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Chapter-1 Introduction to HVAC Control System 

 ( )       (chapter)     control                                               

 ( )             HVAC       ACMV system          control                       

 (ဂ)  Control  product                                                  ႔                  

 (ဃ) Control  system                    control loop            block                    ႔            
        

 ( ) Control  loop                          control strategy           algorithm                     
          

Study Objectives 
ဤ     (chapter)                            

 ( ) HVAC system          control  system                     

 ( ) Open loop control        closed loop control    ႔                    

 (ဂ)  Two-position ၊ floating       modulating control loop                   

 (ဃ) Modulation control loop          Proportional (P)၊ Integral (I)       Derivative (D) control      

action                         control loop          tune         

 ( ) Direct action       Reverse action    ႔           

 ( ) Normally Open(NO)       Normally Closed(NC)    ႔            

 ( ) Controller                          controlled device                             ႔           
                           

၁.၁             Control System                 ? 

   ႔                                ႔            ၍ အဆင္ေျပေခ်ာေမြ႔(                ၊           
       ၊                                                              ႔      control              control 
system                  
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            (condition)                                                         equipment 
                                                       control                        Equipment 
                                             control                        

 
    -                                                                                            

                                                                control                        

                                                        (speedometer)                           
                    (accelerator)                                                                  
closed-loop manual control                Manual           (controller    ႔      control  loop     
       )                controller                                       (operator)                 
                                                             

Closed-loop           control action                     control                        
                   control action                                              process    ႔      
plant             ႔             ႔           feedback               control                         
                    feedback                                          ၊                              ႔ 
     ၊                               (speedometer)                       ႔          

                                                              cruise control             control     
automatic control                      Automatic control                                           
(manual)      control action                                                      control                     

         cruise control panel                                                “   ”          
                                cruise controller                                    (monitor           )      
(accelerator)                                                                  (desired speed)             
               “Set Point”           Controller    control loop              set point    ႔      
                      (desired speed)                                   Cruise control system         
                        (set point)                                                          ႔           
                                      (speed)                                                  
                                       

Automatic control                    ႔                                         (desire result) 
                                                                               ၊       ႔                  
                              ႔           ႔                  

HVAC       refrigeration system       control                 ႔                           control  
                            (speed)                  ၊                                            ႔ 
HVAC system     dry bulb         (temperature)                                              
                                            ႔                                                    
(speed)                                ႔                                           (temperature) 
                                                                (speed)             (major factor)  

         Control                        (current input)                       (monitor         ) 
      (output device)         ႔  output                                                    
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           ႔               (co                                 (temperature)                 

                                      ၊            ႔                                              
                                                                          ၌ peak power output 
                                                   (speed)            (accelerator)             ဂ        
(output)            control          HVAC system              ႔                Peak cooling load 
   ႔      heating load                                                                                   
                         (actual) cooling/ heat load                       system output         
        control                    

HVAC system                                                                                 
            automatic control              (operator)                                           
                         (operator cost)                         (consistent)              
             System                         (performance)                                    

HVAC system          control                                       facility           process 
                       environment                                                          ’  
occupants)                                                                                       
                                         (productive atmosphere)                                       
             ၊                                                                                    
                                                                                           
                                                                                                       
                                                 ဂ                                                         
              ႔                                                                                     

HVAC system           (air)         (water)    ႔            (movement)                           
(regulate)                                              heating၊ cooling       humidification source 
                  (regulate)                

   ႔                           control  system               (capability)          
energy m                   Control  system     HVAC function                                     
                                                                                          (safety) 
    automatic control                         function                Safety function          
HVAC equipment                                                                              ၊ 
equipment                          equipment                                                    
         Safety control function                               (overheating)                (freezing)    ႔ 
                                     (high temperature)                          (low temperature) 
              ႔           ၊                (high pressure)                      (low pressure)            
   ႔           ၊ fuse           over current protection (current                                    )၊ 
fire protection       smoke detection    ႔           

၁.၂ Control                           
Automatic control                                 (device)    space heating system      

                                              (device)                        (boiler) output        
   ႔                  combustion rate                (boiler)              ၊           ၊ combustion air 
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damper           ၊                                           control                ႔      steam 
radiator       steam heating coil                              steam radiator                           
(manually)           ၊                    control                

Dr.Andrew Ure     thermostat                                    ႔         thermostat     
                                                    Thermostat              ၊                        
             ၌          (temperature)     control                                ႔      mercury 
thermometer       mercury switch    ႔                             Mercury thermometer              
               ႔(expansion)                           control                                 ႔        
                               ႔     contact                                 complete circuit 
                                                                                              
                                                  (adjust     )                 -                  
          

Mercury switch                tube               (mercury)                         
                                             ႔                      contact                
        

Refrigeration system          thermostat                             ၊              
          ၊        (valves)         ၊                                                refrigeration 
system                      refrigerant         manually control               ႔      high side float ၊ 
low side float       constant pressure valve(automatic expansion valve)       control device         
                          Control  device                 ၌ fan    ႔      pump               ၊ 
          ႔      valve       damper              ၊                             (electric circuit)            
                   (Make)၊                           (Break)          control             

                 control device                                    (self-powered)            
           Self-powered           control device                      power                  
(external source)         control            process    power                                       
                    modulating control                                                          
compressed air                  pneumatic control device                      

Modulating control                      ၊             ႔               ၊                      ႔      
   (state)                             controlled device                0%    100 %                      
              - valve    ႔      damper     ၃၀%                         

Pneumatic control         analog           (modulating)                         ႔      
                                  analog electronic control device                                  
        analog solid state (semiconductor) device                                    control               
function                                 ႔        Direct Digital Control (DDC)           digital 
control                              

Modern control system          control system            (၅)          
 (၁) Self-powered controls (၄) Analog electronic controls       
 (၂) Electric controls (၅) Digital control    ႔          
 (၃)  Pneumatic control     
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   ႔               control system                 control system            (၅)      
                                     Hybrid control system                                     ၊ 
                                 temperature control system                          hardware            
                   control         (fundamental principle)                             
      ႔                                                         (fundamental concept)               
                  (ASHRAE publication - Heat and Cold Mastering the Great Indoor          
          ) 

 
    ၁-၁ Diagram of control  loop       

၁.၃ Control Loops 
                       (speed)                                     control loop        

                                                        (speedometer)                                     
(speed)                         (speed)                    (accelerator)                    ႔          
                   ႔                                            (speed)                         
(accelerator)                                                                                    (speed) 
                           (speedometer)               (accelerator)                      

                           (accelerator)                 ၊                   control 
decision                controller       ႔                                                       
(speed)    “Controlled Variable”                              (speedometer)                        
                                      (speed)    “Control Point”    ႔      “Control Variable”        
              ဂ    (engine)      “Process Plant”              (accelerator)    “Controlled Device” 
         

   (၁-၁)    control system        information                               schematic            
              Control  loop                            information                          
                       )                                         Sensor                       
         (speedometer)   controlled variable                    (speed)     controller      ႔          
         Controller                                                   (speed)                  speed set 
point                                        “                ”                  ႔                 
                    (instruction)    output       cont                       accelerator      ႔    ႔    
     Controlled device (accelerator)           process plant (car engine)                           
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Control loop             process plant ၊ controlled variable ၊ controller ၊ controlled device၊ set 
point ၊ control point          ႔                                     (essential element)                 

 
    ၁-၂ Simple heating system 

   (၁-၂)             ႔(steam)    ႔          (hot water)    ႔                heating source 
                             heating coil           air-heating system                            
          fan                                set point            ႔          (      )              
                                      supply air         (temperature)     sensor                     
controller      ႔    ႔         

Controller     sensor                         (control point)                          (set point) 
   ႔                 error                “E    ”           set point                control point            ႔  
                      Controller     error             output signal                                    
         valve   actuator      ႔    ႔        Actuator                   signal         valve opening 
position             (heating medium flow rate          ၊                   ) process plant     coil 
         ႔     (hot water)    ႔               ႔(steam)                     ႔      supply air     coil 
                                          ႔                  )                      sensor     
information                  controller      ႔    ႔        cycle                                      
                                                                                    

                           system                                “Feedback Control System” 
         Controlled variable               sense            controller      ႔                 ႔(feed) 
             “Feedback Control System”    ႔      “Closed Loop”                         

Controlled device       process plant    ႔    controlled variable                     
                  Controlled variable            sensor             controller      ႔    ႔      controller     
set point                               output signal     controlled device      ႔    ႔         

Open-loop control system      controlled variable       controller    ႔                     
         (direct link)            ႔        feedback              Open loop control                 
sensor                    (outside air temperature)    controller      ႔    ႔        Controller     
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outside air temperature          (feedback              control valve             control                
                                                               supply air temperature     
                      ၊ controller      ႔       ႔                     ႔        controller     control valve 
          ၊                                   ႔      (response)                  Open-loop            
                                       control valve                          control variable            
      sense          

Table 1-1 Control  Comparison for Automobile and Heating 

Term 
Automobile 
Example 

Heating system 
Example 

Definition 

Controller You 
The device that 
provides a signal to 
the valve 

The device that provides a signal to the 
controlled device in response to 
feedback from the sensor 

Sensor Speedometer 
Supply air temperature 
sensor 

The device that measures the current 
status of the controlled variable 

Controlled 
device 

The accelerator The control valve 
The device that changes the operation of 
the process plant in response to a 
control signal 

Controlled 
variable 

The car speed 
The supply air 
temperature 

The signal that the sensor senses 

Process 
plant 

The car engine The heating coil 
The device that produces the change in 
the controlled variable 

Input signal 
(set point) 

Desired speed Supply air set point 
This is the reference or desired input 
that is compared to the controlled 
variable 

Open-loop control system      end result       variable sensed by the controller    ႔           
                                (indirect connection)                      (presume        ) 
           outdoor air temperature       heating load    ႔                                     
open-loop control                            (space temperature)                                  
             ႔           ႔              ႔                                                       open-loop 
control system                                      (performance)                               
            HVAC continuous control system                  closed-loop control                       
         

Time clock ၊ occupancy sensor         ႔     open-loop control                           
       ၄      ႔    on/off                             continuous control                       
         open-loop control                    “reset control”          Reset control     closed-loop 
control   setpoint                                            -               
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   (၁-၃)                                      (outside temperature)            heating supply 
water temperature     adjust               open-loop control                                    (outside 
temperature)               (            )                       (predetermined) schedule         
open-loop output                                                  open-loop output            (boiler) 
      set point                       

 
    ၁-၃  Boiler reset control  

Reset control                                                                 heating system 
  capacity                      control               (ability)                                     control 
loop         output          (second) control loop      input                                 
“Cascading”                    

           control loop                 essential element              sensor ၊ controller ၊ 
controlled device       process plant    ႔                     ႔     control system                       
           ႔                                            ႔                                 (complex) 
system            ႔              ႔     elementary control loop                                      
           sensor       controller                 package                                                      

 
Stat                              controlled device         control valve (steam    ႔      hot 

water     control             )       control damper (air flow     control             )    ႔             
device           stat    ႔             ႔                                                                      
         

Controlled variable                 (temperature)၊           (humidity) ၊      (pressure)       
     (velocity)   ႔          Hydronic heating system       cooling system    ႔                        
controlled variable                     (temperature)၊      (velocity)             (pressure)   ႔          
    variable                    sensor                           ၊                             accuracy                  
                                  (measurement)            (accuracy)    control             
accuracy                               Sensor                      (၃)                    

           Sensor       controller                              “stat”               - thermostat ၊ 
humidistat       pressurestat    ႔         Stat         sensor       controller    ႔                  
                              (enclosure)                                               
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                controller       controlled device(valve    ႔      damper)           actuator 
        Actuator     signal             (physical force)         ႔                                   
         damper    ႔      valve        ႔           ၊            Actuator     controlled 
device(valve)         “Linkage”                                        

           control system     ၌                    (term)                          
(fundamental)                                                                                     
                                                                                          

Controlled variable : Control                          (temperature)၊           (humidity) ၊       
(pressure)၊         (flow)            (velocity)      ဂ       (properties)    ၊  

Control  point :        ၊                 (condition)    ႔             ၊          control variable 
         ၊  

Sensor : Controlled variable              sense                       ၊                   ၊ 
             (existing condition)    sense                              
        

Sensed variable : Temperature ၊ pressure ၊ humidity                            property     ၊ 
closed loop control           sense variable         controlled variable 
                    

Controlled device : Valve ၊ damper       process plant       output                          
              ႔      control                                       

Process plant : Heating coil    ႔      cooling coil       controlled variable                  
                     equipment     ၊  

Controller 
 

: Sensor                              set point    ႔                            
                                             controlled device      ႔ signal 
   ႔                  controller            

Control  loop 
 

: Sensor ၊ controlled device ၊ process plant       controller    ႔                 
           control loop           

Closed-loop 
 

: Sensor    controlled variable                                                 
        control loop     open loop           Controlled device       process 
plant    ႔                                            controlled variable                 
                (direct impact)                             (property)      
controlled variable    ႔                                                  
                

၁.၄ Control Modes  
Closed loop controller                    controlled variable                     set point 

                                 Controller                 controlled device      ႔ output signal 
                                                        Output signal     error signal          
                                              output signal                                        
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Controller                         control mode    ႔                             Control  

mode                                                   
 (၁) Two-position control   
 (၂) Floating control       
 (၃)  Modulating control    ႔         

Error signal    output signal         ႔                 control algorithm                         
                                        (performance)                               control mode 
                                              Control  mode                          subcategories         
                (desired result)                                                               

HVAC system                                                                           
                                                            control system                         

 

           controller                           
sensor                   process plant       ႔       
(response)                            (time lag) 
   ႔                     (time delay)           (valve) 
    controller    output signal                       
                            ႔                        
                                                
(operation           ) coil                        
                    coil                                   
       

    ၁-၄ Dead time and time constant 
      sensor     duct                                      ႔                         

                                         (response)                                                    
             sensor                                                                   ႔      sensor 
          sensing material                 ၊ steady state                                      
controller      ႔ information         update               ႔          ႔      controller               
sensor    signal       set point                              ႔    ႔                                       

                   (time delay)     “System Time Constant”                  system time 
constant         (short) control system     process plant                                      ႔    (react 
quickly)                time constant                 controlled device          ႔       
                  

 Controlled device       process plant    ႔                                    controlled 
device                               “Controller Gain”           Control system   performance     
                              Controller gain           process plant                    
                     controller                                         System gain       controller 
gain                                

        Error    ႔      error signal     control point       set point    ႔                               
         controlled variable               set point           ႔                        
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Table 1-2 
Controller Setting Controller Gain Control  Action 

Open valve from zero to 100% for 
a 1°F change in measured. 
                     valve     0% 
   100%                  ) 

Higher Small change in measured variable creates 
a big change in output. 1°F causes 
controller to request 100% valve opening 

Open valve from zero to 100% for 
                              
                valve     0%   
100%                   ) 

Lower Large change in measured variable 
required to create a significant change in 
output. 1°F causes controller to request 
only 20% valve opening 

Full load             process plant     full output                     controller gain       
system gain    ႔            50% load             process plant     full output               
                                                            process plant   capacity     
required output                         System gain                               System gain     
controller gain                                                        

             
               

               
 

   ႔        system gain     controller gain                     load                        system 
capacity   function                            gain(high gain)        system           
                                              (controlled device          )                       
                                                        signal                            controlled variable 
                                                               system                            
            (over                 Signal                        output                      
                      control                            

   (၁-၃)               outdoor reset                   load             over capacity 
           system capacity                     (adjust                                  time delay       
gain                                      (linear relation)                                   
                                                 controller                     (adjust        )           
Tune                      ႔     control system                                                       
(non-linear relation)၊                   (delay)                    ႔          (uneven response)       
hysteresis                              

    -    (valve)          (stem)                                                      
            (delay)                                                                  ၊          (linear movement) 
                    Heating coil      ႔                          (hot water supply temperature)          
            system gain                                   (air flow)                        system 
gain                     

      ႔              system                                                  control mode 
                                                         control            -                 
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         Fan    ႔      pump       equipment                      (run)၊         (stop)       
       (state)                  Damper ၊ valve            device                     (open)၊           
(closed)       state                  Equipment             device         control               two 
position control                       

                            HVAC system                           air conditioner      
      furnace       two-position control                                   State                     
         system              two-position control                                (၁-၅)     heating 
system    heating thermostat        two-position control             (action)                   

 
 

    ၁-၅  Two-position control  diagram for a heating system 

Two position control      on/off    ႔      open/close                  Steam    ႔      hot 
water       heating medium                                (supply air temperature)             
                   ႔                    (supply air temperature)                              
set point                  control differential            ႔              Control  differential     
                                                       valve                  (temperature)       valve 
                (temperature)                                                  Supply air temperature 
    set point temperature       control  differential                                ႔              
controller     actuator     valve                  ႔ “   ”                        

 
    ၁-၆( )  Two-position heating control  

                            valve                  heating medium                             
              (supply air temperature)    set point                                cycle 
                             set point     “on-point”                          valve     
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                 (point)                      Set point + control  differential     “off-point” 
                         valve                     (point)                      

Set point     on-point       off-point           (mid point)                      valve                 
                         set point                

      ႔     two position thermostat     ၌                                                  
      ၊                      set point             (adjust)                                               
                     (overshoot)                     (undershoot)   ႔                

  
   (၁-၆)     controlled variable     maximum temperature       minimum temperature    ႔ 

                     

 
   ႔     anticipation device                   operating differential       control  differential 

                       ႔            Single zone heating thermostat                    heat 
anticipatory                                Resistance heater     temperature sensor          
                 ၊                        sensor      false reading                           ႔              
        

             (space temperature)    control differential                     heater 
                                                              Overshoot                  operating 
differential           ႔                  Cooling           anticipation device                       
Cooling            sensor       signal (supply air temperature)    set point                           
              cooling coil          ႔                                                                     
                 

 
    ၁-၆( )  Temperature versus time for Two-position cooling control 

  Operating differential     control differential                         HVAC system 
                                          (natural time delay)       thermal lag    ႔  ႔               
              

           Overshoot       undershoot    ႔                 operation differential            
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    ၁-၇  Control differential  

      ႔    anticipation device                    ၊ control differential                           
(                                  ႔        set point                           (overshoot)                    
(undershoot)                                (temperature fluctuation)   ႔                       ၊ 
                (desired condition)    ႔      set point                                              
    ႔             

Control  differential                                control                                       
                             ႔     control differential                       -                        
     Short-cycling                             valve                            (close)၊            
(open)                            equipment                               (on)၊         (off)    ႔          
     -                heating       cooling system                efficient                   Equipment      
                                   

 
Two position control             (function)     HVAC system   system gain          

          Process plant   capacity                       load                               
                        control differential                                           Control  differential 
               operating differential                             

 

HVAC system        capacity                      load                 (oversize)          
             two position control           control                            ႔              control 
         HVAC system                           (over sized)                      control         
                Load                      system capacity                                    
                       

Two position control                                                    short-cycling 
         ၊                control differential           ၊ controlled variable     set point          
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Controlled variable     set point                              
 ( ) Control differential                     Operation differential            

                 
 ( ) System          -                        

Load       system capacity              step control                       Step control           
             (two position)  set point                control                    Multiple stage capacity 
        system                      (multiple steps)           step control               Multiple stage 
capacity           High-Low-Off         multi-speed motor                    High fire-Low fire-off 
        multi-stage gas burner                   ၊ multiple compressor ၊ multi-speed compressor ၊ 
compressor with cylinder unloading       multi-stage refrigeration system                     

 
    ၁-၈( ) Step control   

   ၁-၈( )      stage               heating system        High fire ၊ Low fire       Off       
operating position                  control system                                               
        (stage 1) set point                             controller     first step     “ON” 
                first step heating   capacity                                            (stage 
1)set point                                  Two-position control       ႔                   

      ႔                                (stage 2) set point                         
controller     second heating stage     “ON”                  first heating stage          ON         
second heating stage     “ON”      ၊ “O  ”            two position control       ႔                  Control  
operating range                                                           “ON”                             
                                                

Set point       control differential             (overlap           )၊ stage                  
                                            “ON”           first stage “ON” point                 
(                      )    ႔         overlapping range     stage               operating 
differential                   over all operating differential                       (          
                       )            short-cycling                                      control      
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Floating control  – Floating control     “   -     ”                          Two position control 
                                ႔     system     state                     ႔          System      
modulating            controlled device                           damper       valve    ႔               
                               -                                                        

 
    ၁-၈( ) Floating control for heating 

Floating control   controller          mode                   
 (၁) Drive open (         ) 
 (၂)      N            –                ၌           )       
 (၃)  Drive closed (        )    ႔         

Floating control      two position control       ႔    set point       control differential    ႔           
          floating controller          upper set point       lower set point                              set 
point adjustment                  Control  differential     upper set point       lower set point          ႔  
           (differential)             

 
    ၁-၈(ဂ) Floating control for heating 

    ၁-၈( )           ၁-၈(ဂ)                                     (supply air temperature)    
          differential                            controller     valve                    ႔          
        Valve           coil          ႔ heating medium                                 Valve          
                                       )          ၊                                         ၊ valve  
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                              (supply air temperature)                                          

                                                                                      
Supply air temperature     differential                     floating controller     valve            
                         ႔                                                                         
(supply air temperature)    differential range                    valve              ၊                    
                                       temperature     differential              (upper 
line)                  floating controller     valve (actuator)                  ႔                       

 

                     coil          ႔                 (heating 
medium flow rate)                                 
   ႔              (temperature)    differential range 
         ႔                              valve     
                                                  
Air temperature     differential range            f     
                           “Floating control”    
                        (၁-၉)    actuator     ႔ controller 
                      ႔                      

      Drive signal            (close) signal                
             (open) signal                             
                                            Floating control 
     controlled device     two position control           ႔ 
                   ၁-၉ Floating diagram with actuator 

                 (fully open)၊                 (fully close)၊                          (opening % 
                      )    ႔                

 
Time delay       thermal lag    ႔        floating control      valve     ၊ damper            

controlled device         full open                                              (full closed    full open) 
overshoot                                                           valve timing                   overshoot 
      undershoot                   

                               valve timing                                      valve 
             ၊                                      two position control                                     Floating 
control ၌          valve           damper                            ၊                          floating control     
two position control                                   

   ႔        two position                       anticipation device         floating control  
                                                                                          (speed)    
                      (desired speed)                                                         

   ႔        floating control                  two position control               control 
differential                         (excessive) short-cycling           stability                    
Two position control           ႔    floating control       operating differential     control 
differential              (    )     
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   ႔                                               ၊                                                
                                                                                          (speed)     
                               ၊          ၊        ႔                                           
    (power)           (accelerator)                 ၊             ၊                                     
control            

HVAC system                    load                                              ႔                  
                load                   set point       controlled variable                      
modulating control                                     two position control           accelerator     
         ၊                                                                                      
Floating control                                  ႔                                     ႔          
                              ႔                       modulating control                           
          

Modulating control                 “Analog Control”                 Two position control 
        “Digital Control”                                                 Proportional control     
modulating control                                                                  controller 
        Proportional control logic function                                                   
                        modulating                   Proportional logic                             
sophisticated algorithm                                      

Automatic control                                                              
                                                                                                 
                                                            ႔                           
                              (accelerator)                                                  
                                      (accelerator)                         

                                (speed)                              (accelerator)    
                                                  (speed)                            accelerator          
                                                                                                     
                     (speed)                      (accelerator)                              
                                                                                   (speed)    
           (accelerator)                           ႔    control system        control loop         
                     ႔                                     control equation                      

                      
                ∫         

  

  
                

Vo                                 

 
                                                

Error           desired speed (set point)    actual speed                            

Vp                                     error                                            
Error            Vp                         Error            Vp                            
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                desired speed(set point)    actual speed    ႔                       Vp     
Error                                   

Desired speed(set point)     actual speed              error                       
             error                   Error           (speed                  )     (accelerator)              
                 Error           (speed                   )                               

 
    -            (speed)                          (desired speed)                           

                              (accelerator)                                                            

 
    -            (speed)                          (desired speed)      ႔                           

(approaching)             (accelerator)                                                 

 
     ၁-၁၀ Proportional, Integral and Derivative control  

                derivative control logic                          (၁-၁၀)     term 
                  ဂ                            Proportional  term(Vp)     error                      
                       Error                   set point                 (set point)    ႔               

Vd     “               ”                                                                
Calculus                         Vd     set point       controlled variable                                  
                                         (speed)                           (desired speed)    ႔      
set point      ႔                                                ႔      set point                   
                          

 Vi     “Integral Term”                                             Error         
                                                   integrate                   
Calculus                              -                                     Set point           
                                                                                          
               average error                                                           
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Error                   controlled variable     set point                           
Integral term(Vi)     error   time – weight average                    Curve                
                     (Area under the Curve.)  Derivative term(Vd)     error line                  
(Slope of the error line)  Set point      ႔                         ၊ set point               
                          Term                  ႔      ႔         control system                       
      (accuracy)                                              

          equation 1-1    Integral term       Derivative term                  Proportional term 
                             ႔   

                               

       equation 1-2      V     controller                                           
                               (desired speed)    ႔      set point      accelerator            
                          Proportional only control logic                                   (mathematics 
                    Proportional control                                                               
               Pneumatic thermostat                  ၊ pneumatic controller                         analog 
electric controller           ႔၌ Proportional gain တစ္ခုတည္းသာ ပါသည့္ (Proportional only) control logic 
                    

   (၁-၁၁)     equipment                                ႔      set point                      
           Proportional only system            ႔      (response)                  System     set point 
     ႔                            ႔     timer delay                                                 Set 
point    ႔                                             undershoot                      
                        overshoot       undershoot    ႔                           controlled variable 
    set point                        set point                                               
            error     “offset”           “Droop”                                                
steady-state                           offset     Proportion control                             

Continuous offset       Proportional only control    ႔                                        
Proportional control                   load             controlled variable     set point 
                                         ႔     droop    ႔      offset                              
          

Equation 1-2      Proportional logic            heating coil     control                   
              (heating) coil          steady load             load                          heating 
medium         coil          ႔                                          (flow rate)               
                            (valve opening %)    controller   output signal                    Output 
signal            equation 1-2    V                        

      set point       controlled variable    ႔                    error               
                              second term                                   control signal     V0 

                               V0     o                                                   load 
                            (flow rate)         V0     adjust                    ႔     offset          
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V0                                       Load                        (flow rate)            
                (flow rate)                 valve                               ႔        signal                    
                        V                           V                  equation 1-2   second term 
    zero                           error                        (Non-zero) error     offset 
   ႔                     Offset                 Kp                                            
(offset=function of constant Kp)   

 
  Set point       controlled variable               ၊          (oscillation)                       ႔ 
             “Hunting”                          Gain                                    signal value 
                          error                    load                                system 
                              ႔               Overreact                

O                                     error                            )                
               overshoot                       Stable control              gain         adjust          ၊ 
hunting           offset                               “                    ”                        

Proportional gain                      “P Gain”           Throttling range     controlled 
device                 valve       damper    ႔                         (full open)                    (fully 
closed)           ႔                                                                    

  
    ၁-၁၁ Proportional-only control     ၁-၁၂ Proportional Plus Integral control 

 
 Proportional only logic                    offset                ၊    ႔            ႔           

      Integral logic                             Proportional plus Integral(PI) control logic            
               equation 1-3                    Integral term                    error           
                         Integral term                       ႔        controlled variable     set point 
     ႔           (             )                     ႔               offset                            
   ႔                                            

Throttling range     Proportional gain                               

         Kp     controller                               Kp                 offset         
                  Kp                      offset                                            
            Kp                system stability                         
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   (၁-၁၂)     PI control                               Control  logic   sensitivity     
Proportional gain(Kp)      Integral gain (Ki)   ႔                                    Proportional control      
gain                      stable control             Tune                 Integral term                  
“wind up”                      Wind up     control loop                  (in operation) controlled 
device                                                      

Controlled variable                                                     Controlled variable 
    set point       ႔                                )      Integral term                      
                            system                           valve                          ႔            
                      (wrong side)      over shoot                       

Integral term                                                                       
                                                                    system   controlled variable 
    set point                                                        ႔             “wind up”          
                           ႔    system     unstable                        

                             system                        controller       controller loop 
                              System                        system   control loop                
                         Derivative control                             Anti-wind up device      
                            Analog electric controller          algorithms                             
               anti-wind up algorithm     system                    integral term                
                                                                   PI control     pneumatic control 
          analog electric control             ႔          Digital control system                                
  (standard)                

                  ∫                      

Equation 1-1               term                             Proportional plus Integral plus 
Derivative (PID) control logic           Derivative term                                                 
                     Integral term        (brake)                         

 
   ႔                        ႔    (very fast response)              industrial process           

                                                         

 
      ႔                      digital control application       PID loop                 

             derivative function                                   PID logic     modulating function 
                             (accuracy)                     staged capability                       
                     modulating control loop     real device     control         “       ”              
            controlled variable     control                    Second loop   virtual output     
equipment   capacity               sequence                   control                       

      HVAC system          ႔                                 derivative control     HVAC application 
                   Differential term                tuning                                    
                                   ႔          (responses)                  

                derivative control                          ႔               
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    ႔ PID logic                                  step control logic               operating 
differential                  (       ) operating differential                            step      
          system     ၊                           system                                          

Pulse-width modulating           -                                                         on-
off type output     pulse width             control                      “Pulse-Width Modulation 
(PWM)”           Output                               step                                     
                          ႔               modulating                                          Controller 
  output                   pulse                          (A Series of pulses of varying 
length)      pulse           controlled device         control                   Valve       damper          
              step motor     ၊ electric heater       ON-OFF control                  

Control loop    output signal     control device   position         pulse              
                                     

  
    ၁-၁၃ Pulse-width Modulation     ၁-၁၄ Time-proportioning control 

Controlled device                 (actual position)                              feedback 
device                control system      ႔ input       (feedback             )    ႔        PWM     
          (actual position)                         position                     device               
        input       control system          ႔    ႔        Time-proportioning control     PWM 
control                 control                     PWM       ႔    output     on/off  pulse       
                      ႔     time cycle                           Cycle           on time       off time 
   ႔              (%)                                     cycle                              cycle 
                         (ontime)               (offtime)    ႔              (%)            

၁.၅ Gains and Loop Tuning 
                                                                                        

        (accelerator)                     ၊                   ၊                               
                                   ႔                                                       
             ႔                                                    ၊                   ၊      
(accelerator)              ႔                        adjust                              HVAC system 
                 control loop             tune                 Control            HVAC system         
                                 control loop                                             

                                  (ware house)              heating coil              
                      heating coil    ႔                     controller                                
    system         time constant                                ႔        controller gain         
        (adjust)            Tune                  
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     ၁-၁၅ Proportional control  

   (၁-၁၅)     proportional control loop turning                                         
               gain              offset         

 

 
     ၁-၁၆ Proportional-integral control 

   (၁-၁၆)     Proportional plus Integral(Pl) control loop turning                          P only 
control                                    P Gain(Kp)     1.5                  

 
   (၁-၁၇)    PID control loop tuning                          Set point                     

                 control loop          ႔                           

HVAC system            ႔                                                         ၊              
            ႔                             Heating load       cooling load              ႔      (response)        

“  G   ”  Ki)          oscillation                   

“  G   ”          oscillation                    
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                                   Proportional gain ၊ Integral gain       Derivative gain    ႔    
                               accuracy                     system stability                 curve                
               Loop turning                                        trial-and-error             
                  

 
     ၁-၁၇ Proportional-integral-derivative control 

 
          PID gain         rule-of-thumb                     ၊                

(manufacturer)                     (recommended value)                    ၊               
            ႔                          tune            Control system                         
          gain            oscillation                                                  Trend 
logging                control system                 (performance)                            ႔      gain 
           oscillation                                    ႔                               

PID                           (performance)                  (manufacturer)              
                                                                                                turning 
                                                                                             
                           loop turning                                  ႔     manually                  
                               digital control system          automatic loop turning software 
               ႔                      input                                                  
                  

Proportional control logic      process                                         (linear 
relation)                Error                                   characteristic         
operating condition                (independent)                        ႔ process               
function     n  -                   ႔        PID logic     operation condition                    error 
         (zero error)                        

         Tune                                                     Proportional gain              
                            offset                                                    ႔                
                                            Derivative gain                        Derivative gain 
            tune                                                                         
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    (၁-၂)               heating coil   valve                            supply temperature     
                                          ႔    characteristic         steam       hot water     
               heating coil                        Valve     ၅၀%          (opening)           
         %                       supply air temperature                                Hot water 
   ႔      steam flow rate                                                       turn               flow 
                  control                                                      ႔        (response) 
                          ႔       flow                           turning             control loop     
                       ႔      (response)                      system                                  
           

Dynamically self-tuned                       (precise) control              operating 
condition            gain                    ၊                               (adjust            )    
                     digital control system                ႔    dynamically self-turned capability 
                      system         “      ”                               ႔          (fast responding) 
       Dynamic self-tuning            manual tuning                           commissioning 
                                               

N  -                                                    fuzzy logic                            
Fuzzy logic     PID control logic                                 Fuzzy logic            
                                                     control action                               
Neural network       artificial intelligence    ႔                   self turning technique         
operation condition                 control system           (behavior)              control       
                  ႔      (response)       gain                                    

၁.၆ Control Action            Normal Position 

Control action         Direct Action (DA)       Reverse Action (RA)                           Control 
                       control action    ႔      control direction     controller   output signal 
    controlled variable                     direction                                   

 
Cooling valve     -               (discharge air temperature)    set point                  

cooling valve                            discharge air temperature     set point                
controller                 output signal                      valve                      (cold water) 
        coil          ႔                                                      signal         
                       “Direct Action”                          

 
Heating valve      -               (temperature)    set point                    controller 

  output signal                       heating valve                  coil          ႔ hot water(steam)         
                

  Cooling coil                                        Heating coil                                

          Direct Action(DA)           controlled variable                             controller   
output signal                             Reverse Action(RA)          controlled variable 
                           controller   output signal                               
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Control  action               (term)                                             control 
variable                     direction                                                         Two 
position-action ၊ floating action ၊ modulating       control mode             control action             
           Control  logic             Proportional action ၊ Integral action         control action       
                    

 
    ၁-၁၈ Proportional control 

   (၁-၁၈)    Proportional control logic               direct acting       reverse acting signal    ႔ 
                              Output signal     error signal                                              
                                     equation 1-2                     

 
   (၁-၁၉)               throttling range                                valve full-open 

         controlled variable           valve full-closed          controlled variable            
                      

Set point     throttling range                          Two-position       floating control 
   (၁-၄)       (၁-၈)        set point                                    

      ႔                     Proportional control logic                         ႔     
      ႔     set point               (user)      ၊                                                
set point     throttling range                                            Set point                
                                                                                        

Damper     ၊ valve           switch            controlled device      Normally Open(NO) position 
      Normally Closed(NC) position                                    Normally Open(NO)     “     O   ” 

        Slope line           (magnitude)    Proportion gain                    Slop        
(sign)    action                 Direct action       slope sign                       Reverse 
action       slope sign                       
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                         Power supply               (fail)                                      Fail 
Open                        

  
    ၁-၁၉ Control  Action and Normal Position 

Damper     ၊ valve           switch       normal position               device         
           power (electricity power    ႔      control air-pneumatic      )                 
                              Device      normal position              ၊                    (spring)     
self power                                          

Normally closed damper            (spring)    actuator                     Actuator    ႔ 
           power supply                               actuator                 (spring)     
          damper                     Normally closed damper                             
          ႔                               Normally open damper                              
          ႔                                         ႔      damper     spring return damper           

      actuator         spring                power supply                            
damper                                          (Stay in the last position.)           ႔      
damper/actuator      normal position            

Three-way valve          diverting                 mixing                      Diverting     
        water    ႔      compressed air     steam                   ႔                      Mixing three 
way valve     stream                                        
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                   controlled device   normal position       ႔   (every day)               

                                                                        

Outdoor air damper     Normally Closed(NC)                             ႔            
            outdoor air damper                                          ႔                 
        fan                  damper                                  damper     N       ) 
                        ၊                         ၊                                           Spring return 
actuator             device         power                 fail-safe position                         
         

Fail-safe position                    normal position                                 (fully 
open)    ႔                      (fully closed                      - outdoor air intake coil   hot water 
valve     Normally Open(NO)                  ႔           ႔     power             hot water     coil 
         ႔                                                       Supply fan   inlet guide vane       outdoor 
air intake damper    ႔    Normally Closed(NC)                        

Fan       damper    ႔    inter lock              Inter lock           fan             damper     
                            damper                                                         supply fan 
                    inlet guide       outdoor air damper                                                
control  signal                    ႔                           control  device    normal position 
     ႔                    Control signal                          controlled device                (normal 
position)                        ႔                     ႔        normal position     controller   
control action       process plant                                           

        Three way valve               port                                             Diverting 
valve      common port                            mixing valve      common port                  
         Normally open(NO)       common port                                          
                 Normally closed three way valve                                          
common port                      

Three way valve     Normally Closed (NO)        Normally Open (NO)              
                  Coil          ႔                  ၊                    
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    -    (၁-၂)               heating system    valve     N        O    NO            
Controller   control  action (thermostat)                            Controller   control signal 
                   valve     normal position (           )           ႔ (              ႔               
           Valve                    control signal                                                
   ႔        duct                                      control signal                        valve 
                  Valve                      coil          ႔              hot water flow                 
                                    

   (၁-၂)   heating coil     chilled water coil         ႔                   control valve     Normally 
Open(NO)               ႔      controller                                                        valve 
                        chilled water flow                               Valve               control  signal 
                                                                    ႔           ႔ controller   
                                                                     

Table 1-3 Required control  action 
Normal Position 

Application and Controlled Device NO (Normally Close) NC (Normally Open) 
Heating valve or damper Direct Action Reverse Action 
Cooling valve or damper Reverse Action Direct Action 

Heating       cooling application           control  action       normal position    ႔               
    (၁-၃)                      (၁-၁၉)                  (relationship)        schematic       Proportion 
control                                              -                            device            
              normal position                    ႔      process plant (heating plant    ႔      cooling 
plant)                                             normal position                            
               ႔                                      controller   control action                 
                                   (conflict)             controller  action                      
reversing relay                                 - Normally Open(NO) heating valve       reverse acting 
controller                      reversing relay                     

၁-၇ Control Range                             

Gain     adjust                equation 1-1    1-3                control loop    output            
         ၊                             Error            gain     adjust                output            
                       scale                    - control loop       controlled device           
                  0%    100%                         0%     direct-action loop       controlled 
device                             100%         -                     Pneumatic controller       
output     3 psi    13 psi                 Electric controller       output     2Vdc    12 Vdc 
               

Controller device         controller                                                     controller 
   output range     controlled device                                              “Control  range” 
          controlled device                ႔                                                  - 
pneumatic controller       output range     3 psi    13 psi                Controlled device       
control range     controller   output range                     
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Pneumatic device       control range     3 psi    8 psi              8 psi    13 psi        
         Control  range                    device     fully closed    ႔                        
              - Normally Open(NO) pneumatic control valve   control range     3 psi    8 psi        
          valve     3 psi                         8 psi                                        

 
    ၁-၂၀ Sequencing 

 “Control  span”           control  range                                                
                pneumatic control valve   control span           -                     
               controlled device     ၊                control range                      normal position 
                  controller                                  control function         
                                                                      (energy code)   
                        valve       control range     over lapping            

    - heating valve   control  range     ၀%    ၅၀%                      ၊ cooling valve   
control range     ၅၀%    ၁၀၀%                                    Heating valve     fully open 
(controller                                                                     heating valve     
fully                       Valve                                        ) fully                   
                                   fully                         ႔     ASHRAE 90.1-2004 
                   overlapping                                                                
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၁.၈ Control Documentation ၊ Maintenance and Operation 

Control  system                                                                                
sequence     ၊ I/O point list     ၊ data sheet     ၊ damper           valve       schedule      control 
drawing     ၊ device                     (site plan location)       control device           remote device 
    ၊ input/output point list                                          drawing                              
                                                                     (installation)         
                 Testing & Commissioning                             (result data)             
                          

Control  system                                                     (periodic maintenance)၊ 
              adjustment     ၊ calibration                                                  (semi annual) 
   ႔              (quar                       ASHRAE Standard 62.1-2004                              
(maintenance)                                              outdoor air damper       actuator               
                                             ၊                   ႔                                    
                         

-End – 

 

 

 

 

 

 

 

 

 

- Contents 
၁.၁             Control System                 ? ................................................................ 1 

၁.၂ Control                           ....................................................................................... 3 

၁.၃ Control Loops ................................................................................................................... 5 

၁.၄ Control Modes .................................................................................................................. 9 

၁.၅ Gains and Loop Tuning ................................................................................................... 23 

၁.၆ Control Action            Normal Position ............................................................................. 26 

၁-၇ Control  Range                             ............................................................................ 30 

၁.၈ Control Documentation ၊ Maintenance and Operation ........................................................ 32 

 



             ႔                                                              Chapter-1 Introduction to HVAC Control Systems 

                                                                                                                           1-33 

 

       
၁.၁             Control System                 ? 1 
၁.၂ Control                           3 
၁.၃ Control Loops 5 
၁.၄ Control Modes 9 
၁.၅ Gains and Loop Tuning 23 
၁.၆ Control Action            Normal Position 26 
၁-၇ Control  Range                             30 
၁.၈ Control Documentation ၊ Maintenance and Operation 32 
  

 

INTRODUCTION TO HVAC CONTROL SYSTEM 

 


