

SMALL PACKAGED ROOFTOP AC/GAS PACK UNIT FT


Functional Test

Project:__________________________________________
FT-_____
SMALL PACKAGED ROOFTOP DX AIR CONDITIONING 
and GAS PACK UNIT
RTU____________
Including integral equipment:   ___supply fans, ___power exhaust relief fan, ___economizer, ___duct smoke detector, ___gas heat ___ programmable thermostats, ___ exhaust fans 

Related Tests: ______________________________________
1.
Participants

Party

Participation

















Party filling out this form and witnessing testing ______________________________

Date of test ______________________
2.
Prerequisite Checklist

a.
The following have been started up and startup reports and prefunctional checklists submitted and approved ready for functional testing:

__ Duct system


__  ____________________________

__ Connected Power Exhaust Units
__  ____________________________

__ Connected Thermostats
__  ____________________________

b.
__ All control system functions for this and all interlocking systems are programmed and operable per contract documents, including final setpoints and schedules with debugging, loop tuning and sensor calibrations completed.

_________________________________
 _________________________

Controls Contractor Signature or Verbal

Date


c.
__ Vibration control report approved (if required).

d. ___Test and balance (TAB) completed and approved.

e. __ All A/E punchlist items for this equipment corrected.

f.
__ These functional test procedures reviewed and approved by installing contractor.

g.
__ Safeties and operating ranges reviewed.

h.
__ Test requirements and sequences of operation attached.

i.
__ Test & Balance Schedules and setpoints attached.

j.
__ False loading equipment, system and procedures ready  (boilers, preheat or reheat coils, control loops, over-ride on OSA dampers, etc.)

k.
__ Have all energy savings control strategies, setpoints and schedules been incorporated that this equipment and control system are capable of?  If not, list recommendations below.

l.
__ BAS Program Review.  Review the BAS software control program(s) for this equipment.   Parameters, setpoints and logic sequences appear to follow the specified written sequences.

m.
__ Packaged Control Program Review.  Review the packaged control program(s) for this equipment.   Parameters, setpoints and logic sequences appear to follow the specified written sequences. Primary setpoints are documented in writing.

n.
__ Record of All Values for Current Setpoints (SP), Control Parameters, Limits, Delays, Lockouts, 
Schedules, Etc. Changed to Accommodate Testing:


Parameter

Pre-Test Values
Returned to Pre-Test Values  (


Parameter

Pre-Test Values
Returned to Pre-Test Values  (









































3.
Sensor Calibration Checks.  Check the sensors listed below for calibration and adequate location. This is a sampling check of calibrations done during prefunctional checklisting.  Test the packaged controls and BAS readings.

“In calibration” means making a reading with a calibrated test instrument within 6 inches of the site sensor.  Verify that the sensor reading (via the permanent thermostat, gage, packaged control panel or building automation system (BAS)) compared to the test instrument-measured value is within the tolerances specified in the prefunctional checklist requirements (_________________________________).  If not, install offset in BAS, calibrate or replace sensor.  Use the same test instruments as used for the original calibration, if possible.


Sensor & Location
Loc-ation
OK1
1st Gage or Pkg & BAS Values
Instru. Meas’d Value
Final Gage or Pkg & BAS Values

Pass
Y/N?

SAT:

Pkg:
BAS:

Pkg:
BAS:


OAT:

Pkg:
BAS:

Pkg:
BAS:


Room Air Temp:

Pkg:
BAS:

Pkg:
BAS:


1Sensor location is appropriate and away from causes of erratic operation.

4.  Device Calibration Checks.  The actuators or devices listed below checked for calibration.  This is a spot check on a sample of the calibrations done during prefunctional checklisting and startup.

“In calibration” means observing a readout in the BAS and going to the actuator or controlled device and verifying that the BAS reading is correct.  For items out of calibration or adjustment, fix now if easy, via an offset in the BAS, or a mechanical fix.

Device or Actuator & Location

Procedure / State
1st 
Pkg’d Value
Site 
Observation
Final Pkg’d Reading
Pass
Y/N

OA damper position**
1. Minimum






2. Full open






3. Closed





Return damper position
Runs opposite of OA damper







**OSA Damper.  Procedure 1. Change economizing parameter as necessary to cause damper to go to minimum.  Verify that the damper is at minimum.  Change the minimum OSA damper position setting to open.  Verify that the damper is fully open.  Change OSA damper to nigh low limit position. Verify that damper is closed. Return all to normal.

5.  Verification of Misc. Prefunctional Checks.
Misc. site checks of the prefunctional checklist and startup reports completed successfully.
Pass?  Y / N _______
General Conditions of Test

____________________________________________________________________________________________________________________________________________________________________________________

6.
Functional Testing Record
Proced. No. & Spec. Seq. ID1

Req ID
No.2

Test Procedure3
(including special conditions)
Expected and Actual Response4
[Write ACTUAL response in 
brackets or circle]
Pass
Y/N
& Note #

1


Observe the unit in OFF condition.
Relief and OSA dampers closed, RA dampers open [________].  Associated exhaust fan(s) are OFF [________].


2

Disable optimum start.  With the RTU in auto and with the schedule in unoccupied, change schedule to be occupied in a few minutes.  Change the warm-up mode setpoint to be 3F greater than the RA temperature.
Upon the occupied time the unit should start [_______].

Associated exhaust fan(s) are ON  [_________].


3a

Cooling Capacity Staging—In Cool Weather (40F<OAT < 60F)
a)  Shut the RTU OFF.  Lower the space temperature setpoint 10F below space temperature.  Turn RTU ON.


a)  Compressors should be OFF [______]. Economizer damper should be at minimum [________] and then open to maintain DAT of ______   [_______].




3b

Continuing from above:  

b)  Lower the DAT setpoint or the space temperature setpoint. If OAT is too low, then lower the enthalpy or drybulb changeover setpoint, so economizer damper will go to minimum or manually open RA dampers and close OA dampers so the RTU sees warmer air (explain actual action: _______________

___________________________________

___________________________________)

If OAT is too cold for full compressor staging, repeat this sequence in warmer weather.
b)  Compressors begin to stage ON, only after economizer dampers are fully open (if not in override) [__________________].

Economizer damper remains fully open if not in override [________].

Observe the staging ON of multiple compressors and condenser fan speed. [_____________________

___________________________].

Observe that SAT setpoint is met at all times, within 1F either side of the current deadband (+/- ___F).

Maximum deviation observed
[__________________________].




4



Heating Capacity Staging.  

a)  Shut the RTU OFF.  Raise the space temperature setpoint 10F above space temperatures. Turn RTU ON.

b)  Lower the space temperature setpoint to 10F below space temperatures.
a)  SAT should change upward according to the strategy parameters [_______________].

Compressors should be OFF [______]. Economizer damper should be at minimum [________].

Observe the SAT. 

Temperature observed
[__________________________].

b)  Heat stages OFF [_________].




5a

Cooling Capacity Staging—In Warm Weather (OAT > 60F)
a)  Shut the RTU OFF.  Lower the space temperature setpoint 10F below space temperatures.  Turn RTU ON.


a)  Compressors should be OFF [______]. Economizer damper should be at minimum [________] and then open to maintain DAT of ______   [_______] if OAT is not above economizer changeover, when the damper should remain at minimum.


5b

Continuing from above:  

b)  Lower the space temperature setpoint, so economizer damper will go to  minimum or manually open RA dampers and close OA dampers so the RTU sees warmer air (explain actual action: _____________________________________________________________________________________)

c) Raise the space temperature setpoint to be 5F above the economizer changeover setpoint so the economizer damper goes to minimum.
b)  Compressors begin to stage ON, only after economizer dampers are fully open (if not in override) [__________________].

Economizer damper remains fully open if not in override [________].

Observe the staging ON of multiple compressors and condenser fan speed. [_____________________

___________________________].

Observe that SAT setpoint is met at all times, within 1F either side of the current deadband (+/- ___F).

Maximum deviation observed
[__________________________].

c) Observe the OA damper go to minimum [_____________].


6

TREND LOG 1, Cooling Capacity Staging and Economizer.  With all systems in normal mode, trend the OAT, RAT (or space temperature), SAT, and the fan status (or datalog the compressor current).  Synchronize datalogger and BAS time and starts.  Sample at 5 min. intervals for 48 hours during weather near design cooling. Provide occupied schedule. See Monitoring section at the end of this test.
Observe that SAT setpoint is met at all times, within 1F either side of the current deadband (+/- 4F) [_________________].

And that the space temperature is maintained +/- 1F [__________].

Observe that economizer is first stage of cooling and that compressors stage ON and OFF according to need to maintain SAT setpoint.  Verify that the compressors comply with the min. ON and OFF time of ____ minutes.




7

TREND LOG 2, Heating Capacity Staging.  With all systems in normal mode, trend the OAT, RAT (or space temperature), SAT, and the fan status (or datalog the compressor current).  Synchronize datalogger and BAS time and starts.  Sample at  5 min. intervals for 48 hours during weather near design heating. Provide occupied schedule. See Monitoring section at the end of this test.
If controlling to a set SAT, observe that SAT setpoint is met at all times, within 1F either side of the current deadband (+/- ___F) [_____________________]. Otherwise observe that the space temperature is maintained +/- 1F [__________].




8

Unoccupied Night Low Limit Mode.  
a) With RTU in normal mode, change the schedule so unoccupied mode will begin in 5 minutes.

b) After the RTU shuts OFF, change the NLL setpoint to be 10F above current RA temp.  

c) Change the NLL set point to be 10F below the current RA temp. 

d) Change the room NLL setpoint to be above the maximum allowable NLL space temperature of currently___ F.

e) Return schedules, NLL RA setpoint and space overwritten values to normal.


a) When the schedule is met, the RTU shuts OFF.


b) RTU and heat does not come ON.

c) The RTU and heat come ON. 

Heating operates normally. Cooling is de-energized. Economizer dampers are shut fully closed. Exhaust fans are off.

d) The supply fan is shut OFF.

e) Values returned to normal.


9

TREND LOG 3, Unoccupied NLL.

With all systems in normal mode, trend the SA temp (surrogate for RTU status), RA temp, MA temp, SA temp, and OAT. Trend at 15 min. intervals for 3 days.  Provide occupied schedule. See Monitoring section at the end of this test.
Verify the proper sequencing.


10

Fire Alarm Shutdown.  Initiate a fire alarm through the following:  general smoke, pull station, sprinkler flow (jumper contacts).
All RTU’s should shut OFF.

General smoke alarm: ____
Pull station: _____
Sprinkler flow: ______
Duct smoke detector: (done above)


11

TREND LOG 4, Optimum Start.

Trend the RTU status, the OSA temperature and the room or RA temperature used for the optimum start routine and the RA temp during weather with night time lows 30-40F, for three consecutive days in 5 minute intervals.  Trend again when night time lows are 60-70F.


Observe that the start times vary per the optimum start routine and that the RA temp is met by the schedule.


12



Interlocks.

Exhaust fan. Visually inspect operation of exhaust fan with RTU supply fan on and off both in occupied and in unoccupied night low limit heating mode. Verify proper operation of exhaust fan back-draft dampers.
Exhaust fan will run and start anytime RTU supply fan is on and in occupied mode. Exhaust fan will be disabled when in unoccupied mode. Back-draft dampers will shut with exhaust fan off.


13

Power Failure.

Simulate power outage by switching off AHU and exhaust fans at disconnect or breaker if disconnect is not present. Restore power.

a)Fan Systems

b)Controls


a)Observe fan go OFF. Then observe automatic sequential start of fan systems [______________

___________________________].

b)Verify that setpoints and program is fully restored.


14

Freeze Stat

a) With the HVAC system running, simulate a low temp. alarm by increasing the trip setpoint (from its current 45F) so that an alarm is present. 

b) Press panel reset button.

Alternate Method

a) With the HVAC system running, simulate a low temp. alarm by immersing the sensor in ice water. 

b) Press panel reset button
a) HVAC system shuts down. 

b) HVAC system starts.

a) HVAC system shuts down. 

b) HVAC system starts.


15

Economizer Power Exhaust 

a) Verify If the economizer is equipped with a functional economizer power exhaust or other motorized pressure relief.


a) Pressure relief appropriately controls building pressure and expels air during economizer [___________] cycle only or continuously [__________]. 


16

Cooling Capacity Check

a) Disable economizer

b) Lower cooling setpoint 10 degrees below space temperature, wait  5 minutes. 

1) Measure SAT-MAT (delta T)

2) Calculate design SAT-MAT=cooling cap btuh/(1.08xcfm)

3) Calculate % difference in delta T

4) Measure kW – See note 1 below

5) Compare to design kW (% difference)
1) delta T measured=[_______].

2) delta T calculated=[_______].

3) delta T difference=[_______].

4) kW measured=[________].

5) kW difference=[________].


17

Minimum OSA Check

a) Place unit in economizer minimum outside air position. 

(optional)

b) Measure outside air temp, mixed air temp, & return air temp. Use design or t&b cfm. 

OSA%=(MAT-RAT)*CFM/(OAT-RAT)
a) Verify by sight estimate of damper position [_________] (should be 5-25% or per design).

b) % OSA is [__________].


18



Maximum Outside Air Check

a) Place unit in economizer full open position. 

(optional)

b) Measure outside air temp, mixed air temp, & return air temp. Use design or t&b cfm. 

OSA%=(MAT-RAT)*CFM/(OAT-RAT)
a) Verify by sight estimate of damper position [_________] (should be 75-100%).

b) % OSA is [__________].


19



Building Air Balance Check

a)Building static pressure control high pressure test. Place the RACU in full economizer (100% OSA) & full cooling.

b)Building static pressure control low pressure test. Place all exhaust fans on, minimum RACU outside air, and return fan in control.
a)Verify that the building static pressure does not substantially exceed set point of [______].

b)Verify that the building static pressure does is not substantially less than set point of [______].


1. kW formula (single-phase): volts x amps x power factor / 1000

                          (three-phase): volts x amps x power factor x 1.73 / 1000


20

Programmable Thermostat Check

a) Verify that schedules have been programmed according to owner-stated values.

b) Verify that OSA dampers remain closed during night low limit.

c) Verify that Fans run continuous during the day, and cycle at night.

d) Verify that communications are remotely accessible from modem

e) Verify that temperature setpoints have been programmed according to owner-stated values. 
a) Record Schedules

e) Record temperature settings




21
--


Return all changed control parameters and conditions to their pre-test values5
Check off in Section 2 above when completed


MONITORING AND TREND LOGGING.  Three monitoring via BAS trend logs are required per test Procedures 6,7, 9, 11  Trend logs     all    shall be provided in electronic continuous columnar spreadsheet compatible format. Trends    all    shall be provided in hard tabular format (continuous columnar with time in left column and at least four columns of point values in adjacent columns). All points for a given trend will begin at exactly the same time.  Provide a key to all abbreviations.  Attach representative graphs or columnar data and explanatory analysis to this test report.

Record Foot Notes

1Sequences of operation specified in Contract Documents (attached).

2Mode or function ID being tested, per testing requirements section of the project Specifications.

3Step-by-step procedures for manual testing, trend logging or data-logger monitoring.

4Include tolerances for a passing condition.

5Record any permanently changed parameter values and submit to Owner.

-- END OF TEST --
Notes:
File:  Rooftop Unit-Pkg-Small Test 3.doc
Commissioning Guide Specification  --PECI  2/5/2002 
Page 7 of 7 

