Can metal-seated ball
valves provide effective
long term, economical
solutions for critical
applications in steam-
generating power
plants? The answer lies
in knowing the design
limitations of the valve,
in correctly identifying
the application
requirements and in
proper installation
techniques.

BY STEVE SPILKER

n uring the last 20 years,
advances in machining, tooling,

measuring and coating technology
have led to ball valve designs that

provide positive sealing solutions for [
the power industry. These new
“power plant ball valves” can with-
stand temperatures and pressures
that make them a viable solution for
the industry.

THE HISTORY

Before these new designs, creating
true and matching spherical sealing
surfaces was limited so that one sur-
face—the ball—typically was metal
and highly polished. The second seal-
ing surface—the seat—generally
was a fluoropolymer or elastomeric
compound. This combination works
well in lower temperatures and pres-
sures, and still is widely used today.
However, it is not suited for the
extremes seen in steam power gener-
ating stations.

Instead, traditionally rising-stem
globe valves have been the work
horses for stop and isolation service
in steam-generating power plants
(Figure 1). These valves have mas-
sive stems, plugs and seats. They are
top-entry valves and often have

Power plant ball valves are used hoth in
the traditional fossil fuel plants and in
the portions of nuclear plants where
steam is generated and eventually
converted into electricity.
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Figure 1. Typical Y-pattern globe valve

welded or pressure seal bonnets.

The sealing areas of the plug and seat
are matched conical surfaces, which are
well-suited for the high pressures, tem-
peratures and velocities found in vent,
drain and continuous process services.
Operation of the valves is intuitive: If
the stem is in the “up” position, the
valve is open; if the stem is in the
“down’’ position, the valve is closed.

METAL-SEATED

BALL VALVES

Computer numerically controlled (CNC)
machines with special tooling can now
produce virtually perfect spherical
metal-to-metal sealing surfaces—both
concave, and convex for ball and seat—
with almost infinite repeatability. Highly
qualified and specialized coating con-
tractors also can provide many varieties
of flame-sprayed carbide coating com-
pounds applied with exacting precision
in laboratory conditions by CNC robotic
machines. These coatings carry a tough-
ness and hardness far exceeding that of
the cobalt-based weld overlays tradition-
ally used in rising stem globe valves, and
the final coated surface exactly mirrors
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Figure 2. Two-
piece end-entry

design
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the machined contours of the underlying
part. These technologies have lead to the
emergence of the power plant ball valve,
capable of withstanding temperatures in
excess of 1050° F (566° C) and
pressures in excess of 3000 psig.

CONSTRUCTION FEATURES

Many power plant ball valve manufac-
turers are machining valve bodies from
forged bar stock materials with massive
wall thicknesses
far exceeding that
of rising stem
valves. Several use
the same valve
body design on
1.5-inch and
smaller sizes for
all pressures class-
es—so that an

WELDED OR
PRESSED SEAT

tion conical load spring (Belleville
washer) behind the upstream bearing
ring. The designs feature live-loaded
stem packing, although several methods
provide this live-loading (Figure 5).
Some use one large central Belleville
spring, while others use four, equally
spaced spring sets. Packing design
varies among manufacturers—some use
a single die-formed ring with wire-
braided backup while others use multi-
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valve may actually
have an ASME

Class 4500 body.
This standardiza-
tion reduces raw
material invento-
ry, streamlines machining, shortens pro-
duction times and allows for virtually
unlimited alloy material selection.
Usage is restricted by the pressure and
temperature rating stated on the origi-
nal equipment manufacturer (OEM) tag
and relevant American Society of
Mechanical Engineers (ASME) and
American National Standards Institute
(ANSI) standards.

Valve manufacturers produce a
variety of power plant ball valve body
designs, including two-piece end entry
(Figure 2), one-piece end entry (Figure
3) and bolted bonnet top
entry (Figure 4). Differ-
ent seat designs are pro-
duced: integral seat,
pressed-in seat, welded
seat and locked seat. All
designs incorporate a
downstream sealing seat,
with an upstream ring
used as a guiding, balanc-
ing and bearing surface.

These designs all
include a large cross-sec-
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Figure 3. One-piece
end-entry design

ple die-formed rings, and still others use
top- and bottom-braided rings with
internal die-formed rings.

OPERATION

Standard soft-seated ball valves are bi-
directional and can shut-off flow in
either forward or reverse direction—
because they use two soft seats and a
pressure-assisted, floating ball (Figure
6). Power plant ball valves are most
often uni-directional shut-off valves,
with a non-floating ball design.
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Figure 4. Top-entry design
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Figure 5. Live-loading method

They have only one seat located
downstream of the ball. This down-
stream seat, the upstream bearing ring,
the conical load spring, and the ball are
a matched set, fitted very precisely into
the body cavity so that, when assembled,
the final stack height does not allow the
ball to float.

Under extreme pressures, the ball
must remain centered on the shaft and
centered within the downstream seat
and the upstream bearing ring. The con-
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Figure 6. Open and closed actuator positions

ical load ring compensates for thermal
growth of the internal parts at elevated
temperatures and provides the initial
sealing force in applications involving
slowly building pressures—such as fir-
ing a boiler.

Bi-directional service is an available
option offered by several manufacturers
of power plant ball valves, but this
option must be clearly specified up
front. Operating torques for ball valves
are determined by the differential pres-
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sure of the system acting on the exposed
surface area of the closed ball. The size
of the hole through the ball (the port
size) is one factor that determines the
closed surface area of the ball since the
closed surface area must be larger than
the port. Larger closed surface areas
mean higher operating torques. This is
significant because operating pressures
in power plants can exceed 3000 psig.
Consequently, power plant ball valves
CONTINUED ON PAGE 32
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are routinely produced with reduced
port sizes to keep the operating torques
low. For example, a power plant ball
valve with a nominal pipe size of 1.5
inches may have an actual through-port
opening size of only 5/8 inch.

SELECTION

The port size should be considered when
specifying power plant ball valves. A
reduction in port size causes an increase
in system pressure loss through the
valve, which results in an increase in
fluid velocity through the restricted
port. Power plant ball valves were origi-
nally and primarily designed for vent
and drain applications. Since vents and
drains normally are used for short dura-
tions, the increase in velocity through
the ball port does not produce a large
wear factor. However, in continuous
process applications, the system pres-
sure loss and the velocity also will be
continuous, which can mean premature
failure of restricted port valves.

High energy piping systems in power
plants use schedule 80, 160, and XX-
Heavy pipe. Table 1 shows the correla-
tion between pipe size and pipe internal
bore for several nominal pipe diameters
and schedules.

Power plant ball valve manufacturers
use the relationship between nominal
pipe size and pipe internal diameter to
determine “'standard’’ port sizes.
Several companies publish dual Cv
values—one for the valve and one for
the valve installed in heavy wall piping.
The port size, the system operating
characteristics and the piping configu-
ration during the valve selection process
should receive close attention. For
example, if the ball valve is to be used
for isolation either before or after a con-
trol valve, the question becomes: How
will a smaller or larger port affect the
control valve performance?

Many power plant ball valve manu-
facturers offer increased port sizes as an
option. Largely, this option is a result of
the “TDP-1-1998 Recommended Prac-
tices for the Prevention of Water Dam-
age to Steam Turbines Used for Electric
Power Generation,”” which offers guide-
lines for the relationship of the valve



port size to the nominal pipe diameter.
The intent is to ensure that any water or
condensate in the high-energy steam
pipes leading to the turbine is drained as
efficiently and as quickly as possible,
with no carry-over.

Selecting the largest available port
size may seem to be the safest route, but
increasing the port size also increases the
purchase price. If the valve is to be auto-
mated, the larger port size will warrant a
larger, more costly actuator as well. Also,
the location of the valve in the piping sys-
tem may restrict the amount of available
space for larger actuators.

The piping system dynamics should
be carefully evaluated to determine the
potential for bi-directional flow or for
the potential to have greater pressure
downstream than upstream. This can
occur, for example, under flashing con-
ditions when drain valves discharge into
a common header. Bi-directional sealing
must be specified during the selection
process, and selecting this option will
increase the cost, and often the torque,
of the valve.
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TABLE 1.PIPE ID BY SIZE & SCHEDULE

Schedule 1" Pipe 1.5" Pipe 2" Pipe 2.5" Pipe 3" Pipe 4" Pipe
80 0.957 1.500 1.939 2.323 2.900 3.826
XX Heavy 0.599 1.100 1.503 1.771 2.300 3.152
AUTOMATION differential pressure occurs. While

Ball valves are vastly easier to automate
than multi-turn and rising stem valves
partly because operation of the ball
valve is a simple 90-degree turn.
Because of the internal flow path
through ball valves (Figure 7), the vast
majority of power plant ball valve
automation occurs with two position
actuators—open and close. Throttling,
or operation in partially open positions,
is not recommended for these valves.
All types of automation can be
used—electric, pneumatic, hydraulic
and electrohydraulic. A key considera-
tion in type is the opening and closing
speed of the selected actuator. Slow-
moving actuators can cause premature
wear in the high-velocity areas (Figure
7), because this is where the greatest

pneumatic actuators generally are very
quick acting, the port sizes of solenoids
and the diameter of air supply tubing
need to be considered. This is because
enough volume must be supplied to
attain a reasonable speed of operation.
Power plant ball valves are concen-
tric in operation: When the lever handle
is removed, there are no stops, and the
ball can be rotated 360 degrees. Since
there is only one sealing seat, unidirec-
tional valves are normally furnished
with the seat side of the ball lapped and
the other side unlapped, a relationship
that must be maintained. The installed
actuator will have stops that must be
properly set to accurately control both
the opening and closing positions of the
ball. These positions are equally impor-
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Figure 7. Throttling flow through partially opened hall valve

tant. If the valve is not fully opened,
premature wear may occur on the lead-
ing edges of the ball and on the sealing
surface of the seat. If the valve is not
fully closed or if the unlapped side of the
ball is on the seat side of the body, then
the valve will leak, and the leaking fluid
will damage the sealing surfaces.

Most manufacturers prefer to auto-
mate their own valves or will have desig-
nated automation distributors and rep-
resentatives. Since power plant ball
valves are normally weld-end valves, the
actuators are often removed during the
welding process. If the actuator is
removed and reinstalled by non-author-
ized personnel, factory warranties may
be voided. These issues should be
addressed during the selection process,
or a ball valve with integral stops should
be specified.

INSTALLATION

All power plant ball valves are furnished
with flow or directional indication
clearly shown on the valve in the form of
an arrow, a label or both. These are crit-
ical as the valve must be installed in the
proper flow orientation. If installed
backwards, for example, the seat would
no longer be a sealing member, the load
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Figure 8. Installations
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ADVANTAGES OF BALL
VALVES:

Non-rising stem

Longer stem packing seal
integrity; live loading is standard.
Quarter-turn operation

Reduces operating time and effort;
simple to automate.

Position seated

Sealing surfaces are not damaged
by over torquing.

Straight thru flow path

Seats are protected when the valve
is open; self cleaning during
operation

Compact, simple design

Requires less installation and oper-
ating room. Fewer parts to fail

DISADVANTAGES OF BALL
VALVES:

Quarter-turn operation

Ball valves cannot be throttled in
high-pressure services—they must
be either fully opened, or fully
closed. (Some manufacturers do
produce special designs for
throttling applications.)

B Compact design

Except for the top entry design,
all other designs are not in-line
repairable.
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spring could be crushed by the system
differential pressure, and the valve
would fail (Figure 8).

Proper clearances must be allowed
for lever handles and actuators because
misalignment can cause either short
stroking and cause the stem side to load,
which leads to premature failure.

When possible, isolation valves (of
all types) should be placed in the longest
available straight piping run because
changes in flow direction created by
turns and bends will increase flow tur-
bulence, which detrimentally affects
valve sealing components. The preferred
orientation in horizontal piping runs is
with the stem vertical when possible—
although other orientations are allowed.

Those who purchase or install ball
valves for the first time or who are pur-
chasing from a new manufacturer need
to request and become familiar with
welding procedures. Questions that need
to be addressed include: Should the valve
be welded into the piping with the ball
opened or with the ball closed? Normally
the opened position is preferred to pre-
vent weld splatter from coming in con-
tact with the sealing surface of the ball.
Since power plant ball valves are metal-
seated, the location of the welding
ground connection should be considered
because arcing can occur across the ball
and seat if improperly grounded.

Heat-treating requirements should be
carefully evaluated and understood.
Manufacturers prefer that heating be
applied to one end of the valve at a time
and localized to the welding area only.
Wrapping the entire valve with heating
blankets, particularly around the seat
and the stem packing area, is not rec-
ommended. However, time constraints
during emergencies and shutdowns
often force the heating of both ends
simultaneously—in this case, the situa-
tion should be discussed with the manu-
facturer or authorized representative.

As this article seeks to show, when
properly selected and installed, power
plant ball valves are providing effective
solutions for leak-free isolation services
in steam generating plants. M
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