OVERVIEW AND INTRODUCTION:   8:00 to 8:15

Introduction:  The ability to operate a distribution system rests on your valves.  Without valves the distribution system is just a big, sometimes vulnerable, temperamental underground reservoir.

Valves are needed to stop and adjust flow, conserve and protect the system in the event of local breaks, and to facilitate expansion and connection to new lines.  Knowledge of the History and characteristics of your valves is therefore vital to the smooth and safe operation of the whole system.  The ability to operate these valves in a manner that will extend their life and keep them usable as long as possible is part of the duties of an operator to his system.

DWQMS standards and procedures will impact on  maintenance, record keeping, risk management,  and minimization of water loss.  Valves play a big role in all of these things.

Historically, it has been somewhat easy to abandon valve turning and maintenance when time, money, and staff are short, because the effects of doing so are rarely immediately obvious.  Additionally, many operators view the work of valve maintenance as monotonous, time consuming, and strenuous and the reasons for doing this sometimes get forgotten.  However, as the infrastructure gets older, age, corrosion, tuberculation, and scaling make valve maintenance more important.  The valves are your most important tools as distribution system operators.


This short introductory course is intended to help you become more familiar with the workhorse of Ontario distribution systems…..the gate valve.  In addition,  the Butterfly valve will be discussed as the common alternative for the water transmission line.

Air, and its effects in distribution and transmission systems will be discussed, as well as the air management valves that are used to help control it.

Finally, a brief overview of pilot operated control valves, and various other “exotic” denizens of distribution.

REVIEW OF STANDARDS  8:15 to 8:45
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Applicable Standards:  
NFPA   24
       Underground Fire Service Mains

This standard is a great all around reference to have on the shelf.   Although intended to cover private fire service mains, it touches on valve restraint, approvals, testing protocols, and bedding.   While not law in Ontario, is does have many who reference it as a best practice, especially Insurance and Risk management firms.



AWWA  Manual      M44
           Valve Maintenance Procedures

A good overview, but generic in nature.

AWWA C Series standards:
500 
Metal Seated Valves








504
Rubber seated Butterflys







508
Swing Check Valves








509
Resilient Seated Gate Valves







512
Air valves











550 
Protective Epoxy Coatings for interior 

The AWWA “C” series standards refer more to the way valves are made and what they are made of.  They are therefore somewhat limited as guidance to the operator, because they are more considered as guidance to the valve manufacturer.

They do, however shed some light on WHY things are the way they are in the valve world.  

What makes an AWWA valve differ from the run of the mill plant valve?

The abstracts of the above standards follow, as they offer summaries of the contents.

Uses and characteristics of valves-an overview-8:45-9:00


It is somewhat obvious that the form of a valve will follow its function.  Factors that influence valve selection include, but are not limited to the following:

Pressure of the pipe

Temperature of the pipe

Size (6” or 60”?)

Chemical properties of the fluid/product (acid, caustic, corrosive)

Degree of hazard of the fluid (poison, potable, nuclear, etc)

Viscosity (maple syrup, steam, water)

Uniformity of the fluid (sewage, water, slurry)

Abrasiveness of the fluid (suspended grit)

Speed of fluid movement (it safe to close it fast?)

Head loss through the valve (how important is this?)

Does it need to be throttled, or is it strictly open/closed?

Frequency of operation (will it be needed daily, monthly, yearly or only in emergency)

Method of operation (manual, electric pneumatic, automatic, etc)

Security (is it lockable or tamper proof)

Location/Surroundings (direct bury, chamber, water plant)

It is no wonder that the valve industry has their own trade magazines….Valve Magazine, Valve World, among others.  These are currently available free on line as of current writing.

In terms of the above selection criteria, we are lucky to be in the potable water business, because as water distribution operators, we can narrow the list somewhat.  Our fluid is uniform, that is to say potable water.   Pressures tend to be confined within a relatively narrow band…say 50 to 100 PSI.  Temperatures also are relatively stable (say 4 to 20 degrees Celsius.)   The characteristics of the fluid are regulated by Statute as to pH, chemical content, turbidity, etc.

Ontario Water distribution valves tend to be confined to Gates and Butterflies.   The reasons for their selection will, I hope, become apparent as we go through their characteristics.  For the most part however, unless the distribution system contains large transmission mains, the valve of choice is the gate valve.

Valve Types-The Gate Valve (9:00-9:45)

The gate valve is the foundation of the distribution system.   Since distribution valves are intended to be fully open at all times, and then, on occasion, shut off completely, the gate valve is very well suited.   In the open position, the closing element is up out of the flow path.  This is a benefit for a number of reasons.

 
Firstly, because the gate is up out of the way, it is less exposed to wear, tear, chatter and erosion by the water flowing past it.  Secondly, being out of the flow path means that it does not contribute to head loss and the accompanying costs, which could be significant given the sheer number of valves in the system.  Lastly, one can swab the watermain through them, due to the fact that there are no elements for a swab or pig to jam into or damage.


Other advantages to the gate valve are simplicity of operation, relatively long life with proper maintenance, ease of operation through most of its travel, hydraulic assistance to seating.


There are some disadvantages to the gate valve however.  It should not be used for throttling….this can cause wire drawing of the seat, and erosion of the seating surfaces.  Some designs of gates (split wedge or double disc) are prone to chattering in the intermediate zones and this can cause wear or breakage to seats and mechanical elements.  In addition,  more turns are generally required to open or close (although some say this is an advantage when considered as a surge protection device)   Too frequent operation can cause galling, and wear out the valve, which is why valves in plants tend to be globes or plugs.

Gate Body/Housing Configurations-
Configurations-NRS/OS&Y/Actuator/PIV


OS&Y-The outside screw and yoke gate valve is the valve of choice for fire protection.   So called because in the open position the majority of the stem is outside the valve body and the yoke which retains it is exposed.  The reason it is used for fire protection is that one can tell if it is open at a glance.  It is an indicating valve.  For high risk applications where monthly or even daily inspection is required, an indicating valve is a benefit.  Additionally, the valve can be easily repacked under pressure, and the stem cleaned and lubricated when necessary.  In this type of valve , the gate or disc(s) are attached to the stem by a bearing and travel up and down in the valve body with the stem. The actual threaded nut is on the yoke, outside the body.


. 
OS&Y valves are required for use on the suction side of fire pumps, because the advantages of the full flow gate can be combined with the indicating feature of this body style.  As in the picture, OS&y gates are usually flanged, for plant or fire protection  piping.

NRS Gates  Having the valve stem and yoke outside the body of the valve is clearly a disadvantage for valves that will be direct buried.  The modifications for direct bury mean that the stem is stationary, while the gate travels up and down on the stem, rather than travelling with it.  The threaded nut therefore is part of the gate assembly.  Advantages to this are that the working parts are inside the valve, protected from the  surroundings.   Disadvantages are that the working parts are inside the valve, exposed to the fluid (water, in our case).  This makes them prone to scaling from chemicals in the water, biological and galvanic action.  Therefore, like any other piece of equipment, they need to be exercised before such effects are irreversible.  Fortunately, for the case of potable water, the medium is not harmful in the short term.   The external environment is only hostile to the exposed parts of the valve.


Geared Actuators-More about that later

PIVs-Post Indicator Valves-A dressed up version of the regular valve box, with some advantages.-Use, placement, installation


General Characteristics:



Direction of turn



Number of turns-thread pitch



Packings vs O rings



Joint mechanisms



Normally open vs. normally closed (bypass, stubs, drains, zones)

Types             
Knife Gate –slides, explain unsuitability for general distribution service

                        Double disc



Solid wedge



RW

Note that the above are differences in seating mechanisms only. Basic operation is             the same.

Resistance points-where is all this torque coming from?

Seating thrust and mechanical advantage produced by wedge design and thread pitch.

Torque conversion in a bolt-nut system (stem and follower nut)

Break TIME:  9:45-10:00

A CLOSER LOOK AT THE DOUBLE DISC GATE VALVE  (10:-11:00)

The double disc gate valve.

Advantages-
simple operation





No head loss, open waterway





Can swab through





No rubber in water path to erode/decay 





Can be used in high pressures and flows


Disadvantages-  need periodic exercise to clean metal seats (Failure due to  

lack of use)





Packings eventually decay





Bonnet bolt decay, gland decay





Double disc prone to have growth in between discs





Should not be throttled-erosion and gate chatter





Less effective at low pressure, because pressure assists seal





Calcs





Large differential pressures make opening difficult
(flip 





   side of above.)
Examples 6”, 12”, 24” 48”



Dangers of over-operating, breakage points, galling etc.

                        -Bent Stem –Impairs closure, affects seal



-Bonnet leaks



-Rounded nut/stem breaks shut usually



-Stripped-close usually



-stuffing box-back seat and dig



-Bonnet bolts



-Broken Spine-twisting



-Mechanical operators



-veg oil in box can help


Larger Gate Valves Bypass recommended due to large differential pressure-example calculations-What is the thrust on the gates of a 6” valve? On a 12”?  on a 36” valve?

Mounting considerations, side and vertical.  Geared actuators and their imlications.


Installation Options and practices:

     ground-direct bury with valve box, denso, anodes



     Chamber-tie downs, blocking, denso, drainage


CLOSER LOOK AT RESILIENT WEDGE GATES:  11:00-11:30



Resilient Wedge Gate Valves: Why an  RW gate?






Less susceptible to crud/corrosion






Fewer moving parts






Better sealing capability






Much lower sealing torque (<100 ft-lbs)






Enables internal fusion epoxy coating

Fusion Bonded epoxy-  goes from solid-liquid-solid, sprayed onto                                                          magnetically “charged” valve and instantly liquefied, re-cured to solid

NSF 61 compliant (explain)

Double disc not available in small valves since 1990

1st generation RW had zinc coated bolts that are already failing.  Now all bolts and packings are 304 stainless.

All valves are tested in factory prior to going out.

100 ft lbs max for any valve, larger go to several hundred ft-lbs  Gears allow normal individual to operate with t wrench, as does a bypass valve

Biggest problem not checking for tight bolts

Damage due to over torquing

EPDM vs BUNA or other rubbers in chloraminated systems


CLOSER LOOK AT BUTTERFLY VALVES (11:30-12:15)

Butterflys:             80% gates 20% b/F on transmission lines (larger sizes)

       Fewer moving parts



       Breaking parts are exposed



       Throttleable



       Lighter



                   Footprint Smaller



       Flexibility with actuators


                   ½ price than a comparable gate, less real estate needed.



       450 ft-lbs at stem, spindle/worm to fail first (actuator)



       Cost approx 10 for B/F 15 for RW 20 for Double disc


Butterfly actuators. Basic types


LUNCH  (12:15-12:45)

MAINTENANCE AND VALVE TURNING PROGRAMS (12:45-1:30)

valve turning  benefits location, reliability, faster isolation,  extended valve life, better customer service

 
Procedure, best practices:  Locate, exercise, record, repair.

            Frequency and records, implications from DWQMS

Recent costs and statistics from three Ontario Municipalities, refer also to latest Op-Flow magazine.





Locate, GPS, tie-ins, digital camera record, detail sheets





Exercise-pre-turn checklist-affected customers, n/o vs n/c

- can you conduct a full closure without   effects, dirty water, flow reversal,VISUALIZE

CHECK AND BACKFLOW PREVENTION VALVES (1:30-2:00)

Check Valves   Zone Valves, pumps 

 50% Failure rate after 20-30 years

                         Inspection process



 Remove lid and Clean

BFPs-a special form of check valve, double-check assemblies and RPZ Backflows in the                    

              distribution system.  Installation hazards.


AIR AND VACUUM VALVES IN THE DISTRIBUTION SYSTEM (2:00-3:00)

Air and Vacuum Valves 
Sources of air in Pipe –Filling, Water, Suction/backflow

Dangers effects of air in line
Cost efficiency, surges, disinfection, corrosion

Different types-Air Valves, Air/Vacuum Valves and 

  Air Release Valves-differences and uses.







Sizing and placement critical





Filling and drainage implications





Slamming, premature closure





Ventomat/ARI/Valmatic/Claval





Inspection, testing and Maintenance procedures


PILOT VALVES:  3:00 to 4:15





Pilot Valves/Control Valves  make use of Pressure Differential across valve

Records

TEST   (4:15 to ……)
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POWERPOINT SLIDES

Gate Valve History

In the early days of the gate valve, the gate was parallel-sided, and was pushed into place in the main pipe line, to shut off the flow.   These took the form of Knife gates and sluice gates.   The pressure of the fluid on the upstream side was relied on to create the necessary force to seal off the valve. Elaborate methods were developed in subsequent years so that the gate was pushed tight against the seat by mechanical means, making the action of the valve independent of the pressure in the pipe line. This type of construction had the disadvantage of a large number of delicate parts which were subject to attack by the fluid in the pipe line.  They also tend to wear and become less effective with usage (just like today’s hydrant gate valves).

In the 1860's the solid wedge type gate valve was offered.  This had the advantage of simplicity, low cost, and ruggedness.  However this design was prone to jamming in the closed position, galling of the seats, and distortion under temperature change.

Later, as the tendency to combine the advantages of both the solid wedge and double disk gate valve was tried, a design was evolved known as the split wedge. This type of construction has the advantage, although more expensive than the solid wedge, of being able to adapt itself to small amounts of distortion occasioned by pipe line strain. It also offers the peculiar advantage for those special installations where it is desired to seal the space between the seats with steam or inert gases.

Thread Friction Is Big Factor

Due to the type of service in which gate valves are used, they often require little or no replacement of parts. In extreme service it may be necessary to replace seat rings, gate, \and valve spindle. The latter usually has to be replaced because of abuse.

Valve Standards

Today's modern gate valves are made from very carefully controlled materials. The materials are usually specified to American Society of Testing Materials' specifications. Pressure-temperature ratings have been standardized by the American Standards Association (B16 standards). Dimensions have been standardized so that usually the valves from on manufacturer are interchangeable with another. In addition, where the standards associations have not seen fit to publish a standard, the Manufacturers Standardization Society of the Valve and Fittings Industry has published what they call Special Practices. Other standards are in the process of being developed for radio-graphic examination of valve parts for exacting services of nuclear and supercritical installations. Other special testing specifications are being prepared which undoubtedly will be adopted as standards by American Society of Mechanical Engineers.

Operation of Gate Valves

When we think of the method of operating gate valves we immediately think of a handwheel, as it is only necessary to turn the handwheel clockwise to close it, or counterclockwise to open it. However, the sizes of gate valves have been increasing, and pressures and temperatures have been increasing; and, as a result they far outstrip the strength of one man operating on the rim of the handwheel. A 10-in. boiler feed valve in a modern power plant quite often has a load on the valve stem equal to 25 tons or more. Obviously, without mechanical assistance, an operator is not going to be bale to turn the handwheel to operate the valve. In order to provide mechanical assistance for operating these valves it is necessary to calculate the operating effort required, which is usually assumed to be composed of three principal parts.

1. Pinch on the wedge, either occasioned by the thrust required to seat it, or by thermal contraction and subsequent cooling, after a high temperature valve is closed.

2. Sliding friction of the sliding gate over the seat, which is a function of the differential pressure across the valve and the coefficient of sliding friction of the seating faces.

3. Piston effect of the vale stem occasioned by the pressure inside the valve being higher than the atmospheric pressure. To this should be added stuffing box friction, occasioned by sliding the spindle through the tight packing of the stuffing box.

The usual method of calculating the thrust on the valve stem is to multiply the area of the gate ( in contact with the seat ring) by the difference between the upstream and downstream pressure in pounds per square inch. In the case of globe valves, where it is necessary that the disk be wedged into the seat, the effort would be just as great. In the cast of gate valves this would be multiplied by the coefficient of friction of dry metal seats sliding one over the other, depending on the seating material. This value varies between 0.2 and 0.3. For example, when 100 sq. in. of gate is subjected to 100,000 lb of pressure, the load on the gate would be 100,000 lb; and if the coefficient of friction of the seats was assumed to be 0.2 of the 100,000 lb, or 20,000 lb, or 10 tons. In the case of globe valves the load would be the full 100,000 lb.

Most power-operated or hand-operated gate valves employ a screwed valve spindle to control the movement of the gate. Using the screw jack formula, with an assumed valve spindle 1 7/8 in. diameter, with 1/3 in. pitch, 1/3 in. lead and 0.3 coefficient of friction, and ball- or roller-be//////arings under the yoke nut, the above example would result in a torque of 530 ft-lb. If the handwheel was assumed to be 2 ft. in diameter with a 1-ft. radius, a man would have to exert 530 lb at the 1-ft radius, which is beyond his strength. A man is assumed to be able to exert 40 to 100 lb on the rim of the handwheel. If the handwheel diameter was increased to bring the effort lower, the radius of the handwheel would have to be 5 ft. 3 in. which is seldom possible.

Motor-Operated Valves

In our example we have eliminated or neglected the effect of the wedge pinch, which is always a difficult matter to figure. Electric motors can overcome this by providing a mechanical hammerblow device to unwedge the valve; and, some hand-operated valves employ mechanical hammer blows. Split, or flexible, wedge valves are not subject to the same stresses, or wedge pinch, as solid wedge valves. We have neglected also the piston effect of the spindle, although this could add another few thousand pounds to the total operating effort. We have also overlooked stuffing box friction on the spindle, which could add a ton or more to the operating effort.

In considering this problem, the first thing that comes to mind is the use of gearing as a means of reducing the effort. There are a great many gear heads on the market today, most of which employ worm-gearing, due to the compactness of the gear ratio. Worm-gears are available with a gear ratio as high as 40 to 1. However, while we have reduced the effort at the rim of the handwheel, we have sacrificed speed. In the example mentioned, the valve would have operated in thirty turns of the handwheel. If we put in an 8 to 1 gear ratio, we have increased the number of turns by eight, or from 30 to 240 revolutions.

If the valve is to be operated once a year, and time is not a problem, a man or a relay of men could operate the valve. If the valve is to be opened and closed every day (or every few hours as in process work), we would be faced with a labor problem, and some other means would have to be employed. Electric motors are often used to drive the gearing for operating valves. This presents the problem of how to stop the motor at extremes of travel. There are two methods of doing this.

1. A positioning limit switch which, after a definite number of turns of operation, trips to deenergize the motor.

2. When the valve seats, the load on the motor builds up, and a sensitive device trips the motor from the line.

Actually, both methods have their disadvantages. As this is not an article on electrical valve operation, we do not wish to become involved in the relative merits of the two methods.

Substitution of pneumatic motors, for electric motors, or valve operators, is one alternative for taking the drudgery out of valve operation. Piston operators are also employed extensively on low-pressure valves, in waterworks systems.

The designer of a piping system would do well to take the time to familiarize himself with what is required to open or close the valves he has specified, taking care to specify which valves need gears, and which need electric motors.

In addition to the selection of the proper valve operator, the designer should pay careful attention to the physical placement of valves to avoid conflicts.

==== Next Page >>

By Joseph A. Cerow, Jr. Vice-President, Engineering The Chapman Valve Mfg Co. Indian Orchard, Mass.

Gate Valve Seating Designs...

Solid Wedge Disc

The most widely used disc in gate valves - the solid wedge-shaped disc - with matching tapered body seating surfaces. Favored for its strong, simple design and single part.

Can be installed in any position without danger of jamming due to misalignment of parts.

Ideal for steam service, and well suited for water, air, oil, gas, and many other fluids.

Most practical for turbulent flow because there's nothing inside to vibrate and chatter.

Refacing of the tapered disc surfaces isn't easy, but there's little need for it is valve is used fully opened or fully closed.

Might be subject to some sticking when subjected to extreme temperature changes where body contracts more than disc. For such conditions, flexible wedge disc is recommended.

Double Disc

This parallel-faced double disc makes closure by descending between matching seats in valve body. As the valve is being closed, a lower spreader (or in some cases, a disc wedge) strikes a stop in the bottom of the body. Further closure brings the upper spreader into contact with the lower spreader so that the discs are forced outward against the seats.

First opening movement releases discs, and continued operation raises them clear of seat openings.

Widely used on water service, in waterworks and sewage disposal plants; also on oil and gas, in cross-country pipe lines.

The Gate Valve’s Long History

by Greg Johnson (united Valve_

The ubiquitous gate valve has a long history of serving the flow control industry in the United States. From its humble beginnings during the middle of the 19th century, to its universal usage today, the gate valve has soldiered on behind the scenes of America’s industrial pageantry.

The first valve patent in America was for a gate valve. It was issued in 1839 to New Haven resident, Charley W. Peckham. Although Mr. Peckham’ s patent was for a sluice gate valve, it was a gate valve nonetheless. It wasn’t until 1840 that the first gate valve as we would recognize it today was patented. It was called a “stop cock” and was issued to Theodore Scowden of Cincinnati, Ohio. Mr. Scowden’s valve was actually a unidirectional gate valve with a primitive bolted bonnet.

The control of steam was the driving force behind virtually every new valve design to come to life from the draughtsman’s table during the period from 1850 through the turn of the 19th Century. This embryonic period for the American valve industry saw many future flow control manufacturing icons get their start: William Teller Crane (Crane); Edmund H. Lunken (Lunkenheimer); William Powell (Powell); H. G. Ludlow (Ludlow); Rufus B. Chapman (Chapman); Charles Jenkins (Jenkins); Daniel Kennedy (Kennedy); and Rufus Pratt (Pratt & Cady). All of these men patented their valve designs and founded companies that would later become well known in the field of flow control.

Other inventors were also striving to improve gate valve design, primarily in the area of disc and seat construction. In 1896, William Jennings, an engineer for the Pratt & Cady Company, patented the screwed-in seat ring design that would remain the standard for the next 75 years, until advancements in welding technology rendered the screwed-in arrangement obsolete.

As the steam power industry matured and boiler temperatures and pressures increased, the valves had to keep up. In some case boiler manufacturers couldn’t get the valves they needed, so they designed and manufactured their own.

Not until the first decades of the 20th century did steam pressures begin to move past the 150-200 psi level. Until then, these low pressure applications were easily handled by the brass and iron valves of the day. Cast iron valves could also easily handle the modest 350-400 degree temperatures in these days prior to high temperature superheaters and steam turbines.

Innovations in the power industry resulted in the rise of operating temperatures and pressures around the 1915-1925 period. This situation fostered the rapid development of a new valve material- steel. Steel could take the pressures and the temperatures that piping in the new central power stations required. During this period of maturation, the steel gate valve adopted the design and appearance that it is still known for today. As operating temperatures and pressures continued to rise, new chrome/moly alloys began to be employed in valve construction.

Powerful new compounds developed by the chemical and petro-chemical industries created corrosion challenges for the valve manufacturers. These challenges were met by a host of new alloys such as Hastelloy, Alloy 20 and Inconel.

The last big advance in gate valve design occurred during the early 1940’s with the invention of the pressure-seal bonnet. The pressure design reduced the mass and weight of large high pressure gate valves by as much as 40%. Pressure seal valves are now the default style of valve for use in power plants.

Since the flurry of pressure-seal patent activity of the 40’s and early 50’s, valve design work has been focused on other types of valves, particularly ball and butterfly valves. As far as design innovation goes, the gate valve may have passed its prime, but its popularity with piping designers, cost-conscious purchasing agents and plant engineers is still very high..
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In the last hundred years, valves have settled down into basic types such as gate valves, globe valves, check valves and others. This article will deal principally with the basic type called gate valves.

Gate valves are primarily for open and closed service, and are not particularly adapted for intermediate flow regulation or throttling service. Due to their low head loss, which is only slightly greater than the equivalent length of pipe, they are particularly adapted for those services for isolation of equipment, where for long periods of time they will remain in the open or closed position, and offer little or no obstruction to the flow of fluid in the pipe line.

Characteristics of this Type

Gate valves cover a wide range of sizes in common American practice - from 3/8 to 108 in., although in later years the 84 to 108 in. sizes have been supplemented by the butterfly valves, usually due to the space limitations under which they are installed.

Gate vales have been used successfully in temperature ranges of minus 300°F to 1800°F, and at pressures of from a few ounces of gas to thousands of pounds per square inch. Naturally the wide range of pressures and temperatures under which these valves are utilized necessitates a very wide range of materials of construction. Materials that are suitable at minus 300°F might not be suitable at 1800°F. At the present time gate valves are being manufactured in brass and bronze, several grades of gray iron, the newer ductile iron and the whole gamut of steel types, together with numerous special alloys for corrosion services.

The "trim" materials for the non-corrosive seats are being made from bronzes, stainless steels, Monel and hard facing alloys. Valve stems cover a wide range of materials based on the temperature and pressure at which the valve is to be used. In addition, at elevated temperatures, ingenious means must be provided to keep the valve spindle stiff in order to resist column action occasioned by the operation of the valve.

Originally, in this country, valves were made in the smaller sizes with screwed connections and in the larger sizes with flanged connections. With the development of welding techniques in the early 1930's, valves were made with welding ends to be welded to the pipe in which the flow is regulated. Later, other types were developed, namely, pressure seal joint, "O" ring joint, and so on.

In their simplest construction, gate valves have a valve stem, or spindle, which projects from the waterway to the outside atmosphere, for controlling the gate. This necessitates some method of retaining the fluid in the pipe line. Rope packing with a gland was the principal means of resisting this leakage. The gland is still the most widely used method. However, the materials used for the packing have been changed and improved. Today gate valves are made in some instances and for special applications with trick glands such as "O"rings or bellows seals; and, for atomic jobs, where any leakage would be disastrous, with canned or hermetically-sealed construction which eliminates the need for a gland.

There are a great many variations of gate valve designs. The principal one that comes to mind is the bonnet joint where two halves of the gate valve bodies are fastened together.

In the small bronze valves, common practice was to use screwed joints or union bonnet-type joints. However, as the valves became larger, or the pressures or temperatures were increased, other means had to be developed to retain the pressure. On the larger valves the joints were of the flanged type with many variations of gasket types and material. These proved satisfactory for a long period of time, but as pressures and temperatures were increased in central stations and oil refineries in the 20's, it became necessary to find a type of joint that would remain tight for longer periods.

The "Sargol" type (or combination joint), which is a flange joint with a seal weld, was at first thought to be the answer. With the development of better bolting materials and gasket materials, the early difficulties with flange joints were eliminated, by the development of the "Houston", or ring joint. Again the central stations did not remain idle but increased the pressures and temperatures up beyond the limit of bolting materials.

As a result, designers had to make a design to contain these elevated temperatures and pressures. In 1936 the first all-welded construction with a welded bonnet joint was brought out by The Chapman Valve Manufacturing Company. By 1946, the pressure-seal type joint, developed for feed water heaters and heat-exchangers in Europe, was applied to gate valve bonnets. High pressure valves for central stations are largely of the welded, or pressure-seal, bonnet type construction.

The advent of the atomic energy program, with its necessary extreme tightness of the bonnet joint and ready accessibility for taking apart, has forced the designer to reach back into the 1920's to the "Sargal-Sarlun" joint, with the added advantages of better materials, better welding techniques and better control of joint configuration.

 Function in Power Plants

There are a number of important applications for butterfly valves in modern power plant. One of the main applications is in the condenser backwash systems which provide periodic cleansing of the tube sheets. Some plants employ only partial backwash systems, but the newest have total systems which permit backwashing the condenser without loss of condenser vacuum, and with only a momentary drop in generating capacity. Butterfly valves find their widest power plant usage in these condenser flow-reversing systems.

In connection with reversing systems, we might briefly mention the successful development of the Butterfly Reversing Valve, which can be likened to a giant four-way valve. This valve employs an elliptical butterfly disc to accomplish flow reversal, and is sometimes better suited than are several round valves.

Over the years, dozens of systems have been developed for interlocking, sequencing and actuating butterfly flow-reversing systems. The optimum recommendation can only be made after the valve manufacturer has made a detailed analysis of the hydraulic characteristics of the circulating-water system.

Butterfly valves also find wide use as pump discharge valves, either for sectionalizing service when a number of pumps are connected into a common header, or as emergency closures to prevent flow-reversal in the event a pump goes out of service. Butterfly valves in pump discharge service can be synchronized with pump operation, so they will open as the pump starts; or, the pumps may be set to start operating at any point in the valve opening cycle.

Valves can be installed "fail-safe", so that in the event of pump or power failure, the butterfly valve will close in a specified time. In the case where long lengths of pipeline are involved, a two-speed operator may be required. This type of operator allows the butterfly valve to close, for the major part of its travel, at a fairly fast speed, while the last portion of travel takes place at a considerably reduced speed. This avoids line shock pressures, while minimizing the water lost back to sump. The choice of the two closing speeds, and the exact transition point, is a function of the hydraulics of the system, and should be analyzed by the valve manufacturer for each specific application.

Uses for butterfly valves, other than the aforementioned, are being discovered as power plant technology and design philosophy advance. As an example, with the advent of nuclear power, a new application required the development of the quick-closing butterfly valve. These are used on the air ventilation systems of reactor containment vessels. In normal operation the valves are in the open position, allowing air to circulate through the containment vessel. However, in the event of a reactor incident, these valves must immediately close to maintain safety.

Valve Specifications

Most circulating water valving is designed to a 50 psi standard. Rubber-seat butterfly valves in this pressure class will provide drop-tight shutoff at 50 psi, and will withstand 70 psi shock pressures. This class of valve is suitable for both circulating-water service and most pump discharge application; however, where required, valves in a 125 psi class are available. These valves are drop-tight at 125 psi, and suitable for the most rigorous application.

Since power plant circulating water piping is of fabricated steel, a typical butterfly valve specification would be as follows:

Body Fabricated Steel (ASTM A7)

Disc Fab. Steel (ASTM A7) w/ stainless steel seating edge

Shaft 18-8, Type 304 stainless steel

Bearings Silicone lubricated bronze

Seat Natural Gum Rubber Compound

Taper Pins 18-8 stainless steel

Retaining Segments Nickel Cast Iron


  
In the functional grouping of the entire valve family, the check valve will be found in the group defined as valves designed to control the direction of flow. Check valves differ considerably in their construction and operation from the other groups of valves, designed either to stop the flow entirely (gate, plug, and quick-opening valves), or throttle the flow to a desired degree (globe, angle, needle, Y, diaphragm, and butterfly valves).Check valves are entirely automatic in their operation, and are activated internally by the flow of fluid or gases which they regulate. Check valves permit the flow of fluids or gases in only one direction; if the flow stops or tries to reverse its direction, the check valve closes immediately and prevents a back-flow. As soon as the pressure in the line is re-established, the check valve opens and the flow is resumed in the same direction as before.

Basic Designs of Check Valves

There are three basic designs of the check valve: the swing check valve, the horizontal and vertical lift check valve, and the ball check valve.

Swing check valves are the most popular of all check valves since they offer very little resistance to the flow when in wide open position. They are generally used on all piping where the pressure drop is of prime importance. Swing check valves are used for handling liquids, and can be installed in vertical or horizontal position without impairing their performance. However, these check valves are not recommended for such applications where the reversal of flow is frequent, since this causes the valve disk to fluctuate rapidly and result in "valve chatter."

Horizontal lift check valves are quite frequently assembled on the same valve bodies as those used for the regular globe valves. They are generally used for such applications where the reversal of flow and pressure fluctuations are very frequent, since they have less tendency to develop "disk slam" and valve chatter. Horizontal lift check valves are used for handling steam, air, and gases on horizontal piping lines, and they are not recommended for installation on vertical piping systems.

Vertical lift check valves are similar in construction to horizontal lift check valves, and are especially designed for installation on vertical piping systems. Another modification of the vertical lift check valve is the angle vertical check valve, which is used on right angle turns in the piping systems.

Ball check valves are designed to handle viscous fluids, and for services where scale and sediment are present. These valves, usually made in vertical, horizontal and angle designs, are particularly recommended for rapidly fluctuating lines because of their quiet operation. During the ball check valve operation, the ball rotates constantly, equalizing the wear on the ball and seat; thus prolonging the life of the valve.

Some of the swing check valves have external lever and counterweight balance arrangement, to make the valve disk more sensitive to the flow and open under a minimum of fluid pressure. Further design variations of the check valve include the stop check valves and non-return valves.

Stop check valves sometimes called "screw-down" check valves, are actually modifications of the globe or angle valves. This modification consists of making a slip stem connection to the valve disk instead of using the disk locknut. In this design, the disk can be closed by hand, but can be opened only by the check valve action; i.e., by the fluid pressure under the disc. Probably the most common application of the stop check valve is in safety non-return valves. The ASME Boiler Code specifies these valves for the boiler nozzle of every boiler, when two or more boilers are connected to the same header. These valves are also called boiler stop check valves, or boiler "screw-down" checks.

Size, Temperature, and Pressure

Bronze check valves are usually manufactured in sizes from 1/8 to 3 in., with steam working pressure ranges from 125 to 200 psi - for water, oil and gas. The joints are usually screwed or soldered. Some of these valves also have flanged joints. The temperature limit is 550°F, by ASTM Standard.

Cast iron check valves are available in small sizes from 1/4 to 2 in., and in large sizes from 2 to 12 in. Steam working pressure of these valves ranges from 125 to 250 psi. Small cast iron check valves usually have screwed connections, and large valves flanged connections. However, some of the large cast iron check valves also are available with screwed connections. The temperature limit for these valves is 450°F, by ASTM Standard.

Cast steel check valves are available in small sizes, from 1/4 to 2 in., and in large sizes, from 2 to 8 in. Steam working pressure range is from 150 to 2500 psi, with the temperature limit from 500°F to 1100°F, by ASTM Standard, depending on the alloy used.

In addition to these basic materials listed above, check valves are also made of stainless steel, Monel metal, nickel, PVC and other corrosion-resistant materials to withstand the corrosive action of the fluids being handled. However, there are no major deviations in the basic design.

Seat and Disk Angle Design

Since the pressure producing the flow in the pipe line must be sufficient to lift the check valve disk from its seat, designers have used various seat angles to aid this lifting action. The most commonly used seat and disk angles are 0, 6, 12 1/2, and 45 deg.

In the 125 psi class, the disks of swing check valves usually will be found at an angle of 6 deg. to the vertical. In the 200 psi and up class, the disks are usually placed at 45 deg. angle, since sufficient pressure is available to lift the disk and open the flow in the line. Horizontal disks, placed at 90 deg. angle to the vertical, are found in lift check valves.

Application of Check Valves

General surveys have shown that check valves rank third place in actual applications in plants, factories, and industrial use. Gate valves usually rank first, with globe valves second, and check valves following immediately behind globe valves. Since check valves are completely automatic, they require very little attention and are real work-horses of the valve family. In view of the fact that comparatively few check valves are used on one line, it is a good rule to install better quality or higher pressure-rated check valves than the more numerous gate and globe valves on the same line. This policy will result in better service, with less attention and repairs in the future.

Inspection Practice

While on the line, check valves can be visually inspected for external leaks. If leaks are present around the pipe connections, cap or plugs, the check valve must be removed from the line and repaired. When there is no pressure in the line, some of the check valves can be inspected and repaired without removing them from the line. On some lift-check valves the entire valve mechanism is accessible by removing the valve cap. If the disk, seat, and body are covered with sludge, dirt, foreign matter, or if the operation of the disk is sluggish or binding, the check valve should be removed from the line, thoroughly cleaned and repaired. The seat and disk contacting surfaces can be inspected easily by lifting the disk and checking for pitting, scoring, wire drawing, and erosion.

Valves with damaged or pitted seats and disks will not seat properly and must be removed from the line for regrinding or replacement of the seats and disks. On spring-loaded check valves the spring should be checked for twisting, cracking and metal fatigue. Weak or damaged springs must be replaced. All threaded surfaces must be inspected for damaged, galled, or stripped threads.

Check Valve Repair Methods

Most check vales have replaceable seats, disks, plugs and caps. Special tools are available from valve manufacturers for valve seat removal. The use of improper tools, when removing the valve seat, may distort the valve body and ruin the valve completely. Before any repair work is done, each valve must be thoroughly washed in cleaning solvent and blown dry with clean compressed air. All gaskets found on the valve flanges or caps should be discarded. The use of old gaskets may result in serious leaks after the valve is put back on the line.

Valve disks are removed by unscrewing the plugs on both sides of the valve and lifting out the disk from the valve body. Metallic disks should be inspected for pitting, etching, scoring, wire-drawing and cracking, and all defective disks should be replaced. Non-metallic disks should be checked for wear, distortion, swelling, and fraying.

The valve seat should be inspected in the same manner as the valve disk. If the pitting and scoring is slight, the valve seat can be repaired by regrinding. However, if the damage is extensive or if the seat is cracked, cocked or extensively worn, it must be replaced. It is exceedingly important to use manufacturer's recommended tool for the valve seat removal. The tool must fit snugly in the provided lugs on the valve seat body and must be held straight during the removal procedure. After the valve seat is unscrewed from the valve body, the mounting threads in the valve body should be thoroughly cleaned with a stiff brush and cleaning solvent until all foreign matter is removed, then blown dry with air.

Valve plugs should be cleaned with a stiff wire brush and cleaning solvent, and inspected for damaged, corroded, stripped, or galled threads. All defective plugs must be replaced.

If the regrinding of the seat and disk is necessary, the valve should be mounted in a suitable vise, making sure that it is as level as possible. A moderate amount of grinding compound should be used. Some check valves can be ground without removing them from the line, but a much better job can be done if the valve is overhauled in the shop. When grinding the seat, the disk should be pressed with a slight pressure against the valve seat, using a screwdriver or other suitable tool. The disk should be rotated back and forth at about a one-quarter turn and then raised and rotated to a new position. Continuous rotation of the valve disk all the way around should be avoided, since this may cut grooves in the valve seat. Generally, it will take from 3 to 5 min. to grind the valve seat.

To check for proper valve seating, all traces of grinding compound should be removed from the valve seat and disk, and both seating surfaces thoroughly cleaned. Using a chalk or pencil, lines should be drawn across the valve seat face, spacing them about 1/8 in. apart. Then the disk should be pressed against the valve seat and rotated a few times. If the lines are rubbed off, the grinding job is completed and the valve will seat properly. If some of the lines are not rubbed off, the grinding should be repeated.

After grinding the check valve, the entire valve should be thoroughly cleaned, making sure that all traces of the compound are removed.

When reassembling the valve, new gaskets should be used. The valve cap bolts and nuts should be pulled up evenly, on diametrically-opposite positions, to prevent warpage of the valve cap. All valve plugs must be tight and the valve disk should swing freely on its pivot. After the valve is reassembled, all openings should be covered with a clean cloth or suitable plugs to prevent entrance of dirt and foreign matter.

The check valve, the real work-horse of the valve family, is known for its dependability and performance. If properly installed, it will require practically no maintenance and will outlast all other valves in the piping system. While simple, it is vital to power piping.
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Because discs and body seats are perpendicular and parallel, repairing or refacing to compensate for wear is easier than on a tapered wedge disc.

Should be installed with stem above horizontal for best results. Many spreader mechanisms are subject to jamming when installed with stem below horizontal line.

Their Service Characteristics

Flexible Wedge Disc

Developed especially to overcome sticking in high-temperature service with extreme temperature changes. The shape of the flexible disc can be likened to two wheels on a very short axle. The "axle" or spud at the center of the disc is amply strong to carry the two halves of the disc together at all times...and yet, it permits a degree of action between them. It is this "flexibility" that makes the disc tight on both faces over a wide range of pressures...prevents sticking during temperature changes, and assures minimum operating torque.

Although each disc face can move independently of the other...up to two full degrees...the construction is one-piece. There are no loose parts to cause harmful vibration.

Split Wedge Disc

A 2-piece, wedge disc that seats between matching tapered seats in body.

Spreader device is simple, and integral with disc halves.

When closing, last turn of handwheel forces discs against the seats. When opening, the first turn releases the discs from the seats. Basic Gate Valve Design  
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Gate valves are by far the most widely used in industrial piping. That's because most valves are needed as stop valves - to fully shut off or fully turn on flow - the only job for which gate valves are recommended.

Gate valves are inherently suited for wide-open service. Flow moves in a straight line, and practically without resistance when disc is fully raised.

Seating is perpendicular or at right angle to the line of flow - meets it head on. That's one reason why gate valves are impractical for throttling service and for too frequent operation.

For instance, a 6-inch gate valve holding fluid at 300 psi, puts a load of over 4 tons on one side of the disc, if there is only atmospheric pressure on the other. While seated tight, there's no wear or undue strain on disc or seats. But each time the valve is "cracked open," there's a threat of wire drawing and erosion of seating surfaces by the high-velocity flow.

Repeated movement of disc near point of closure under high-velocity flow, may create a drag on seating surfaces and cause galling or scoring on downstream side. A slightly opened disc may cause turbulent flow with vibration and chattering of disc.

A gate valve usually requires more turns - more work - to open it fully. Also, unlike many globe valves, the volume of flow through the valve is not in direct relation to number of turns of handwheel.

Since most gate valves used have wedge disc with matching tapered seats, refacing or repairing of the seating surfaces is not a simple operation.

CONCLUSION: Gate valves, while not designed for throttling or too frequent operation are generally ideal for services requiring full flow or no flow.

Gate valves are not designed for throttling

In a slightly opened position high-velocity flow will cause wire drawing and erosion of seating surfaces in gate valves.

Repeated movement of disc near point of closure under high-pressure flow may gall or score seating surfaces on downstream side.

Slightly opened disc in turbulent flow may cause troublesome vibration and chattering.

Basic Globe and Angle Valve Design

...highly essential to piping

Unlike the perpendicular seating in gate valves, globe valve seating is parallel to the line of flow. All contact between seat and disc ends when flow begins. These are advantages for more efficient throttling of flow, with minimum wire drawing and seat erosion.

The directly proportionate relation of size of seat opening to number of turns of handwheel, a distinctive feature of plug-type globe valves, permits close flow regulation. An operator can gauge the rate of flow by the number of turns of the wheel.

Shorter disc travel - with fewer turns required to operate globe valves - saves considerable time and work - also wear on valve parts.

Whatever wear occurs as the result of frequent or severe operation presents less of a maintenance problem than in gate valves. Seat and disc in most globe valves can be repaired without removing the valve from the pipe line.

CONCLUSION: Globe valves, while not recommended where resistance to flow and pressure drop would be objectionable, are generally ideal for throttling, and preferable for frequent operation.

Basic Angle Valve Design

The angle valve effectively utilizes globe valve seating principle while providing for a 90 degree turn in piping. It is less resisting to flow than the globe valve it displaces. Requires fewer joints; saves makeup time and labor.

 Forces Undergo Transition

Because the greatest force is required for only a short distance near the point of seating, and because a lesser force is required for the longer distance between open and close, valve designers have sought many forms of valve operators to take advantage of the two force conditions. For example, typical gate valves almost always call for total stem travel equal to something a little more than the inside diameter of the pipeline. During this period of travel, whether opening or closing the valve, the total force on the stem is equal to pressure (inside the valve) times area of stem.

Now, the typical stem might have a cross section area of 7 sq.in. and might be acted upon by a pressure of 2500 psi. An outward thrust of 18,500 lbs would act on the stem at all times. To this we add the friction load for the valve packing...which frequently is figured as 10 percent of the stem load. So, we add another 2000 lbs to the 18,500 lbs above.

Actual seating of a wedge gate in its seat might seem rather difficult to calculate, at first glance. On the other hand, pulling the wedge off of its seat is perhaps a clearer thing to visualize. Under extreme conditions, the valve gate rests against the downstream seat face with a maximum of full line pressure on the upstream side and zero pressure on the downstream side. So, one of the forces holding the wedge against the seat is line pressure times seat area. The force to slide the gate off the seat is then line pressure times seat area times coefficient of friction of the sliding surfaces. A reasonably conservative figure for the friction coefficient on the internal metallic surfaces of a large, high-pressure valve might be 0.33. Operating force for pulling the valve open, on the basis of this calculation, then would be one third the line pressure differential across the wedge times the seat area.

If the gate were wedged between two seats, considerably higher force might be required to pull it free. Wedging action could be generated by initial closing, and/or by thermal expansion or contraction that took place after the valve had been closed. The two seats could have contracted against the faces of the gate wedge. The valve stem might have contracted less than the bonnet and yoke assembly. Hence cooling of the valve might have forced the gate into tighter engagement between the two seats. Forces of this nature are very difficult to calculate. Valve designers generally rely on operating experience to judge the magnitude of such forces. But they can be expressed generally as some fraction of operating differential pressure times valve seat area.

In securing tight closing of a wedge gate valve, total closing force requirement is often figured on the basis of differential pressure times seat area times friction coefficient, plus a 10 per cent additional load to provide a moderate amount of wedging between the two seat faces, to develop the maximum seat tightness.

Application of these formulae generally results in a force for seating and unseating gate valves that acts through a distance of about 1/4 to 1/2 in. This is roughly seven times the force for operating from closed to wide open. The transition from high force to lower force takes place rather abruptly near the fully closed position because line fluid forces have relatively little effect on the valve gate once it is slightly open.

Globes Require Higher Force

Globe valve operating requirements are much like gate valve requirements. Globe valves, however, have shorter total lift and require a greater seating force. Ordinary globe valves may lift only 25 per cent of the valve pipeline diameter, although specially designed low-pressure-drop valves may have stem travel as high as 75 or even 100 per cent of line diameter. Globe valves seat by setting the disc directly into the seat port, in opposition to the line pressure. Hence, the seating force required is pressure differential across the valve times full area of the seat port, without application of the friction coefficient noted for the gate valve. An allowance of 10 percent is added for tightness.

If the higher pressure is under the valve disc, the closing force is required as a compressive load in the valve stem to resist the pressure on the disc; this force is a tensile load on the valve stem, to lift the disc off the seat, when opening the valve.

As in the case of the gate valve, seat forces in a globe valve dissipate rather quickly upon opening. So the high force requirement lasts only through limited distance, say 1/4 or 1/2 in. Regular stem force is needed for 90 percent or more of the total stem travel. In a typical case, the globe valve seating force is 10 times the force required for moving from open to close.

Differential Is a Variable

Quite a distinction must be made between valve opening and closing forces, and valve seating forces. Because they differ by as much as 10 to 1, the distinction between these forces is important. In actual practice, however, the seating load itself often varies widely. In simple terms, the seat load required to close a valve is the full pressure differential as applied across the seat area. A conservative assumption is that the full internal pressure of the line is applied to one side of the seat and atmospheric pressure to the other. In certain valve operations, though, this is almost never the case. Many recirculating lines develop high pressure in the line, but the differential pressure across the circulating pump is low. The valve might close off the low-pressure across the circulating pump, and not close or open against the full line pressure, measured with respect to atmospheric pressure.

Less than full line pressure develops, also, where large valves are equipped with bypass lines. In many cases, the large valve is not operated until the bypass line has been opened, to hold down the differential across the large valve.

Boiler installations, in particular, may present pressures across a valve higher than the full design pressure. Boiler and piping code practices call for testing lines at 1 1/2 times working pressure. A valve may be used to isolate a section of the boiler or line for developing this test pressure. The valve closing mechanism must be 50 per cent stronger than might be expected under normal conditions.

Check Valves Need Less Force

Of particular interest in many power plant operations is the case of the stop-check valve. A free-floating disc in the valve has a valve stem for securing the disc to the seat. If the ordinary high-pressure differentials (created during closing) come from under the valve disc, the valve stem must transmit the same forces as for a globe valve. In many applications, though, the differential tends to be on top of the valve disc. The valve stem is used really as a securing device to hold the disc in place to avoid any accidental opening. Maximum seating load on the valve stem might be only three times the load required for pushing the stem from open to close. The valve operator requirement is somewhat different than for the standard globe or gate valve.

Practically all the valves under discussion are operated by a stem thread acting through a bronze nut. A few valves of very special design and application occasionally are operated by direct-acting hydraulic cylinders. The cylinder idea is always intriguing because of the low friction loss in such devices and the ability to multiply force greatly. But operating pressure must be continually maintained to hold the valve in any one position. Furthermore, failure of the hydraulic system would permit the valve to fly open. These disadvantages prevent any widespread use of direct cylinder operation.

The nut-and-screw-thread device is a relatively high-friction unit. Full load is transmitted through the stem threads into the valve operating nut. Appreciable friction on the thread surfaces calls for extra effort over and above that already established for the valve. The force developed for such screw thread construction can conveniently be calculated by means of a formula.

This formula, in most practical valve constructions, shows that the operating torque in ft lbs on the valve nut unit is about 1/100 of the pounds force developed in the stem.

The fact that thread friction is so high often suggests various devices that might decrease it, making large valves easier to operate. A widely used device in some non-power applications is the ball-bearing stem thread as used in automobile steering mechanisms. Unfortunately, valve stem lads turn out to be so high that the allowable contact pressure of any reasonable number of balls is exceeded. Also, the requirement for extreme hardness on both ball rolling surfaces is not generally compatible with the other valve construction features. A further deterrent is the fact that too low a friction factor at the valve stem thread could allow a valve to automatically fly open. Some locking device would be required if the ball-bearing thread valve is to be held tight in the closed position.

Frequency Study Required

Before final decisions are made, knowledge of functional characteristics of valve operators must be added to knowledge of closing forces. Probably frequency of operation is the first factor to consider before selecting an operator. Allowable investment is quite different for a valve that might be opened only once a year than for a valve that might be opened and closed once a day.

Urgency of operating the valve must be considered, too. Large valves are opened and closed only according to a pre-arranged schedule in many instances. As much as a week's warning might be available that the valve must be closed at a certain time. In other cases, valves are subject to emergency closure, demanded in a matter of a few seconds. This prohibits any setup in which the foreman must find a man and then send him off to a remote location to close the valve manually.

Still another consideration is the location of the valve. If it is easily accessible, there might be considerable difference between the cost of manual-operation and motor-operation. If the valve is in a very remote spot, manual-operation might call for platforms, scaffolds, stairways and railings that would decrease the cost differential between motor-operation and hand-operation. On the other hand, extension stems and chain wheels may achieve remote operation at relatively low cost.

A further consideration is whether the valve is always to be operated from a single station, or from several different stations at the same time.

About Motor Operators

Quite a number of different operating mechanisms are available to meet different requirements, ranging through a wide cost spread. Probably the most expensive, commonly used valve operator is the geared electric motor type, which closes the valve and cuts itself off when a predetermined torque has been developed by the motor. Such an operator is relatively expensive, both in equipment and electric wiring costs. Its advantages are tremendous, however.

For relatively little additional cost, it can be set up to be operated from several different locations. Open-and-close buttons can be installed in a control room, beside the valve, beside the boiler feed pump, plus any other desired location. Remote indicating devices can be attached at relatively low cost to show the position of the valve at any of the operating stations. By merely choosing a large enough motor, almost any operating speed can be achieved. There is no worry about power plant personnel becoming so tired that they cannot achieve complete closure of the valve within a specified time. The valve can be installed at almost any point in the power plant piping system, without regard to operating levels, access for service or proximity to other equipment. It is an ideal device for valves that are frequently operated.

Simple Handwheel Costs Least

At the other end of the cost scale is the simple handwheel attached directly to the operating nut or stem. This is certainly the lowest-cost operating device, having essentially none of the advantages of the motor drive. The obvious disadvantage arises from the high operating torque. In some of the typical examples already cited, the torque requirements on a simple 36-in. diameter wheel might call for 150 lbs pull on the rim of the wheel to turn the valve from open to close. As much as 1000 to 2000 lbs pull would be needed on the rim of the wheel to seat the disk. Thus, 20 men would have to crowd around the rim of this simple wheel to achieve the 2000-lb pull.

A common solution to this high-torque problem is to equip the valve with a gear system. Gears, of course, change the operating ratio down to a point where the pull required on the rim of the wheel is within the capability of one or two men. The number of revolutions required for given travel goes up corresponding to the change in gear ratio. In addition, friction losses in the gear train increase. So, the forces required may go down, but the total work effort goes up.

The peculiar force requirements of opening and closing a valve call for relatively low forces through a long distance, in going from open to close, followed by high forces through a short distance at the point of closure. This often suggests a gear shift device. Low gear would be used for developing the tight seating force and high gear for operating from open to close. The general idea is sound in theory. But, in practice, the cost of such a gear shift makes the idea impractical. Few devices of this type are available.

A mechanism with continuously variable gear ratio...giving high speed in the open position and low speed (with high force) in the near-closed position...is partially achieved by what is known as a toggle construction. A moderate number of large, high-pressure valves have been built, from time to time, with variations of toggle-type operating mechanisms. Such constructions are considerably preferred over a plain manually-operated wheel. But in large, high-pressure valves, toggle-type operators leave something to be desired. Total number of revolutions required from open to close tends to be relatively high, and the work load tends to be more than a single man can perform, even over periods as long as 15 or 20 minutes.

Still another form of gear shifting has been used on large, high-pressure valves for many years...the Impactor handwheel. It, in effect, is a directly-coupled handwheel on the valve operating nut, with a backup feature. This feature permits striking an impact blow. The valve is turned from open to close by continuously rotating the handwheel. No gearing or other magnification of the torque is applied. When the valve is approximately seated, the handwheel is backed off about 1/3 of a turn and then rapidly brought forward. Two anvils on the wheel strike a cross arm secured to the operating nut. The momentum of the spinning handwheel generates almost an infinite operating torque for an instant. By applying a series of such blows to a typical 36-in. Impactor handwheel, one man can develop torque equivalent to 5000 ft-lbs, with no gearing or other magnifying mechanism. This type of valve operator has proved very efficient in many years of high-pressure power plant use.

A recent development that bridges the gap between motorized operation and hand operation is the Impacto-gear operator. This is a modification of the widely used Impactor handwheel. A gear-and-pinion assembly is added to the valve operating construction. The pinion shaft projects from the side of the valve, below the handwheel. The pinion is turned by a portable motor, such as an air-driven wrench. A wrench on the end of one air hose could serve several valves. Gearing gives a 12 to 1 reduction.

A portable air wrench putting out 50 ft-lbs of torque will generate 600 ft-lbs of operating torque at the valve operating nut. This is sufficient to carry most large, high-pressure valves from full open to full close or back in one minute. Power plant operators are relieved of the backbreaking work of turning the valve handwheel through many revolutions with sustained effort that might range from 50 to 150 lbs pull on the rim of the wheel. After a valve equipped with an Impactogear operator has been brought near the seat, a series of impact handwheel blows are struck by hand to achieve the 3000 or 4000 ft-lb closing torque necessary for tight seating. Thus, one man can close a large, high-pressure valve in a reasonably short time without excessive manual effort. This does not replace the electric motor operator by any means. Though lower in cost, it does not offer remote operation or remote indication.

In the final analysis, the best choice of valve operator is dictated by recognizing torque requirements of the valve, the functional features of the many types of operators available, and the needs of the installation.

When considering relatively expensive electric motor operators, a very uneconomic selection might be made using highest possible test pressure as a criterion. In this case, valve purchaser and valve supplier must carefully study the exact application, and the maximum differential, that will be applied to the valve seat. Often, several thousand dollars can be saved by sizing the motor operator, exactly for the job application.

==== Next Page >>

Butterfly valves are one of the oldest practical devices for controlling the flow of fluids. They had their beginnings in light weight, non-tight applications such as dampers. Partly because of this early history of light weight construction, and also because of a lack of adequate flow data, engineers were, for a long time, reluctant to specify butterfly valves in industrial applications. The development of a leak-tight, workable rubber seat, however, gave considerable impetus to the industrial use of the valve, and experience with it soon overcame the early objections.

The first rubber seat butterfly valve was designed by the late William H. Phillips, and manufactured by the Henry Pratt Co. in 1926. This valve found immediate and widespread acceptance in the power industry, the first major industry to make extensive use of it.

As the size of central station equipment increased, with mushrooming power demands, condenser circulating water pipe also increased in size bringing problems in specification of large diameter valving. By specifying the butterfly valve, power engineers secured the advantage of a compact, light weight valve which does not require the use of any supports other than those required by the pipeline itself.

An additional advantage is that natural gum rubber has an excellent "memory", in that it resists permanent indentation. With the natural preservative action of water, the valve seat life greatly exceeds that of any other valve type. One rubber seat butterfly valve, on a test installation, was cycled every 20 minutes for a period of about three years, until a total of 80,000 cycles was accumulated. When returned to the shop, this valve tested bubble-tight.

This section includes a brief run-through of each standard, its applicability and usefluness, and where and how to find it.   Each standard is held up and then passed around, and an abstract of each standard is supplied in the handout package.





All the points below are briefly discussed, to show how much engineering actually needs to be done when designing a valve, finishing up with why water valves are built the way they are, considering pressures, temperatures and water chemistry.











Dissection Time:  An OS&Y Gate valve is disassembled and passed around, detailing the solid wedge, the travelling gate, packing and gland assembly, as well as the indicating nature of the valve.





Dissect and pass around a Non-rising stem valve, highlighting differences in operation





Show an Indicator Post assembly, removing top and showing flag mechanism, with slides





A 4” c.1960 double disc Mueller gate valve, with non rising stem is dissected.  Some points to draw attention to and explain are below, as well as service/repair options for this style of valve.  Typical failure points, known from experience, are discussed.  Refer to Clow Valve co maintenance recommendations (handout) for the double disc.





Surges:  Magnitude calcs how fast is it “safe” to close a valve, delta V examples.


Last 20% of closure is riskiest, because a gate valve is non-linear.  (50% of stem travel is not 50 percent of closure)  Examples of stem travel vs. closure on overhead








Refer to handouts from Clow on large diameter gates, side and vertical mount, showing differences, cautionary tales about disassembly, slides.





Sample municipal specs, Ottawa, Toronto, Markham, noting the differences between them.





Dissection of a four inch butterfly valve, showing worm gear actuator.


Refer to val-matic actuator handout, showing worm and travelling nut types.  Slides of damaged valves and actuators.





Dissection of small double check assembly, and small RPZ assembly, showing operational principles.   Emphasis on “listed”, and a brief discussion of applicable legislation.  Slides. Brief discussion of Stratford and Guelph, time permitting.





Dissection:   Two resilient wedge valves, a Bibby and a Mueller are dissected and compared and contrasted.   Thread pitch, wedge design, guide plates, and materials selected.   Implications for future failure, serviceability and ease of use are discussed, with referral back to the double disc gate that was previously disassembled.





Dissection of small Air Release valve.  Showing maintenance procedures and failure points, as well as operational principles.  Common mistakes in installation.  





Dissection of a pilot valve, showing the different ways to dress or “trim” it.   Discussion of applications, deluge, control, zone valves, altitude valves, etc.  Caution as to the highly technical nature of repairs and adjustment to these valves.   Common problems, basic troubleshooting, when to call the doctor.














