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• Assignment 1 will be graded later this week 

• Assignment 2 is on Blackboard
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• Controlled devices in the building systems could vary from a 
wide range of:
q Dampers 
q Valves
q Variable speed or frequency drives
q Refrigeration compressors 
q Gas valves
q Electric heating elements
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• The two main damper types are:
q Parallel: Blades move in the same direction

q Opposite: Blades next to each other move in the opposite direction

Belimo: Damper actuator applications Guide
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• Flow characteristics of these two dampers are different: 

Belimo: Damper actuator applications Guide
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• Opposed dampers are recommended when other 
components exist in the air duct

Engineering manual of automatic control
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• Damper is NOT the only equipment that affects the flow and 
pressure drop and the flow characteristics is different. 

𝐷𝑎𝑚𝑝𝑒𝑟 𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦 % =
𝑂𝑝𝑒𝑛 𝐷𝑎𝑚𝑝𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝
𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝

×100%



Recap

10

• Consider the two figures for the damper authorities and 
discuss the pattern?
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• How to calculate damper authority? 

https://www.yorkland.net/downloads/Belimo_DamperApplicationsGuide.pdf

https://www.yorkland.net/downloads/Belimo_DamperApplicationsGuide.pdf
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• Damper leakage classes are:

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf
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ASHRAE RP 1157

• In sizing dampers, it is important to know the location and 
application of the damper (e.g., Fully ducted damper, 
ducted damper exhausting air into an open area, a 
plenum mounted damper)
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• Some sizing links:

https://ecaps.greenheck.com/

https://www.ruskin.com/doc/Id/6959

https://ecaps.greenheck.com/
https://www.ruskin.com/doc/Id/6959
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• Valve includes different components:

https://www.shautovalve.com/pneumatic-control-valve/hts-single-seat-pneumatic-control-valve

https://www.shautovalve.com/pneumatic-control-valve/hts-single-seat-pneumatic-control-valve
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• Valves have different configurations:

q Single-seated valve
q Double-seated or balanced valve
q Three-way mixing valve 
q Three-way diverting valve
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• Different valve types exist

Engineering manual of automatic control
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• Valve performance is expressed in terms of its flow 
characteristics. Common characteristics are:

q Equal Percentage: Each 
equal increment of opening 
increases flow by an equal 
percentage over the 
previous value

q Quick Opening: Maximum 
flow is approached as valve 
begins to open

q Linear: Opening and flow 
are related in direct 
proportion
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• Where do we use the valve characteristics? 

Valve Characteristics Application
Equal Percentage q Primarily used in water applications 

q High pressure drops
q Small changes are allowed 
q Control temperature and pressure

Linear q Primarily used in steam applications
q In steady state systems
q Valve accounts for the major pressure drop

Quick opening q Primarily used in on/off application
q An instant large flow is required 



Valve Characteristics
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• In a valve assembly, other components are also 
important in the decision-making. Why?
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• Valve authority is the ratio of pressure drop across control 
valve at maximum flow (100%) to the total total pressure 
drop of all components in the controlled branch as follow:

• Try to keep it to 25% to 50%

𝑉𝑎𝑙𝑣𝑒 𝐴𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦 % =
𝑂𝑝𝑒𝑛 𝑉𝑎𝑙𝑣𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝
𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝

×100%
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https://rockymtnashrae.com/downloads/2013_Technical_Conference/2013_tech_conf_control_valve_pressure_indep.pdf

• Valve authority changes throughout the operation:

https://rockymtnashrae.com/downloads/2013_Technical_Conference/2013_tech_conf_control_valve_pressure_indep.pdf


Valve Characteristics
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Credit: Siemens
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• The flow coefficient is calculated as: 

𝐶! = 𝑄
𝑆𝐺
Δ𝑃

§ 𝑆𝐺: Specific gravity
§ 𝐶!: Flow coefficient 
§ 𝑄: Volumetric flow rate in gpm when valve is fully open
§ Δ𝑃: Differential pressure in psi when the valve is fully open

Why specific gravity?
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• Control valve sizing charts:

https://www.luckinslive.com/data/fbfd8c4e-b8cb-409e-8077-39afff976318/4e9680d3-c541-4a99-8614-71d2b4d5fd02.PDF

https://www.luckinslive.com/data/fbfd8c4e-b8cb-409e-8077-39afff976318/4e9680d3-c541-4a99-8614-71d2b4d5fd02.PDF
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• Valves are usually sized based on the flow capacity (or flow 
coefficient) which varies under different coefficients

• The coefficient is:
q Cv in IP unit
q kvs in metric unit
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• 𝐶! is a key factor in sizing:
q With a too small value (undersized), the required flow rate will not be 

achieved even when the valve is fully opened

q With a too large value (a high control valve), it will not provide the 
desired control and may cause the system
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• Ball valves
q There is a precision ball held 

between two circular seats or 
seals

q It can be used for modulating 
applications or when full on/off 
is required

http://hvac-system-basics.blogspot.com/2012/10/ball-valve-how-it-works.html#.X2DGN5NKik4

http://hvac-system-basics.blogspot.com/2012/10/ball-valve-how-it-works.html
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• Ball valves:
q The best control is the equal percentage

q Offer various advantages:
v Relatively low cost
v High full capacity 
v Tight sealing with low torque
v High close off pressure

q The main disadvantage is the inherent dead bands

Credit: Siemens
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• Butterfly valves
q Consist of a cylindrical, flanged-end
q The best control is linear or equal percentage
q Mostly used for the open/closed applications 
q Throttling applications 
q Small pressure drop applications

Credit: Siemens
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• Butterfly valves
q Offer various advantages:

v Relatively low cost
v High full capacity 
v Low pressure drop

q They have different disadvantages:
v High torque requirements for control

Credit: Siemens
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• Globe valves
q Flow is controlled by a circular disk 

forced against or withdrawing form 
an angular ring

q Direction of the disk movement is 
parallel to the flow direction

q Mostly used in smaller pipes (up to 
12’’)

q They have pressure drop when they 
100% open

q They are good for flow control not to 
shutoff 



Valve Types
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• Globe valves
q The best control is the equal 

percentage or linear

q Offer various advantages:
v Suited for water and steam applications 
v Efficient and precise throttling 
v High accurate flow control

q They have different disadvantages:
v They have low flow coefficients
v Relatively higher costs than other 

valves

https://www.piping-world.com/globe-valve-introduction

https://www.piping-world.com/globe-valve-introduction
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• Gate valves
q Flow is controlled by a wedge disk fitting against machined seating 

faces
q Direction of the disk movement is perpendicular to the flow direction
q They are either fully open or fully closed
q They are not suitable for controlling flow
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• Pay attention to the symbols 

Engineering manual of automatic control
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• Form your groups

• Fill in the spreadsheet (at 3 different vendors, let’s consider 
each valve type

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9
bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=1540160475

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• Let’s look at some manufacturers

https://new.siemens.com/us/en/products/buildingtechnologies/hvac/valves-actuators.html

https://new.siemens.com/us/en/products/buildingtechnologies/hvac/valves-actuators.html
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• Let’s look at some manufacturers

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators
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• Let’s look at some manufacturers
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• Let’s look at some manufacturers

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Valve-Actuators

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves/Valve-Actuators
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• There are different control action strategies:

q Two position (e.g., on / off)
q Floating (e.g., three position on / stop / off)
q Proportional
q Modulating a continuous range (e.g., 0 to 100% open)
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• Two position (e.g., on / off):
q Actuator is able to drive a valve (or a damper) to full 

clockwise position or full counter-clockwise position (same for 
a spring actuator)

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• Floating (3-point)
q Similar to the on/off, it has a two-position feature. If no signal 

exists, the actuator stays in its last position

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf


Control Action

50

• Modulating (or proportional)
q The actuator moves proportional to its control input and 

modulates throughout its angle of rotation 

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

What’s are control signals that we consider?

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• An actuator is a device that converts electric or pneumatic 
energy into a rotary or linear action 
q Pneumatic 
q Electric
q Electronic 
q Microprocessor

Engineering manual of automatic control
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf

• Pneumatic actuators:

https://content.greenheck.com/public/DAMProd/Original/10002/ControlDampers_catalog.pdf
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• An example for a typical pneumatic valve actuator is:

Engineering manual of automatic control
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• An example for a typical pneumatic damper actuator is:

Engineering manual of automatic control
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Belimo

• Pneumatic actuators: 
q Power supply (20 psi)
q Operation

v Spring Return (spring will drive damper to original starting point)
q Fail Direction (for spring return only)
q Control Signal (3 to 15 psi)



Actuators
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Belimo

• Electric actuators 
q Power supply
q Operation

v Spring Return (spring will drive damper to original starting point)
v Power Open or Power Closed

q Fail Direction (for spring return only)
q Control Signal 
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• Summary of the characteristics and attributes of control 
methods:

Engineering manual of automatic control
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• Actuators tend to have 
hysteresis meaning:
q “There is one 

position/signal curve for 
increasing signals, and a 
slightly different curve for 
decreasing signals”

Belimo, Selection Guide

What are the main issues?
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• Spring return vs. non-spring-return:
q If the power supply is lost, the actuator will either fail in its current 

position, or the mechanical spring takes over and forces the 
actuator back to its original starting position

q In certain cases when power is lost and the application requires 
protection to the internal components, the damper should be 
forced to its original starting position (fail-safe spring return 
actuators)

q Spring Return actuators utilize an internal spring that drives the 
actuator open or closed on loss of power to avoid damage to other 
components (e.g., motor, fan)

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• Fail-safe vs non fail-safe:
q Electronic Fail-safe actuators utilize super capacitors that 

discharge stored energy to the motor and the actuator is driven 
open or closed on a loss of power. Non-Spring return actuators 
stay in their current position on loss of power
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• Damper leakage classes are:

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf

https://www.amca.org/assets/resources/public/userfiles/file/CRP%20Publications/amca_511-13.pdf
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• Torque is an important factor since:
q It is required to operate a damper
q It depends on the size, type, quality, and condition of the damper, 

differential pressure and airflow 
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• How to calculate the actuator’s torque
q Rely on the manufacturer’s datasheets

q Calculate it similar to the following steps

v Calculate the damper area 𝐴 = "×$
%&&

(𝑓𝑡')

v Multiply the rated torque loading of a damper by the damper area
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• How to calculate the actuator’s torque

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• How to calculate the actuator’s torque
q For dampers when the data does not exist. Use the following 

table (for less than 1000 fpm face velocity):

q Multiply these numbers by 1.5 for face velocity of 2000 fpm 
and 2 for face velocity up to 3000 fpm

https://www.belimo.us/mam/americas/technical_documents/Installation_instructions/AFB_AFX_Installation.pdf

https://www.belimo.us/mam/americas/technical_documents/Installation_instructions/AFB_AFX_Installation.pdf


Torque

69

• How to calculate the actuator’s torque
q An example is:
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• The following table summarizes valve and damper actuator 
selection guide when actuator positioning desired on system 
shutdown and loss of motive force

Engineering manual of automatic control
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• Fast acting (quick responding) actuators are designed to 
respond fast within matter of seconds (e.g., 2 seconds)

• Shaft adapter concentrically holds shaft with no slipping or 
call backs for fast installation

• Examples are
q Supply/exhaust air 
q Fume hoods

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• Fire and smoke actuators:
q Make sure to meet the UL requirements
q Range of torque 

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf

https://assets.new.siemens.com/siemens/assets/api/uuid:58cb9df1-0c4b-4951-a5d5-356c5946560c/damper-actuator-selection-for-hvac-systems-appliction-guide.pdf
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• VAV boxes
q Pneumatic 
q Electric



DAMPER ACTUATOR SELECTION

75



Damper Actuator Selection

76

• For dampers:
q Assess damper’s physical properties such as:

v Area
v Required Torque
v Max Pressure Ratings 
v Damper Part Number
v Max Air Velocity or CFM
v Temp. Ratings
v Seal Type 
v Blade Type/Length
v Blade Action



Damper Actuator Selection
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• For dampers:
q Identify or calculate the torque requirements

v Use recommended values

q Understand the applications
v Actuator application (on/off, modulating, …)
v Fail safe 
v Spring return
v Power requirement 
v Control signal
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• Let’s look at some manufacturers

https://www.belimo.com/us/shop/en_US/actuator-sizing-and-selection

https://www.belimo.com/us/shop/en_US/actuator-sizing-and-selection
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• Let’s look at some manufacturers

https://www.belimo.us/en_US/products/actuators.html

https://www.belimo.us/en_US/products/actuators.html
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• Let’s look at some manufacturers

https://www.belimo.us/shop/en_US/login

https://www.belimo.us/shop/en_US/login
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• Form 3-4 breakout groups

• Fill in the spreadsheet:

• Select two dampers from your previous list, and select 
actuators (e.g., spring return, non-spring return non fail-safe, 
fail-safe, and quick opening)

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9
bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=1102666624

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit


VALVE WITH ACTUATOR ASSEMBLY 
SELECTION

82
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• The following steps are recommended for sizing valves
1. Calculate the pressure drop across the valve (Note use rule of 

thumbs or coil pressure drop)
2. Use the Cv equation
3. Determine the number of ports (2-way or 3-way)
4. Determine the required ANSI pressure class rating (125 or 250)
5. Determine the flow characteristics (i.e., Equal Percentage, ..)
6. Determine the trim requirements (Bronze/Brass or Stainless steel)
7. Recognize the flow temperature and packing (Standard or high 

temperature)
8. Determine the mechanical connections (Flanged, Sweat, NPT, 

FxUM)



Actuator and Assembly Selection
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• The following steps are recommended for selecting 
actuators:
1. Determine the actuator normal position and failsafe

q NO – Normally Open
q NC – Normally Closed 
q SR – Spring Return or failsafe 
q NSR – Non-Spring Return or Fail-in-Place

2. Determine type of actuator and control signal (2 position, 3 position, 
0-10 vdc)

3. Determine if manual override is required 
4. Check close of pressure 
5. Check the actual pressure drop using the formula
6. Confirm the valve authority is between 25% to 50%



CLASS ACTIVITY
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• Form 3-4 breakout groups

• Fill in the spreadsheet:

• Select two valves from your previous list, and select 
actuators (e.g., spring return, non-spring retrun non fail-safe, 
fail-safe, and quick opening)

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9
bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=1102666624

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• Let’s look at some manufacturers

https://hit.sbt.siemens.com/RWD/app.aspx?RC=US&lang=en&MODULE=Product&ACTION=ShowGroup&KEY=HIT_Prod_Grp_50249

https://hit.sbt.siemens.com/RWD/app.aspx?RC=US&lang=en&MODULE=Product&ACTION=ShowGroup&KEY=HIT_Prod_Grp_50249
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• Let’s look at some manufacturers

https://hit.sbt.siemens.com/RWD/app.aspx?RC=US&lang=en&MODULE=Product&ACTION=ShowGroup&KEY=HIT_Prod_Grp_50255

https://hit.sbt.siemens.com/RWD/app.aspx?RC=US&lang=en&MODULE=Product&ACTION=ShowGroup&KEY=HIT_Prod_Grp_50255
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• Let’s look at some manufacturers



Actuator and Assembly Selection
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• How to read specifications:
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• Let’s look at some manufacturers

https://www.belimo.eu/ch/en/product/Water/ValveSizer.cfm

https://www.belimo.eu/ch/en/product/Water/ValveSizer.cfm
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• Let’s look at some manufacturers

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves

https://buildingcontrols.honeywell.com/subcategory/Dampers-Actuators-Valves
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• Let’s look at some manufacturers

https://www.cpq.honeywell.com/eCommerce#/

https://www.cpq.honeywell.com/eCommerce
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• Let’s look at some manufacturers

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/valves-and-actuators

