CONTROL VALVE WORKING PRINCIPLE
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the Setpoint (5P and calculates signal into a high-force mechanical motion. In a Slats s R slandd s
the required ermor conmection. prieumatic actuator, regulated air pressure is m,',l|m;“ the mgﬂ e
It generates a standardized applied to a diaphragm, creating a force that E \ f E desired setpaint, compensat;
Controd  Sigmal  (electrical or GVErcomes & spring’s resistance. This force maves for any disturbances, -
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desired valve position to bring the tirn vahses)
process back to the setpaint.

FLOW CHARACTERISTICS
The shape of the plug determanes the flow charsctenstic,
defining how the flow rate changes with vabve lift.
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CONTROL VALVE PARTS EXPLAINED

ACTUATOR
(PNEUMATIC DIAPHRAGM)

Converts control signal (air
pressure) into mechanical motion
to move the valve stem.

Provides force to open or close the
valve against process pressure.

POSITIONER

Compares the control signal with
the actual valve position and
adjusts the actuator air pressure
to ensure accurate positioning.

Often mounted on the actuator.

www.instrunexus.com

VALVE BODY & BONNET

The pressure-containing vessel
that directs fluid flow.

The bonnet connects the actuator

to the body and provides a seal
for the stem.

VALVE TRIM

Connects the actuator to the
plug, transmitting motion.

PLUG

Movable element that throttles
flow by changing its position
relative to the seat.

Stationary ring that the plug
seals against to stop flow.




CONTROL VALVE PARTS EXPLAINED

1. ACTUATOR (PNEUMATIC DIAPHRAGM)

The actuator is the power
source of the control valve,
responsible for maving the
valve to the desired position
based on the control signal.

In a pneumatic diaphragm

often made of reinforced
rubber, separates an air
chamber a spring. When
a pneumatic control signal
(typically 3-15 psi) is q:qﬂh&:l
to the air chamber, the
pressure exerts a force on the diaphragm. This force
overcomes the spring compression, causing the diaphragm
and the connected valve stem to move. The movement
drives the valve plug, thereby controlling the fluid flow
through the valve body. The spring provides the restoring
force to retum the valve to its fail-safe position (either open
or closed) upon loss of air pressure,

2. POSITIONER

A valve positioner is a precision
instrument that acts as an
interface between the control
system and the actuator. s
primary function is to ensure
that the valve stem accurately
follows the controel signal,
compensating for friction,
packing tightness, and process
pressure forces.

The positioner receives the
command signal from a controlier
and a feedback signal from a
mechanical linkage connected to
the valve stem, représenting the
actual valve position. It comparnss
these two signals and adjusts the
cRiRpu asr preseieng b B actuslor
until the vatve reaches the exact
position commanded by the
contraller. This leads to morcurate,
stable, and faster valve response,

actuator, a flexible diaphragm,
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3. VALVE BODY & EONNET

The valve body 15 the pramary
pressure-retaining component of
the control valve, providing the
flow passage for the process
fluid. It contains the internal trim
components and connects to
the pipeline via flanges,
threaded ands, or welded ends.
The material of the valve body
miust be compalible with the
fluid's pressure, temperature,
and corrosive properties.
The bennetis an upper
component that is bolted or
threaded onto the valve body. It houses the valve sterm and
the packing box, which creates a dynamic seal to prevent
leakage of the process fluid along the stem. The bonnet also
serves as the mounting base for the actuator yoke and guides
the stem assembly,

D] | i

3. PACKING BOX ASSEMBLY

Located within the bonmet, the packing box

assembly provides a dynamic seal between
the moving walve stem and the valve body,

preventing fluid leakage to the atmosphere.
It typically consists of several rings of
packing material (such as PTFE or graphite)
compressed by a gland flange and packing
bolts. The compression a & radial force o
the stem, tha whila

stem movement. Proper sedbection and maintenance of
packing are crucial for preventing envircnmaental
contamination and ensuring cperational safoty,
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4. VALVE TRIM (STEM, PLUG, SEAT)

The valve trim refers to the intermnal parts of the valve that are in
direct contact with the process fluid and are responsible for
throttling the flow.

+ STEM: A rod that connects the
actuator to the valve plug,
transmitting the linear or rotary
mllm required to position the

=

« PLUG: The movable ebement within
the valve body that controls the
flow area by its position relative
to the seat. The shape of the plug
determines the valve’s inherent
'I'I-nuth.lrammllch-.g.. lirsear,
equal percentage, quick-opening).
SEAT T RING): A stationary
:I flaed within the valve body

l1ll'i'|l'h||:'|1 ﬂuﬁ;r seals to

q-ﬂth-lﬂw-' nteraction
batwean the plug and the seat
d;l:-rmlnﬂlht'-r-lhrl"l- shut-off

tightness and flow capacity,




CONTROL VALVE Cv EXPLAINED

1. WHAT IS Cv?
|VALVE FLOW COEFFICIENT)

Elrl isel; ﬁt;:dardlmd measurne of 3
valv capacity. It represents
the number ul’ﬂ allons of water
per minute (GPM) that will flow

through a valve with a pressure drop

of 1 psi at a temperature of 60°F.

0 = Flow Rate (GPM)

SG = Specific Gravity of fluid
(Water = 1)

AP = Pressure Drop (psi)

2. IMPORTANCE OF Cv

3. FACTORS AFFECTING Cv

4 51ZING & SELECTION 4| |4 VALVE munssmu A

Crucial for selecting the correctly sized
valve for a specific application.

An undersized valve (low Cv) will cause
excessive pressure drop, limit flow, and
may lead to cavitation or flashing.

An oversized valve (high Cv) will

operate near the closed position,
ﬂpﬁﬂ:ng poor control, |nsﬁllltr and
premature wear.

UNDERSIZED

OVERSIZED

& PROCESS OPTIMIZATION /2

Ensures efficient and stable process

control, minimizes energy consumption,

and prevents system damage.

Correct Cy matches the valve's capacity
to the process requirements over the

entire operating range.

Different valve ty ., Globe, Ball,
Elutl_errll; ) have inhe r.-rrt capacities
due to drinlemal geamelry.

BALL VALVE

| vaveTRmesizE 2D

The size and shape of the internal trim

Hﬂuq. seat, ua" directly influence the
ow area and lence.

- | Reduced trim o In-ns are available for

lower flow requ ents within the
same viutmhl size.

O '

[y PIRCIMTRGT  QUACE (PRt

@ FLOW CHARACTERISTICS A

The relationship between valve opening
lift) and flow rate.

he inherent characteristic
i5 determined by the trim | NHERINT

design, while the L3
installed characteristic is =

affected by the system's
pressure :
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4. CALCULATING & USING Cv

1. GATHER PROCESS DATA

Flow Rate (Q)
Inlet Pressure (P1

Outlet Fﬂ:mr-HF't'!]n
Fluid Specific Gravity (SG)
Temperature (T)

2. DETERMINE PRESSURE
) DROP ['.l'.'I.P}
AP =P - P2

" Check for choked flow

conditions (cavitation/flashing)
wivich limit the effective AF.

3. CALCULATE REQUIRED Cv

Use the iate formula for
li'll!-'ﬂl.lh'l mquld, gas, or
Far I||:|Ll-|:|5

Cv = 0 * sqri (56 / AP)

4, SELECT VALVE Cv

ﬂmsu'ﬂm with & rated Cv
that is slightly higher than the

caleuls l.lir-ﬁil::'t
between Z0%

idrfri e
and 80'% openimg 1or oplimal
control, o

EXAMPLE: Water flow of 500 GPM
P1=100 psi, P2 =90 psi. AP = 10 psi. 5G=1

Cv = 500 * sqri(1 1 10) = 500 * 0.316 = 158

Select a valve with a Cv rating of
approximately 200 for good contrallability.




CONTROL VALVE TYPES: A COMPREHENSIVE GUIDE TO DESIGN, OPERATION, & APPLICATIONS

Control valves are the final control elements in industrial process loops, regulating fluid flow rate, pressure, temperature, or liquid level by varying the size of the flow passage as directed by
a signal from a controller. Proper selection is critical for process efficiency, safety, and reliability. This quide categorizes valves based on their mechanical motion and closure mechanism.
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1. WHAT IS A VALVE

POSITIONER? &
PURPOSE

A valve positioner is @ motion
control device (servomechanism)
designed to ensure that the

sition of a control valve's stem
ar shaft) matches the command
signal from a process controdler,
it acts as an interface, overcoming
friction, unbalanced process
forces, and actuator hysteresis (o
achieve precise and slable valve

positioning.
Purpose: To improve the valve's

speed of response, accuracy,

linearity, and repeatability,
especially in critical applications

of with targe/high-friction
valves.

CONTROLLER —» POSITIONER
(Signal) (Dutput Pressure)

¥

ACTUATOR «— VALVE STEM
{Fﬂ-i-m} {Position)

FEEDBACK <— POSITIONER
(Linkage) (Comparator)

2. WORKING PRINCIPLE:
THE FEEDBACK LOOP
(ELEGTRO-PNEUMATIC EXAMPLE)

PRELUMATIC

ACTUATOR
""{“ﬂmm [OIAPHRAGM or PISTON)

VALVE . = ‘

MODULE  PILOT

SIENAL _ ol | [
65, — B i
415'0 mA) |

(CAM & FOLLOWER)

SUMMING BEAM/
MICROPROCESSO0R
(COMPARATOR)

1. Command Signal: Confroller sends desired position signal.

2. Conversion & Amplification: /P converts signal to pilot
pressure; Relay amplifies it to actuator pressure,

3. Actuator Movement: Pressure moves valve stem.

4. Position Feedback: Linkage measures actual stem position.

5. Comparison: Feedback is compared to command signal.

6. Comrection: If there's an error (difference), the relay adjusts
the actuator pressure until the stem reaches the comect
position and the system is balanced.

J. TYPES OF POSITIONERS

A. PNEUMATIC-PNEUMATIC (P/P)

_ m.rc Pneumabic Signal (eg., 3-15

: Purely mechanical fiorce-
Balance of motion-balance system

B. ELECTRO-PNEUMATIC (E/P, ANALDG)

 Analog Electrical Signal [e.g.,

bellcrws, spings, and 3
PP,

Prog: Simple, rekable, inbenemly

inuinmﬂlﬁart. no electrical power

risguired.
Cons: Slower nesponse, less

accurate than elecironic types, no

dragnestics.

4-20 mA dc).
: Uses an mlemal LP

Qpratisn
comnverter 1o change the electrical

current info a pneumatic pikot
peessure, then amplifies il

Pras: Fast e e compatible
thﬂmﬂ

higher sccuracy than PIP.

Cons: Bequires eleciricsl power,
sum:ﬂgiblﬂ-em electrical noise,
limitesd dibgnaitics.

C. DIGITAL (SMART) POSITIONER

al Signal {e.q., HART,
ﬁmmmm aid on 4-21)

reul, o pure digital.

: LISES & miCrophocs o

for control, feedback

ProcaEiene].
and dagnastics. Often features

nee-Coaact position sensors.

Pros: Highest accuracy, anto-calibration,
asdvanced depgnostics (friction, air heak, valve

signature), programma

characteristics,

remate communication,

Cang: Highe

r oost, requires digital infrastructure,

mofe complex setup.

ronic controllers,

CONTROL VALVE POSITIONER: PRINCIPLES, TYPES & BENEFITS

4. KEY BENEFITS &
FEATURES

FASTER RESPOMNSE:
Minimizes process I!aE by
quickly supplying high-
volume air to the actuataor,

HIGHER ACCURACY &
LINEARITY: Ensures
precise valve positioning,
reducing process
variability.

OVERCOMES FORGES:
Pawers through high static
friction (stiction) and large
dynamic process forces
on the vahve plug.

‘. ADVANCED DIAGNOSTICS

(Smart): Enables
predictive maintenance by
monitoring valve health,
friction trends, and air
consumption.

SPLIT-RANGING

CAPABILITY: Allows one
controd signal to operate
twia or rnm[e Hhﬁé:ll
sequence (e.q., 4-12mA
for Valve A 12-20mA for
Valve B).

IMPROVED TEMPERATURE

STABILITY: Compensates
for ambient temperaty e
changes affecting aciuator
diaphragm stiffness.



CONTROL VALVE CHARAGTERISTICS: INHERENT VS. INSTALLED

1. FUNDAMENTALS OF CONTROL

VALVE CHARACTERISTICS

A control valve's flow characteristic describes
the relationship between the valve's flow
capacity (Q) and its travel or lift (h) from the
closed to open position. This relationship is
crucial for achieving stable and accurate
process control,

The characteristic determines how the flow
rate changes as the controller adjusts the valve
position. It is not just about the valve itself but
how it interacts with the entire piping system.

A fundamental distinction must be made
between the Inherent and Installed

charactenstics.
EHHHHLLERJ
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Inherent vs. Installed

Inherent Characteristic: The ideal
relationship determined solely by the valve's
trim geometry (plug and seat design) under
constant pressure drop (AP) conditions
across the valve. This is the

manufacturer's published curve.

Installed Characteristic: The actual
relationship observed when the valve is
installed in a specific system. It is affected by
the changing pressure drop across the valve
as it throttles, due to seres resistance from
pipes, fittings, and other equipment. The
installed characteristic ultimately dictates

process controllability.

2. INHERENT FLOW
CHARACTERISTICS (CONSTANT AP)

These characteristics are defined by the shape
of the valve plug and assume a constant AP
across the valve throughout its travel. They
provide a baseline for comparison.

Flow rate i directly proportional to vake travel, A 50%
valve opening yields 50% of maximum flow capacity.
The gain (rate of change of flow with lift) is constant.

Lo Cprpringhe
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B. Equal Percentage

Equal increments of valve travel produce equal

in thee existing flow rate. The
il bo the Tlow rafe just before

[gain) increases with valve travel.

mmm

L/ e
:

C. [qu:l-[ Opening

Prowvides large in flow for very small instial
muﬂuh'tlﬂlﬂ.m:ﬂmfm'mamﬂaruﬂud

at a relatively low percentage of lift (e.q., 30-50%).
Uzed primarily for on/off service.

me

FI-I-hl:-III;'I.:I
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In a real system, AP across the valve is not
constant. As the valve opens and flow
increases, pressure drop due to friction in pipes
and equipment (AP ...) Increases.

Consequently, the AP available across the
valve decreases.

This dynamic pressure drop alters the inherent
characteristic, known as ‘distortion’.

The Pressure Drop Ratio (Pr)
Distortion is governed by the Yalve Authority or
Prassure Drop Ratio, P, = AP . . M OP . v

A low P, indicates significant distortion; a high P,
(chose to 1) means the installed characteristic
closely matches the inherent one.

Installed Characteristic Distortion
— — = linkvereni Linear &
—— installed Linear (High Pr] -
—— lastalled] Linear (Low Pu) "'___

|
——
o

= = = |nheervl Equal %

—— |natalled Equal % (High Pr)
e |mitallid Dqual % (Low PY)

100

Valve Lift (%)

Distortion Effects: An inherent Linear valve in
a system with senes resistance behaves more
like a Quick Opening valve. An inherent Equal
Percentage valve has its characleristic
flattened, moving towards a Linear relationship,
which is often the desired effect to
compensate for system non-inearities.

3. INSTALLED FLOW 4. SELECTION GUIDELINES &
CHARACTERISTICS (VARIABLE AP) SYSTEM INTEGRATION

setecting the comect inherent characteristic
is critical, The goal is often to achieve a
linear installed characteristic for the
combination of valve and process, resulting in
a constant process gain and stable control.

Selection Rules of Thumb

If AP is Constant (High Pr » 0.5):

Use a Linear inherent characteristic,
The installed curve will remain linear,
(e.g., Level control with constant head).

If AP Decreases with Flow [Low Pr < 0.5):
Use an Equal Percentage inherent
characteristic. System distortion will flatten
the curve to @ more linear installed
response. (Common in flow/ pressure
control with long piping).

For On/Off Service: Use a Quick Opening
characteristic for rapid response.

Consider Process Non-Linearity: Select a

valve characteristic that acts as a ‘mirror
"o the process non-linearity to

linearize the overall loop gain.

The Role of the Positioner

Modern digital positioners can electronically
‘characterize’ the valve's response, making
one physical charactenstic behave like
another to the contral signal. While useful, it's
best to select the comect physical trim first,
The positioner’s primary role is accurate
positioning and overcoming friction.

Conclusion: The installed characteristic is
the true measure of performance.

Understanding the interplay between
inherent design and system dynamics 15

essential for mblz E'I'ﬁHHI'l process
control.



CONTROL VALVE PHENOMENA:
FLASHING, CAVITATION & CHOKED FLOW EXPLAINED

Understanding Fluid Dynamics, Damage Mechanisms, and Mitigation Strategies in Process Control

1. FLASHING: VAPOR BUBBLE
FORMATION & SUSTAINMENT

DESCRIPTIOM: Flashing occurs when the process
pressure drops below its vapor pressure (P, ) due to high
at the valve's restriction [vena coniracta), causing it to boil a

valve's restriction (vena coniracta), causing it to boll and form
vapor bubbles. Crucially, the downstream E;lmure (P2) remains

Py, 50 the hul:»l:les do not collapse but continue as a two-
phase flow.

CAUSES: High pressure drop (AF), high fluid temperature (close to
EHII.I'EI||E'I11.LIEJ'|'II:II|I|-ETIJ-I'EE5W¢

EFFECTS: Material erasion (sandblasted aramce) on valve
and downsiream pipang. lﬁglh:td l:-ip'gt-ptrtj noise, '|'|I::||'='|.1||:||1t":|ll:r:Ir

Hr'l'lE.l'I'H:IH increase backpressure (F2), use hard tim materials
a Stellite), employ anti-flashing valve designs with expanded

&

Hardened Trim

wid's

2. CAVITATION: VAPOR BUBBLE
FORMATION & VIOLENT COLLAPSE

-

DESCRIPTIONM: Cavwilation stars like flaghing, with pressure
dropping below P, at the wena contracia, forming vapor bubbles.
However, the downsiream pressure [F;ﬁ recovers 1o above the

pressure. This causes the unstable vapor bubbles 1o
collapse or implode with extreme force, generating imtense

micro-jets and s aves,

CAUSES: High pressure drop, high fuid temperature, insufficient
backpressure to prevent recovery al::-mre- P,.
EFFECTS: Severe material dam spongy, or honeycomb

appearance) to eat, and imtense noise (like gravel
flowing); hrghwhﬂ#ﬁﬂ pntmﬂuﬂmtthqmﬂl failure,

MITIGATION: Use multi-stage pressure drop tims 'll:l
reduce pressure, increase EIJI'E P2Z), u

materials, nstall valve at a lower

radually
rdene-:l

WwwwLinstrunexus.com

3. CHOKED FLOW: MAXIMUM
FLOW LIMITATION

limit imposed

the choke

hi
pessue 71

EFFECTS: Flow rate is capped

&

Qe (Choked Flow)

E EE BT R R T R A

INCrease m [FI
MCTE3se I1 me Tl1|!
reached its maximum pﬂgglble

pessure

valve for I-ql.n-:l,'.luu:l
if possible.

Square Root of Pressure Drop {1"_?]

ratio, reachi

nEEI‘.:FIIF'I'luH: l‘.‘-hﬂlw:l flow ll: i llmrhnq condrtion where an

P2) no longer results in an
al the wena contracta has

gpeed [sonic velocity for gases, or &
b{ﬂashn ng/cavitation for liquids). The flow becomes

independent of the downstream pressure.
CAUSES: High
severe flashing or cavitation (liguids) creating a flow blockage.
regardless of valve ing beyond
pain, cantrol hemt?rm insensitve ;Eﬂdu-?nsuum
pressure changes, potential for high noise and vibration.

MITIGATION: Select a valve with a hi

s0nic velocity [gases),

flow coefficient (C), use a
cheking, increase upstream




