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INPUT/OUTPUT SUMMARY TABLE - AIR HANDLING UNITS AND RETURN FANS
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[NOTES' 1. TENPERATURE SENSOR SHALL BE AVERAGNG SERPENTINE ELENENT TYPE (17-0° MIN LENGTH).
2. INPUTS, OUPUTS, AND/OR FEATURES NOT LISTED IN THE TAELE, BUT REQUIRED TO ACCOMPUISH THE SEQUENGE OF OPERATION ON THIS DRAWING SHALL BE PROVIDED

>

o

D.

AIR HANDLING UNIT SUPPLY AND RETURN AIR SYSTEMS
SEQUENCE OF OPERATION — AIR HANDLING UNITS
AHU-1, 2, 3, 4 & 5 AND RETURN FANS RF—-1, 2, 3. 4 & 5

GENERAL

1

2.

THE SEQUENCE LISTED BELOW APPLIES TO EACH AIR HANDLNG UNIT (AHU-1, 2, 3, 4 & 5). NHERE A REFERENCE IS MADE TO A COMPONENT IN AHU-1 IT SHALL BE WPLIED THAT IT APPLES TO
THE CORRESPONDING CCMPONENT IN ALL OTHER AR HANDLING UNITS

THE UNIT SHALL BE ENABLED AND DISABLED FROM A DIRECT DIGITAL CONTROL PANEL LOCATED IN THE PENTHDUSE. THE UNIT SHALL TYPIGALLY RUN CONTNUQUSLY. ALL CONTROL FUNCTIONS
SHALL BE AGCOMPLISHED THROUGH THE NEW DIRECT DIGTAL CONTROL SYSTEN.

DISABLED MODE

1

WHEN THE UNIT IS DISABLED SUPPLY FAN (SF-1) SHALL BE OFF AND RETURN FAN (RF-1) SHALL BE OFF. ALL OF THE ASSOCIATED SUPPLY SMOKE DAMPERS AND RETURN AIR SMOKE DAMPERS
SHALL BE CLOSED. THE RELIEF AR DAWPER (ACD-1), RETURN AR DAUPER (ACD-2), ECONOMIZER DAMPERS (ACD-3), AND MNWUM OUTDGOR AR DANPER (ACD-4) SHALL BE CLOSED. NODULATNG
HUMDIFIER VALVE (CV-3) SHALL BE CLOSED. CHILLED WATER CONTROL VALVE (CV-1) SHALL BE CLOSED. STEAM PRE-HEAT COIL CONTROL VALVE (CV-2) SHALL BE CLOSED.

NORMAL DPERATING MODE AHU'S-1, 2, 3, 4 & §

1.

2.

3.

4.

5.

10.

1.

WHEN THE UNT IS ENABLED, ALL OF THE ASSOCIATED DUCT MOUNTED SUPPLY AND RETURN SHOKE DANPERS (SD-1 AND SD-2/SD-T2), RETURN AR DAWPER (AZD-2), AND MNWUM OUTOOOR AR
DAMPER (ACD-4) SHALL OPEN. AFTER A 60 SECOND TINE DELAY AND SUPPLY AND RETURN AR SMOKE DAMPERS HAVE PROVEN OPEN VIA THER END SWITCHES, SUPPLY FAN (SF-1) AND
RETURN FAN (RF-1) SHALL START AND THER RESPECTVE VARIBLE FREQUBNCY DRIVES SHALL RANP UP THE SPEED OF THE FANS AT A RATE NO CREATER HAN 0.5 HERTZ PER SECOND
(ADJUSTABLE THROUGH SOFTWARE) THE FANS SHALL THEN BE PLACED UNDER SUPPLY STATIC PRESSURE/RETURN CPM CONTROL. THE SPEED OF SUPPLY FAN (SF-1) SHALL BE MODULATED TO
MANTAN STATC PRESSLURE SETPONT FOR DUCT STATIC PRESSURE SENSOR T SETPONT SHALL BE DETERMNED DURNG THE TESTNG AND BALANCNG PHASE (NITIAL SETPONT SHALL
BE 1.07 W.C. UNTIL A FINAL VALUE IS DETERMINED THROUGH TESTING AND BALANCING).

THE RETURN FAN SPEED SHALL BE WODULATED T0 TRACK SUPPLY ARFLOW AS SENSED BY ARFLOW WEASURING STATIONS (AFS-1B & 1) (SUPPLY) AND (AFS-TRA) (RETURN). THE DOC SYSTEM
SHALL NONITOR SUPPLY CFM AS SENSED BY SUMMING (AFS-1B & AND CALCULATE A RETURN AIRFLOW SETPOINT BY SUBTRACTING A FIXED OFFSET AND SCALING THE RESULT BY A FIXED
ADJUSTABLE PERCENTAGE FOR PRESSURIZATION. THE FIXED ADJUSTABLE PERCENTAGE SHALL BE INITIALLY SET AT 85% THE INITIAL RETURN FAN SETPOINTS FOR THE AR HANDLERS UNDER THIS
PROIECT ARE SHONN O THE TAGLE BELOW AND SHOLLD BE VERFIED BY THE PROJECT BALANCING CONTRACTOR. THE SUPPLY AND RETURN AR CONECTED CAVS SHALL BE DETERMNED BY THE
BALANCER THROUGH INSPECTION OF THE CONSTRUCTION DOCUMENTS PER SPECFICATION SECTION 598D, THE CALCULATED RETURN AR SETPONT SHALL BE NANTANED BY NODULATNG THE
SPEED OF RETURN AIR FAN (RF-1) VIA ITS VARIABLE FREQUENCY DRIVE TO SATISFY THE RETURN AIRFLOW SETPOINT AS SENSED BY AIRFLOW STATION (AFS-1i THE FAN SPEED SHALL
INCREASE ON A DROP IN ARFLOW BELOW SETPOINT AND SHALL DECREASE ON A RISE IN ARFLOW AB0VE SETPONT

RETURN FAN SETPOINT CALCULATIONS AND SETPOINTS
AHU | CONNECTED SUPPLY | CONNECTED RETURN FIXED OFFSET
FAN CFM FAN CFM SUP - RET

RETURN FAN
SETPOINT

HU-3 I
HU=4
A5 |

NOTE: VALUES LISTED ON THIS TABLE ARE FOR CURRENT DESIGN AND WILL CHANGE IN THE FUTURE.

ONGE SUPPLY FAN (SF-1) AND RETURN FAN (RF-100) HAVE STARTED, MNMUM QUTOODR AR DAMPER (AGD-4) SHALL OPEN AND MODULATE TO NANTAN THE MNNUM OUTDOOR ARFLOW
SETPOINT (45 SENSED BY ARFLOW NEASURING STATION (AFS-1A}) BY NODULATNG THE MNMUN OUTDOOR AR DAVPER (ACD-4) OPEN ON A DROP IN ARFLOW AND CLOSED ON A RISE IN
ARFLOV.

M RELEF DAWPER (ACD-1) SHALL BE MODULATED TO RELIEVE EXCESS RETURN AR NOT REQURED BY THE AR HANDLNG UNIT. RETURN PLENUN STATIC PRESSURE (AS SENSED BY SP-4)
SHALL BE MANTANED AT 015" WO (ADAUSTABLE) BY NODULATNG RELEF AR DAWPER (ACD-T) OPEN ON A RISE IN PRESSURE AND CLOSED ON A DROP IN PRESSURE BELOW THE STATIC
PRESSURE SETPOINT.

THE AR HANDLNG UNT SHALL B PROVIDED WIH AN ECONOMIZER CONTROL CYCLE THS MODE OF OPERATION SHALL BE ENABLED WHENEVER THE QUTOOOR AR ENTHALPY IS LONER THAN THE
RETURN AR ENTHALPY. IN ECCNOMZER WODE, THE MN OA DAMPER SHALL WODULATE BETWEEN 1S AN, OA SETPGNT AND TS WAX OPEN POSTION TO WANTAN THE SUPPLY DISCHARGE AR
TEMPERATLRE SETPONT. WHEN THE N OA DAVPER 1S 100X QPEN AND THE SUPPLY AR DISCHARGE TENPERATURE RISES ABDVE SETPONT THE 0DC CONTROLLER SHALL KEEP THE NN 04
DAMPER 100% OPEN AND MODULATE ECONOMIZER DAMPER #1 (ACD-: uyv OPEN BETWEEN 0% AND 100% WHILE MODULATNG THE RETURN AIR DAMPER (ACD-2) CLOSED BEWTEEN 0% AND 50%

o z>
DISCHIRGE TEPERATURE SETPONT ECONOMIZER DAWPER (ACD-38) SHALL NODULATE CLOSED AND RETURN AR DANPER (ACD—2) SHALL WODULATE OPEN 50%, FOLLONED BY DAVPER ACD—3A
MODULATING CLOSED AND RETURN AR DAMPER (ACD~2) MODULATING TO FULLY OPEN AS REQURED TO MANTAN SETPOINT. UPON A FURTHER DROP IN DISCHARGE AR TEMPERATURE THE MIN OA
DAMPER SHALL MODULATE DOWN TO ITS MIN OA CONTROL SETPOINT.

WHEN THE SUPPLY AR TEMPERATURE EXCEEDS SETPOINT BY 2'F FOR 5 MINUTES (ADJ.) AND OUTDOOR AIR ECONOMIZER DAMPERS (ACD-3A AND ACD-3B) ARE AT THER FULLY OPEN POSITIONS,
MECHANCAL COOLIG SHALL BE MODULATED ON 10 SLPPLENENT THE ECONOUIZER. CHLLED WATER VALVE (GV-1) SHALL BE WODULATED OPEN 10 MANTAIN SUPPLY AR TENPERATLRE SETPONT
AS SENSED BY (T-

WHEN THE OUTDOOR AIR ENTHALPY AS SENSED BY TEMPERATURE SENSOR (T-1) AND HUMDITY SENSOR (H-1) EXCEEDS RETURN AR ENTHALPY (CALCULATED FROM RETURN AR TENPERATURE AND
HUMDITY SENSORS (T-4 AND H-2)), THE ECONOIZER GYCLE SHALL BE LOCKED OUT. EGONOWIZER DAWPERS (ACD-34 AND ACD-3E) SHALL CLOSE CONPLETELY, RETURN AR DANPER (ACD-2)
SHALL OPEN COMPLETELY, AND NI OA DAVPER. ACD-4 SHALL RETURN T0 WANTAI ITS NNMUM ARFLOW SETPONT

WHEN THE ECONOMZER CYCLE IS LOCKED OUT, CHILED WATER COIL VALVE (CV-1) SHALL MCDULATE TO NANTAN SUPPLY AR DISCHARGE TEMPERATURE AS SENSED BY TENPERATURE SENSOR
(-3

VHEN THE SUPPLY AR TENPERATLRE DROPS BELOW SETPONT BY 2F FOR 5 MNUTES (ADA) THE HEATNG CYCLE SHALL INTIATE. CONTROL VALVE (CY-2) SHALL NODULATE To NANTAN SUPPLY
AIR TEMPERATURE SETPOINT AS SENSED BY TEMPERATURE SENSOR (T-3).

UPDN A DROP IN RETURN AR RELATVE HUMDITY BELOW 30% (ADJUSTABLE) AS SENSED BY RETURN AR HUMDITY SENSOR (4-2), STEAN HUMDFER CONTROL VALVE (CV-3) SHALL NODULATE
OPEN TO MAINTAIN RETURN AIR HUMIDITY SETPOINT. MINIMUN QUTDOOR Al FLOW STATION (AFS-1A) SHALL BE USED TO VERIFY AIRFLOW ABOVE A PRESET MINMUM AND DISABLE THE OUTPUT
SENAL TO HODULATNG CONTROL VALVE (Y-3) WHENEVER ARFLOW DROPS BELON 25% OF THE TOTAL AS SENSED BY (AFS-18 & 1C). NAXNUN SUPPLY DUCT HUMDITY SHALL  BE MANTANED
AT 85% RH AS SENSED BY SUPPLY DUCT HUMIDITY SENSOR (H-3).

THE DDC SYSTEM SHALL CONTINUOUSLY MONITOR THE POSITION GF AL VAV TERMNAL DAMPER POSITIONS AND HOT WATER REHEAT VALVES IN ZONES ASSOCIATED WITH THER RESPECTME AR
HANDLING UNIT. THE CONTROL SYSTEM SHALL USE THIS INFGRMATION TO RESET SUPPLY AIR TEMPERATURE BETWEEN A MINMUM OF S0'F AND A MAXMUN OF B5F, AND TD RESET SUPPLY
STATIC PRESSURE SETPOINT. WHEN ALL HOT WATER CONTROL VALVES ARE AT LEAST PARTIALLY OPEN, THE DDC SYSTEM SHALL RESET SUPPLY AR TEMPERATURE LPWARD 5F EVERY 20 MNUTES
(ADJ). F ALL VAV TERMINAL DANPERS ARE AT LEAST PARTIALLY CLOSED, THE SUPPLY AR STATIC PRESSURE SHALL BE RESET DOWNWARD 0.1" W.G. EVERY FIVE NINUTES. IF ONE VAV
TERMNAL DAVPER IS OPEN FULLY AND IS CALUNG FOR FURTHER COOUING, THE SUPPLY AR STATIC PRESSURE SETPONT SHALL BE RESET UPHARD T0 ITS DESICN VALUE. F THE STATIC
PRESSURE SETPONT REACHES ITS DESIGN VALUE AND A TERMINAL IS STILL CALLING FOR ADDITIONAL COOLING, THE SUPPLY AR TEMPERATURE SHALL BE RESET BACK DOWNWARD T0 TS DESIGN
VALUE AT THE SANE RATE IT WAS RESET UPWARD.

EMERGENCY POWER OPERATING MQDE

1.

(AHU-1, 2,3, 4 & 5)

UPON A LOSS OF "NORMAL" POWER, THE AIR HANOLING UNIT SHALL RETURN TO DISABLED MODE AS QUTLINED ABOVE. THE CONTROL SYSTEM SHALL ENGAGE A S MINUTE "LOCKOUT" OF EACH
AR HANDUNG UNIT. AFTER THE 5 MNUTE LOCKOUT HAS EXPIRED, THE UNIT SHALL START UNDER THE SEQUENCE OUTLINED IN "NORMAL OPERATING WCDE. THE LOCKOUT SEQUENCE SHALL
START AHU-1 FIRST,AND AHU-2 SECOND WITH A 2 MINUTE DELAY BETWEEN THE STARTING OF EACH AHU, ETC.. THE RUNNING UNITS SHALL REMAN UNDER STATIC PRESSURE/DISCHARGE AR
TEWPERATURE CONTROL AS DUTUNED ABOVE.

E. SAFETIES AND ALARMS

1

o
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o

&

FREEZE PROTECTION
. THREE AVERAGING TYPE TEWPERATURE SENSORS (5,6, AND 7) LOATED LPSTREAN OF THE CHLLED WATER COL AND SERPENTNED FOR WAXMUN COL COVERAGE SHALL SIONAL THE 00C
SYSTEN TO EXECUTE THE FREEZE PROTECTON SERUENGE. UPON ANY SENSOR SENSING A TEPERATURE BELOW 38T THE DO SYSTEM SHALL COMNAND THE ECONONIZER AR DANPERS T0
CLOSE. F AFTER A 60 SECOND TE DELAY ANY TEMPERATURE SENSOR (T-556, O 7) CONTNUES T0 SENSE A TEWPERATURE BELOW 3BT THE PREFEAT

CONDTION S STILL PRESENT THE AR HANDLER SHALL BE COUMANDED T0 DISABLED MODE AS OUTLNED ABOVE. I FIVE NINVTES AFTER THE DISCHARGE AIR TEMPERATURE IS RESET THE
FREEZE CONDIION 15 NO LONGER: SENSED THE UNIT SHALL'BE PLACED BACK INTO NORWAL OPERATING MODE.

b UPON ACTIVATION OF THE FREEZE PROTECTION SEQUENCE, AN ALARN SHALL BE INITATED AT THE DOC CENTRAL COMPUTER AND AT THE LOCAL CONTROL PAREL. N ADDITION, AN AUDIBLE
ALARM SHALL BE SOUNDED IN THE PENTHOUSE.

UNIT MQUNTED SUPPLY AND DUCT MOUNTED RETURN SMOKE DETECTORS

. UPON ACTIVATION OF ANY DUCT MOUNTED SUPPLY QR RETURN AR SHOKE DETECTORS, THE UNIT SHALL BE COMMANDED INTO DISABLED MODE AS OUTLINED ABOVE. FRE ALARM
SYSTEM SHALL BE WRED DRECTLY 10 FAN START CRCUITS.  DDC SHALL NONITOR THE STATUS OF EACH SNOKE DETECTOR AND ISSUE ALARNS AS DESCRBED BELOW.

b UPON ACTIVATION OF ANY DUCT OR UNIT MOUNTED SMOKE DETECTOR, AN ALARM SHALL BE INTIATED AT THE DOC CENTRAL CONPUTER AND AT THE LOCAL CONTROL PANEL. SNOKE
DETECTORS SHALL BE FURNISHED BY DIV. 13, INSTALLED N THE DUCTWORK HERE INDICATED UNDER DIVSION 15, WRED TO THE CONTROL SYSTEM BY THE ATC CONTRACTOR. AND WIRED TO
THE FIRE ALARM SYSTEN BY DIV, 13.

. FOLLOWING A SAFETY SHUT-DONN MODE OF OPERATION, A MANUALLY INIATED RESTART COMMAND SHALL RESTART THE SYSTEN AS PREVIDUSLY OUTUNED
UNDER "ENABLE”

FILTER MONITORING AND ALARM (PF-1 & FF-1)

. THE CONTROL SYSTEN SHALL NONITOR THE DIFFERENTIAL PRESSURE ACROSS THE PREFLTERS (PF-1). ANYTME THE PREFLTER DIFFERENTIAL PRESSURE SENSOR (DP-3) NEASIRES CREATER
THAN 0.757 W.C. FOR A PERIOD OF 15 MINUTES, AN ALARM SHALL BE INIIATED.

b THE CONTROL SYSTEM SHALL NONITOR THE DIFFERENTIAL PRESSURE ACROSS THE FINAL FILTERS ANYTWE THE FINAL FILTER DFFFERENTIAL PRESSURE SENSOR
(DP-4) MEASURES GREATER THAN 15" W.C. FOR A PERIOD OF 15 MNUTES, AN ALARM SHALL BE INIATED.

HIGH STATIC PRESSURE ALARMS

A SUPPLY DUCT STATIC PRESSURE SENSOR (SP-2) SHALL PLACE AHL-i
PRESSURE SENSOR (SP-3) SHALL SHUT DOWN RETURN FAN (RF-

DISABLED WODE WHEN DUCT STATIC PRESSURE EXCEEDS 67 WG POSITVE PRESSURE. RETURN DUCT STATIC
N RETURN DUCT NEGATVE STATIC PRESSURE EXCEEDS 4 G,

B. WHEN SUPPLY OR RETURN FANS ARE SHUT DOWN ON HIGH OR LOW STATIC PRESSURE SAFETIES, AN ALARM SHALL BE INITIATED AT THE GENTRAL DDC COMPUTER AND AT THE LOCAL
CONTROL PANEL. IN ADDITION, AN AUDBLE ALARM SHALL BE NITIATED IN THE PENTHOUSE.

SUPPLY AND RETURN FAN MONITORING AND ALARM (SF-1, RF-1)

A THE CONTROL SYSTEM SHALL NONTOR THE STATUS OF THE SUPPLY AND RETURN FANS VIA THE RESPECTIVE DIFERENTIAL PRESSURE SENSORS (DP-1 & 0P-2). F ANYTIME THE SUPPLY OR
RETURN FANS ARE "ENABLED" AND AFTER A 20 SECOND DELAY THE CONTROL SYSTEN SENSES NO DFFERENTIAL PRESSURE ACROSS THE FAN, AN ALARN SHALL BE INTIATED.

DISCHARGE AR TEMPERATURE MONITORING AND ALARM (T-3)

A THE DC CONTROL SYSTEM SHALL NONTOR THE DISCHARGE AR TENPERATURE VIA A TEMPERATLRE | SENSOR (1-3) LOCTED IN THE SUPPLY DUCT. IF THE DISCHARGE AR TEPERATIRE
DEVATES NORE THAN ST ABOVE OR BELOW SETPOINT FOR A PERICD OF 5 MNUTES WHILE THE UNIT IS GPERATIG, AN ALARN SHALL BE INTATED AND A NESSAGE SHALL APPEAR AT THE
00C QPERATOR WORKSTATION.

General Notes:
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