Functional Test Procedure Guide

AHU Setpoint Reset Strategies

This functional testing guidance is designed to aid in developing test procedures for a specific project by describing the steps involved in testing a particular system. The guidance should be adapted as necessary to address the configuration and performance requirements of the system being tested.  Additionally, codes may require specific testing procedures that may not be addressed in this document.  All tests based on this guidance should be reviewed carefully to ensure that they are complete and appropriate.
Test Procedure: Air Handling Unit Setpoint Reset Strategies
Overview 

The objective of testing both the static pressure and discharge air temperature reset control strategies is two-fold: 
· To ensure the individual reset strategies function as intended; and 
To minimize negative interaction between the two reset strategies.
The intent of these control strategies is to reduce air handler capacity in ways that improve energy efficiency. During cooling mode, raising supply air temperature increases the number of hours the outdoor economizer can operate and reduces terminal reheat. On direct expansion air handlers it reduces compressor lift, improving energy efficiency. On air handlers with hydronic cooling coils it allows the chilled water temperature to be increased which increases chiller efficiency. However, when the supply air temperature is raised at a given condition, the fan speed will increase to compensate. 
Resetting duct static pressure keeps the duct static pressure only as high as is needed to satisfy the neediest zone, which saves fan energy.  The static pressure and discharge air temperature reset control strategies compete for capacity control, and can have adverse interactions with each other and may not deliver the level of control or energy savings expected from the individual reset strategies.  Common interactions are listed in the following table.
	Control Issue
	Decrease in Zone Loads
	Reset Strategy Action
	Interaction

	Zones with similar loads
	VAV box damper modulates closed
	Lower static pressure setpoint

Increase discharge air temperature setpoint
	Increased discharge air temperature will drive VAV box damper open, driving static pressure back up.  Supply fan may operate like constant volume system.

	Same control parameters (for example, VAV box damper position)
	VAV box damper modulates closed
	Lower static pressure setpoint

Increase discharge air temperature setpoint
	Lower air flow and increased discharge air temperature will drive VAV box damper open.  Open damper position will then cause static pressure setpoint to increase and discharge air temperature setpoint to decrease, driving static pressure back up.  System control may become unstable.


The following procedures will assist with:
· Ensuring all system prefunctional checklists are complete prior to executing system tests
· Verifying static pressure reset control strategy operates as intended

· Verifying discharge air temperature reset control strategy operates as intended

Evaluating interaction between the two reset strategies

System Description
A central air handling and distribution system typically includes a wide array of individual components, subsystems, or related systems, including: supply fan, variable frequency drives or inlet guide vanes to vary air flow, distribution ducts, VAV boxes, central heating, cooling, and pumping systems, control valves, temperature and pressure sensors, and safeties/interlocks.

Many air handling units vary the amount of air delivered to the space being served depending on zone loads.  Typically as the primary air damper within individual variable air volume (VAV) boxes modulate to meet the respective zone loads, the total amount of air delivered by the supply fan changes to either maintain a specific static pressure within the duct or discharge pressure within the supply fan.  Often, the controlling static pressure setpoint (duct or discharge) is automatically reset up or down based on zone loads to minimize supply fan energy and still ensure proper air flow through the VAV boxes.
Duct Static Pressure Reset Control

One option is to reset static pressure setpoint based zone cooling demand.  The two most common parameters available from the VAV box controller that can be used to determine zone cooling demand are VAV box damper position and cooling loop output.  VAV box damper position, if available from the VAV box controller, may be the actual damper signal for modulating actuators or an estimated position based on timing of open/close signals if floating actuators are used.  In contrast, the cooling loop output is the actual output value used to calculate the intermediate air flow rate value which the VAV box is trying to achieve in order to satisfy zone temperature setpoint.  Using VAV box damper position as an example, as zone loads are satisfied and VAV box dampers begin to shut, the static pressure setpoint will be lowered until a particular number of VAV box dampers are at a pre-determined position.  The reverse is true when zone loads increase and VAV box dampers begin to open up to cool the space.  This control strategy requires that the system has full DDC control and feedback on VAV box damper position or cooling loop output.  If duct static pressure reset control is being employed based on zone cooling demand , the location of the static pressure sensor is less critical than in a fixed setpoint application and may be located as far out in the system as possible.  A good rule of thumb would be to install the pressure sensor 3/4 the way down a main distribution duct to ensure the system will still operate correctly should the reset control logic fail, as it would in the loss of the network controller.  Note that individual sensors should be installed in each major branch coming off the main supply duct.
Discharge Air Temperature Reset Control

Another common control strategy is to reset the discharge air temperature (DAT) setpoint for an air handling unit.  The intent of the control strategy is to adjust the discharge air temperature up and down in order to satisfy actual loads within the spaces served more effectively.  This control strategy has the potential to minimize the heating, cooling, pumping and reheat energy associated with the conditioned air delivered to each zone during less-than-design operating conditions.  However, supply fan energy may increase if a VAV box damper opens more to satisfy the load with warmer discharge air temperature from the central air handling unit.  Common variables used for resetting discharge air temperature include, but not limited to: 
1) Outdoor air temperature 
2) VAV box damper position
3) Deviation from zone temperature setpoint 
4) Cooling demand 
Note, however, that resetting the discharge air temperature upward can impede the air handling unit’s ability to dehumidify the air and may not be appropriate where tight humidity control is required.  Examples of the common control strategies are provided below.
Outdoor air temperature.  A common reset control strategy is to raise discharge air temperature setpoint when outdoor air is cold and lower the setpoint when it is warm.  A typical reset schedule may be 65(F DAT @ 45(F OAT and 55(F DAT @ 60(F.  This control strategy is very effective if all zones have similar loads and are dependent on outdoor air temperature – like west-facing perimeter zones with the same lighting/equipment/occupancy loads.  However, this strategy could be problematic if certain zones require cooling regardless of outdoor air temperature.  For example zones with high internal gains or general interior zones in large buildings.  Resetting the discharge air temperature upward may cause critical zones to overheat and result in comfort issues.
VAV box damper position.  An alternate reset control strategy is to adjust discharge air temperature based on VAV box damper position, if available from the VAV box controller.  This signal may be the actual damper signal for modulating actuators or an estimated position based on timing of open/close signals if floating actuators are used.  As zone loads decrease and primary air dampers begin to close, the discharge air temperature is reset upward incrementally until one or more dampers reach a predetermined position.  As zone loads increase and primary air dampers modulate open, the discharge air temperature is then reset downward incrementally until all of the dampers reach a predetermined position.  The advantage of this control strategy is that discharge air temperature setpoint is continually adjusted based on actual zone loads.  However, this method may cause control instability or comfort problems if the static pressure reset control strategy is also based on VAV box damper position.  Refer to the Reset Strategy Interactions section below for an example.
In addition, either all or selected VAV boxes must be polled to execute the sequence.  If the building has numerous VAV boxes and all boxes are polled, then the amount of data being transferred across the network can severely limit the speed or capacity the DDC system.  If only selected boxes are polled, then extreme care must be taken when selecting the boxes to ensure comfort problems in non-selected zones are not created.
Deviation from zone temperature setpoint.  Another common reset control strategy is to adjust discharge air temperature based on how far actual zone temperature is away from setpoint.  As zone loads decrease and actual zone temperature begins to drop below setpoint, the discharge air temperature is reset upward incrementally once a predetermined temperature deviation is reached.  As zone loads increase and actual zone temperature begins to rise above setpoint, the discharge air temperature is reset downward incrementally once a predetermined temperature deviation is reached.  One advantage of this control strategy is that discharge air temperature setpoint is based on actual zone loads, but it may not be very effective if the zone temperature control loops for each VAV box keeps the respective zone under control before the reset control loop has a chance to be enabled.
For example, the zone temperature control loop will modulate the primary air damper and reheat valve as zone loads raise and fall, respectively, to meet zone temperature setpoint.  If this control loop is tuned properly, zone temperature should be fairly steady and may never reach the deviation from setpoint necessary to trigger the discharge air temperature reset control strategy, unless zone loads exceed the cooling or heating capacity of the VAV box.  One possible strategy would be to make the reset deviation tighter than the zone temperature loop, or allow the reset loop to execute faster than the zone temperature loop, so that resetting of the discharge air temperature occurs first and then the primary air damper and reheat valve will modulate as necessary to maintain zone temperature.
Another disadvantage is that either all or selected VAV boxes must be polled to execute the reset sequence.  If the building has numerous VAV boxes and all boxes are polled, then the amount of data being transferred across the network can severely limit the speed or capacity the DDC system.  If only selected boxes are polled, then extreme care must be taken when selecting the boxes to ensure comfort problems in non-selected zones are not created.
Cooling demand.  A more effective reset control strategy is to adjust discharge air temperature based on the actual cooling demand for the respective zones being polled, as determined by the zone temperature control loop output signal.  The control strategy is best described by the following example.  Assume a single zone temperature loop output ranges between 0 and 200, with the output range of 0 to 100 modulating the reheat valve from full open to fully closed (at minimum air flow) and the output range of 100 to 200 modulating the primary air damper from minimum to maximum cooling air flow.  The discharge air temperature reset control loop would start to lower the air temperature incrementally towards the air temperature low limit in order to maintain the polled zone temperature loop output value at 125 as zone loads increased.  Then, as zone loads decrease, raise the discharge air temperature setpoint incrementally towards the air temperature high limit in order to maintain the zone temperature loop output value at around 75.
The advantage of this control strategy is that discharge air temperature setpoint is truly based on actual zone loads, and will have the least negative interaction with the static pressure reset strategy.  But again, the primary disadvantage is that either all or selected VAV boxes must be polled to execute the reset sequence.  If the building has numerous VAV boxes and all boxes are polled, then the amount of data being transferred across the network may limit the speed or capacity the DDC system.  If only selected boxes are polled, then extreme care must be taken when selecting the boxes to ensure comfort problems are not created.

Reset Strategy Interactions

Unfortunately, the static pressure and discharge air temperature reset control strategies can have adverse interactions with each other and may not deliver the level of control or energy savings expected from the individual reset strategies.  For example, raising the discharge air temperature setpoint will tend to cause a VAV box damper to modulate open because warmer air is trying to satisfy the loads within the zone served.  This in turn will cause the static pressure setpoint to be raised, increasing fan energy.  This is best illustrated through an example:

The zone cooling loads begin to decrease and all VAV dampers begin to close.  The static pressure reset strategy will tend to lower the static pressure setpoint and the supply fan will start to slow down to meet the new setpoint.  At the same time, however, the reduced zone loads would also tend to cause the discharge air temperature to be reset upward.  This will cause the VAV box damper to open since warmer air is being used to satisfy zone loads, requiring more air to be delivered to the zone.  As the dampers begin to open, the static pressure reset control loop will start to increase the static pressure setpoint and more air will be delivered to each zone.  As zone loads increase, this sequence is reversed, but the bottom line is that the central air handling unit will tend to operate like a constant volume system rather than a variable air volume system, with the air flow control benefits being negated.

Another possible negative interaction may occur if both reset strategies are based on the same parameter, for example VAV box damper position.  This is best illustrated through the following example:

As the load within a zone increases, the zone temperature control loop will drive the damper open.  If damper position exceeds the limit set for each control strategy, this may cause both the discharge air temperature setpoint to be lowered and the duct static pressure to be increased at the same time (depending on how frequently each control loop is executed).  As a result, more air flow at much lower temperature will be delivered, potentially overcooling the space.  This in-turn would cause the damper to modulate closed, and the reset strategies would then cause the temperature and pressure setpoints to swing in the other direction.  Under some ambient conditions, the oscillation between over-cooling and under-cooling may persist for extended periods of time, resulting in comfort and control issues.
To optimize system operation, it may be beneficial to evaluate which control strategy will generate the best reduction in energy use under different atmospheric conditions and building loads and modify control sequences as necessary.  For example the heating, cooling, and reheat benefits associated with resetting discharge air temperature may far outweigh increased supply fan energy usage during winter and swing seasons, whereas static pressure reset may be optimal during warmer atmospheric conditions. Note that this assumes that the air handling unit serves VAV boxes with reheat and the VAV boxes provide zonal heating.  If the system were served by fan-powered VAV boxes or perimeter fin tube heating, the temperature reset during winter may not be as effective as static pressure reset.  An energy simulation may be necessary in order to determine which control strategy achieves the best energy performance and when each strategy should be implemented.  Additional suggestions for minimizing negative interactions are found in Section 5.  Note that any changes to design sequence of operations should always be approved by the engineer of record.  Also many local code requirements have adopted standard ASHRAE 90.1-1999 and 2001, which requires a static pressure reset control strategy.  There may be a potential code compliance issue if the static pressure reset is not implemented all of the time.
Sample Tests 

The following tests were not created based on this test guidance but serve as a sample of similar tests. These are available at www.ftguide.org/ftct/testdir.htm.
· Cooling Air Handling Unit Functional Test. ID#: 289
· Large Packaged Rooftop DX Unit Test.  ID#: 302
Test Procedure Outline
1.
Preparation
1.1
Create a test form 

1.2
Determine acceptance criteria 

1.3
Provide instructions / precautions
1.4
Specify test participants and roles/responsibilities
2. 
General Air Handling and Distribution System Inspection
2.1
Review all prefunctional checklists for completeness
3. 
Static Pressure Reset Test Procedures
3.1
Verify static pressure high limit setpoint
3.2
Verify static pressure low limit setpoint
3.3
Return system to normal operation

4. 
Discharge Air Temperature Reset Test Procedures
4.1
Verify discharge air temperature high limit setpoint
4.2
Verify discharge air temperature low limit setpoint
4.3
Return system to normal operation
5. 
Identifying Control Strategy Interactions
5.1
Trend reset control strategies
5.2
Consider modifying control strategy to minimize negative interaction

Test Procedure

1.
Preparation
1.1
Create a test form. Testing will be easier if the test procedure is thought through and documented before conducting the test.   Developing a test form will assist in data collection and subsequent evaluation.

1.2
Determine acceptance criteria.  Both the discharge temperature setpoint and duct static pressure setpoint should be reset between their minimum and maximum setpoint values based on the respective control variable (i.e. outdoor air temperature, damper position, cooling load, etc.) and the system should meet these setpoints without excessive hunting.  In addition, interaction between the two reset strategies should be evaluated through trending, resulting in modified sequences if the control strategies begin to “fight” each other.

Note: ‘Without excessive hunting’ signifies that after a moderate perturbation the controlled variable (duct static pressure) comes into and remains within the control deadband within 4 cycles (1 cycle is one over shoot and one undershoot).
1.3
Provide instructions/precautions.  If performing the tests while the building is partially occupied or the systems are operating temporarily to provide space conditioning, bear in mind that the test procedures may potentially impact zone comfort.  If a test fails, the source of the failure should be identified and conveyed to the proper authority.  The system will be retested once the repairs are complete. 
1.4
Specify participants and roles/responsibilities.  The testing guidance provided in this document can assist in verifying proper system performance in both new construction and existing building applications.  The following people may need to participate in the testing process.  Refer to the Functional Testing Basics section of the Functional Test Guide for a description of the general roles and responsibilities of the participants.  These roles and responsibilities should be customized based on actual project requirements.
	New Construction Project
	Existing Building Project

	Commissioning Provider
	Commissioning Provider

	Mechanical Contractor
	Building Operating Staff

	Control Contractor
	Controls Contractor


2.
General Air Handling and Distribution System Inspection
2.1
Review all prefunctional checklists for completeness.  Prior to performing any functional tests, the commissioning pre-start, start-up, and prefunctional checklists should be completed, as well as applicable manufacturer's pre-start and start-up recommendations.  Prefunctional checklists include, but are not limited to, the following:
Supply fan spins in the right direction and is free of unusual noise and vibration.
Supply fan belt tension, alignment, and condition is okay (if applicable).
Duct installation associated with the air handling unit being tested is complete.  If interior duct liner is used, the exposed ends are properly sealed.
All terminal units associated with the air handling unit being tested have been functionally tested and are capable of serving normal operating loads.
Respective heating, cooling, and pumping systems associated with the air handling unit being tested have been functionally tested and are capable of serving operating loads.
Water and air systems have been balanced per design.
All control sensors (i.e. temperature, pressure, etc) have been installed and calibrated.
All safeties and interlocks have been tested and are operational.
All sequence of operations have been programmed per design.
3.
Duct Static Pressure Reset Test Procedures

3.1
Verify static pressure high limit setpoint.  Before testing the static pressure reset strategy, disable the discharge air temperature reset to eliminate any interaction between the two control strategies (interaction will be handled separately).  Regardless of the static pressure reset control strategy employed (duct or discharge), drive all of the VAV box dampers fully open by either commanding each damper to full cooling or by lowering zone temperature setpoint to 15(F below current space conditions.  Both will simulate a cooling load on the space and result in the VAV boxes being driven to full cooling positions.  As the primary air dampers open, duct static pressure should drop and the controlling static pressure setpoint should reset upward incrementally until the high limit is reached. 

Check the following:

3.1.1
Static pressure setpoint does not exceed high limit value.
3.1.2
Supply fan ramps up close to full speed (or the speed reported by the balancer as necessary to meet design flow).
3.1.3
Static pressure reported in the BAS meets setpoint without excessive hunting.
3.2
Verify static pressure low limit setpoint.  Continuing from above, drive all of the VAV box dampers to minimum flow position by either commanding each damper to minimum damper position or by raising zone temperature setpoint to 15(F above current space conditions.  Note that some VAV boxes may be programmed to increase air flow above the minimum flow setting to satisfy a maximum heating load.  If raising space temperature setpoint to drive the VAV boxes to minimum flow position, first verify that maximum heating flow setpoint is the same as the minimum flow value.  Adjust system setpoints as necessary.  As the primary air dampers close, duct static pressure should increase and the controlling static pressure setpoint should reset downward incrementally until the static pressure low limit is reached, or all zones are satisfied.

Check the following:
3.2.1
Static pressure setpoint does not exceed low limit value.
3.2.2
Supply fan should ramp down.
3.2.3
Supply fan VFD speed should not drop below minimum speed recommended by VFD, fan, or motor manufacturers.  Minimum speed can range between 10 Hz and 20 Hz, depending on the type of fan installed.  Centrifugal fans can typically operate at the lower end of the range whereas axial fans may require higher minimum speeds.

3.2.4
Measured static pressure meets setpoint without excessive hunting.
3.3
Return system to normal operation.  Return system to normal operating conditions by removing all overrides and adjusting all setpoints to values specified in the design sequence of operations.

4.
Discharge Air Temperature Reset Test Procedures

4.1
Verify discharge air temperature high limit setpoint.  Before testing the discharge air temperature reset strategy, disable the static pressure reset to eliminate any interaction between the two control strategies (interaction will be handled separately).  The way to simulate a low load condition in order to trigger the discharge air temperature reset control strategy depends on the specific control strategy employed.  Test procedures for each control strategy are outlined below.
Outdoor Air – Overwrite the outdoor air temperature value to be at the low-end of the reset schedule.

Damper Position – Either command VAV box dampers to a minimum position or adjust zone temperature setpoint to 5(F above actual zone temperature.

Deviation from Setpoint – Adjust zone temperature setpoint as necessary so that the deviation from setpoint is adequate to trigger the control sequence.

Cooling Demand – Adjust zone temperature setpoint to 5(F above actual zone temperature.

These steps will simulate a decrease in zone cooling loads, which should result in resetting the discharge air temperature upward incrementally until the high limit is reached.

Check the following:

4.1.1
Discharge air temperature setpoint does not exceed high limit value.
4.1.2
Discharge air temperature meets setpoint without excessive hunting .
4.2
Verify discharge air temperature low limit setpoint.  Continuing from above, the procedure to simulate a high load condition for each control strategy is outlined below.

Outdoor Air – Overwrite the outdoor air temperature value to be at the high-end of the reset schedule.

Damper Position – Either command VAV box dampers to a maximum position or adjust zone temperature setpoint to 5(F below actual zone temperature.

Deviation from Setpoint – Adjust zone temperature setpoint as necessary so that the deviation from setpoint is adequate to trigger the control sequence.

Cooling Demand – Adjust zone temperature setpoint to 5(F below actual zone temperature.

These steps will simulate an increase in zone cooling loads, which should result in resetting the discharge air temperature downward incrementally until the low limit is reached.

Check the following:
4.2.1
Discharge air temperature setpoint does not exceed low limit value.
4.2.2
Measured discharge air temperature meets setpoint without excessive hunting.
4.3
Return system to normal operation.  Return system to normal operating conditions by removing all overrides and adjusting all setpoints to values specified in design sequence of operations.

5.
Identifying Control Strategy Interactions
5.1
Trend reset control strategies.  As discussed in the Reset Strategy Interactions section, it is not unusual for these two reset strategies to counteract one another and result in unstable control.  The best way to determine if individual reset control strategies are working properly under normal operating conditions and to identify possible negative interactions between the static pressure and discharge air temperature resets is through trend analysis of all polled terminal boxes for a given air handler.  A trend sample rate of no more than 5 minutes is necessary to detect operational problems like hunting and excessive cycling.  Typically the independent variable (for example, VAV box damper position for static pressure reset or zone temperature control loop output for discharge air temperature reset) is plotted along the X-axis and the control variable (static pressure or discharge air temperature setpoint) is plotted on the Y-axis.  Figure 1 illustrates what the plot may look like to verify correct operation of a discharge air temperature reset control strategy. 
[image: image1.emf]50

55

60

65

70

0 25 50 75 100 125 150 175 200

Cooling Demand Loop Output

Discharge Air Temperature

Discharge air temperature data 

points should be within this range

DAT reset schedule:

65F when loop output is <= 75

55F when loop output is >= 125


Figure 1:  Example Discharge Air Temperature Trend Plot
Another trend plot that can assist in identifying reset interactions is the actual speed of the supply fan (assuming the supply fan is controlled by a VFD) over time.  If the supply fan speed remains fairly constant (especially if zone loads are known to vary) or seems to be constantly fluctuating, then the two reset strategies may be fighting each other.

5.2
Consider modifying control strategy to minimize negative interaction.  To minimize negative interaction between the discharge air temperature reset and static pressure reset strategies, one option is to enable the discharge air temperature reset strategy and disable the static pressure reset strategy (i.e. maintain fixed static pressure setpoint) when atmospheric conditions are colder, and disable the discharge air temperature reset strategy (i.e. maintain fixed discharge air temperature setpoint) and enable the static pressure reset strategy when atmospheric conditions are warmer.  
Colder Conditions: The intent is to minimize the amount of simultaneous heating and cooling during the winter, avoid overcooling internal zones that may not have reheat capability, and maximize energy savings in both the chilled and hot water plants.  While true that supply fan energy savings will be sacrificed, the energy saved at the central plant should far outweigh the lost fan energy savings.  Note that fan energy usage can be minimized if the fixed static pressure setpoint is as low as possible to satisfy all zones.  Experimentation may be required to determine the optimum static pressure setpoint.

Warmer Conditions: Holding a constant discharge air temperature during warmer weather will improve space temperature and humidity control and allow for maximum supply fan energy savings as zone loads vary and VAV dampers modulate.  

A method for implementing such a control strategy is to have two independent control loops that become enabled and disabled based on outside air temperature.  A reasonable outdoor air temperature for a changeover between control strategies may range between 70(F and 75(F.  In this range, the economizer will be able to offset more chiller load at the higher discharge air temperature setpoint during cooler ambient conditions.  Above this range, the economizer provides minimal benefit, most zones will probably not require any reheat, and humidity control will be improved by maintaining a fixed discharge air temperature setpoint.  It may take some experimentation to determine the optimum outside air temperature changeover point.
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