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 WP120509 Torque & Service Factors
This paper is written to briefly explain how Copeland arrives at its torque and service factors for metal seated severe service ball valves. Calculations should always be verified with empirical data when available.
Actuator Selection Guidelines
Copeland considers it good policy to multiply bench tested torque values by both service and operational factors to ensure smooth operation under a variety of conditions. For pneumatic actuators, one should also consider an additional factor with pneumatic actuators when there may be an occasional reduction in the air supply pressure. 

For variable actuators such as single acting and scotch yolk pneumatic, the required valve torque across the valve stroke must be examined. The greatest torque is at the beginning of each stroke and is called “break torque”. As the ball rotates, the torque decreases and this is called “run torque”. The ball and seat finally returns to the full contact again and as this happens a larger amount of torque “valve ending” or “seating torque” is generated.  This amount is less than the break torque.  A scotch yolk or spring return actuator generates an amount of torque that varies by position of the turning mechanism. Copeland recommends factoring the break torque by 0.7 for the running torque and 0.8 for the valve ending torque as a general guideline.
Service Factors

Service factors are used to help adjust the torque value of a valve to include the additional force required to open and shut a valve in a media other than clean, dry air. Additional torque will be required to turn a valve that operates when there are abrasives in the line and these factors are meant to help size the valve and actuator under the most extreme conditions. The purchaser needs to take part in estimating this factor by relaying any field data that may help estimate this factor. General values used by Copeland are as follows:
Service Factor (SF):

 80%:  Clean lubricating oil

100%: Clean, particle-free, non lubricating service such as water, alcohol or solvents

120%: Clean and only slightly viscous particles. Steam service.

130%: Catalyst service with hydrocarbons. Superheated Steam. 
150%: Heavy slurries that may include iron ore, coal, dry particles (medium coarseness), and catalyst. Corroded or contaminated systems.
200%: Dry fine solids such as polyethylene powder or silica.

Operational Factors (OF):

100%: Valve is operated with sufficient frequency to maintain a surface with no scale.

120%: Valve is used for throttling applications.

150%: Valve is operated under positioner control or is in “Plant Critical” Operation.

Using Service Factors in Torque Calculations

It is always recommended to select an actuator that uses a large safety factor when critical operations are involved. The above factors are used when multiplying a basic torque value by the Service Factor (SF) and, then again, by the Operational Factor (OF). The basic torque value is derived from the valve model, valve size, bore size and maximum operating pressure.
Break Torque
Copeland normally publishes the breakaway torques for the valve in the closed position. Breakaway torques are caused by the surface indications on thesealing area between the ball and the seat and is normally the highest torque expected without accounting for dynamic forces caused by flow through the valve. Impurities that can become trapped between the ball and seat affect this value and are accounted for by adding a Service Factor that is a multiplier of the break torque calculated under optimal conditions.

Break torque is normally the deciding factor in determining actuator sizing at Copeland. Every effort is made to provide an actuator that is more than adequate for the worse conditions the valve will see. Copeland valve stems are also sized to be stronger than the highest torque forceable in the service defined by the customer. Break torque is a sum of the following individual torque values as defined by Shigley’s book, “Mechanical Engineering Design”.
Stem tare torque

Stem pressure torque

Ball pressure torque

Ball tare torque

Run Torque and Valve Ending Torque

Run torque is a obtained by adding all of these values except ball tare torque. The service factor is used as a multiplier to both factors in order to estimate the  required torque under actual service conditions.

Some of the factors effecting torque values include the following:

Valve Design and Materials of Construction

Pressure Class of the Valve as Defined by ANSI B16.34

Bore Size

Sealing Surface Area

Stem OD

Bearing Dimensions

The Maximum Operating Pressure

Copeland sizes actuators based upon the maximum possible operating pressure, instead of the pressure differential, to account for upset conditions. 
Seat Materials

The type of seats and the material used to make them significantly influence the operating torque.  Soft seats such as RTFE are not only cheaper buy will exhibit lower operating torque when compared to metal seats.

Floating vs. Trunnion Designs

The valve moves to the downstream seat in a floating valve design. Higher pressure differentials result in higher valve torques. For small, low pressure valves the effect of the differential pressure is minimal when compared to the assembly stress on the valve seats and stem seal. As a result, the torque remains relatively constant from zero differential pressure to the maximum rated differential pressure. Trunnion ball valves may be beneficial for higher operating pressures because the load is carried by the Trunnion bearings and the upstream seat surface area is much smaller and generates much less force than a floating ball. The advantage of the floating design in sticky particulate service is that the surface area is kept clean by the scraping action of the ball against the seat. The other is that the design of a metal seated ball valve is fairly simple when compared to most Trunnion designs and there are fewer areas where particles can accumulate and restrict the function of the springs that press the seat against the ball.
Stem Seal

The torque that results from the stem seal is a function of the packing box dimensions and the type of packing used. The torque generated by the stem seal is a major part of the torque value in smaller, lower pressure valves and decreases as a percentage with size and pressure differential quite rapidly.

Frequency of Operation

For metal seated valves, the valve operating frequency may become a factor if there may be particle build-up or scale that can attach itself to the valve’s surface. In such cases a purge might be helpful and a bypass line so that periodic operation of the valve may be possible. A hard coating can maintain a smooth finish longer and is advisable.
Operation Speed Limitations

Resilient materials such as RTFE can be damaged by rotational speeds faster than 5 seconds for larger valves and less than 1 second for valves 6” and under. Metal seats do not have this restriction.

The above information is provided as a guide only. Copeland can takes no direct or indirect responsibilityfor its use.
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