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Use this Section to specify Start‑up and Testing for a computerized Energy Management Control System (EMCS) used to operate mechanical systems. The complete EMCS  is intended to be specified in a series of Sections.  Refer to Section 23 09 23 for a complete list of EMCS Sections.
This Master Specification Section contains:

.1
This Cover Sheet

.2
Data Sheet ‑ Reference Documents

.3
Specification Section Text:
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3.2
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3.5
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3.7
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1.
General
1.1
            INTENT
.1
Read this Section in conjunction with Section 23 09 23, EMCS General Requirements and other related EMCS Sections.

1.2
RELATED SECTIONS
.1
EMCS Central/Portable Controls Station and Peripherals
Section 23 09 25.

.2
EMCS Field Sensing Devices and Actuators
Section 23 09 29.

.3
EMCS Point Schedule
Section 23 09 30.

.4
EMCS Control Sequences
Section 23 09 93.

1.3
CHECKOUT/CALIBRATION  SHEETS
.1
Provide “Physical Point Checkout” sheets as follows:

.1
Basic form of sheets shall follow ordering and layout of point sheets in section 23 09 30.  
.2
Include the following information/fields:

.1
System description and mnemonic
.2
Point description and mnemonic

.3
RCU/TCU number or identifier

.4
Point Type and Specified accuracy

.5
Tagged (tick box indicating presence of properly affixed identification tag/s)

.6
Verified (tick box indicating successful end-to-end wiring check)

.7
EMCS displayed value

.8
Field measured value

.9
Calibration offset value
.10
Fail safe position (NO/NC, OFF/ON, etc.).
.11
Include following additional fields for Analog Output Device Checkout
          .1  Specified range
          .2  Actual range of device
          .3  State at EMCS output value of 0% of range

          .4  State at EMCS output value of 50% of range

          .5  State at EMCS output value of 100% of range
.12
Type, make, model, serial number and calibration certificate expiry date of each measuring instrument used
.13
Contractor’s printed name, signature and date
.14
Verifier’s signature (Province’s Representative) and date
.15
Remarks
.2
Provide “Flow Measuring Station Calibration” sheets as follows:

.1
These sheets are to be used in addition to the Physical Point Checkout sheets and shall include all EMCS analogue input devices used for flow rate measurement.  Provide a sheet for each station.  Sort sheets to follow ordering of these inputs as found on the Physical Point Checkout sheets.  

.2
Include the following information/fields:

.1
System description and mnemonic

.2
Point description and mnemonic

.3
RCU number or identifier

.4
Type, make, model, serial number and calibration certificate expiration date of each measuring instrument used

.5
Flow station type, make, model, size and serial number if available

.6
Transducer:

.1   type, make and model

.2   operating range

.3   serial number if available

.4   zeroed (tick box indicating device was checked for proper zero reading)

.7
Start and stop times of measurement sequence

.8
Media (air, water, glycol) temperature

.9
Contractor’s printed name, signature and date
.10
Verifier’s signature (Province’s Representative) and date
.11
Remarks
.3
For Air-Flow Stations:  Provide fields to record traverses according to recommendations of the 2017 A.S.H.R.A.E. Fundamentals Handbook (SI version), chapter 37 "Measurement and Instruments", page 37.18 “6.4 Measuring Flow in Ducts”.  Use the Log-Tchebycheff Rule dimensions, for both rectangular and round ducts as given in Figure 8 on page 37.19.  Include field to record atmospheric barometric pressure at time of testing.
.4
For Fluid-Flow Stations:  Provide fields to record data according to the station manufacturer’s recommended calibration procedures.  Include fields to record fluid type, density and application.
.5
Provide space for performing required calculations.  Include all flow calculation formula used as well as fields for correction factors applied.
.6
Include fields to record EMCS trend data and the calculations used in determining the average of the displayed flow rates over the duration of the tests.
.7
Provide a summary area for the calculation of a flow station calibration equation that will be entered into the EMCS database or via programming.
.3
Provide “Control Sequence Checkout Sheets” as follows:

.1
Control Sequence Checkout Sheets shall be based on control sequence specified in section 23 09 93 with further details developed during User Control Software programming stage.

            .2
Include following information/fields:

.1
Detailed description of each mechanical system, control module, loop and operating mode

.2
Alarm matrix includes all alarms from both physical point and virtual points with related alarm priority, limits and delay

.3
Verified (tick box for each module, loop, operation mode and alarm indicating successful verification)

.4
Contactor’s printed name, signature and date
.5
Verifier’s signature (Province’s Representative) and date
.6
Remarks
SPEC NOTE:  Include the following article if dynamic graphics are part of EMCS.
.4
Provide “Graphics Checkout Sheets” as follows:
             .1
The graphics Checkout Sheets are for both new and updated existing graphics. 

             .2
Include following information/fields:
.1
List of graphics with name and title

.2
Screen copy of each graphic

.3
Schematics and floor plans are accurate (Note 1)
.4
Penetration links are configured correctly (Note 1)
.5
State descriptors, numeric values and animations are mapped to correct points (Note 1)
.6
Indications of controls placed in manual are functional on graphics (Note 1)

.7
Required points from 3rd party system/equipment interface are mapped to graphics (Note 1)

.8
Alarm and fault conditions are indicated on graphics (Note 1)
.9
All required trend logs and reports are setup properly (Note 1)

.10
Contractor’s signature and date

.11
Verifier’s signature (Province’s Representative) and date

.12
Remarks

Note 1: tick box for each graphic indicating successful verification

.5
All values and calculations shall be in MKS (metric) units.
1.4
DOCUMENTATION
.1
Submit complete system documentation before start of testing, including:

.1
programmer's instruction manuals

.2
CCS/PCS operating system software manuals and original diskettes

.3
application software program manuals and original diskettes

.4
operating manuals for terminals and end devices
.5
interlock and control schematics for each system controlled, identifying each EMCS physical point by mnemonic.

.6
table of operating set points and alarm limits for each system 

.7
device calibration methods and procedures

.8
list of all physical and virtual points, with full English description of each point. This list shall also include required virtual points discovered through 3rd party interface.
.9
well documented User Control Language software with comment lines to explain control strategies.  Alternatively, written description of control strategy for each software module.

.10
backup disks for User Control Language Software

.11
blank Physical Point Checkout Sheets

.12
blank Flow Measuring Station Calibration Sheets
.13
blank Control Sequence Checkout Sheets

.14
blank Graphics Checkout Sheets

.2
After completion of calibration and testing, submit signed checkout sheets prior to Province’s verification, including:

.1
Physical Point Checkout Sheets

.2
Flow Measuring Station Calibration Sheets
.3
Control Sequence Checkout Sheets

.4
Graphics Checkout Sheets

2.
Products

Not Used

3.
Execution
3.1
             HARDWARE
.1
Verify that each hardware component has been properly installed as shown on approved shop drawing and is functioning correctly.

.2
Verify that all circuits are complete and all terminal wiring connections are tight.

.3
Electronic hardware:

.1
Start‑up electronic hardware as recommended by manufacturer.

.2
Replace defective components.

.3
Prove proper operation, use software diagnostic.

3.2
PHYSICAL POINT CHECK OUT
.1
Verify point mnemonic, hardware address, correct physical location, tagging and proper functioning of each hardware point on system.  Record verification of each point on “Physical Point Checkout” sheets.

.2
Calibrate all analogue input/output devices, actuators, transducers and sensors as recommended by manufacturer.     
.3 
Achieve end‑to‑end (between field device and actual value displayed on screen) calibration accuracy over full expected operating range as specified for each analogue point type in Section 23 09 29:

.1
Calibration may be performed on the hardware device if this feature is available, or may be entered into database/software provided correction is not greater than five (5) times specified accuracy for device.  Device must be replaced and calibrated again if correction is outside this band.  Combination coarse hardware and fine database/software calibration is allowed.

.2
Simple offset calibration is acceptable where the operating range is less than 25% of the device span.  Slope calibration is required for devices operating over larger spans.  A two-point slope calibration, where the samples are about 20% from each end of the operating range is acceptable if the resulting offset at the middle of the operating range falls within the specified accuracy.
.3
All database/software calibrations must be entered even if these fall within the specified accuracy.
.4
Document each calibration correction on "Physical Point Checkout" Sheets

.4
Check range and repeatability of each analogue output point.  Ensure tight shut-off of dampers and valves. 

SPEC NOTE:  Include the following article for retrofit contracts when pneumatic actuators are to be retained or added. 
.5
Calibrate all control valve, damper actuators and positioners. Hysteresis shall not be greater than 5% of range. Ensure:

.1
No overlap of control spring ranges.

.2
No leakage when device is closed.

.3
Fail safe operation.

SPEC NOTE:  Include the following article when Variable Air Volume Systems with Air Flow Measuring Stations are specified.
.6
Variable Air Volume systems with Air Flow Measuring stations:

.1
Statically adjust each pressure transducer to zero with both ports at ambient pressure.  Check each transducer’s span for linearity and range using an inclined manometer or a Shortridge Air Data Multi-meter in parallel with the transducer.

.2
Dynamically calibrate each Air Flow Measuring station using the procedure defined on “Flow Measuring Station Calibration” sheets.  Document the results on “Flow Measuring Station Calibration” sheets.  For air systems flowing less than 5000 l/s, it is acceptable to use two calibration points at 60% and 85% vane/speed position.  For small air systems flowing less than 2000 l/s, it is acceptable to use a single calibration point at 75% vane/speed position.

.3
If, at any flow setting, the EMCS displayed flow rate differs by more than 5% from the measured flow rate, add an air flow measuring station calibration correction  equation to the controls software or point database.  The equation must go through the origin.  Any zero offset usually corresponds to an improper zeroing of the velocity pressure transducer.  A linear equation that provides a simple slope  correction to achieve final accuracy to better than 5% is preferred.

.7
Record deficiencies and outstanding test items.
3.3
CONTROL SEQUENCE CHECKOUT
.1
Control Sequence Checkout shall follow completion of Physical Point Checkout.
.2
Test Custom Control Language Software operation, start up and shut down sequences, software interlocks, fail safe, emergency shut down and alarms strategies in accordance with the requirement of section 23 09 93.
.3
Test to ensure interfaces to other system and equipment supplied under Division 25 and 26 are complete.
.4
Check operation of system under failure modes:

.1
Power failure
.2
Network failure
.3
CCS failure

.4
Sensor failure
.5
Fail safe mode for all valves, dampers and equipment

.6
Fail safe and emergency mode for systems

.5
Test Dial-out Alarm and Watch-Dog Timer

.1
Verify watch-dog timer operation by creating a power failure condition in the controller containing the watch-dog timer output point.
.2
Verify end to end operation of each dial-out alarm by creating alarm condition specified under 23 09 93 “Critical Dail-out Alarms”.

 .6
Record deficiencies and outstanding test items.
SPEC NOTE:  Include the following article if dynamic graphics are part of EMCS.
3.4
GRAPHICS CHECKOUT
 .1
Verify proper operation of dynamic graphics:

.1
Proper identification of system and points on screen
.2
Data refresh period
.3
Dynamic valve/damper actuators displayed on screen.

.4
Reaction to alarms
.5
Trend logs and reports
.2
Record deficiencies and outstanding test items:

3.5
TRIAL USE

SPEC NOTE:  Edit the number of days specified in items 3.3.1 and 3.3.3 to reflect the requirements for the project.  As a guideline allow (1 + (# points / 40) as the number of days for 3.3.3  if  contractor assistance is required to commission the EMCS.
.1
[Fifteen] days before Interim Acceptance of the Work provide the Province with full access to EMCS for Province's trial use of system.

.2
Trial use is to determine EMCS's compliance with Specifications, and to permit Province to verify installation and accuracy of calibration of all physical points connected to EMCS.

.3
Provide a qualified EMCS representative for [five] days on-site to assist with the Province's trial use of system.  NOTE:  Contractor correction and repair of deficiencies does not constitute verification.  Time taken for this corrective work shall not be counted towards the specified period of on site assistance.
3.6
PROVINCE'S VERIFICATION
.1
Province’s representative will review testing and calibration reports and determine the readiness of system for Province’s verification.
.2
All required trend logs and screen graphics shall be complete and fully functional prior to Province’s Verification.

.3
The Province's verification will be carried out during the Province's trial usage of the system. 
.4
Provide manpower and equipment to demonstrate following system components to Province’s representative during verification.
.1
Hardware

.2
Physical Point Verification

.3
Control Sequence Verification

.4
Dynamic graphics including all application software function specified in section 23 09 25
SPEC NOTE:  When necessary, please specify following remote access for Facilitate the Province’s verification.
.5
Provide EMCS remote access to Province’s representative for verification. 

3.7
REVIEW OF DEFICIENCIES BEFORE INTERIM ACCEPTANCE
.1
Review all deficiencies and agree upon a deficiency list with the Province, before Interim Acceptance of the Work.
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