too much will cause cycling)

D- Some

Integrating (level, insulated temp)

P — More

| — Little (will cause cycling)

D — Must (If D is not used, the loop will cycle)
Noisy Loops (any PID loop where measurement is constantly changing)
P — Low

| — Most (Accumulated error)

D — Off (will cause cycling)
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Closed Loop Step 1: KNOW THE PROCESS

Identify the loop you intend to tune and determine the speed of the loop. A rough categorization is as fol-
lows:

Fast Loop has response time from less than one second to about ten seconds, such as a flow loop. Use of
a Pl controller is sufficient.

Medium Loop has a response time of several seconds up to about 30 seconds. Such as a flow, tempera-
ture and pressure loop. Use either a Pl or PID controller.

Slow loop has response time of more than 30 seconds, such as temperature or level loops. Use of a PID
controller is recommended.

Closed Loop Step 2: KNOW THE CONTROLLER
Identify the units of your PID controller:
P — Proportional Term, can be also called the Proportional Gain (P-GAIN), or Proportional Band (P-BAND).

| — Integral can also be known as a time constant (in minutes or seconds), reset rate (1/sec or 1/min), or
gain (reset rate multiplied by the proportional gain)

D — Derivative can be the time constant (in minutes or seconds), or derivative gain (derivative gain multi-
plied by the proportional gain).

For this guide assume the following terms: Proportional Gain, Integral reset rate, and derivative gain.
You will have to convert back to you controller units if necessary.
Closed Loop Step 3: WATCH THE RESPONSE

Make a small setpoint change (5%) or wait for a disturbance in the process if no setpoint change can be
made. Then watch for process variable (PV) and control output (CO) responses.

+ If no visible instantaneous change of control output upon the change of setpoint or no apparent over-
shoot (over damped), increase your proportional gain by 50%.

+ If the Process Variable is unstable or has sustained oscillation, with overshoot greater than 25%, reduce
proportional gain by 50% and reduce Integral Gain by 50%.

« If Process Variable oscillation persists with tolerable overshoot, reduce Proportional Gain by 20% and
reduce the Integral Gain by 50%

« If 3 or more consecutive peaks occur upon the change of setpoint, reduce Integral Gain by 30% and
increase Derivative Gain by 50%.

+ If Process Variable stays fairly flat and below (or above) the setpoint for a long time, after change of set-
point or beginning of disturbance (long tail scenario), increase Integral Gain by 100%.

Repeat Step 3 until the closed loop response is satisfactory to you.
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CODES AND
STANDARDS
OVERVIEW

The design, manufacture and use of control valves in power
plants is governed by a variety of codes and standards. These
documents provide for safe design and operation as well as
consistency of product to facilitate plant construction and pro-
curement.

This section summarizes the position regarding confor-
mance to the most common codes and standards used to
specify control valves for fossil power plant applications. The
comments are divided into six groups: design standards,
dimensional standards, performance testing, non-destructive
examination, welding, and painting/cleaning. These com-
ments apply to guide preparation of purchase specifications,
as well as provide an awareness of situations where pricing
adjustments are required. In many cases a minor change in
specification can have significant commercial ramifications
and only minor technical benefit,

Design standards. The boiler proper includes super-
heaters, economizers, reheaters, steam drums, water drums
and other pressure parts connected directly to the boiler with-
out intervening valves. The ASME Boiler and Pressure Vessel
Code (BPVC) has administrative jurisdiction and technical
responsibility for the boiler proper.

Boiler external piping is that piping which begins where the

hoiler proper terminates. This termination is considered to be:
- The first circumferential joint for welding end connections;
or

- the face of the first flange in bolted flanged connections;

or

- the first threaded joint in a threaded connection.

Boiler external piping extends up to and including the
valves required by the ASME BPVC. This may include water
drum, superheater, reheater, and economizer header drain
and vent valves, steam drum vent valves, and steam drum
level indicators. The ASME BPVC has administrative jurisdic-
tion, while the ASME Section Committee B31.1 has technical
responsibility. This means that design and construction rules
are contained in ANSI/ASME B31.1, but that ASME code cer-
tification, data forms, code symbol stamping and/or inspec-
tions by authorized inspectors are per ASME BPVC Section |
when required.

The remainder of the power plant piping (non-boiler exter-
nal piping) and is covered by ANSI/ASME B31.1, Power Plant
Piping.

ASME Boiler and Pressure Vessel Code - Section I.
While control valves are not included in the boiler proper the
boiler external piping may include control equipment. A com-
mon example is a steam drum level controller. Design and
construction of these devices must comply with the require-

ments of ANSI/ASME B31.1 and also comply with the quality
assurance requirements of ASME BPVC Section 1. This
implies that vendors must provide inspection, data reports and
stamping, which many are not authorized to provide. However,
the ASME BPVC Section | waives these requirements for cer-
tain parts that already comply with an ANSI product standard
or manufacturer’s standard and which comply with certain
other requirements for materials, welding and radiography and
heat treatment documentation. Under these conditions, man-
ufacturer may comply with ASME BPVC Section | without pro-
viding code stamping. The Comments to ANSI/ASME B31.1
later contain more information.

ANSI/ASME B31.1, Power Piping Code. Control valves
and other equipment may be supplied per ANSI/ASME B31.1
to meet requirements for either boiler external piping or non-
boiler external piping. In most cases, this code will be applied
to both valves and level controls.

Valves:

This code references ANSI B16.34 as an applicable design
standard for valves. To comply with ANSI/ASME B31.1, man-
ufacturers builds valves per ANSI| B16.34 and provides some
additional marking requirements, per ANSI B16.34 and ANSI
B16.5. The code prohibits the use of ungasketed, screwed
bonnets (such as used in the Design GS) on source valves in
steam service over 250 psig.

Level Controls:

Standard cage style level controls often require modifications
before complying with ANSI/ASME B31.1. All branch welds
(such as the side connection saddle welds) must have a fillet
weld added. Torque tube retainer flanges must be brought up
to code dimensions.

On both valves and level controls, fabrication welds (includ-
ing valve body to reducer welds) may require radiographic or
liquid penetrant/magnetic particle examination. This require-
ment depends on nominal pipe size, wall thickness at the
weld, design pressure and design temperature.

ANSI B16.34. This standard covers pressure-temperature
ratings, dimensions, materials, nondestructive examination
requirements, testing and marketing of cast, forged, and fabri-
cated flanged and buttweld end, and wafer or flangeless
valves.

Pressure-temperature ratings provided in the code are
divided into four groups as follows:

1. Standard Class
These are the normal ANSI Classes 150 through 4500P-T
ratings. Most standard products fall in these standard
classes. Pressure temperature ratings are published for a
variety of materials.

2. Intermediate Standard Class
These ratings fall between standard class ratings and are
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achieved by designing the valve body and bonnet with
extra wall thickness and by designing the body-to-bonnet
bolting to handle higher loads. NDE is not required. Only
BWE valves may carry intermediate ratings. They many
times allow use of less expensive products in high duty
applications.

3. Special Class
These ratings are typically higher than standard class rat-
ings and are obtained by ultrasonic or radiographic testing
of the body and bonnet castings. Any BWE globe or angle
valve may be given a special class rating. See ANSI
B16.34 for these ratings.

4. Intermediate Special Class

These ratings require both the nondestructive examination
of the body and bonnet (as in special class) and the extra
wall thickness/bolt strength (as an intermediate class).
These ratings fall between the special class ratings, and
may be applied only to BWE valves which have intermedi-
ate ratings. Intermediate special class ratings for applicable
products are published in vendor literature.

Special Class, Intermediate Standard Class and
Intermediate Special Class ratings all require pricing consider-
ations.

Valves built to comply with B16.34 must also meet marking
requirements. To mieet these requirements, manufacturer
uses two nameplates, one with valve body information, one
with actuator information. The full nameplate requirements are
met only when ANSI B16.34 compliance is specified in writing
by the customer.

ANSI B16.5. This standard covers the design of flanges
and flanged fittings and also establishes flanged fitting ratings.
Although the current edition cof this standard is not a valve
design standard, earlier issues (before 1973) were applied to
valve design. Design respensibility was transferred to ANSI
B16.34 in 1973 for buttweld end valves and in 1977 for flanged
end valves.

ANSI B16.5 may be applied to valves several ways:

1. As a dimensional/design standard for the flanged ends of
valves. Literature will commonly say “Mates with ANSI XXX
flanges.”

2. To designate the pressure-temperature rating of the valve.
The bulletin will commonly say “Pressures consistent with
the applicable ANSI flange rating.”

3. As a valve design standard. This is not common now that
ANSI B16.34 covers valve design, but many older valves or
older specifications may reference ANS| B16.5 as the
design specification.

MSS SP-66. This standard was published as a valve
design standard prior to ANSI B16.34. Conformance to ANSI
B16.34. Conformance to ANSI B16.34 should generally be
specified in lieu of MSS SP-66. “Special inspections” per MSS
SP-66 to increase the pressure-temperature ratings are now
replaced by ANSI B16.34 special class ratings.

MSS SP-67. This standard covers design and test perfor-
mance requirements for butterfly valves and divides them into
three leak classes. In most situations, these leak classes have
been superseded for control valve usage by the ANSI/ISA
B16.104 Standards.
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Type I: Tight shutoff valve. No leakage allowed.

Type Il: Low leakage valve. Leakage within tolerances is
allowed in the closed position. Type Il valves are not subject-
ed to a seat test unless required by the purchaser, When a test
is required, the valve is to be subjected to a hydrostatic or air
seat test at the rated shutoff pressure, and the leakage must
not exceed the leak rate specified by the purchaser.

Type lll: Nominal leakage valve. No seat leak test required.

MSS SP-67 also defines face-to-face dimensions for cer-
tain butterfly valves.

ASME Boiler and Pressure Vessel Code - Section VIII.
This code covers requirements for pressure vessels. It is not
used for valve design, although some design calculations for
diffusers and actuators are based on Section VIII.

ANSI| B16.10. This standard defines face-to-face dimen-
sions for gate, plug, check, ball and control valves. Control
valves covered include Class 125 and 250 cast iron through 8
inch size, and Class 150, 300, 400 and 600 steel flanged
valves through 8 inch size. Face-to-face dimensions for large
valves and high pressure valves will vary by manufacturer as
necessary to suit the constraints of each design. Socket weld
valves are covered by ANSI B16.11.

ANSI B16.37. This standard covers hydrostatic testing of
control valves. Test pressures are 1.5 times the cold working
pressure given in ANSI| B16.34. The manufacturer complies
with ANS| B16.37 on those products whose pressure shell is
rated per ANSI Class B16.34 (i.e., with ANSI 150,300...etc.
ratings). Testing is completed, when specified in full compli-
ance with methods prescribed. As standard, manufacturer
product is hydro tested by component using ANSI B16.37
pressures and procedures. This component hydrotest is fol-
lowed by an aerostatic test after assembly to confirm gasket
joint integrity. This procedure allows us to ensure the integrity
of valve parts and joints and contributes more efficient manu-
facture.

ANSVFCI 70-2 (formerly ANSI B16.104). This standard
defines seat leak classes and testing procedures.
Manufacturer complies with this standard on those valves
which are given ANSI leak rates (i.e., ANSI Class I, IV,
V...efc.). The standard prescribes test procedures for each
leak class as well as allowable leak rates. For more informa-
tion see Control Valve Selection in Chapter 1.

MSS SP-61. This standard covers pressure testing of steel
valves. It includes testing of stem seals, shell hydro-test, and
seat leakage. Specification of MSS SP-61 will lead to prob-
lems. The standard requires testing with packing which can
lead to significant corrosion problems (see Packing Materials
& Systems Chapter 12). Also, the seat leak test procedure is
not adequate to recognize leak rates of different trim styles
and sizes. This may lead to over or under-specification of leak
rate. ANSI B16.37 and ANSI/FCI 70-2 should be requested
instead.

SNT-TC-1A. This standard defines qualification require-
ments for personnel who perform non-destructive examina-
tion. All personnel doing NDE should be qualified per
SNT-TC-1A.

ANSI B16.34. This standard allows increased pressure-
temperature ratings for valves which are non-destructively



examined (special class). Radiography or, with customer
acceptance, ultrasonic testing, is performed on certain areas
of the body and bonnet. Consequently, this standard includes
test procedures and acceptance criteria for diographic, ultra-
sonic, magnetic particle and liquid penetrant examinations.
Use of B16.34 is recommended in lieu of comparable MSS
standards due to broader acceptance.

MSS SP-55. This standard covers visual examination of
castings.

MSS SP-54. This standard covers radiographic examina-
tion of castings. Radiographic examination per ANS| B16.34
or ASTM E94 should be proposed, however, due to broader
acceptance of the standard.

MSS SP-53. This standard covers magnetic particle exam-
ination. Again, magnetic particle examination per ANSI B16.34
should be proposed.

ASME Boiler and Pressure Vessel Code - Section V.
Section V ccntains requirements and methods for non-
destructive testing and describes procedures for various types
of testing. This section is applicable only when it is specifical-
ly referenced and required by other ASME BPVC sections or
other design specifications.

ASME Boiler and Pressure Vessel Code - Section IX.
This standard defines requirements for qualification of welders
and welding procedures. Welders and welding procedures
should all comply with ASME Section IX. Non-compliance will
violate other code and standard requirements.

SSPC-SP5, SSPC-SP6, SPPC-SP10. These standards
define requirements for blast cleaning metal surfaces. Most
vendor procedures will comply with either SSPC-SP6 or
SSPC-SP10. Requirements for special blast cleaning will
often be coupled with special painting requirements.
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Automation Inc. 110 Snow Blvd., Unit # 2, Vaughan, ON L4K 4B8
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