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HEAT PUMP CONNECTION DIAGRAM
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Model CS 2000

ENERGY MONITOR CONTROLLER
Technical Reference Manual

Model CS 2000
Commercial Applications Mode!l

HOW TO USE THIS MANUAL

This manua! provides instructions for installing, testing, and troubleshooting the CS 2000 energy monitor controller,
Read these instructions carefully before beginning the instatiation.

Preface Sections briefly describe CS 2000's features and characteristics including basic operation and
intraduction leamning functions. Rules are described that govern CS 2000's learning feature. This information
Theory of Operation familiarizes instaillars, specifiars, anginears, and end users with CS 2000.

Function Switches Deataiied description of CS 2000's selectable operating modes. This information explains to field

installers how to properly set up CS 2000's function parameters.

Temperature Switchas How to select setup and setback temperatures as well as operation of night setback/setup, adaptive
treeze protection, and temperature clamp.

instaliation Howto mount and wire CS 200010 HVAC system. Input/output terminals are described. Precautions
are stated.

Testing Step-by-stap instructions on how to test 2 GS 2000 installation.

Appendix A: Precondtion How and whare o use the precondition featura.

Appendix B: Loads How to connect CS 2000 to external relays and contactors for controlling ioads greater than 24 VAG

or 1 Amp. Needed for water heater, ighting, and other applications.

Appendix C: Heat Pumps How to connect C3 2000 for economic control of second-stage heat.

Appaendix D: Abbreviations | Quick rafarenca for abbraviations and acronyms used in the manual,

Appendix E: Forms (1) GS 2000 installation QA, (2) quick reference for installers, and (3) customer survay, Y
' B
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SPECIFICATIONS
Modeil CS 2000

INPUTS FEATURES
POWET oo 10-24 VDC or VAC (< 100 ma) Motion SeNSOr ......ooiiecvirernean. Internal long-range PIR
Internally Fused Temp. Sensor .......ccccvvvveeenee Intemnal high rel. thermistor
Precondtion (power fail) ....c.ccccovcvmviiinennn. Contact closure LEAMING oo Daily and weekly schedule
1572703 SOOI reeeraesains Contact closure Optimal StEA-UP oo First moming wake-up
REMOtE it esee s rae s enenaen Contact closure HVAC Systems ................. Heat pump& Air Conditioner
OUTPUTS Equipment.................. Lighting, water heater, appliances
HVAC Relay (PIOt) it ":‘FDW;CAE; \;fai ACCess MOdes .......cocevcennen With or w/o door switches
Auxiliary Relay (POt we.vvverveeenrereeesosoenn, Form C, 24 VAC Setback temperatures ........covevcrveeececeee e 48-68° F
1 Amp max Setup temperatures ..........ccocrvcerreenvveseeceenvenens 78-80° F
Security Relay (eed) ... vrrersere Fo?fAri; Ynﬁ;?: Demand Delay .......cccceveeeeennn Random time after start-up
Fault Relay (feed) ... vmmmmmmmnrr e ereereeeens Form A, 24 VAC Recovery rates ........cocvovveecevimecnnnn, Economy or comtfort
01 Amp max Search times ......coooeceeeervnreceeeeenen 5, 30, or 60 minutes
INSTALLER INTERFACE Adaptive Freeze Protection ........................ 48 and 54° F
Function Selection...................... 10 PCB DIP switches External preconition ...........ccoeeceereeesiersiessneensen 3 hours
Temperature Set POIftS ............ 10 PCB DIP switches Temperature Clamps .........ocececcceeneerennnes 67 and 78° F
INGICAION ..o e Si0GlE LED Short Cycle ProteGtion ...........o..... 3 min. off (minimum)
PHYSICAL CHARACTERISTICS HVAC problem detection .............ccc...... Temp. threshold
Operating TEMPETAIUTE -...cvesvsvrescr v i_got?; gg"cl; Security output ... Based on motion detection
CASE ooreeereeeeeseereseceeeeeereeseeseeseee 2 piece, 4x 7.5 x 21n., Computer watchdog Mer ... ... Auto restart
High impact ABS, U L. fisted HVAC High-temperature shutdown ...................... 122° F
COIOT vttt sae e e s ee Off White Manual overtide oo Resets after 24 hours
TOMMMUARIS oo 12:22 AWG, #3 screw Power {ail Sense ...........cccveevceeceneecnes Detects AC outage
LT, (1051 {137 SOOI 4 screws Maid CONrol oo . 2nd set of temps for sleep
ii CS 2000
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PREFACE

Before CS 2000, Energy Monitor Systems (EMS) operated on either a fixed time schedule or an
occupancy regulated principle. Each approach has its benefit, but each aiso has its limitations. The CS
2010 has changed that by combining time-and occupancy-based operation with learning software. This
J approach creates an energy management system that takes the best of both principles and makes
it automatic. See the comparison below.

Learning of None Nane Yes - Learns and constantly
arrival adapts 1o area's arrival schedule
schedules
Anticipation. - ‘Yes - fixed scheduteonly - -~ - Nome - works at arrival time Yes - learns daily schedule and
of arrival only prepares for arrival. Starts
HVAC in advance of personnel
arrival.
Flexibiilty to Poor - intolerant to schedule N/A - no time base to retain Excsllent - responsiveness like
variation in varniation, problem since pecple fixed scheduie occupancy-based system but
occupancy seikdom adhere to rigid schedule with anticipation that is updated
schedule from daily patterns
Usar interac- Poor - requires reprogramming Good - generally no user Excellant - self adapting, no
tion as schedules change, bypass interaction needed user interaction whatsoever
) needed for unscheduled events
sunomy of Medium - may occasionally heat High - since HVAC use is on Very High - stops waste in
operation an uncccupied space leaving demand only unoccupied areas plus allows
HVAC to waste energy deeper setback (setup) because
of anticipation feature
Comfort Medium - people working after Low - people arriving on the High - occupants arrive to a
offered to hours may find themsaslves in an premises may find it comfortable fiving environment
occupants uncomfortable environment uncomicrtabie untii the and normal temperature is
HVAC restores normal maintained as long as area is
temperature occupied.
Difficulty of CompleXx - estabiishing fixed Simpie - search times and Simple - search times and
programming schedule and temperatures for setup/setback temperatures satup/setback temperatures plus
HVAC requires detailed proce- only options if desired. No repro-
dure gramming needed.
Maimenance High - timers must be adjusted Medium - setback must be None - compietely self adjusting
for time change and sometimes occasionally readjusted with no need for seasonal
at season change since system has no adjustments
anticipation

Cs 2000's learning capability, occupancy detection, and self-adjusting time-base provides a high degree
of comfort and energy savings. Such efiectiveness is not achievable by timers or occupancy detectors
alone.

y CS 2000



1. INTRODUCTION

The CS 2000 is an energy monitor system for commercial environments that turns off the heaiws’
ventilating, and air-conditioning (HVAC) unit when the room is unoccupied. This interruption of HVAC
operation reduces the use of electrical energy for heating or cooling. The CS 2000 senses the presence
of humans by infrared motion detection, which emits no energy or radiation into the room. It is therefore
harmless to humans, animais, and piants. The CS 2000 operates as a stand-aione controller in a
commercial environment. Usually, one CS 2000 controller connects to each HVAC unit.

The CS 2000 incorporates innovative micro-processor technology. Its unique features increase energy
savings without disturbing occupant comfort. The CS 2000's features are switch selectabie., this flexibifity .
enables tailoring of each CS 2000 to a faciiity’s energy. management strategy.

The CS 2000 senses occupancy and occupancy patterns, and measures room temperature and rates of
temperature rise and fail. Based onthese data, CS 2000 controisthe HVAC system’s operation as needed
by interrupting existing low-voltage wiring to the thermostat. The CS 2000’s control-relay contacts
connect in series with the main (red) wire to the thermostat. When CS 2000 takes controi for energy
savings, itopens the thermostat circuit. This action is the same as reducing the thermostat’s temperature
sefting (or increasing for the cooling season). During unoccupied periods, CS 2000 operates the HVAC
unit only as needed to maintain temperature at an energy-saving level.

The CS 2000 can operate in installations that do not permit direct access to the thermostat. This wor
be true for a thermostat enclosed within a through-the-wall HVAC unit. For this situation, CS 2000 i’
an external power relay that interrupts line current to the HVAC unit. System operation is the same
whether CS 2000 controis low voltage to the thermostat or main power to the unit.

Please read this manual thoroughly to acquaint yourself with the CS 2000’s {eatures, installation
procedures, and requirements. As a complementto the full manual, a two-page summary of CS 2000’s
switch settings, wiring terminals, and test procedures is provided in Appendix E.

2. THEORY OF OPERATION

2.1 BASIC CS 2000 OPERATION

The most often used mode is limited access, which works like this: Regardless of previous state, opening
an entry/exit door causes CS 2000 to give control of the HVAC system to the room thermostat. The CS
2000 then starts a search for occupancy through its built-in passive infrared motion detector (PIR). Once
the area becomes occupied, CS 2000 retumns control of the HVAC system to the thermostat. If the sear
fails to confirm occupancy, CS 2000 regains control to resume e a setback or setup condition. A seconc
mode of operation (unlimited access) may be selected that bases setback on motion only (no door
switehes).

CS 2000 Page 1



The CS 2000 measures room termperature through its built-in thermistor during unoccupied periods. As
the room temperature drops below or rises above the preset temperatures, CS 2000 returns controi to the
réom thermostat, which turns on the HVAC. As room temperature reaches the preset temperature, CS
2p0N again takes control, thus disconnecting the thermostat. Typical operation of a CS 2000 controller
¢ arsin Table 1.

Table 1 Typical Operating Sequence of the Unlimited Access Mode.

Entering area HVAC controi contacts to HVAC operates as long as movement is detected every 30 or 60
thermostat closs. Area minutes (DIP switch selectable)
occupied contacts ciose :

Area occupied PIR bianks for 2.5 seconds. Person search timer starts.

Walks across PiR detection | Security relay contacts close | CS 2000 detects person and confirms area occupied. Search timer

zone momentarily. stops. 24-hour timer slarts.
Remains in area No further change in status unfess night setback begins, or 24
hours slapse without movement.
Closes door, leaving area PIR bianks for 2.5 seconds after door closes. Person search timer
unoccupied starts
HVAC control contacts to Search time elapses — no one found

thermostat open. Area
occupied contacts open

HVAC contacts to thermostat | Time passes. Room temperature drops 2 °F below CS 2000's

close setback switch setting.

HVAC contacts to thermostat | Room temperature rises 2 °F above setback detting due to
open operation of HVAC unit.

Normal setback/setup Setback cycling continues as needed until door opens or two
opaeration motion events occur in field of view.

2.2 LEARNING OCCUPANCY PATTERNS

CS 2000’s unique software learns and records each day’s occupancy patterns as observed through door
sensors and built-in motion sensor. This allows the HVAC system to restore normal room temperature
before occupant's moming arrival. The CS 2000is specifi cally designed for the occupancy patterns found
in commercial and school environments.

2.2.1 First Arrival Learning
The first morning's arrival after an unoccupied evening cancels the setback (or setup) mode. The CS2000
records the arrival time and averages it with the previous time one week earlier.

T:  aoccupied night cycle must last at least seven continuous hours. Motion detected before completion
ora 7-hour night-cycle is considered invalid and is not registered. ThIS prevents confusing an extended
unoceupied day period with a business closed for the night.

Page 2 ' CS 2000



The CS2000 records occupant arrival times for seven days in succession. For each morning, the
measured arrival time is averaged with the recorded time from the previous week. The average of *~2
current and previous times is set aside for use the same day in the coming week (see equation bel g/

next week's ‘
expected — today's actual this week's
arrival time - amival time + expected time
2

By updating the arrival time in this way, theCS 2000 always makes a reasonably accurate prediction of
the arrival time for each new day. The CS 2000 permits a-different arrival time for each of seven days.

A grace period of four hours is permitted before and after the expected arrival time. As long as the new
arrivaltime is within the grace period, averaging occurs. Otherwise, the CS 2000 considersthe new arrival
time out-of-range and uses the previous time without averaging.for.the.next week. If personne! arrive
outside the permitted grace period for the same day of the week two weeks in succession, CS 2000 drops
the old arrival time and registers the new one, without averaging. This feature allows the CS 2000 to
conform to schedule changes. (1) Minor schedule changes are followed by averaging daily arrivai times
on a weekly basis. (2) Major schedule shifts are accommodated by compiete releaming on the third week.

2.2.2. Response to Power-up

The user does not set CS 2000’s internal clock. Rather, the CS 2000 sets its own clock by observing
occupant behavior. After applying power, CS 2000’s internal seven-day clock remains inactive until *
first morning occupants arrive. This is the initial synchronizing point. For the first week after synchrows’
zation, that first morning’s arrival time is used for each subsequent day of the week. In the following
weeks, new arrival times are averaged with the previous week'’s values.

NOTE: The CS 2000 returns total HVAC controtl to the room thermostat after a power
outage. Only after synchronization does energy saving operation begin. Then CS 2000 must
relearn the actual schedule.

Loss of schedule does not create an uncomfortable environment. However, energy savings may not be
realized until synchronization occurs. To prevent loss of schedule, a battery-back power supply may be
used to supply 12 VDC to the CS 2000. See Sections 3.6 and 5.5 for connection of battery supply.

2.2.3 Optimal Start-up

The CS 2000 startsthe HVAC in advance of arriving personnelto create a comfortabie environment. Start-
up times can range be as short as 6 minutes or as long as 8 hours. The warming (or cooling) pericd
depends on outside temperature, room temperature, and the HVAC system'’s performance. The CS 2000
conducts performance checks during setback (setup) operation. These checks include season identifi-
cation, HVAC performance measurement, and room heat-loss calculation. These performance data
allow calculation ofthe best time to startthe HVAC system. Mild weather conditions may not require HVAC
operation to meet setback temperature. Under such mild conditions, the CS 2000 operates the HV/

-

system for a short period to get necessary performance data for calcuiation of the optimal start time.

CS 2000 Page 3



2.2.4. Weekends and Vacations

The CS 2000 learns the days for which it should not expect personnel arrival. It identifies weekends by
observing that the same day of the week for two weeks in succession is not occupied. On weekends, the
c 00 will not preheat (or cool} before arrival. However, the CS 2000 will relearn the weekend schedule
afte, two weeks, if the schedule changes so the area becomes occupied on those days.

The CS 2000 recognizes when a business is closed for vacation by noting that three successive (normally
occupied) days have passed without the area being occupied. Afterthe third day, anticipation stops. The
CS 2000 recalls the oid schedule and normal operation resumes when the area becomes re-occupied.

Page 4 CS 2000



3. FUNCTION
SWITCHES

The CS 2000 must be customizedto eachin-

stallation by setting the two 10-position DIP
swiiches. These are located on the main cir-
cuit board. The left-hand switches select
modes and features. The right-hand switches
determine setup and setback temperatures.
The function switches appear on the location
diagram shown in Fig. 1. To simply installa-

tion, CS 2000 has been designed so the nor- [ oEMAND 2 ]
mal function-switch positions are to the left o nboshing l
for most installation. | OemaNor T T ,_E_._::_l.l

3.1 LEARN (Anticipation/Non-anticipation)

The CS 2000 leams the first arri-

OVERRIDE (NORMAL/OVERRIDE)
RATE (ECONOMY/COMFORT)
SEARCH TIME (SHORT/LONG)

PRECONDITION/POWER (PRECON/PFS)

AUX (AREA/WATER HEATER

LEARN (ANTICIPATE/OFF)

MODE (LIMITED/UNLIMITED)

SwiTcHEs
val time for each day. Every
‘ % ™ moming, using the schedule it
T has leamed, Cs 2000 prepares
T the environment for occupancy. Figure 2
1| shows the effect of anticipation on room
T temperature. For installations that do not*
L] conform to a reguiar pattern of occupancy,
% the anticipatory action of learning mode
1) should be tumed ofi. The /earn switch de-
— termines whether CS 2000 preconditions

the environment before scheduled person-
nel arrival. See Table 2 for setting learn
switch position.

ROOM TEMPERATURE

FUNCTION TEMPEHATURE

SWITCHES

E
g
X
B

STAGE (SINGLE/TWC)

t

s
e

OFF ON

Figure 1 CS 2000 Function Switches.

A NORMAL ROOM TEMPERATURE
1

bt e e — — . —— — — v — ——— Ay
WITH ANTICIPATION |
(LEARNING GN) | ARRVALTIME .~ -
L Py
| '-‘-
I " wiHouT aNTICIPATION
1 " (OCCUPANCY ONLY)
P A P o i e o s =
Z I
TEMP. AREA ]
UROCCURIED - AREA OCCUPED
ITIME T

Figure2 Room Temperature Control With
and Without Learning.

NOTE: Changing mode from anticipate to non-anticipate erases any learned schedule.

Table 2 Learn Switch Functions

CS 2000 leams moming occupancy schedules Optimally starts HVAC system in j
advance of amival. Only amival time leamed per day.

No advance start of HVAC before arrival. Operation restricted to occupancy-
based mode only. Used for areas with radically varymg schedules or for maximum

Left Anticipate
Right Non-
' Anticipate
-energy savings in mfrequently used facilities.

CS 2000
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3.2 OVERRIDE {Normal/Override)

3.3 ACCESS MODE (Limited/Unlimited)

3 [-:] MOCE

" An override switch is provided to help troubleshoot problems with the HVAC system.

Override operates up to 24 hours after activation by piacing switch to right. Override
drops out when either 24 hours elapses or when the switch is returned to the left position.
See Table 3 for setting override switch position.

NOTE: To continue the override function after the 24-hour limit, turn the override

switch off then on again.

Table 3 Override Switch Functions

Left

Normai

CS8 2000 preduces normal control relay operation.

Right

Override

Forces closure of N/C HVAC and auxiliary relay contacts.
This retumns control to the room thermostat. Note that com-
pressor protection may delay the onset of override for three
minutes. LED blinks rapidly to show that override is working.

The CS 2000 operates in one of two basic occupancy modes - Limited Access or Unlim-
ited Access. This mode gets its name depending on whether one or more doors limit en-
try to the room. Select the mode to match the type of area under control. This is done
at the time of instaliation. See Table 4 for setting access mode switch position.

Table 4 Access Switch Functions

Left

Limited

Limited access mode uses both entry-exit doors and the built-in
PIR sensor to determine occupancy. Once occupied, the
thermostat retains continuous control even if the occupants
remain inactive or hidden from CS 2000's fieid-of-view after
initial detection. Choose the limited access mode for commer-
ciaf business and offices, where occupants may be out of the
infrared detection zone for long periods. See Fig. 3 for details.

Right

Uniimited

Unlimited access mode depends on motion detection signais for
control of HVAC and auxiliary relays. The uniimiled access
mode works best in buildings, restaurants, and warehouses,
where activity is more or less continuous. The uniimited access
mode may also be used to control other equipment such as
office equipment (a copy machine for exampie), lighting, and
recreational equipment. See Fig. 4 for details.

Page 6
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Limited Access moderequiresthat CS 2000 be
connected to switches on all access doors. The

CS 2000 senses when a rcom door opens or
closes by these switches. When a switch-
equipped door opens, CS 2000 gives control of
the HVAC system to the thermostat. Then the
CS 2000 searches for motion through its built-in
PIR sensor. The search period can be set for 5
or30 minutes (see Search Time function switch).
CS 2000 declares the room occupied if move-
ment occurs during the search period. CS 2000
gives control to the room thermostat during
occupied conditions. f the search discovers no
activity, CS 2000 regains control of the HVAC.
system. During unoccupied periods, CS 2000
requlates the setup or setback temperature to
conserve energy. See Fig. 3 below for limited
access flow diagram.

In the limited access mode, a 24-hour timer
monitors operation to be sure that long-term
operation in the occupied state is justified. The
CS 2000 must detect motion at least once within

RESET AND STOP
SEARCH TMER

a 24-hour period to continue operation in the oc-
cupied state.

Unlimited access mode requires only the mo-
tiondetector signalto search for occupancy. The

occupant(s) must periodically move to maintain.nor-.

mal temperature level - once every 30 minutes or
once every 60 minutes {see Search Time function
switch). Each detection event restarts CS 2000’s
search timer. If no movement occurs during the
searchtime, CS 2000 begins setup or setback opera-
tion. However, CS 2000 retumns controi to the room
thermostat when motion occurs. See Fig. 4 below for
unlirmited access flow diagram.

NOTE: Unlimited access mode requires no con-
nections to the door input terminals.

l
Figure 3 Simplified Flow Chart for CS 2000's
Limited Access Mode. (24-hour
occupancy recheck also shown.)

‘F
HAS

MOTIONN N

CURRED

Y HAS N
SEARCH

TIMER
LAPSED?,
GIVE CONTROL Y
TO THERMOSTAT

BEGIN SETBACK/SETUP
| TEMPERATURE CONTROL |

RESET AND START
SEARCH TIMER r
RESET AND STOP
SEARCH TIMER
b ﬂ -’

Figure 4 Simplified Flow Chart for CS
2000's Unlimited Access Mode.

CS 2000
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3.4 RATE (Economy/Comfort)

Rate switch affects two operations
of CS 2000: (1) the length of time
after expected wake-up or arrival
that CS 2000 holds normal room
temperature before returning to
energy conserving temperature; (2)
the set point for temperature rate-
of-increase for operation of second-
stage heat (heat-pump strip-heat,
for example). A comparison of
economy and comfort rates appears
in Fig. 5. See Table 5 for setting rate
switch position.

RATE

ROOM TEMPERATURE

A HOLDING

/|

COMFORT MQDE 1 S~
/1 PASTER RIsE DUE
/ ="} 10 STRIP HEAT
4 | USAGE
’

/ |

/ | SETBACK TEMPERATURE

POINT OF ANTICIPATED )
ARRIVAL !
d >

TIME

Figure 5 Comparison of Econemy and
Comfort Rates. For this example, the expected
occupant did not arrive.

Table 5 Rate Switch Functions

Left Economy { No wait - CS 2000 Second-stage cycled as needed to Economy mode
resumes energy saving |achieve 7.5 deg/hr minimum heat-up yields maximum
operation if no activity |rate on recovery from setback. Rate energy savings.
occurs at the expected [changes to 15 deg/hr for occupied This is the normal
wake-up or arrival time. |area. mode.

Right Comfort 30-minute temperature | Second-stage cycled to achieve 15 Comfort position
hold after expected deg/hr minimum heat-up rate during trades some econ-
recovery time - in case |recover from setback conditions. Rate | omy for additional
peopie wake-up or changes to 30 deg/hr for occupied comfort.
arrive late. areas.
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3.5 SEARCH TIME (Short/Long)

SWITCHES This switch sets the time that the CS 2000 searches for occupancy before taking ~n-
T trol of the HVAC system. The search time depends on the setting of the Mode s+
I Search times appear in Table 6 below.
% Table 6 Search-Time Switch Functions.
s) (L] ™
L]
L] . =
% Left 5 Minutes 30 Minutes
1] Right 30 Minutes 60 Minutes
OFF ON ‘ '

3.6 PRECONDITION/POWER FAIL SENSE (Precondition/Power Fail Sense)

FUNCTIONM
SWITCHES The precondition input serves a dual purpose. This switch’s position determines the
1] function of the precondition input as shown in Table 7 below. (See also Section 5.5.1)
L] - ~/
% Table 6 Search-Time Switch Functions.
s) (] fpoees
ﬂj:l Left Precondition Input available for starting the precondition feature. A
[I:D momentary closure. starts precondition. This action retums
[ED control fo the room thermostat for three hours 1o begin heating
prem—— or cociing for later occupancy. A continuous closure to this
input causes CS 2000 to remain in precondition.
Right Power Fail Input availabie for signaling a failed power condition to
Sense the CS 2000. A change in state at this input signals the CS

2000 that all HVAC power-up functions should begin such as
the three-minute iock-out timer and random delay for utility
demand reduction. This input is usetui when CS 2000 is
powered by an uninterruptable power supply (UPS) such as
a battery-charger system.

CS 2000 Page 9



3.7 AUXILIARY RELAY OPERATION (Next two switches)

FUNCTION
SWITCHES

STAGE

The stage and aux switches work together to determine the function of the auxiliary
relay contacts. The four possible combinations, area occupied, water heater, second
stage heat, and second HVAC system, appear in Table 8. Table 9 describes the
possible operating modes and their uses.

Table 8 Stage and Aux Switch Settings

Single (feff} Area (leff) Single Stage Area Occupied
Single {/eff} Water heater {right} Single Stage Water Heater
Two (right) Area (leff) 1st Stage HVAC 2nd Stage Heat
Two (right) Water heater (right) HVAC #1 HVAC #2

Table 9 Auxiliary Relay Operation

Area N/C contacts close when the area is Lighting, office equipment (copy machine, ...},
Occupied occupied. appliances, or signal other systems.
Water N/C contacts close 60 min. before sched- | Water heaters, boiler control, and other systems
Heater uled wake-up or occupancy and remain which require a fixed start-up time before occu-
closed whiie occupied. Contacts open and | pancy.
close with HVAC contacls during sleep
and unoccupied periods. A five-second
delay separates HVAC and water heater
turn-on.
2nd Stage Heat N/C contacts close when calling for stiip or | 2nd stage controis strip heat or perimeter heater for
auxiliary heat. heat pump or similar system. The Cs 2000 oper-
ates strip heat oniy as needed to conserve energy.
HVAC #2 N/C contacts close when main HVAC relay | Electrical isolation between CS 2000's two sets of
2 system) contacts ciose. A five-second delay relay contacts allows CS 2000 to control two sepa-
between the two prevents fine-current rate HVAC systems. The second HVAC unit runs
surges. in parallel with the primary system.

Page 10
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3.8 DEMAND DUTY-CYCLE (Next two switches)

The demand switches determine the duty cycle of the HVAC during unoccupied perin-is.
{The duty cycle is the ratio of ontime to tota/time.) Table 10 shows switch settings N
cycles of 40%, 60%, 80% and 100%. The 100% setting produces no duty cycling. Py
cycling occurs during temperature recovery time from power outage and while the CS 2000
preconditions an area.

HHEEEEE 4

When power is first applied, the CS 2000 aiways focks outthe HVAC unit for three minutes.
of (] w02 Duty cycling begins afterthe lock out period. Duty cycling of HVAC units reduces the highest
W1 w01 average kilowatt (kw) usage during a utility company's averaging period. This lowers
demand charges to less than they would be if all HVAC units operated continuously and
recovered room temperature together.

oFF

g

Table. 10 Demand Duty-Cyele Switch Settings.

Switch Positions Duty Cycie On Time Off Time
Upper Switch Lower Switch (Y On Time) {Minutes}) (Minutes)
Left Left 100 — —
Left Right 80 15 4
Right Left 60 15 10
Right Right 40 15 225 “"

Demand duty cycling operates during unoccupied periods when recovering from a power failure if the
raom temperature is legs than the setback control temperature by 2.5° F. Duty cycling alsc operates when
recovering room temperature for occupancy. Duty cycling stops whenever the area becomes occupied
or adaptive freeze protection takes over.

CS 2000 Page 11



4. TEMPERATURE SWITCHES

4.1 BASIC TEMPERATURE SETTINGS

temperature switches determine the setback and
sewp temperatures for an unoccupied area. Place a
minimum of two temperature switches in the on position.
One switch corresponds to heating setback and one to
cooling setup. Two additional switches may be set to
enable the maid control feature (see below). The LED
flashes indicate an improper number of temperature
switches set.

Ten switches provide six setback temperatures {48, 54,

58, 62, 65, 68) and four setup temperatures (78, 81, 84, !

90) [°F]. These are shownin Fig. 6. Select 48 and 90° for
maximum savings.

NOTE: Many users find 62°F and 84°F for setback and

FUNCTICN
SWITCHES

TEMPERATURE

90F

84F geryp

78 F

-

- TEMPERATURES

68 F

65 F
SETBACK

58 F

54 F ADAPTIVE :
FREEZE :
48 F PROTECTION i

.
.-

g2 ¢ TEMPERATURES i

.
-*

|

Figure 6 CS 2000

Temperature Switches

setup a reasonable compromise between energy savings and comfort.

4.2 MAID CONTROL

TEMPERATURE Many times in a commercial environment, service personnei perform their
duties after normal working hours. These duties include janitorial work
and security checks. Some facility managers prefer not to recover normai

84 F _room temperature fully forthe benefit of service personnel. The CS 2000's

SETUP maid function allows a partial recovery 1o an intermediate temperature
during the late-night hours when personnel are present. The maidcontrol
feature becomes functional once the area becomes unoccupied after
having been occupied for at least eight hours following the initial arrival
time. Maid control stops after eight hours of operation.”

~TCHES

B

78F MAID i
esF TEMPERATURES

presemrenee
L]

I
€2F sETBRACK

3
g

NOTE: The maid feature works only in anticipation model

in setback range - the setup and upper of the setback switches become maid temperatures.

N~ ~7E: Do not use maid controlif office personnel routinely or even occasionally work overtime.

2 workers may find the intermediate temperatures uncomfortable.

Selecting either three or four temperature switches enables the maid
function. For four temperature switches selected, the two inner switches
becomethe setup and setback values for maid control. Forthree switches,
the foliowing applies: (1) two switches placedin the setup range and a third
in the setback range - CS 2000 chooses the upper maid temperature to be the lower of the two setup
switches and the setback switch becomes the lower maid temperature; (2) one switch in setup and two

Page 12
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4.3 ADAPTIVE FREEZE PROTECTION

Adaptive freeze protection functions as needed with selection of either the 48 or 54°F seth -k
temperatures. This feature checks for excessive heat loss (or very cold outside temperatures). THigg®
2000 does this by measuring the rate at which temperature falls during the heating unit’s off cycle.

Excessive heat loss triggers CS 2000 to temporarily select the next higher setback temperature (up to
58°F). This feature protects pipes from freezing in excessively cold weather. The temperature returns
to its prior setback temperature when the rate of fall returns to normal. No seasonal changes to the
temperature switches are needed because of the adaptive freeze protection feature. The CS 2000
automatically operates through summer and winter without changing setup and setback temperatures.

4.4 TEMPERATURE CLAMP

The CS 2000 employs a temperature fimiting algorithm that prevents wasteful energy use and mis-
operation of HVAC equipment. This waste occurs when personnel set the room thermostat too hot in
winter or too cold in summer. The temperature clamp feature operates only when the area is occupied
andthe roomtemperature exceeds 79°F (in winter) orfalls below 67°F (in summer). Under normal ¢ircum-
stances, the limit action never engages.

Temperature clamp is automatic and is not switch selectable. CS 2000's software automatically

determines the climatic season during unoccupied periods by measuring room temperature fall (or rise).

This measurement occurs whenever the CS 2000 tumns off the HVAC unit. The season test determir-~

whether the upper or lower temperature clamp functions. CS 2000 cancels the limit feature when
season determination may be uncertain. This uncertainty occurs during mild weather conditions. Room

temperatures above 79°F (or below 67°F) enabie the limit action. When the limit operates, HVAC

operation stops. This allows room temperature to drift freely. CS 2000 calcuiates the direction and

magnitude of the drift and verifies the season. The temperature limit remains in effect once the proper
season is confirmed.

CS 2000 Page 13



5. INSTALLATION

5.1 OVERVIEW

T CS 2000 system consists of a CS 2000 energy management controller plus other support parts as
needed. Typical parts include door switches (for limited access operation) and a wall transformer (for
installations in which low voltage power to operate CS 2000 is otherwise unavailable). Substitute a
battery-backed power source for the wailtransformer to retain fearned scheduie during loss of power. Aiso
battery-backed power may be neededwhen CS 2000 is part of a security system. Additional parts inciude
remote occupancy sensors (for additional area coverage) and power reiays (forcontroi of voltages greater
than 24 VAC or currents greater than one ampere).

Winng shouid be 18 gauge between the CS 2000 and the room thermostat (to interrupt the thermostat
wire). Use 18 to 22 gauge wire between CS 2000 and other parts. Use Table 11 to choose the proper
wire sizes-for the total tength-of Tun: -

Table 11 Minimum Wiring Gauge for CS 2000 Installation

Cs 2000 Power 22 AWG 20 AWG 18 AWG

12-18 Voits

Cs 2000 Power . 22 AWG 22 AWG 20 AWG
4 Volis

L

Thermostat and Other 18 AWG 16 AWG 14 AWG

Relays

Door and Other Signai 22 AWG 22 AWG 20 AWG

Installation and setup of a CS 2000 energy management controller requires no unusual tools or
equipment. A partial list of tools necessary for proper installation appears in Table 12.

Table 12 CS 2000 System Installation Tools

Multimeter to measure AC & DC voltage & resistance
Screwdrivers 1/8" fiat biade and #2 Phiilips

Long-nose pilers {small) for bending wire

Wire cutters and strippers for #18 to #24 AWG

Drill and Bis tor mounting Model 3302 and door switches
Fish tape for running wires through walls

Hammer (small) for removing and replacing trim

Jr . the system by mounting the CS 2000 and other parts as required. Then connect these parts
together and wire to the thermostat. After installation, set the function and temperature switches to meet
the facility requirements. Test the system for proper operation.
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5.2 PRECAUTIONS

HVAC umts contain hazardous and lethal voltages. Before removing
any HVAC access panels or wiring to high-voltage, be sure to turn power -,
off. Turn off and tape the HVAC circuit breaker to the off position. Be
sure to label the breaker properiy. Betfore proceeding, measure the
voltage with a meter to be sure that power is off to the unit. Coordinate
. this'installation with your supervisor and other personnel, and iet them
lcnow that you are workmg with high voltages. :

DANGER: Remove power fromthe HVAC system and CS 2000 while making connections. This prevents
possible damage to the HVAC systemn as well as eliminating any danger to personnel. Use acceptable
matenals when making connections to the 24 VAC wiring. Materials and workmanship should meet the .
appropriate codes in your area. All connections shouid be tight and well insulated. Wire and wire nuts
should be of the proper size.:

WARNING: Connect the CS 2000 to the HVAC system through the 24 VAC wiring of the room thermo-
stat. Use a power relay if the thermostat voltage is greater than 24 VAC. See special instructions in the
appendices for use of power relays.

CAUTION: The CS 2000 contains sensitive electronic components. There are no serviceable parts in
the unit. Use caution when working near CS 2000 with a screwdriver. Treat the switches delicately. use
your finger or a small screwdriver to move them from one position to another.

A H NTIL YOU ARE INSTRUCTED T B
5.3 SELECTING A LOCATION

Mount CS 2000 about seven feet (7 t.) from the floor in a high-traffic location which permits detection of
a person conducting normal activity in the area. Typical high-traffic locations are entrance foyers, main
hallways, and kitchens. Judgment is required to select a suitable location.

The CS 2000’s PIR motion sensor has a long narrow detection pattern incorporating dual-detection zones
to reduce false trips due to environmentai temperature effects. The zones tilt downward at a 10-degree
angte. The PIR sensitivity is preset for room iengths up to 60 ft. The approximate detector characteristics
appear below in Table 13 and in Figs. 7 and 8. ‘

Table 13 Passive Infrared Detector Characteristics.

PIR Parameter

CS 2000 Characteristics

Number of Detection zones

Downard Beam Angle

Iintersection of Zone Centerline with Fioor
Closest Coverage

Width of Coverage

Maximum Distance

2 (opposed polarity)

10 degrees

40 ft. (with Mode! 3302 mounted 7 ft. from floor)
5 ft. for 5 ft. person (depends on mounting height) ‘(
8 ft. at 20 ft. (approx. 2.8:1 distance-to-width ratio)
60 ft. or greater

CS 2000
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TOP VIEW
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Figure 7 Top View of CS 2000's Passive Infrared Coverage*
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Figure 8 Side View of CS 2000's Passive Infrared Coverage*

*Ranges are approximate and assume that wall is plumb and floor is level.
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Please observe the precautions given in Table 14 when selecting a mounting location:

Table 14 Suggestions for Mounting CS 2000

Do mount CS 2000 inthe vertical position | Don't mount fiat on the wall in a comer. The adjacent wail blocks part of the
{sensor window down} about seven feet | sensar's field-of-view.

from the floor pointing aiong the main
traffic path where people travel. Point | Don't mount in a location that allows a person to enter then pass out of the
detection zones down a hallway when | field-of-view before the door closes and the three-second PIR blank ends.
possibie. {For exampie, slow closing doors and field-of-view perpendicular to hallway).

Do make cenain that the optical path re- | Don't mount in a locationin which the field-of-view may fater become biocked
mains ynobstructed (for example, doors, curtains, or furniture}.

Don't touch the lens or the protective sheet over the window in the cover.

Do locate CS 2000 as you would a ther- | Don't mount over or in the direct draft of HVAC vents.
mostat, out of air currents and direct
sunlight. Don't mount in a location that can receive direct sunlight.

Dont face the sensor towards any object that may change temperature
rapidly (for example, radiant heater, fireplace, etc.).

Do locate CS 2000 to conceal its wiring | Don't locate so wiring is visibie, thus exposed to vandalism.
behingd molding, in comers, orinthe wails.

5.4 MOUNTING AND WIRING

Remove the cover and mount the CS 2000 to the wall in the selected location with the mounting screws
included. An exploded view showing CS 2000’s parts appears in Fig. 9.

Run wiring through the hole in the base near the terminal strip. Connect the wiring to the terminal strips
according to the wiring diagrams shown on pages 18 and 20. Read carefully the input/output terminai
descriptions. All wiring shouid be done neatly and professionally. Do not run any wires behind the circuit
board; keep wiring at the top. Wires close to and directly behind the circuit board may interfere with
operation causing false detections in some instances.

NOTE: Be sure to position the cover on the base so the window in the case is over the passive
infrared sensor.

CS 2000 Page 17



CASE

PIR SENSOR

TEMPERATURE
DIPSWITCH

HVAC RELAY

MOUNTING HOLES

Figure 9 Exploded View of CS 2000

5.5 INPUT AND OUTPUT TERMINALS

I * and output terminals are located on the CS 2000’s main and piggy-back circuit boards.

e sure to mark and code installation wiring for future reference. This practice is crucial for later upgrading
and troubleshooting of the system, especially when wiring to existing HVAC or other equipment.
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5.5.1 Main Circuit Board

POWER INPUT: The CS 2000 accepts a

wide range ofinput voltages - 12t0 24 VAC =
or 12 to 30 VDC. Current draw varies =
inversely with applied voitage. At24 VAC, =
current is about 100 ma (0.1 Amp). The 1%
current draw is shown in Fig. 11. The ®
power supply is fuse protected. Supply *

CURRENT DRAW {ma)
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11 CS 2000's Current Draw

current draw of other relays that connect into the transformer Varies with Applied Voltage

circuit.
PRECONDITION (POWER-FAIL-SENSE) INPUT: Th

switch. With CS 2000 in precondition mode, a moment

Appendix A for further discussion.

The power-fail-sense input signals power status to the HVAC system.
The power-fail-sense mode is necessary when the CS 2000 is powered
from a continuous power source and the start-up functions are needed.
With CS 2000 in power-fail-sense rnode, any changein state of the input
cantacts (open-to-close or close-to-open) triggers HVAG start-up func-
tions such as three-minute lock-out and demand duty-cycling. The
power-fail-sense input accepts a dry relay contact. Use a relay that
changes state either from open-to-close or close-to-open when power
returns after an outage. Power the coil of a Form A or C relay from the
same AC line that powers the HVAC system. Connect eitherthe N/O or
N/C relay contacts to the power-fail-senseinput (Fig. 12). Insomecases,
the nearest AC line or a contact from the UPS is acceptable. Use only
contact closure. Do not apply external voltage to these terminais.

is is a dual-purpose input. As

explained in Section 3.6, its use depends on the setting of precondition/power-fail-sense

ary ¢contact closure to the input

starts the preconditioning process. This action returns control to the room thermostat for
three hours to begin heating or cooling an area for later occupancy. Continuous closure
causes CS 2000 to remain in precondition until contact closure is released. See

Figure 12 Connect the
power-fail-sense input to either
N/C or N/O contacts of a line
powered relay.

DOQR SWITCH INPUT: Connect the contacts of a nor-

Fig. 13 for proper switch logic.

closed and open when the door is open.

When sensing many doors, wire door switch contacts in
series. Use contact closure only. Do not apply voltage to these terminals.

mally-open (N/O) door switch to these terminals. Check . seen-conmeroren

N
\

e 2,

DOORA CLOSED = CONTACT CLOSED

NQTE: N/O contacts remain closed when the door is

Figure 13 Required o -
Door Switch Logic
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HVAC CONTROL OUTPUT: The HVAC control outputis a Form C, pilot current {1 amp)
relay designed to interrupt thermostat operation. Contacts are paralleled by transient
suppression devices. The relay de-energizes and the N/C contacts close with the area
occupied. This state gives control to the thermostat. When the area becomes
unoccupied, the N/C relay contacts open and ciose as needed to maintain setback or
setup temperature. These contacts also open when the area exceeds 122°F to prevent
spread of smoke by the HVAC. The HVAC relay contacts return to a closed state with
power removed.

NOTE: Do not use a programmabie setback thermostat in conjunction with a CS 2000 controller.
The programmable thermostat requires trickle voltage to maintain internal battery charge. Also
their programming may clash.

To connect CS 2000’s control relay to the thermostat, cut the red wire (or wire connected to the terminal
marked R) to the thermostat. Place the N/C contacts in series with it. The object is to place CS 2000’s
control relay contacts in series with thethermostat’s common powerconnection. Thermostat connections
are shown in Fig. 10. CS 2000’s contacts are rated for 24 voit pilot current only.

NOTE: Be careful not to splice into the fan control wire (usually the green wire). This can cause
CS 2000 to stop the fan while the thermostat continues heater operation, which causes burnout
of electric heater elements.

LED INDICATOR: The LED indicates several conditions about the CS 2000 and the environment.

ion. The LED shows motion as the infrared sensor detects it. The LED lights mormentarily about a
st.und after each detection. Use this for checking the field-of-view. Be sure to close doors before
checking motion detection.
simproper Temperature Switch Setting. The LED slow flashes if the temperature switches are
improperiy set. See Section 4 on setting temperature switches.

*Manual Override. The LED fast flashes to show that manual override is in effect.

-Out-of-Range Temperature Condition. The LED lights continuously if room temperature is out of the
range of values selected by the temperature switches.. The LED lights aiso if room temperature exceeds
122°F.

«Door Open. The LED lights continuously when the door is open {only in limited access installations).
Be sure to close all doors before trying to check PIR response.

5.5.2 Piggy-Back Circuit Board

m " FAULT SIGNAL OQUTPUT: The fault output is a Form A, low-current (0.1 amp dry
circuit) relay contact. Connect the fault output to a digitai communicator to report HVAC
malfunction to a central station or a supervisory system. The fault output contacts close
under the following conditions:

*HVAC Failure. HVAC unit fails to meet setup or setback temperatures {room tempera-
ture 3.5°F higher than setup or 3.5°F lower than setback temperatures).

sIncorrect Switch Setting. Temperature switches on CS 2000 are improperly set.
(See Section 4 for correct settings.)
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» Possible Fire Condition. Area temperature exceeds 122°F.

SECURITY PULSE QUTPUT: The security output is a Form C, iow current (0.1 amp
dry circuit) relay contactthat changes state for 0.8 sec to signaf motion detection. T
security signal results from either an event detected by CS 2000's internal senso™®
by a closure at the remote sensor input. This output can signal motion to other CS
== 2000s or to a security system. A short pulse aiso results from loss of power.

NOTE: Power CS 2000 from a battery-backed supply if using this output for
security alarm. This prevents falise alarms and loss of coverage during an
outage.

AREA-OCCUPIED OUTPUT: The area-occupied output is a Form C, pilot current {1
- amp) relay. Contacts are paralleied by transient suppression devices. One of four
different functions may be'chosen-for this output. These functions and the required
o) switch settings appearin Tables 7 and 8 of Section 3.7. The relay contacts are rated

for 24 volt pilot current only. Output modes are surnmarized below:

«Area Occupied. The N/C contacts close with the area occupied and open when unoccupied. Use these
contacts to control lighting, office equipment, appliances, or signal occupied status to another location.
If power fails, the output goes to the occupied state.

*Water Heater. The N/C contacts close to operate an electric water heater. A power relay must control
240 VAC power to the heater. Appendix B illustrates application of a power relay.

*Second Stage Heat. This output is primarily used for heat pump applications. The CS 2000 closes
N/C contacts to permit thermostat control of strip heat and opens them to inhibit strip-heat operation. T
N/C contacts fail to a closed state if power fails.

To connect these contacts to a thermostat, cut the white wire (or wire connected 1o the Wor W1 terminali)
that runs from the HVAC unit to the thermostat. Place the N/C area-occupied relay contacts in series with
it. Be sure the function switches are set for second stage heat. Appendix C illustrates application of
second stage heat.

-Second HVAC system. The CS 2000 controls a second (siave) HVAC system using this output mede.
The N/C contacts close to operate the system. The advantage of this cutput mode is that one CS 2000
can control two HVAC systems. This saves the cost of an additional CS 2000. The disadvantage is
imprecise control of the second system'’s temperature since CS 2000 measures temperature only for the
area of the main system.

NOTE: Because the CS 2000 contains only one auxiliary relay, only one function of the four above
¢an be selected for the installation.

EXTERNAL SENSOR INPUT: Connect the N/O
contacts of a motion sensor to these terminals for SO
| coverage of additicnal rooms or areas. '
@ NOTE: The contacts of the remote sensor must

® remain open until motion occurs. Then they should ‘
momentarily close.

B
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Connect motion sensor contacts in parallel for multiple sensors (Fig. 14). Passive infrared, ultrasonic, and
microwave types of motion sensors are acceptable. Floor mats may also be used. Use contact closures
only. Do not apply an external voltage to these terminals.

" TESTING

Be sure that the HVAC unit under the CS 2000’s control is propery functioning before beginning the CS
2000 instailation. Have the HVAC system checked by a speciaiist if you suspect a problem. With the
HVAC working properly, proceed with the CS 2000 installation. Test the completed instaliation as
described in Table 15 below. Appendix E contains form #IPC/9011, CS 2000 Installation quality
Assurance Form. Use this form to document the installation details and as a testing checklist. Be sure
to leave a copy at the installation site forthe owner's records, keep a copy for your organization, and return
a copy to your factory representative.

Table 15 CS 2000 System Test Procedure

TEST HVAC Check HVAC unit for properfunctioning prior | Have HVAC system checked by reputable pro-
UNIT 1o CS 2000 installation. Check both heating | fessional before proceeding if problem is sus-
and cooling modes if possible pected

{FY ALL Be sure that the wiring is correct after | The HVAC system's wiring may not conform to
WIRING installing CS 2000 and other accessories. | the color docing conventions described in this
CONNECTIONS manual or you may suspect an unusual wifing
AND SWITCH « Be sure that the Function and Tempera- | strategy. in these cases, yhou must positively
SETTINGS ture switches are property set. verify the system's connections by consulting its
wiring diagram and tracing the winng if neces-
« Be sure that all controls ot the HVAC | sary.

System and other devices are properly

set. :

APPLY POWER * Remove CS 2000s cover. « A flashing LED indicates improper tempera-

ture switch setting.

* Apply power to the system.

» The HVAC unit shouid lock out for about three

» Measure the power input connections to minutes. Also, there is a 30-second warmup
CS 2000 to be sure that proper voltage is after applying power before the PIR sensor
present. operates.

CHECK DOORS Check door-switch operation if you are in- | Leave doors closed forthe next test. This aflows
stalling a limited access system. Opening | the LED to respond to motion detected by the
an entry-exit door should light the LED. | infrared sensor.

The LED should go out with all doors
closed. Check each doorbyopening each
separately and watching that the LED
lights.
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WALK-TEST
INFRARED
DETECTOR

« Check the field-of-view of the infrared
sensor with all doors closed. Performthis
check by walking around the room and
watching the response of the LED. the
LED should light momentarily about a
second after each detection.

» The response of additional motion detec--

tors connected to the remote input shouid
be checked in the same manner.

After door closes, the sensor waits 2.5 secor®
before looking for motion.

CS 2000's fieid-of-view shouid cover an area in
the zone of the ¢ontrolled HVAC systemn. A
person should not be able to pass undetected
through the zone,

Use the do's and don'ts of Table 15 as guidelines
for CS 2000 placement and orientation.

REPLACE
COVER

Replace the cover on CS 2000 after being

sure that the system is functioning property.. {

Be sure to correctly orient the window in the
cover over the passive infrared sensor.

YES NO

During testing, installer may place CS 2000's
coverinthe inverted position to block detectionof
local motion. This blockage simulates an unoc-
cupied area without having to leave. However,
the covermust be returned to normal position
before leaving the site.

CHECK
OPERATION OF
CONTROLLED
EQUIPMENT

Check for proper operation of HVAC sys-
tem. Afterthree minute lockout timerelapses,
either motion or opening a door shouid re-
turn controi to the HVAC, Be sure totumon
the thermostat. Set it to the correct
temperature(s), and properoperating mode.

Beware of electronic setback thermostats. Th
usually require constant trickle current. Replace
with conventional type thermostat for reliable
service.

LEAVE SYSTEM
IN PROPER
WORKING
ORDER

Set thermostat(s) to correct temperature,
and season position.
tamper-proof case if present, Be sure all
wires and access panels are secured.

Lock thermostat's.

+ Fiil out Installation QA form (IPC/9011) and
. distribute. =

» Leave copy of Customer Survey {IPC/8013) for
site manager OR homeowner to fill out and
return.

FUNCTIONAL
CHECK

« Perform a complete functional check of
the entire system. Allow a il cycle to
compiete.

« The installer must be sure that the HVAC
system is properly operating before leav-
ing. if a problemis suspected, use manual
override to return control to the thermo-
stat. Remember manual override oper-
ates for 24 hours from the moment the
switch is thrown to the right.

With CS 2000 in the anticipation mode, testing
may be performed for up 10 one hour from the
time power is applied. Afterthe hour elapses, the
CS 2000 retums compiete control to the HVAC
unit until synchronization occurs the nest mom-
ing. (See Section2.2.1.}

This limitation does not appiy to CS 2000 instal-
lations operating in the non-anticipation mode.

—~’
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APPENDIX A

USING THE PRECONDITION FEATURE

1 e CS 2000's precondition feature allows an HVAC system to preheat or precool an area for later
occupancy while presently unoccupied. (Whetherin heating or cooling depends on the room thermostat's
switch position.) Several applications for preconditioning exist. (1) Areas with a predominate occupancy
schedule may sometimes be used with advance notice outside of their normal schedule. (2) Some areas
have no regular schedule but their usage may be known in advance. (3) Some areas must be strictly
controlled by a supervisor. Summer cottages, winter resorts, and some condominiums fit this application.

Any source that provides a contact closure can send a command to CS 2000’s precondition input. Once
activated, the precondition state lasts for three hours. With the demand duty-cycle option set, CS 2000
cycles the HVAC at the selected duty cycle during the precondition peried. A continuous closure of the
precondition input enables the HVAC unit for as long as the input remains shorted. This keeps the area
in extended precondition. The three-hour timer starts once the contact reopens. The precondition input
terminals accept commands from remote devices such as a manual pushbutton, atimer, a master energy
control system, or a telephone control device.

NOTE: Be sure function switch #6is set to precondition modebefore using this input
to start preconditioning.

TIMER MODULE

/ hanical or electronic timer may be used to start preconditioning. Preferably, the timer should run
i 1 « Dattery-backed power supply so loss of electrical power does not disturb its programming. Set the
timer to turn on at a specific time each day or on specific days depending on the capabiiities of the timer
selected.

Remember the three-hour preconditioning period begins when the contact closure releases. To
precondition, the timer should produce a short contact closure (no shorterthan one second). Acontinuous
closure to the precondition input causes CS 2000.continuously.to enable the HVAC unit.

REMOTE TELEPHONE RELAY

Several types of modules are available to-decode a Touch-Tone™ sequence over the teiephone lines.
The module can open or close signal-level contacts. Installation is similar to the timer module above.
Connect the precondition terminals to the normally open contacts of the telephone module. With this
method, a phone call (and the entry of a short code) from any location starts preheating a facility.
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APPENDIX B

CONTROLLING LOADS GREATER THAN 24 VACOR 1 AMP

Control of loads greater than 24 VAC orone Amp may be necessary in some installations. Either of thege‘
conditions exceeds the rating of CS 2000’s control relays {(HVAC and area occupied).

The CS 2000's relay contacts can operate a power relay to controf larger loads. More than one power
relay may be employed to control several separate, isolated loads. Use the contacts to energize the coils
of larger power relays or contactors. Be sure that the power required by the extra relay coils does not
exceed the VA rating of CS 2000’s internal relay contacts.

The coils of external power relays need a voltage source. If possible, use the same power source
supplying current to CS 2000 to power the .extemnal.relay coils. However, be sure the source has an
adequate rating. Usualily, a24 VAC walliransformer with at least 30 VA output is adequate. Also, 24 VAC
from the HVAC system may be used if available.

A power relay or contactor may be supplied with either N/O or N/C contacts. Use N/C contacts where
possible s system defauits to operating state with a failed coil. Make connections to CS 2000 according
1o Tabie B1.

Table Bl Wiring Sense for External Relay Connections

Control Relay Wire to Cs 2000's Normaily-Open (N/ | Wire to CS 2000's Normally-Closed
) Q) Contacts (N/C) Contacts
Area Occupied Relay Same as above Same as above

A Transformer/Relay package is available for up to 30 Amp, 277 VAC loads. Consult your Bard
Manufacturing Company representative.

An example of connecting CS 2000 to a N/C power relay appears in Fig. B1. CS 2000’s contacts open
for normal thermostat operation and close to interrupt HYAC operation for energy savings. When CS
2000’s contacts open, the power relays’ contacts close. Figure B2 suggests other possible applications
of CS 2000 controlling larger loads.
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matusnsseee

1. Power relays must be rated for load. : NC: oo,
2. Transformer or supply must be rated to drive power : o :

reiays. : HH
3. Area occupied output can also control power relays H i :
in the same way. { i
4. For wire sizes, see Section 5.1. P

Il
-

POWER POWER
n—
Sav— RELAY RELAY

=

PRIMARY

F* -reBl Typical Power Relay Wiring Diagram. External Relays Can Be Controlled from CS
2t s HVAC or Auxiliary Relays.

¢S 2000 CS 2000 CS 2000
CONTROLLER CONTROLLER CONTROLLER
ROOM ROOM
THERMOSTAT THERMOSTAT ROOM
O @ - THERMOSTAT
LGHTING 0
CONTACTOR
—————— 1
HEATING &
AR CONDITIONING I> <| Bowsr o= = :
STEAM VALVE { T T I WATER HEATER

Figure B2 External power relays (contactors) allow CS 2000 to control a variety of energy
consuming equipment.
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APPENDIX C

CONTROLLING MULTI-STAGE HVAC SYSTEMS AND HEAT PUMPS <

CONFIGURING CS 2000

The CS 2000 controls a two-stage heating system such as a heat pump by using the area-occupied
terminais 1o interrupt operation of the supplemental electric heat. As in singie-stage instaliations, CS
2000's HVAC control terminals operate first-stage heat. This would be the compressor on a heat-pump
system. Be sure to set the stage and aux function switches according to Tables 3 and 4 of Section 3.7.
Place stage to the right and gux to the left. The area-occupied is ready for second-stage heat control.

NOTE: CS 2000’s auxiliary relay can controi only one of four functions: area
occupied, water-heater, two-stage - HVAC system; or slave HVAC,

WIRING TO THE THERMOSTAT.

To install, cut the redthermostat wire and connect it in series with the N/C terminals of CS 2000's HVAC
control contacts. This also would be done for single-stage systems. In addition, cut the white thermostat
wire and connect it in series with the N/C terminals of CS 2000’s area-occupied contacts. The white
thermostat wire connects to the Wor W1 terminals of the room thermostat. This connection controls the
second stage of heat.

NOTE: Iif the HVAC system does not conform to this color coding conventih(
positively verity the connections by consulting the system’s wiring diagram. Trace
the wiring if necessary.

OPTIMIZING SECOND STAGE USAGE.

Select from two second-stage usage rates using the rate function switch (#4). Setthe rate function switch
to economy for a gradual (7.5 degree/hour) warmup that lessens use of more costly second-stage heat.
For a faster heatup (15 degree/hour), set the rate switch to comfort. This switch setting brings the area
to comfort temperature more rapidly by allowing second-stage heat to operate more often. For either
setting, second-stage heat operates only enough to mairtain the prescribed warm-up rate when recov-
ering from setback. No second-stage heat operates if first-stage heat (the compressor in a heat pump
system) satisfies the prescribed heat rate. Control over first- and second-stage heat retumns to the room
thermostat on reaching normai room temperature.

The CS 2000 energizes second-stage heaters when room temperature falls 2.5 degrees below the
selected setback temperature. This is a protection against first-stage heater failure and low compressor
performance dunng extremely cold weather.
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APPENDIX D

*BBREVIATIONS AND ACRONYMS USED IN THE MODEL CS 2000 INSTRUCTION MANUAL

Amp:

AUX:

AWG:

DMD

DIP:

EMS:

Form C:
ft.:

HVAC:

LED:

LRN:

MODE:

Ampere, measure of cutrent flow

Auxiliary, a function switch for select-
ing the area occupied relay's function

American Wire Gauge

Demand, a function switch for ran-
domiy delaying operation

Dual In-line Package, a type of con-
tainer for integrated circuits and small
circuit board switches

Energy Management System

Degrees Fahrenheit

: Single-Pole Single-throw Contact, Nor-

mailly Open
Single-Pole Double-Throw Contact
Foot

Heating, Ventilating, and Air Condi-
tioning

Kilowatt
Light-Emitting Diode

Leamn, a function switch for selecting
anticipation of occupied state

Milliamperes
Access mode function switch for se-

lecting door switch or open area op-
eration

N/C:

N/O:

OVR:

PIPFS:

PIR:

RATE:

sec:
SPST:

STAGE:

TIME:

UPS:

VA:

VAC:

vDC:

Normally Closed - closed when de-en-
ergized

Normally Open - open when de-ener-
gized

QOverride, a function switch for return-
ing controi to the thermostat for service
and troubleshooting purposes

A function switch for selecting whether
the precondition terminals perform pre-
condition or power-fail-sense opera-
tion

Passive infrared sensor

A function switch for selecting econ-
omy or comfort preferences

Second
Single-Pole Single-Throw contact

A function switch for selecting the
auxiiiary relay’s function

Search time, a function switch for se-
lecting the decision-making peried
before declaring unoccupied state
Uninterruptable power supply

Volt Amperes, a measure of power ca-
pacity of contacts and transformers

Volts - Alternating Current

Volts - Direct Current
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APPENDIX E

MODEL CS 2000 INSTALLATION FORMS <

The following pages contain forms useful during installation. Copy them as needed for CS 2000
installations.

1PC/3311 CS 2000 Installation Qual- | Form for documenting installation including ajl settings and
ity Assurance Form wiring. Contains testing checklist.

IPC/3112 CS 2000 -Installation . Candensatian of installation guidelines from main body of
Quick Reference CS 2000 manual.

IPC/3313 CS 2000 After Installation | Customer satisfaction survey form. Customer completes
Customer Survey after job finished.

-~
-
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MODEL CS 2000 INSTALLATION QUALITY ASSURANCE FORM

Job Number identification

Location of installatlon

, -ofInstallation Beginning Finish

Installer Supervisor Name Phane

Installlng Company Name & Addross

Site Responsible Person Name Phone
Address

List Installation Components

installation Wiring Diagram (Be sure to record wire colors for future use. Use Reverse Side or Separate Sheet if Required)

INSTALLED CS 2000 SWITCH SETTINGS (Indicate positions) CHECKLIST
§”w'?$c1l°s'§ Egﬁgﬁg—émf 0 HVAC OK prior ta CS 2000 instalation
1 N [d €S 2000 door response correct
2flLl 2| O ¢S 2000 walk 19st successful
a|C1 3|
4|13 4|13 {J Al other CS 2000 inputs and outputs respond correctly
65 EI::S 2 % I3 CS 2000 switch settings correct
g | 7 % Q Cower installed comrectly
11 8
:D 9 D:] (O Area thermostat set properly
10 LT il ] [ Finaj check of ali systems succassha
FORM DISTRIBUTION {ONE EACH): (1) Instaliation Site, {2) Installer Files, and {3) Faclory Files
Page 34 CS 2000
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Installation Physicai Location Diagram (Use Separate Sheet If Required)
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BARD MANUFACTURING CO.
INSTALLATION QUICK REFERENCE

d These basicinstailation guidetines have been condensed from the ull €S2000 installation marnual for field Use, Access to the ful manual

may be needed for special situations. CS2000 instilers should be facory rained and famikiar with CS2000's features and capabilites.
Installers should also have a working Knowledge of the HVAC equipment connected 1o CS2000 controliers,

Operation Overview

€S 2000 is an energy management controllers that work in conjunction with the
HYAC thermostal I optimize energy savings and occupant comiort. CS2000'
learning capabiiity, occupancy detecton, and seif-adiusting time-base provides ef-
fective control of HVAC systerns without the nead for user adjustments.,

CS 2000 may alsd be used 1o control lighting, water heaters, and other appliances.
The sacurity output aliows it o be usad as a part of an intrusion alarm system.

Installation

Piaca a CS2000 in control of each HVAC systam for the typical instilation. Under
some cireumatancas, 4 CS2000 can contol wo or more Systems. This depernds on
location of zones and their occugancy schedules.

Mount the CS2000 cormroller about saven fest from floor ievel In a igh irafficiocation
such us a foyer or hallway. Avoid comers, biockage by curtains or fumiture, and
draits by heating vents, To faciliate wiring, mount dase  the existing thermostat
if possible.

Function Switch Settings
For mag: installations, place the funcion switches to the left pesition. Check below
and in the full manual for sxcaptions.

Laarn Leoft = Anticipatas. CS2000 leams occupancy schedule for each day of
seven.
Right - Non-anticipate. C$2000 cperales on occupancy only.

Overids Loff - Normal, CS2000°s normal working mode.
Aight = Overmide. Relays D & E released 1 NC position. Revers
normal operation in 24 hours.

Mode Left=Limited. Usual moda for mastinatallation, Requires door switches
on all entry-exit doors,
Rigiht = Unlimited. Control based on motion sense only. Use for
reataurants and warghousas.

Aste Loft=Economy. Maximum energy savings: no wait after recovery, low
stip-heat usage.
Right = Comfort. Maximum comiort level: 30 min. wait after recovery,
higher strip heat usage,

TME Loft = Short 5 min. for limited access, 30 min. for uniimited access.
Right = Long. 30 min. for limited acces. 60 min, for uniimited acceas.

PPF3  Left=Precondition. Precondition featireenabled by momantary closure
af precondition input erminals,
Right=Power Fail Sense. Changein stalus of closure at terminals si= 3
power-up funcions.

Stage Stage and Aux swithes work ogether o detarmins the
& Aux function of the auxiiary relay.

Function Switch Contral Reiay Operation
Pasitions
Stage Aux HVAC Auxillary
Left Left Single Stage  Area Occupied

{oft Right Single Stage _ Water Heater
Right Left 1st Stage HVAC 2nd Stage Heat

Right  Rignt HVAC #1 HVAC #2

Demand32 Lﬁm@mmmmmﬂ
D 1 during uneccupied periods.

Switch Positions | Duty Cycls On Tire Oft Tima
Upper | Lower | (% on Time (Minutes) {(Minutee}
Switech | Switch

Left Left 100 -_— —
Left Right 80 15 4
Right Loft 60 15 10
Right Right 40 15 2.5

Temperature Switch Settings
Temperature switches detarmine the setup and setback emperaures that CS2000
controls during unoccupied periods. A mnimum of two switthes must be on: one
selup and one setback, Suggested settings are 84 and 62 degrees.

Night Sstbaci/Setup

Set one additional lemperature switch in the setback range andior one in the setup
range 1o enabie energy savings during sleep hours. The inner switch seting(s) are
used g9 the sleep tmperalre values,

Adaptive Freazs Pratection
The lowest wo temparature switches (48 or 54 degrees) enable adaptive froeze
protection whan axceysive haar loss is getacted.

Temperature Clamp

Temperature clampis auomatic, not Switch selectable. This feature prevents HVAC
operatn above 79 degrees in winter and below 67 n summer, Clamp tums off during
mild segsons,

Trouble Shooting Hints
+ LED Indicator gives helpful status information:
Mopon - lights momeniarily after motion detection. Door must be closed
befora testing for motion.
Bad Switch Seming - slow flashes
Manual Overnde - fas flashes
Out-of-Range Tamperalure - lights continuously
Door Open - ights continuously
«  CS2000 loses schedule if power is removed. It must then relearn,

« O hour satup-setback operation for i@sting allowad alter power-ug, Normal
operation begins only after moming synchronization .

=  Manual overmide has 24-hour operation before seif reset

+  Changing from non-anticipation to anticipation emses schedule.

«  Lockout imer inhibits HYAC operation for free minutes.

*  Night satbaci/setup may not engage in mild weather.

«  CS2000 must be in iocation to sense temperature of its controlled area.

*  Temperansre damp may infrequently inhibit operation while performing season
checi.

+  Detoctor's field-of-view must cover key raffic panem.

*  Slow-cdosing doors may allow occupant to pass out of feld-of-view before end
of three-second PIR blanking periad.

¢ Inverted CS2000 case biocks PIR view,

+  Working on an older HYAC system may cause a borderline component 1o fail.
Check for HYAC equipment maltunction.

+  Door switches must provide ciosed contacts when door is dosad,

+ Imporper wiring may result if exising HYAC systam dees net conform to
standard color-cading conventiong.

« Contacts of external remom motion sensors must remain open unitl moton
oceurs.
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Suggested WIrIng (refer to diagram DEIOW)

A Power Supply: Provide 12-24 VAC or 12.30 VDO, Current draw a1 24 VAC is
about 100 ma. Use power from existing HYAC system if accessible. Otherwise,
upply separate 10 VA Class |l mansformer, Use 22 AWG wire for power. Lise
larger wire far runa gver 200 ft.

8. Precon./Power-Fail-Sense: Thisinput activates either preconditionor power-

tait-sense function, depending on positon of function switch #6.

Frocondition - a rmomentary or continuous dosure gives contol 1o
thermastat for three hours, (Timing stars once comtact reopena.) Funeton usehd
for preheating area from remote location.

Power-fai-sanse - A change in state of input signais CS2000 to being
HVAC start-up sequence. Lisa this lunction when powering CS2000 from baltery-
backed power supply (UPS). Connect inout 1o contacts of ralay held in by line
power.

G. Door Switch: Cne or more normaily-open (NO) door switthes may be
connectod in series 10 this imput. {(NAO) door swilch contacts remain dosed when
door is cioted and open when door is open.) Be sure 1 place CS2000 in Fmited
acress mode.

0. HVAC Qutput: N/C contact doses when area is occupied of CS2000 calls for

E Auxilisry Relzy: This relay permits several control options. {Sea switch
descriptions.) Figure below shows auxiliary relay wired for second-stage HVAC
control, For mogt Sy stems, cut whilewire At tharmastat and conroct in serigswith
CS2000°s NC contact Lise 18 AWG wire for thermastat connacions. Second-
Stage controt is used for heat pumps.

F. Remote Motion Detector: This input accepts a ciosure from exmomal metion
semsor, Used o extend occupancy detection 1o an area isotated rom CS2000's
buiit<in detector.

G. HVAC Fault Detection: Thiscontact citaeswhen HVAC fzls iy meet the switch-
selectad tamkperaniras. Also cioses when CS2000's switches are improperly sat
or if room temperature exceeds 122°F, This autput May be connected o a digital
communicamr i eport malfuncion o remote locaton,

M. Securlty Systemn: This contact cioses whert CS2000 detects motion through
besit-in PIR or by ramate input. Quiput may ba used as part of a security sysiem
or 1o signal motion to other CS2000s.

HVAC operation. For mostsystams, cut redthermastarwire and connectin senes.: |
with C52000°'s NC contact. - Use 18 AWG wire for thermostal connections. -~ -

Modei CS2000 General Specifications

inpurs
Power 10-24 VDG or VAC (< 100 ma)
Procondition {power fail) Contact dosure
Door Contact dosyre
Remata (R anly) Contact deayre
Cuponts
HVYAC Retay (pilog Form C, 24 VAC
1 Amyp max
Auxiiary Relay (pdot} (R only) Form C, 24 VAC
1 Amp max
Security Relay (reed) (R only) Form C, 24 VAC
0.1 Amp max
Fault Refay (reed) (R only) Form A, 24 VAC
0.1 Amp max
User interface
Function Selection 10 PCB DIP switches
Temperature Set Points 10 PCB DIP switches
Indication Singie LED
Physical Charactsristics
Operating Temperature Om122F
{-20m 50 C)
Case 2peca, 4x725x2in,
High impact ABS, U.L. listed
Color Off White
Terminals 12-22 AWG, #3 Screw
Mounting 4 scrows

5-MINUTE TEST PROCEDURE .
Field Testing Procadure
for the £S-2000 Control

STEP 1: Placa the CS-2000 in the limited mode s’
dip switch) to the ieft, aiso search time {5th dip switch) to the leh,
Set the attached themmostat to a setting in which it cannct be
satisfied during the test period.

STEP 2: Before applying power 1o the CS-2000, con-
nect the HVAC control wire as shown in the wiring diagram. The
HVAC unit should continue to run demonstrating the fail-safe
featureinthe event the CS-2000 should fail. fithe HVAC unitdoes
not continue to run, veriy the connections at the thermostat
control wire by twisting the ends together. If the unit beginsto run,
then the control wires are correctly spliced and the problem exists
with the HVAC control relay onthe C5-2000 board, With a meter, |-
verdy the status of tha relay. It should be closed as no power has
been.applied to the unit. I the relay reads open, then it is aither
fauity or sticking.

STEPQ: Apply power to the £S$-2000 unit. The HVAC
should cease to run when power is applied. The unit will be off far
3-5 minutes demonstrating the delayed startup in the event of a
power failure. If the unit does not cease running when power is
applied, verify that you have spliced into the correct control wires
&t the thermostat. These wires should have veen verified in step
2, but a second look doaesn't hurt, K the splices are correct, veriy
with your meter that you do indeed have power coming through
your fine. Once these checks have bean made and verified, then
the problem is likely on the CS-2000 board.

STEP 4: Afterthe units start up from the delay causd|
step three, take two pieces of wire and connect them to the doo,
contact terminals located on the Cs-2000 beard (if not using door
switches with the onginaliinstall). Make sure these wire pieces are
jong enough to extend from under the CS-2000 cover. Invertthe
covar an the CS-200Q unit such that the PIR window is atthe top
of the unit and the internal PIR is shielded. (The pieces of wire
should be twisted together simulating a closed door). With cover
inverted, untwist the wires then twist them back together {this
simulates a.door.opening and ciesing). the HVAC unit should
cease running in 5-6 minutes. Y the unit cortinues to run, verify
the control connections again. With a meter, verty the HVAC
control relay, if it remains closed afterthe 5-6 minute pariod, then
the problem is in the Cs-2000 board.

STEP 5: Afterthe unitceases running, removethe cover
and tha wire piecas from the unit. In approximately 3-5 minutes,
the HVAC units should begin running again. Onca these 5 steps
have been successiully completed, the £S-2000 unit has been
fuity testad and should be deemed correctly installed. Remember
to adjust the dip switches to whatever the intended mode of
oparation is to be and reset the thermostat at the desired setting
of the customer.

Note | !

« N wiring mus: reun © a central control panel, use 2-wire cable for single-
Mage thermostal, 4-wire cablg for wo-stage thermostat, and 10-wire cabie
remaining winng. Usa ecolor code shown in diagram.

» Check exfating wiring of HVAG system o be sure of compatibiity with £S2000
before connecting o D or E.
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MODEL CS 2000 After-Installation Customer Survey

W= are pleased that you have chosen CS 2000 for your energy management and environmental control system. Please help
prove our products and services by completing this questionnaire. Use the space on the back for further comments or
suygestions. Return your completed form to the address shown at the bottom of this page.

Site Responsible Person Name Phone

Location of instaliation

instailling Company

Saiesman Name Fhone
instailing Supervisor Name. Phone
Dates Date installation started  Date instailation finished | Date this form was completed
Job Number (If known)
Equipment

How many CS 2000s are installed?
On what type of HVAC system(s) are the CS 2000s installed?

Ara any of the CS 2000s connected to an intrusion alarm system?

. types of equipment, other than HVAC, are under controi of the CS 2000?
Installation

Was the installing crew courtecus and professional in their conduct?

Dees the finished workmanship appear neat and orderly?
Did the installation begin and finish on scheduie?

System
Ware the CS 2000's features and operation explained to you?

Did you find the documentation adequate?

What features are most important to you?

Does the performancs of the CS 2000 system meet your axpectations?

Did you encounter any problems with your HVAQC {or other aquip.} as a result of the CS 2000?

Have ali the initial problems been resolved?

General

Why did you select Medel CS 2000 controllers?
Are you pleased with your CS 2000 system?

Do you have any additional applications for the CS 20007

* ¢ improvements do you recommend for our product?

I »ase retum this form to the following addrass:
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INDEX

A Entrance foyers 15 K _
Access modes 6  Erasing schedules 5  Kilowatt -’
Acronyms 30  Excessive heat ioss 13
Adaptive freeze protection 13  Exploded view i8 L
Air currents 17  Extended precondition 26  Learning theory iv,2,3
Anticipation 5 Extemairelays 27  Learn switch 5
Area-occupied cutput 190, 21 External sensors 21 LED 6, 12,22, 24
Arriva) time averaging 2,3 Lighting 6
Auxiliary relay 10 F Limited Access 1,6, 14
Averaging equation 3  False detections 17  Location selection 15
Fan control wire 20 Locked out 11
B Fault output 22
Battery-backed 21,26  Features i M
Business schedules 4  Field of view 15, 21 Maid control 12
Fireplace 17  Main circuit board 21
C First stage heat 10, 21 Main hailways 15
Central station 22  Flocr mats 21  Malfunction 22
Codes 14,29  Flow charts 7  Manual Qverride §,22,25
Comfort 8,29 Forms 31-383  Manual pushbutton 26
Condominiums 26 Function switches 5  Master control system 26
Contactors 27  Fumiture 17  Microwave 21
Coverage 16 Mild weather conditions 3
Copy Machines 5 @G Mode s
Current draw 21  Grace pericd 3  Momentary 22,
Curtaing 17 Gradual setup/setback 8  Motion »
Customer survey form 36  Green thermostat wire 22  Mounting 17
Multiple doors 21
D H Muitipie sensors 21
Danger 15  Hallways 15,17
Defauit scheduie 3 Hazard 15 N
Demand Delay 10,29  Heat pump 8,21,29,30 Nightcyde 2,3
Demand duty cycle switches 11 High temperature - 22
Detection pattern 16  High voltage i4 O
Detector characteristics 16  How to use this manuai i  Occupancy-based principle iv
Digital communicator 21 HVAC Occupant arrival times 2
DIP switches 5 control output 22  Office equipment 6
Doors malfunction 22  Optimal Start-up 3
blockage by 17 vents 17  Out-of-range Temperature 22
entry/exit 1,4 Outputs il
logic 21 I Override g
open test 21 improper temp. setting 22
switches 7,14, 21 inputs i P
Duty cycie 10, 11 Instaliation QA form’ 31,32 Passive infrared 21
Institutions 1 10-degree angie 14-16
E Internal clock 3 detector data 14-16
Economy 8,29 sensor 6, 14-17
Electrical characteristics i J Perimeter heating 7
Electric water heater 10,21  Janitorial services 12  Physical characteristics .
Electronic thermostats 22 Piggy-back Circuit board 22
Pipes 13
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INDEX

Power requirements 21 T u
P -outage 3  Table of Contents i Ultrasonic 21
P ower relay 1,14, 15,27  Telephone controi device 26  Uninterruptable power supply 8
Precautions 15  Telephone relay modules 26  Unlimited access 6
Precondition 9,22,26 Temperature Unoccupied night cycle 2
Programmabie thermostat 22, 25 clamp (fimit) 13
P/PFS switch 9 drift rate 8 V
Protective window 24 switches 12  Vacation compensation 3
Terminals 18  Vandalism 17
Q Testing 24,35  Voltage requirements 21
Quick reference form 34,35 Thermistor 1,18 '
Thermostat 22-24,29 W
R Timer 26  Wall transformer 14, 28
Rates (heatup and cooldown}) Timer Periods Water heater 10, 21
7.5 degrees/hr. 8,28 1-sec. momentary closure 9  Weekends 3
15 degrees/hr. 8, 29 2.5-sec. PIR bianking 24  White thermostat wire 21,29
30 degrees/hr. 8, 2% 5-sec. water heater delay 10 Window 17
Rate switch 8 60-sec. PIR warmup 24  Winter 13
Radiant heater 17 3-min. HVAC lockout 5, 10,24  Winter resorts 26
Recovery rate 8 4-min. duty cycle off time 11 Wire nuts 15
Recreational equipment 6 5-min. search 7,9  Wire sizes 14
Red thermostat wire 20,29 6-min. min. optimal start 3  Wiring 14,17
Remote occupancy sens. 14, 24 10-min. duty cycie offtime 11 Wiring diagrams 19,20
R tetelephone 26 15-min. duty cycle ontime 11
Joms 15 22.5-min. duty cycle offtime 11 Z
Hoom heat losses 3 30-min. search 7,9  Zones of detection 15
Room thermostat 14 30-min. temperature hold 8
80-min. water heater start 10
S 60-min. search 7,9
Search period 7,8 60-min. testing window 25
Search time switch 9 3-hr. precondition 8,21,26
Season 3, 13 4-tr. out-of-range grace .. 3
Second heating system 10, 21 7-hr. night cycle 2
Second stage 8, 21 8-hr. max. optimal start 3
Security output 21 24-hr. backup timer 7,25
Sequencing 10 3-day vacation 3
Setback thermostat 22,24 7-day cycle 2
 Setback temperature C 12 2-week out-of-range adi. 3
Setup temperature 12 2-week weekend timer 3
Siave heater 10  Time-based principie v
Stage option 9 Tolerance (grace) window 3
Summer 13 Tools 14
Summer cottages 26  Tracing 22,24, 27,29
Sunlight 17  Transformer 21
Supervisory system 22  Transformer/Relay package 27
Survey form 36  Troubleshooting 24,34
S “-mode power supply 21 Two-stage heating 29
S) .ronizing point 3  Typical operating sequence 2
System parts 14
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FCC COMPLIANCE

This equipment generates and uses radio frequency energy and if not installed and used properly, in strict
accordance with the manufacturer's ‘instructions, may cause interference to radic and television
reception. It has been type tested and found to.comply. with.the limits for a Class B computing device in
accordance with the specifications of Subpart J of part 15 of FCC rules, which are designed to provide
reasonable protection against such interference in a business orinstitutional installation. However, there
is not guarantee that interference will not occur in a particular installation. [f this equipment does cause
interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures.

1. Reorient the TV or radio antenna.
2. Relocate or move the unit away from the receiver.
'
3. ., Plug the transformer for the device into a different outiet so the receiver and the device are on
different branch circuits,
4, If necessary, the user should consuit the installing dealer for additional suggestions. The user may
find the following booklet prepared by the Federat Communications Commission helpiut:
“How to Identify and Resclve Radio-TV interference Probiems,”
available from the U.S. Government Printing Office, Washington, DC 20402
stock #004-000-00345-4.
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NOTES

Page 42 CS 2000








