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Why this TechTalk? Swoedde




STROONS
Agenda T

« Regulators Basics (reducing & back pressure, components)
« Variables for sizing a Regulator
* How to use flow curves

* Regulator Series

* Process Regulators

« Maintenance and failure
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Regulator Basics

* Pressure-Reducing
o Spring-Loaded
o Dome-Loaded

 Back Pressure Regulators
o Spring-Loaded
o Dome-Loaded

« Specialty
o Vaporizing regulators
o Automatic switching regulators
o Tank-blanketing regulators
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. ] SwosdO
Regulator Basics — Main Components

Understanding a regulator’s functionality begins with familiarity of its component
parts:
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. ] SwosdO
Regulator Basics — Main Components

Understanding a regulator’s functionality begins with familiarity of its component
parts:

A loading element. Regulators may be spring-loaded or dome-
loaded. The loading element applies a downward, balancing force
on top of the diaphragm.

A sensing element, typically a diaphragm or piston. The
sensing element allows the poppet to rise and fall in the seat,
controlling inlet or outlet pressure.

A control element, including a seat and poppet. The seat
contains pressure and prevents fluid from leaking to the opposite
side of the regulator when flow is closed. Together with the seat, the
poppet regulates pressure by maintaining a fine gap between the
two while a system is flowing.
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: SR
Regulator Basics - Forces

F, = Loading Force Force from Set Spring
F, = Poppet Spring Force Force from Poppet Spring
F; = Outlet Pressure Force System Pressure

F, = Inlet Pressure Force Supply Pressure

F1=F2+F3+F4
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i Swosd
Regulator Basics — Flow Curve

Zone 1 = Lock-up area

Outlet
Pressure

Zone 3 = Choked flow
range

Zone 2 = |deal Flow Range
This is where “droop” occurs

Flow
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Swoedde
Regulator Basics — Flow Curve, Lock-up Ve

Outlet
Pressure
Zone 1 = Lock-up area

/

Flow
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Swoedde
Regulator Basics — Flow Curve, Lock-up Ve

Outlet

PressureZane 1 = Lock-up area What is Lock-up?
P The difference in Outlet Pressure between a

/ flowing and non-flowing condition.

Flow
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Swoedde
Regulator Basics — Flow Curve, Lock-up Ve

Outlet
Pressure
Zone 1 = Lock-up area

What is Lock-up?

The difference in Outlet Pressure between a
flowing and non-flowing condition.

How to reduce Lock-up?

- Large sensing area (Piston or diaphragm)
« Use smallest Cv for the application

» Use soft sealing material

 Lower differential pressure over the seat

Flow
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Regulator Basics — Flow Curve, Droop VoS

Outlet
Pressure

Zone 2 = |ldeal Flow Range (droop)

Flow



: Swoed
Regulator Basics — Flow Curve, Droop

Outlet
Pressure

What is Droop?

The reduction of Outlet Pressure experienced by
Pressure Reducing Regulators as flow
increases.

Zone 2 = |ldeal Flow Range (droop)

Flow



; Swoedk
Regulator Basics — Flow Curve, Droop VoS

Outlet
Pressure

What is Droop?

The reduction of Outlet Pressure experienced by
Pressure Reducing Regulators as flow
increases.

Zone 2 = |ldeal Flow Range (droop)

How can Droop be reduced?

» Select appropriate Pressure Control Range.

« Use a longer Spring.

» Select Regulator with larger sensing element.
» Use Dome-loading instead of Spring-loading.

Flow
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Regulator Basics — Flow Curve, Choked Flow Sy

Outlet |
Pressure

Zone 3 = Choked flow

/ range

Flow
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Regulator Basics — Flow Curve, Choked Flow

Swosd

Outlet
Pressure

|

What is Choked Flow?

When Flow demand has increased beyond
the Regulator’s working capability, and the
Regulator acts as a restricting orifice.

Zone 3 = Choked flow

/ range

Flow



Regulator Basics — Flow Curve, Choked Flow

Swosd

Outlet
Pressure

|

What is Choked Flow?

When Flow demand has increased beyond
the Regulator’s working capability, and the
Regulator acts as a restricting orifice.

How to prevent Choked Flow?
« Choose a higher Cv value.
» Use a bigger Regulator.

Zone 3 = Choked flow

/ range

Flow



i Swosd
Regulator Variables

Required Information

Inlet Pressure (max-min)

« Set Pressure (control range)
* Flow (nominal-max)
 Temperature

« Media (gas / liquid)

 Pressure source

Line size
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Regulator Variables — Supply Pressure Effect (SPE) >

What is the Supply Pressure Effect? (SPE)
The increase in Set Pressure (Outlet Pressure) of a Regulator as
the inlet pressure decreases (or vise-versa).

(Defined as a % of the Inlet Pressure change)

1 & i
i

Pressure-
Reducing
Regulator
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Do
Regulator Variables — Supply Pressure Effect (SPE) >

What is the Supply Pressure Effect? (SPE)

The increase in Set Pressure (Outlet Pressure) of a Regulator as
the inlet pressure decreases (or vise-versa).

(Defined as a % of the Inlet Pressure change)

Example

As Inlet pressure drops from 200 bar to 100 bar (100 bar drop)
Outlet pressure increases from 10 bar to 11 bar (1 bar increase)
SPE = 1% van 100 bar = 1 bar

( Ta—

i
\ +

Pressure-
Reducing
Regulator

& &




Do
Regulator Variables — Supply Pressure Effect (SPE) >

Change in outlet
pressure due to
change in inlet
pressure
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Do
Regulator Variables — Supply Pressure Effect (SPE) >

P, decreases from 200 to 100 = 100 bar
1% of 100 bar = 1 bar

P..iet INCreases 1 bar

outle

1. Upstream pressure

decreases as cylinder <
Is depleted L
2. Downstream pressure
100 barg (200 barg) “(10barg) 11parg  increases 1% of the inlet

decrease



How to use Flow Curves

Swosd

Flow Curves demonstrate Regulator
Performance of how Outlet pressure
changes as Flow is increased.

For each Curve, Inlet Pressure and
Set Pressure are fixed.
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Swosd
How to use Flow Curves

Flow Curves demonstrate Regulator
Performance of how Outlet pressure 3000
changes as Flow is increased. Inlet Pressure, psig (bar)

For each Curve, Inlet Pressure and

: o
Set Pressure are fixed. @ 2000
¢  [IE - -
2 \
_ 5 e 2000 290)™ = ~ 3090 (275)
Flow Curves can be interpolated: a :
1))
£ 1000—
Example 1 S
3500 psig inlet, 2500 psig set pressure . 3990 (275)
2900 (200)
Example 2
3990 psig inlet, 2000 psig set pressure 0 , | | | l
0 1500 3000 4500 6000 7500 9000

Nitrogen Flow, std ft3/min
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How to use Flow Curves

Swosd
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How to use Flow Curves

Swosd
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Outlet Pressure, psig

Nitrogen Flow, std L/min
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Regulator Series — K-Series (instrumentation) NS
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Swasdde
Regulator Series — K-Series (instrumentation) NS

Applications
- Laboratory

- Dosing

- Sampling Systems
- Gas Distribution
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Regulator Series — Process Series
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Regulator Series — Process Series

Loading Mechanism: 4 types
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Regulator Series — Process Series

Loading Mechanism: 4 types

P4

SPRINGLOADING
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Regulator Series — Process Series

Swosd

Loading Mechanism: 4 types
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Regulator Series — Process Series

Swosd

Loading Mechanism: 4 types
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SPRINGLOADING
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COMBINATION
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. ] SwosdO
Regulator Series — Process Series

Loading Mechanism: 4 types

L ifa
COMBINATION PNEUMATIC

SPRINGLOADING DOMELOADING SPRING AND DOME LOADING

e

. i e .

1. 1 'ﬂ- ‘-. i - " :-*
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» e
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Swogddv
Regulator Series — Process Series, Spring Loaded N

Connection size: 1/4 to 2 in.
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Swogddv
Regulator Series — Process Series, Spring Loaded N

Applications

- Gas Filling Stations
- Process Supply

- Main Gas supply

- Gas Distribution

Connection size: 1/4 to 2 in.
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Swogddv
Regulator Series — Process Series, Spring Loaded N

Applications

- Gas Filling Stations
- Process Supply

- Main Gas supply

- Gas Distribution




: : SwasR\
Regulator Series — Process Series, Dome Loaded

Connection size: 3/4 to 4 in.
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Swosd

Regulator Series — Process Series, Dome Loaded




: : SwasR\
Regulator Series — Process Series, Dome Loaded

Applications
- Process Supply
- Main Gas supply

- Where a stable Outlet Pressure is
required
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Regulator Series — Process Series, Dome Loaded

' Pilot
- Regulator
Ly

Dome Loaded Regulator



Regulator Series — Process Series, Dome Loaded EF

Swosd

| Reouitor - Feedback line to
Regulator o
§ main regulator

External Feedback
to Domeloaded
Regulator

Feedback
line

Dome Loaded Regulator

Dome Loaded Regulator with External
Feed back to main Regulator
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Feedback line to

Regulator Series — Process Series, Dome Loaded EFP il

Pilot
¥ Regulator Pilot gy Plot External Feedback
Regulator A
" Regulator 9 to Domeloaded
e = E F Regulator

Domeloaded i VM
Regulator

External Feedback
to Domeloaded

Feedback line

to pilot
regulator

Dome Loaded Regulator

. |
Dome Loaded Regulator with External Feed
back to Pilot Regulator

Dome Loaded Regulator with External
Feed back to Dome Regulator
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Regulator Series — Process Series, Dome Loaded EFP "
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i i Swosd
Regulator Series — Process Series, Dome Loaded

Regulator with: — Setspring — Dome + dynamic —Dome + EFP
pilot
w x\
-_-_-_—--—-
5 1\
> e
0

Q (Nm*hour)
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; : : Swoedde
Regulator Series — Process Series, Dome and Spring NeaRe

Connection size: 3/4to 1 1/2 in.



Regulator Series — Process Series, Dome and Spring
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Regulator Series — Process Series, Dome and Spring

Swosd

. Reference pressure from pump 5 bar
Pressure in seal

pump 1 bar higher
than in pump.

Differential pressure set

at 1 bar
X
: | I
!
Inlet pressure
10 bar
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. ] ] SwosdO
Regulator Series — Process Series, Ratio

Ramp Regulator

Connection size: 1/2 to 3/4 in. N
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: . SR
Maintenance and failure
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: . SR
Maintenance and failure

Diaphragm rupture
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Maintenance and failure

Diaphragm rupture
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Maintenance and failure
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: . SR
Maintenance and failure

Diaphragm rupture

Damaged Seat
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: . SR
Maintenance and failure

Diaphragm rupture
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: . SR
Maintenance and failure

Diaphragm rupture
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: . SR
Maintenance and failure

Diaphragm rupture

O-ring failure
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: . SR
Maintenance and failure

Diaphragm rupture

O-ring failure —

Damaged Seat
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i . Swosd
Maintenance and failure - Creep

Most common cause:
e Contamination of the seat
« Damage to the poppet or seat
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i . Swosd
Maintenance and failure - Creep

Most common cause:
e Contamination of the seat
« Damage to the poppet or seat
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i . Swosd
Maintenance and failure - Creep

Most common cause:
e Contamination of the seat
« Damage to the poppet or seat

D
| %
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. . . SwosdO
Maintenance and failure - Filter

Prevent contamination:
 Filter in inlet of Regulator
» Separate Filter
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Maintenance and failure - Filter

Prevent contamination:
 Filter in inlet of Regulator
» Separate Filter

© 2026 Swagelok Company



Maintenance and failure — Kits K-Serie

Swosd

Preventive or corrective:
 Maintenance Kit
« Spare parts

Ordering Information
Bulld a maintenance kit OrdEI"II'IQ number by combining the designators In the sequence shown below.

KPR D O D
EEX] Regulator Series K] Maximum Inlet Pressure I:EJ Flow Coefficient (C,)
KPR = KPR 0 = Not applicable 1=0.02
KCP = KCP 2=006

© 2026 Swagelok Company

Handle

Cap assembly

Cap ring

-
- Diaphragm

El Poppet spring

©  Poppet damper

Inlet port {marked ‘HP")

J Inlet filter



. ] ] ] SwosRO
Maintenance and failure — Kits Process Serie

Preventive or corrective:
 Maintenance Kit
« Spare parts

ﬁ Swoede

SIZE0B & 12 O-RING KIT

image bekow is far seal dertification anly. hefer
1o monval for detaled maintenance informalion

MECESOIE, fmva. December 3038
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Swosd
Summary

* Regulators Basics (reducing & back pressure)

« Main regulator components (loading, sensing and control element)
* How to read a Flow curve

« Different Series, various applications

« What causes malfunction
 Filtration

* Maintenance and repair kits
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Questions?

Paul Krouwels

paul.krouwels@swagelok.nl

Dick van Camp

dick.van.camp@swagelok.nl
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