CORNELL MODEL NC-102D - INSTALL / TROUBLESHOOTING GUIDE

The purpose of this document is to aid the Installer or Service Person in properly installing and
troubleshooting the NC-102D Controller within a Cornell Nurse Call System.

This document incorporates tips and symptoms that have been observed by Cornell Technical Support
over the past years — allowing you to learn from others’ mistakes, and saving you time and money.

FIRST THINGS FIRST:

First, before installing or servicing an NC-102D Controller, it helps to understand the function and
features of the Controller. The following documents are part of the NC-102D Installation Manual, and
are also available via Cornell’s website (www.Cornell.com):

e NC-102D Functional Description
e NC-102D Calibration Procedure
e NC-102D Pin Definitions

Second - ensure that you have the correct installation drawings for the particular system being installed /
serviced. If you don’t have them, obtain them from Cornell’s website before heading to the jobsite.

Third — if the problems does not encompass the entire system, or ALL of a particular station type, the
source of the problem is probably not the NC-102D.

Lastly, keep an open mind — sometimes, what appears to be the “problem”, is actually a Symptom of the
problem. REPLACING A COMPONENT, WITHOUT FIRST ATTEMPTING TO FIND OUT WHY
IT FAILED, OFTEN RESULTS IN THE SAME COMPONENT BECOMING “BLOWN” AGAIN.

POWER SUPPLY-RELATED PROBLEMS AND TROUBLESHOOTING:

Although the Power Supply is a different component from the NC-102D, power supply problems are
often mistaken for NC-102D problems. This section of the Troubleshooting and Installation Guide deals
with power supply problems, and some tips that you can use in diagnosing and fixing such problems.

BE CAREFUL! — Dead and/or Damaged Power Supplies are often the symptom of some other problem.
Check your field wiring and other components before simply replacing the power supply. Otherwise,
you may simply end up with a second burned-out power supply.

SYMPTOMS OF POWER-SUPPLY RELATED PROBLEMS:
e System Totally “Dead” (It’s probably the Power Supply, not the NC-102)

e All system LEDs and Lamps function “normally”, but All Annunciator / Duty Station Sounders
are not working. (Check Voltage)

e All Station Types (Bed Stations and Bath Stations) are experiencing the same problem —
particularly if lamps appear dim, or if they fail to light once several stations are actuated.
(Check Load Performance of Power Supply.)

e System worked normally for a few hours / a few days, and then experienced problems (check
Primary AC and Batteries, if so equipped [if this is the case, be sure to check “Battery
Problems”, and “Failed after a few days/hours” near the end of this Guide]).

(continued on next page)
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DEAD POWER SUPPLY
Sometimes, it’s the simple things that get overlooked:

® Check the Circuit Breaker / Measure incoming Primary AC. If it’s not there, it’s only natural
that the system is not working. If the breaker was turned Off, you have probably found the
problem. If it was tripped, you are probably “on the trail” of some greater problem.

e [f 120 VAC (most of U.S.A.) IS present:

o Check any fuses / overload protection associated with the Power Supply (refer to
instructions for particular power supply).

o Try Disconnecting the Batteries (If so equipped) — batteries sometimes experience
internal Short-Circuiting. When the charger circuits attempt to charge shorted batteries,
this sometimes causes overload protection to kick-in, causing shutdown. If this is the
case, replace the batteries (always date-mark new batteries).

o Try disconnecting the Supply’s DC output. Many power supplies use “foldback™ output
protection. When an overload or short occurs on the output, the unit shuts down. If
disconnecting the field wiring appears to restore operation, one of two cases is likely:

= An overload or short-circuit is present in the system, “downstream” of the power
supply (more testing will be needed to find it)

= If the Power Supply fails under load, something may be wrong with it, or with it’s
overload protection circuitry. However, even if you know that the power supply
is bad, it is almost always prudent to check the remainder of the system for
unusual loads, and for shorts and ground faults before replacing it.

e [f a higher Voltage (208 / 220 VAC) is present — ensure that the power supply was intended to
operate on this AC voltage. [Most Commercial Lighting Circuits operate on 208 or 220 VAC,
while outlets are on 120 VAC.] (Most Cornell Power Supplies are not designed for 208/220 —
you probably need to replace the power supply, after obtaining a proper 120 VAC feeder for it.)

WRONG OUTPUT VOLTAGE
ALL Cornell 4000 and 4500-Series Nurse Call Systems are designed to operate on 24-Volts DC.
Measure the Power Supply Output Voltage, and observe the following:

e Approximately 23 to 28 Volts is acceptable, depending upon how far the power supply is from
the measurement location. If your measurement is significantly different, check the following:

o Make sure that the Power Supply is set at the correct Voltage. Most recent Cornell
Power Supplies are configurable for both 12 and 24-Volt operation — if you are getting
12-Volts, set it for 24 (See Power Supply Instructions).

o Older Cornell Linear Power Supplies (these have Big Transformer) sometimes utilized
center-tapped transformers (two 12-Volt secondary windings, rather than one 24-Volt).
If one winding goes bad, the supply output is affected — you will probably measure
approximately 12 Volts DC, with significant AC “ripple”.

o If the Voltage is too high (over approximately 28-Volts):

= Attempt to adjust the output Voltage. Some Cornell Power Supplies are equipped
with trim potentiometers for this purpose.

= If the Output Voltage cannot be adjusted, the regulator circuitry may be bad, and
the Power Supply may need to be replaced.
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BATTERY PROBLEMS / BATTERY CONFIGURATION ERRORS
If a new Power Supply contains Batteries, ensure that they are properly configured. Where any Power
Supply contains Batteries, test them to make sure that they are “good”.

If you work with sealed Gell-Cell (Immobilized Electrolyte) Batteries on a regular bases, Cornell
suggests that you should purchase an Electronic Battery Load Tester. Measuring Voltage is OK, but
sometimes, cells that put out proper voltage when measured fail when under load.

Some symptoms of Battery Problems are as follows:

e Total System Failure — If system resumes normal operation when batteries are disconnected,
check for cells that are internally short-circuited.

¢ The System functions for a day or two, then experiences total failure.
e The lights and LEDs function normally, but the Sounder/Audio is not working

In the last two cases -- particularly new systems, or where a new Battery Back-Up Power Supply has
been installed - the batteries may be wired properly, but the Power Supply is either:

® Turned off (Breaker Off / Tripped) — Unit ran on batteries until they either went dead, or the
voltage dropped too low.

e Set at Wrong Voltage — If Power Supply is set for 12 Volts, but Batteries are at 24 Volts, the
system probably ran on battery until they dropped to about 12 Volts (charger circuits unable to
re-charge the batteries properly) — after which certain functions fail.

CYCLICAL FAILURE / INTERMITTENT OPERATION
Where the power supply appears to operate properly for a few hours / days at a time, with unexplained
“shutdowns” in between, the source of the problem is usually related to one of the following:

® Opverload of the system
e Overheating component(s)
e AC Power fluctuations (brown-outs)

In such cases, Cornell recommends that you should check for the following:

e [s the Power Supply Big Enough? A “typical” Patient Room will draw approximately 100 mA
of current (0.1 Amp), due to the internal circuitry of the station, and Station / Annunciator LEDs.

o A 1-Amp Power Supply will be able to simultaneously operate approximately 7-10
single-lamp rooms. (Fewer if dual / triple lamps and/or Zone Lamps are used.)

o A 3-Amp Power Supply will be able to simultaneously operate approximately 25-30
single-lamp rooms. (Fewer if dual / triple lamps and/or Zone Lamps are used.)

o On a typical system, the power supply should be sized adequately to permit the number
of stations (worst case) that are expected to be active at any given time. This would be at
least 10% of the entire system, per UL requirements, but 25 to 33 percent is usually more
realistic. (Note - Local Code / project specifications may have different requirements.)

o Ask the Nursing Staff to note “Peak” Number of Calls & “Peak” Times - They will
usually have a good understanding of the call traffic patterns in their facility. Ask them
to note how many LEDs are lit up at their annunciator during the busiest times of the day,
with the associated time for a week or so, and see if there is a corresponding pattern.
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* Have any components become disconnected from their associated heat sink? (Missing / Lost clip
or screw?) Voltage regulators and transistors can overheat, which can cause temporary
shutdown, once they cool down, the power supply resumes operation. Similar events can happen
when such components are failing.

e [s there any sort of problem with the AC Circuit that feeds the Power Supply? Although this is
not common, it DOES happen. In particular, be aware of arrangements where the circuit or
phase within the breaker panel also feeds some sort of high-current load. If this is the case, find
out if there is any time correlation between system failures and when such high-current loads are
feeding the Power Supply

NC-102D PROBLEMS AND TROUBLESHOOTING:

The NC-102D is considerably more robust than the older NC-101 and NC-102A models that it replaced.
However, from time to time, failures do occur, and failures / problems with other system components
can and do affect the NC-102D. This section of the Troubleshooting and Installation Guide deals with
problems that are directly related to the Controller itself, and some tips that you can use in diagnosing
and fixing the problem.

Once the Power Supply has been eliminated as the source of a system-level problem, the next place to
start looking is logically the NC-102D Controller, and its associated circuits.

IS THE PROBLEM WITH THE NC-102D, OR IS IT A FIELD PROBLEM?
This is the next logical question to ask — use the following procedure to diagnose / answer this question:

e QUICK FIELD-TEST OF NC-102D UNIT - In order to quickly find out if the NC-102D is
functioning properly, perform the following steps:

1. Obtain/borrow a dome lamp and sounder (best = get a single 24-Volt bulb, with socket &
wires, and a Dual Status Duty Station that you know is good, and use them only for testing.)

2. Disconnect ALL field wiring from the NC-102D. Only leave the following connected:

e “HI” or “NSTN” connection to ONE Annunciator or Duty Station Sounder (make
sure that the Annunciator / Duty Station has incoming 24VDC)

¢ Incoming 24 VDC power from the power supply (“+24V” & “GND” terminals)
e Earth ground (“CH” Terminal)

3. Re-Calibrate the NC-102D (Refer to “NC-102D Calibration Procedure” document)

4. Test the “S” (Low/Routine Priority) Current-Sensing Output as follows:

A. Place one lead of the Lamp on the “+24V”Terminal

B. Place the other Lamp Lead on the “S” Terminal — Once you do this, the following
should occur:

C. The Lamp and the LED at the “S” Terminal should illuminate in a steady manner

O

. The Annunciator Sounder should “Chirp” once every 6 seconds (The “HI” and
“NSTN” LEDs at the Outputs should mimic this as well).

E. If this happens, the “S” Current-Sensing Output, and associated logic is good. If not,
the NC-102D is probably bad and should be repaired or replaced.
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5. Test the “F” (Mid / Bath Priority) Current-Sensing Input as follows:

A.
B.

C.
D.

E.

Place one lead of the Lamp on the “+24V”Terminal

Place the other Lamp Lead on the “F” Terminal — Once you do this, the following
should occur:

The Lamp and the LED at the “F’ Terminal should flash — once per second

The Annunciator Sounder should beep - once per second. (The LEDs at the “HI” and
“NSTN” Outputs should mimic this as well).

If this happens, the “F” Current-Sensing Output, and associated logic is good. If not,
the NC-102D is probably bad and should be repaired or replaced.

6. Test the “P” (High / Priority) Current-Sensing Input as follows:

A.
B.

C.
D.

E.

Place one lead of the Lamp on the “+24V”Terminal

Place the other Lamp Lead on the “P” Terminal — when you do this, the following
should occur:

The Lamp and the LED at the “P” Terminal should flash rapidly — twice per second

The Annunciator Sounder should beep — twice per second. (The LEDs at the “HI”” and
“NSTN” Outputs should mimic this as well).

If this happens, the “F” Current-Sensing Output is good. If not, the NC-102D is
probably bad and should be repaired or replaced.

(Also refer to “Cornell Model NC-102D Controller — Pin Definitions” for more information.)

If the ALL steps of the “Quick Field Test” (see previous page) pass — then the NC-102D is probably
working properly, and the problems are most likely due to Field Wiring, or failure of some other
component. Skip to the appropriate section, based upon the type of problem you are experiencing.

SOUNDER FUNCTION ISSUES
Perform the “Quick Field Test” procedure, as outlined above. If that test passes, but you are still
experiencing Sounder Function problems — check the following:

S1.NO SOUND - Check the Volume Control (if it has one), make sure that it has not been turned
too far down. (Sometimes, users make unauthorized adjustments.)

S2.NO SOUND, AND SYSTEM DOES NOT USE DOME LAMPS - (Assisted Living, etc.) — The
problem may be a Current-Sensing Issue. (See “Current-Sensing Issues” section.)

S3. CONTINUOUS SOUND - Whenever Sounder is connected to NC-102D — Check the following:

e NC-102D not calibrated (particularly, if you have Z-103 / Z-203 Zone Lamps) — If it is not
calibrated, the quiescent current draw of these can cause “false tripping” of the sounders.

¢ Bad Sounder / Sounder Board in Annunciator / Duty Station

e Stray Voltage on “HI” wiring, caused by cross-connection with some other wiring.

S4. The Sounder Board within the Annunciator or Duty Station may be bad — Connect ONLY ONE
Annunciator or Duty Station Sounder that you know works to the “HI” output of the NC-102D
(it’s best to do this right at the NC-102D, eliminating the field wiring), and repeat the “Quick
Field Test” procedure, as outlined on the previous page.

e [f this fails, there is probably a problem with the “HI”” or “NSTN” Output of the NC-102D.

e [f this passes, move on to Step “S5”.
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S5. You may be exceeding the load capability of the NC-102D Sounder Output. Both the “HI” and
“NSTN” Outputs are designed for a maximum current draw of approximately 500 mA. If the
installation has several Annunciators and/or Duty Stations, check the following:

e [f there are only a few Annunciators and Duty Stations - check them one at a time. One
“bad” unit may be causing excessive load; preventing the others from working properly.

e [f there are many Annunciators and/or Duty Stations, the combined load on the “HI” or
“NSTN” Output may be exceeding the capability of that output. Measure the DC Current —
if it’s excessive or borderline, disconnect a few Duty Stations / Annunciators. If doing so
fixes the problem, you may need to find a way to make the change permanent.

S6.If Steps S1 thry S5 do not diagnose the problem, it is probably related to Field Wiring —
disconnect the wiring from the “HI”” or “NSTN” Output, and check for shorts to Earth Ground,
and to all other field wires. Once you find a problem here, you will have to systematically trace
the system wiring in order to find the source of the problem.

LAMP FUNCTION ISSUES

Did you check the Power Supply? If not, do that first - then perform the “Quick Field Test” procedure,
as outlined previously. If that test passes, but you are still experiencing Dome Lamp / Zone Lamp
Function problems — check the following:

L1.SYSTEM CAN ONLY HANDLE A FEW LAMPS: Particularly if the project is a retrofit (re-
using / using Non-Cornell Dome Lamps) — spot check a few Dome Lamp Light Bulbs.

e (Cornell uses Type “1820” bulbs that are rated for: 28 Volts @ 100 mA (0.1A) — If your
system is all Cornell, and needs to be UL-Listed, you need Cornell Lamps.

e [f you find bulbs that are not Type 1820 - Obtain a copy of the specifications for such bulbs
from the manufacturer, or check the current draw on a single bulb. If it varies significantly
from the 1820 Bulb specifications, you probably need to replace ALL bulbs and/or Dome
Lamps. Too much current draw can limit operational capacity of the system, while too little
can affect Current-Sensing operation.

e [f the bulbs are OK, then there may be a problem in the field wiring associated with the
Dome Lamps — check for wire-to-wire shorts and wire-to-Ground shorts.

L2.If there is a problem with the proper function of all dome lamps, or with all lamps associated
with a particular station type, then there is probably some sort of a Field Wiring problem (wiring
to “S”, “F”, “P” Current-Sensing Outputs shorted together, wiring landed to wrong output, or
stations mis-wired).

CALL-SENSING ISSUES
Perform the “Quick Field Test” procedure, as outlined previously. If that test passes, but the system /
NC-102D does not seem to properly respond to active calls — check the following:

C1.If your system LACKS DOME LAMPS (Assisted Living, etc.), the NC-102D may not be seeing
the required Minimum Trigger Current. To fix this situation, try the following:

¢ If your system is Cornell 4000 Series, do the following:

o At one of the LED boards in the Annunciator, ADD a 1-K Ohm, ¥2-Watt Resistor
between the “TONE” Terminal and the “24V” Terminal.
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o If there is more than one LED Board in the Annunciator, connect the “TONE”
Terminal of each additional board to the “Tone” Terminal where the resistor was
added (parallel them together).

e [f your system is Cornell 4500 Series (Voice System, with Handset), do the following:

o At one of the LED boards in the Annunciator, ADD a 1-K Ohm, ¥2-Watt Resistor
between the “TO” Terminal and the “24V” Terminal.

o If there is more than one LED Board in the Annunciator, connect the “TO” Terminal
of each additional board to the “Tone” Terminal where the resistor was added
(parallel them together).

e This will add approximately 25 mA of current draw, any time any Station is actuated.

C2.1f your system USES Z-103 or Z-203 Zone Lamps, or if you ADDED OR REMOVED Zone
Lamps, make sure that the NC-102D has been re-calibrated. If it has not been, the system may
operate in a “tripped” mode all of the time, or may spuriously trip, due to minor current
fluctuations. (See “Cornell Model NC-102D — Calibration Procedure”.)

C3.1f the Rooms ARE WIRED IN A “NORMAL CONFIGURATION” (Each Room has a Dome
Lamp), and if it takes multiple stations to “trip”” Audible functions — Check the field wiring —
particularly, for shorts to Ground. If Negative current can be drawn through ground, it may
bypass the Current-Sensing ability of the NC-102D, since in some cases the Negative side of the
Power Supply is connected to Earth Ground.

CYCLICAL FAILURE / INTERMITTENT OPERATION
Perform the “Quick Field Test” procedure, as outlined on the previous page. If that test passes, but the
system / NC-102D still appears to experience intermittent complete failures — check the following:

Like the Power Supply, the NC-102D provides a Negative Feed to all of the Stations.

As with the Power Supply — If a power-related problem is identified, EFFORTS SHOULD BE MADE
TO FIND AND FIX THE SOURCE OF THE PROBLEM BEFORE REPLACING THE FAILED
COMPONENT. Otherwise, the problem is likely to be repeated.

Where the power supply has been eliminated as the source, the following factors should be explored:

e [f the ENTIRE SYSTEM experiences such intermittent failures, examine the Overload of the
NC-102D - Because the Nurse Call System is intended for Class 1 Operation, as defined by
NFPA-70 (N.E.C.), it contains features that are designed to limit the amount of current that it can
pass to approximately 100 VA (4 Amps at 24 VDC — should be no more than 3 Amps with a
single Cornell Power Supply). (Refer to “Cornell Model NC-102D — Pin Definitions)

o First, Ask the Nursing Staff to note the “Peak” Number of Calls & “Peak” Times - They
will usually have a good understanding of the call traffic patterns in their facility. Ask
them to note how many LEDs are lit up at their annunciator during the busiest times of
the day for a week or so, along with the time when this occurs, then examine if the result
may approach or exceed 3 to 3.5 Amps. This is the approximate Incoming 24-Volt
Maximum Current for an NC-102D, and is also the maximum current for any single
Current-Sensing Output. If this occurs on a regular basis, Cornell suggests that the
system should be split-up into smaller, more manageable sub-systems.
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o Newer NC-102D (Thermal Overload) — Newer NC-102D Controllers are equipped with a
self-resetting Thermal Overload device (miniature “F1” socket near “GND” Terminal).
This device automatically shuts down the NC-102D when excessive total current is
detected, and restores power once it cools down. If the NC-102D is experiencing
excessive load, this device could cause the cycling.

o Older NC-102D (Fuse) — Older NC-102D Controllers have a small, rectangular fuse at
this position. Check the fuse continuity with a meter, and replace if needed.

o In either case — be sure to verify that field loads are not excessive, or that some sort of
short / ground fault does not exist before replacing the NC-102D, overload, or fuses.

e [If ALL OF ONE TYPE OF STATION (example: ALL Bed Stations, ALL Bath Stations...)
experiences such intermittent failures, Load Test the associated Current-Sensing Output (Actuate
multiple stations, while measuring current draw), and ensure that the maximum current is not
being exceeded (Approx. Overload of the NC-102D — (Refer to “Cornell Model NC-102D — Pin
Definitions)

e Overheating Components - Have any components become disconnected from their associated
heat sink? (The NC-102D has at least 14 Solid-State devices with Heat Sinks — Look for Missing
/ Lost clip or screw?) Voltage regulators and transistors can overheat, which can cause
temporary shutdown, once they cool down, the Controller, or a particular Output resumes
operation. Similar events can happen when such components are failing, but remember — If a
component is properly heat-sinked, and still overheats, the overheating may be a symptom of
some other problem.
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