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INTENT

This manual describes the function, operation and use of the GE Power Management Model 169 and 169 Plus Motor

Management Relays.
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1 INTRODUCTION

1.1 Motor Protection Requirements

Three phase AC motors have become standard in modern industry. These motors are generally rugged and very:
reliable when used within their rated limits. Newer motors, however, tend to be designed to run much closer to these
operational limits and thus, there is less margin available for any type of abnormal supply, load, or operating
conditions.

To fully protect these motors, a modern protective device is required. Accurate stator and rotor thermal modéling is
necessary to allow the motor to operate within its thermal limits and still give the maximum desireds@utput. As well,
other features can be incorporated into a modern relay to fully protect the motor, the associated mechanical system,
and the motor operator from all types of faults or overloads.

Motor thermal limits can be exceeded due to increased current from mechanical overloads™er,supply unbalance.
Unbalance can greatly increase heating in the rotor because of the large negative sequence cutrent components
present during even small voltage unbalances. A locked or stalled rotor can cause severe heating because of the
associated large currents drawn from the supply. Many motor starts over a short period of time can cause
overheating as well. Phase-to-phase and phase-to-ground faults can also cause damage to motors and hazards to
personnel. Bearing overheating, loss of load, and phase reversal can cause damage to‘the mechanical load being
driven by the motor.

The ideal motor protection relay should monitor the rotor and stator windinggempetatures exactly and shut off the
motor when thermal limits are reached. This relay should have an exact knowledge of the temperature and proper
operating characteristics of the motor and should shut down the fetor”on the occurrence of any potentially
damaging or hazardous condition.

The Multilin Model 169 Motor Management Relay uses motor phase,curtent readings combined with stator RTD
temperature readings to thermally model the motor being protectedy, In“addition, the 169 takes into account the
heating effects of negative sequence currents in the rotor, and calculates,the cooling times of the motor. The relay
also monitors the motor and mechanical load for faults and prohlems:

1.2 169 Relay Features

The Multilin Model 169 Motor Management Relay is“aymodern/microcomputer-based product designed to provide
complete, accurate protection for industrial motorsfand their associated mechanical systems. The 169 offers a wide
range of protection, monitoring, and diagnostic featurés in a single, integrated package. All of the relay setpoints
may be programmed in the field using a simple* @2 position keypad and 48 character alphanumeric display. A built-in
"HELP" function can instruct the user on the properifunction of each of the programming keys and on the meaning of
each displayed message.

One 169 relay is required per motor. Phase and ground fault currents are monitored through current transformers so
that motors of any line voltage can be prgtected®The relay is used as a pilot device to cause a contactor or breaker
to open under fault conditions; that is, it dees not carry the primary motor current.

The relay comes in two different modelsithus allowing for choice of the most cost effective relay for each application.
The 169 Plus has the following features which the model 169 does not: custom curve selectability, motor statistical
records, speed switch input, differentialygelay input, two auxiliary output relays, two additional RTD inputs, single shot
emergency restart feature, an RS 422 eommunications port, unbalance input to thermal memory, start inhibit feature,
and spare input terminals.

The custom curve featuregof thegmodel 169 Plus gives the user additional flexibility. If one of the eight standard
overload curves is not Suitable for the application under consideration, the user can enter his own breakpoints to
form a custom cufe. This means that the 169 Plus can offer optimum motor protection in situations where other
relays cannot. Suchapplications include induced fan drives where the motor stator and rotor thermal capacities can
differ significantly.

An importantfeature of the Multilin 169 Plus relay, is its ability to "learn" individual motor parameters. The relay
actually adapts itselfsto each application by "learning” values of motor inrush current, negative sequence current K
factor, cooldown rates, and acceleration time. These values may be used to improve the 169's protective
capabilities (when enabled) and are continually updated. The model 169 learns inrush current only.

The 169 Plus calculates both positive and negative sequence currents. The equivalent motor heating current is
calculated based on the "learned" K factor. This, combined with RTD temperature readings by a motor thermal
modelinghalgorithm, gives the 169 Plus a complete thermal model of the motor being protected. Thus, the 169 Plus
will allow maximum motor power output while providing complete thermal protection.



GE Power Management

The 169 Plus relay provides a complete statistical record of the motor being protected. The total motor running
hours, the number of motor starts, and the total number of relay trips since the last commissioning are storedsand
can be viewed on the display. As well, the number of short circuit, RTD, ground fault, unbalance, overload, staft, and
rapid trips can be recalled by simple keypad commands. These values are stored along with all of the“relay
setpoints in a non-volatile memory within the relay. Thus, even when control power is removed from the 169 Plus,
the statistical record and all relay setpoints will remain intact.

1 INTRODUCTION

The 169 can provide one of various output signals for remote metering or programmable controller attachment.
Analog signals of motor current as a percentage of full load, hottest stator RTD temperature, pergentage of phase
CT secondary current, or motor thermal capacity are available by simple field programming. A total*of|four output
relays are provided on the 169 Plus, including a latched trip relay, an alarm relay, and two auxiliagygfelays. The
model 169 provides a latched trip relay and an alarm relay. All output relays may be programmed¥ia the keypad to
trip on specific types of faults or overloads.

When an output relay becomes active, the 169 will display the cause of the trip, and if applicablée, the lock-out time
remaining. Pre-trip values of motor current, unbalance, ground fault current, and maximumjstator RTD temperature
are stored by the 169 and may be recalled using the keypad.

The correct operation of the Multilin 169 relay is continually checked by a built-in firmware self-test routine. If any
part of the relay malfunctions under this self-test, an alarm indication will tell the Operator that service is required.

Table 1-1 Model 169 and 169 Plus Relay Features

Protection Features

e Overloads

»  Stator Winding Overtemperature (Alarm and Trip)
e Multiple Starts

e Short Circuit

*  Locked Rotor

* Rapid Trip/Mechanical Jam

* Unbalance/Single Phasing

e Ground Fault (Alarm and Trip)

* Phase Reversal

»  Bearing Overtemperature (Alarm and Trip)
* Undercurrent

*  Variable Lock-Out Time

Operational Features

e Microcomputer controlled

*  Keypad programmable

e 48 character alphanumeric display

e Built-in "HELP" function

» Eight selectable standard overlead,curves

» User defined custom overloadgurve capability (169 Plus)
»  Continual relay circuitry self-check

Monitoring and Display Eeatures

* Negative sequenceyphase current unbalance measurement

*  Ground fault (e@rth leakage) current measurement

» Up to six'stator RTD inputs

*  Two additionahRa¥D inputs on the model 169, four on the 169 Plus
*  Monitoring of motor ambient air temperature

» Display of all SETPOINTS or ACTUAL VALUES upon request

» Display oftelay TRIP/ALARM and HELP messages
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Communications and Control Features

One latched, main trip relay
One alarm relay

Emergency restart capability
Pre-trip alarm warnings

O

L 4
4-20mA output of motor current as a percentage of full load, motor thermal capacity, haotiest stator RTD

temperature, or percentage of phase CT secondary current

Two auxiliary relays (169 Plus)
Optional single-shot restart on running overload trip (169 Plus)

Speed switch, differential relay, and spare input (169 Plus)
RS 422 port for connection to programmable controllers and computers (169 Plus)

Statistical and Memory Features 0
Recall of all pre-trip motor values

Tamperproof setpoints stored in non-volatile memory

Microcomputer "learns" motor inrush current, acceleration time, coo nrates, and negative sequence

current heating K factor* (* 169 Plus only)

Complete record of motor statistical data: motor running hours, n e S, number and type of relay trips

(169 Plus)

1.3 Typical Applications

The many features of the 169 make it an ideal choice for a wi ge“of motor protection applications. Versatile
features and controls allow the relay to protect associated han equipment as well as the motor. The 169
should be considered for the following and other typical uses:

© © N o g > DR

Protection of motors and equipment from operator abdse

Protection of personnel from shock hazards d
Protection of gears, pumps, fans, saw mills and compressors from mechanical jam.

Indication of loss of suction for pumps or los pw for fans using the undercurrent feature.

Protection of motor and load bearings fr

Protection of motors operated in envir;

Communication with programmble

Protection of high inertia, Iongﬁ
iv

drive systems using a custom overload curve.

Statistical record-keeping e maintenance programs.

10. Complete protection, allowing um motor utilization with minimum downtime, for all AC motors.

Q>®

ind orts or earth leakage current from moisture.
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1.4 Technical Specifications O
Phase Current Inputs O

conversion: calibrated RMS
range: 0.05 to 12 x phase CT primary amps setpoint P
full scale: 12 x phase CT primary amps setpoint

Ground Fault Current Input

accuracy: +0.5% of full scale (0.05 to 2 X phase CT primary amps setpoint) %
+1.0% of full scale (over 2 X phase CT primary amps setpoint)

conversion: calibrated RMS

range: 0.1to 1.0 X G/F CT primary amps setpoint (5 Amp secondary CT)
1.0 to 10.0 amps (2000:1 CT)

full scale: 1 x G/F CT primary amps setpoint (5 Amp secondary CT)
10 amps (2000:1 CT)

+8% of trip time over 13 sec.

detection level: +1% of primary CT amps
Unbalance @
display accuracy: +2 percentage points egative sequence unbalance (In/Ip)

Relay Lock-out Time

accuracy: +4% of G/F CT primary amps setpoint (5 Amp secon v.@
+ 0.3 amps primary (2000:1 CT)

Overload Curves

trip time accuracy: +1 sec. up to 13 sec. K\

accuracy: +/- 1 minute with control power, ied
+/- 20% of total lock-out i o control power applied

Trip/Alarm Delay Times @ O
accuracy: +0.5 sec. or 2% c@e, whichever is greater with the exception of:

1. "INST."setpoints: less than 50 msec.

2. Ground Fault 0.5 Sec +150 msec.

3. Ground Fault 250 m delay: +75 msec, -150 msec.
Phase Reversal Trip Ti

relay response in 3.5 sec. of motor start attempt

Differential

relay response ti 100 msec. maximum (contact closure to output relay activation)

L 4
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RTD Inputs O
sensor types: 10 Q copper

100 Q nickel

120 Q nickel

100 Q platinum (specified with order)

display accuracy: 2 C *
trip/alarm setpoint range: 0 to 200°C
dead band: 3°C

maximum lead resistance: 25% of RTD 0°C resistance &
Relay Contacts 0

type: form C

rated load: 10A @ 250 VAC /10 A @ 30 VDC (resistive load)
7.5A @ 250 VAC /5 A @ 30 VDC (inductive load)
0.5A @ 125 VDC (resistive load)
0.3 A @ 125 VDC (inductive load)

maximum operating voltage: 380 VAC, 125 VDC
maximum operating current: 10 Amps
minimum permissible load: 5VDC, 100 mA \

NOTE: AC inductive load PF=0.4
DC inductive load L/R = 7 msec.

Analog Current Output (4-20 mA standard)

output: 4-20mA |/

maximum load resistance: 300 Q

maximum output (saturation): 20.2 mA

accuracy: +1% of full's eading

polarity: terminal 58 ("-'. t ground potential (ie. output is not isolated)

Control Power *

AC nominal: 120 VAC, range: 490-1 AC

240 VAC, range: -270 VAC
frequency: 50/60 Hz
maximum power consumpticOm VA
- .

DC nominal: 24 VD ? ge: 20-30VDC
VD ﬁ e: 30-55VDC
1 DCprange: 80-150 VDC
2
S

range: 160-300 VDC
maximum po n tion: 30 W

Environment
operating tempsrature range: —10°C to +60°C
displ perational range: 0°C to +55°C
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CT Burden Due to Connection of 169 Relay O
phase CT: 1 amp or 5 amp input: less than 0.50 VA at rated load Q
ground fault CT: 5 amp input: less than 0.50 VA at rated load

2000:1 input: can be driven by GE Power Management 2000:1 CT
Running Hours Counter L 4
accuracy: +1%

Note: It is recommended that all 169 relays be powered up at least once per year to avoid\ on of
electrolytic capacitors in the power supply.

Due to updating technology, specifications may be improved without notice. 0

[e]
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2.1 Physical Dimensions O

The 169 relay is contained in a compact plastic and metal housing with the keypad, display, and all indicators I@
on the front panel. The physical dimensions of the 169 unit are given in Figure 2-1.

Multilin also provides phase and ground fault CTs if required. Dimensions for these are shown in Figure 2-2. Note:
Dimensions of Figure 2-2 are for 100:5 to 1000:5 phase CT's, for the dimensions of 50:5 and 75:5 CT's, gensult

factory.
— MOUNTING @
SURFACE @

7.570" 0.50”
192> ag,n»

TR

1]

AL

AUXT

Axz

SERVICE

11.375"

289 = @& (=]
BISIE)
EEE

FRONT VIEW

SIDE VIEW

6.85"
(174>

‘ 6.125"

156>

\\\ /

(4>-0.218"Dia. 10457 10875
o @65 (276)
MTG. HOLES

i
BN

\=

// \\

@ @
O o o———————

REAR VIEW PANEL CUTOUT
Inches
(mmd

Figure 2-1 Physical Dimensions
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PHASE C/T—WINDOW TYPE
Part No. CT—CXXX:X

0.877 2.75"
@2 [
1 I I
I o ¢
L _x
Fle ®|e © © sl
alt Q| =
R

0.43*
11

7
120>

236"
60>

054"
a4

INCHES
mmd

GROUND FAULT C/T

(@>-8-32 x S/16" Lg. Screw

/

0.28” Dia.
7>

114"
@9
=~ 150" =
f A ! 38>
nches
(mm)
DIMENSIONS
PART NO A B C D E

in | mmifin mmiin |[mmlin mmlin |[mm

CT—-HGF3 |7.80[198|7.05/179(8.15[207 [3.94| 100 |5.50|140

CT-HGF3 |6.06|154 [5.26]134 |6.18 |157(3.15| B0 [3.54| 90

Figure 2-2 CT Dimensions
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2.2 Mounting O

The 169 should be positioned so that the display is visible and the front panel keypad is accessible. A cut@
made in the mounting panel and the unit is mounted as shown in Figure 2-3. Four washers and 10-32
mounting screws are provided.

Although the 169 circuitry is internally shielded, to minimize noise pickup and interference the relay should be placed
away from high current conductors or sources of strong magnetic fields.

Connections to the relay are made through terminal blocks and CTs located on the rear of thenit\g

MOUNTING PANEL /:I/
-

e

@65
10.875”
@ @76)
'
e
p 2
|9
Ve
-
~
~
Ve

e DRILL:
e (4)- 0,218Dia. HOLES
~ 6.125" MOUNTING HARDWARE:

(156>

PHILIPS PAN HD, SCREW
6.85” (4>- #10-32x3/8"Lg.

7'/\ \
A74> \ &
SPLIT LOCKWASHERS,

968510A1L.DWG

Figure 2-3 Relay Mounting

N
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2.3 External Connections O

The connections made to the 169 relay will vary depending on the programming of the unit. It is not neces@
use all of the connections provided; a minimal configuration would include supply power, three phase curren
inputs and the Trip relay contacts wired in series with the contactor control relay or circuit breaker shunt trip coil.
Connections to these and the other terminals outlined below will be explained in the following sections. Figures 2-4,
2-6, 2-7 show typical connections to the 169 relay. *

NOTE: The rear of the 169 relay shows output relay contacts in their power down state. Figures 2-4 , 2-7 show
output relay contacts with power applied, no trips or alarms, Factory Configurations, i.e. TR\ afe, ALARM -

non-fail-safe, AUX.1 - non-fail-safe, AUX.2 - fail-safe). See Figure 2-5 for a complete list of all ible output relay
contact states. See page 62 for a description of the RELAY FAILSAFE CODE.

Table 2-1 169 External Connections

Inputs 0
e Supply PowerL, G, N Q

* Phase CTs
*  Ground Fault CTs

e 6 Stator RTDs
e 2 additional RTDs on the 169, 4 on the 169 Plus
»  Emergency Restart keyswitch \

External Reset pushbutton
*  Programming Access jumper or keyswitch

*  Speed Switch input on the 169 Plus

« Differential Relay input on the 169 Plus @
e Spare Input on the 169 Plus
Outputs \

» 2 Sets of Relay Contacts (NO/NC) on th@n the 169 Plus
*  Programmable Analog Current Outpyt Ter S
RS 422 Serial Communication{& 69 Plus

Q>®
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« 120/240VAC NOTES
50/60Hz. -

START FUSE .

169 TYPICAL WIRING OUTPUT RELAY CONTACTS SHOWN -

# RTD8 CAN BE USED FOR AMBIENT
SENSING ON THE 169 RELAY. L s i%“ﬂ;%s PE“’D/EELQEEEIED'
(CR)CONTACTOR INTERPOSING RELAY. ol FACTORY CONFIGURATIONS IN EFFECT,

A TRIP — FAIL-SAFE
ALARM - NON-FAIL-SAFE
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44 g 45,
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+
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1 RESTART  +
|17/2) — -
16|@)| Shield Ground EXTERNAL I— Pushbutton
| 15(2) - L RrTD7 Ammeter or
14|@)| Common Programmable
3| + B Controller
86 s B
i are i
[57] P Available
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l® - — RTD3 RTD&
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S +

S| shield Ground

—RTD2 D5
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N
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Figure 2-4 Relay Wiring Diagram (AC control power)
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CODE |29|30|31132|33|134|135|36/37|38/39|40
*1 Ly

4 Ly

FAILSAFE] TRIP ALARM | AUX.T. | AUX.2. C)O

6 L H
/ L
S| bl
19 pouer| Ll Bl ey

NOTES: 1). CONT TQOWN WITH CONTROL POWER APPLIED,
NO T% O ALARMS.
2). *

TORY PRESET VALUE.

igure 2-5 Output Relay Contact States
WARNING: In Iocations@ tem voltage disturbances cause voltage levels to dip below the range

specified in specificatio any relay contact programmed failsafe may change state. To avoid tripping

the motor in this c\el contacts should be programmed non-failsafe.

L 4
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169 TYPICAL WIRING

7 RTD8 CAN BE USED FOR AMBIENT
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Figure 2-6 Relay Wiring Diagram (Two Phase CTs)
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169 TYPICAL WIRING FOR DC CONTROL POWER
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Figure 2-7 Relay Wiring Diagram (DC Control Power)
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2.4 Control Power

Control power for the relay is nominally either 120/240 VAC at 50 Hz/60 Hz or either 24, 48, 125, or 250 VDG. The
AC voltage is selected by means of a slide switch on the power supply circuit board as shown in Figure 2-8.<If an
alternative voltage is selected, ensure that the control power label on the back of the 169 Relay reflects the change.
This board is accessed by removing the perforated cover on the rear of the unit. The switch must be correctly set
before control power is applied to the 169. Maximum power consumption for the unit is 40 VA (AC version) op30 W
(DC version).

The 169 will operate properly over a wide range of supply voltages typically found in industrial envifonments (see
control power specifications in section 1.5). When the supply voltage drops below the minimum, the eutput relays
will return to their power down states but all setpoints and statistical data will remain stored,in the, relay memory.
Motor lock-out time will be adhered to with or without control power applied.

Control power must be applied to the 169 relay, and the relay programmed, before the metor is energized. Power is
applied at terminals 41, 42, and 43 which is a terminal block having #6 screws.

NOTE: Chassis ground terminal 42 must be connected directly to the dedicated cubicle groufnd conductor to
prevent transients from damaging the 169/169 Plus resulting from changes in ground,potential within the
cubicle.

U101 Clio1 A1 5

(:::) <::22103 Bl01 T101 1 (:)J 9
(—1D107
I ¢ 2 @Nie
nos[ ] 5 (iji:11
posl ] &z L
4 4 (:) 12
© C105 ?}9?
D108 F101
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| |
T

o 1
BIKE] I
Cc108 240VAC
O QNS -
D103
b Sl TF

@ B103 — o

1 I+ C111 R103 reovac] |E

C109

u1o2 c107 Qi D104 s101
cie + + 03 J:J{j {]
{{::}[] R104 C113
L

v14 TPL  TP2
ISOGND  GND

AC VOLTAGE SELECTION SWITCH
A100 PC BOARD

Figure 2-8 AC Voltage Selection (120/240 VAC models only)
2.5 Phase CTs

One CT for each af'the three motor phases is required to input a current into the relay proportional to the motor
phase currently Ihe phase sequence must be as shown in Figures 2-4 and 2-7 in order for the phase reversal
function to operate,properly. If two phase CTs are used as shown in Figure 2-6 the phase reversal function cannot
be used (see section 3.19). The CTs used can have either a 1 amp or 5 amp secondary and should be chosen so
that the motor full load current is between 50 and 95 percent of the rated CT primary amps. The CT ratio should
thus be of the form n:1 or n:5 where n is between 20 and 1500. The ratio of the CT used must be programmed into
the 169 (see section 3.7).

Th&EI ‘connections to the relay are made between the ":1" and "COM" terminals for 1 amp CTs or between the ":5"
and “*COM" terminals for CTs with a 5 amp secondary. The connections to the 169 internal phase CTs are made
direétlyyvia #10 screws.

15



GE Power Management

2 INSTALLATION

2.6 Ground Fault CT

All current carrying conductors must pass through a separate ground fault CT in order for the ground fault function to
operate correctly. If a safety ground is used it should pass outside the CT window.

The ground fault CT is connected to terminals 73 and 72 for 5 amp secondary CTs or to terminals 73 and 74 for
Multilin 2000:1 CTs. as shown in Figures 2-4, 2-6, 2-7. The polarity of the ground fault CT connection is not
important. Itis recommended that the two CT leads be twisted together to minimize noise pickup. If a 2000:1 ground
fault CT is used, the secondary output will be a low level signal which allows for sensitive ground faultidetection.

The zero sequence ground fault connection is recommended. If the residual ground fault methodfis used the 169
relay will not display ground fault current in direct primary amps.

The connections to the 169 internal ground fault CT are made directly via #10 screws.

2.7 Trip Relay Contacts

The main control relay or shunt trip coil of the motor starter or circuit breaker should*be, connected to the Trip relay
contacts of the 169. These contacts are available as normally open (NO), normallyselosed®(NC), and can switch up
to 10 amps at either 250 VAC or 30 VDC with a resistive load. Silver cadmium gxide c@ptacts are used because of
their ability to handle high inrush currents on inductive loads. Contact Multilin if'these contacts are to be used for
carrying low currents since they are not recommended for use below 0.1 amps;yConnection to the motor contactor
or breaker is shown in Figures 2-4, 2-6, 2-7.

The Trip output relay will remain latched after a trip. This means that onee this relay has been activated it will remain
in the active state until the 169 is manually reset. The Trip relay centactsimaydbe reset by pressing the RESET key
(see section 3.1) if motor conditions allow, or by using the Emergeney,Restart feature (see section 2.12). An
optional single shot restart can be selected on the 169 Plus,4o automatically reset the relay after a running
OVERLOAD TRIP. This feature is selected or defeated in page 5'0RSETPOINTS mode.

The Trip relay may be programmed to be fail-safe or non-fail-safe. When in the fail-safe mode, relay activation or a
loss of power condition will cause the relay contacts to go #6%theirfower down state. Thus, in order to cause a trip
on loss of power to the 169, output relays should be programmedias fail-safe.

The Trip relay cannot be reset if a lock-out is in effg€t. Lock-outitime will be adhered to regardless of whether control
power is present or not.

The Trip relay can be programmed to activate op,anydeombination of the following trip conditions: overload, stator
RTD overtemperature, rapid trip, unbalance, ground fault, short circuit, RTD overtemperature, phase reversal,
acceleration time, number of starts per hoursingle phase, speed switch closure on start, differential relay closure,
spare input closure, and start inhibit (see section 3.4*for factory preset configurations). Connections to the Trip relay
contacts are made via a terminal block whieh uses#6 screws.

NOTE: The rear of the 169 relay shews Qutputirelay contacts in their power down state. Figures 2-4, 2-6, 2-7
show output relay contacts with power‘applied, no trips or alarms, and Factory Configurations in effect (i.e.
TRIP - fail-safe, ALARM - non-fail-safe, AUX.1 - non-fail-safe, AUX.2 - fail-safe). See Figure 2-5 for a list of all
possible contact states.

2.8 Alarm Relay Contacts

These contacts are availabletas_normally open (NO), normally closed (NC), with the same ratings as the Trip relay
but can only be programtmed to activate when alarm setpoint levels are reached. (On a Draw-out version of 169,
only one set of alarm \cofitacts is available and the user must specify normally open or normally closed when
ordering). Thusthesecontacts may be used to signal a low level fault condition prior to motor shut-down.

Conditions which can be“programmed to activate the relay are alarm levels for the following functions: immediate
overload, unbalance, undercurrent, ground fault, stator RTD overtemperature, RTD overtemperature, broken RTD
sensor, spare input alarm, self-test alarm, and start inhibit (see section 3.4 for factory preset configurations). The
relay can be configured as latched or unlatched and fail-safe or non-fail-safe. Connections to the Alarm relay
contacts are made via a terminal block which uses #6 screws.

NOTE: The re@ar of the 169 relay shows output relay contacts in their power down state. Figures 2-4, 2-6, 2-7 show
outputixelay contacts with power applied, no trips or alarms, and Factory Configurations in effect (i.e. TRIP - fail-safe,
ALARM non-fail-safe, AUX.1 - non-fail-safe, AUX.2 - fail-safe). See Figure 2-5 for a list of all possible contact
states.
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2.9 Auxiliary Relay #1 Contacts (169 Plus)

Auxiliary relay #1 is provided to give an extra set of NO/NC contacts which operate independently of the othef relay:
contacts. (On a Draw-out version of 169, only one set of Aux.1 contacts is available and the user must specify,
normally open or normally closed when ordering). This auxiliary relay has the same ratings as the Trip relay.

Auxiliary relay #1 can be configured as latched or unlatched and fail-safe or non-fail-safe. The conditions that will
activate this relay can be any trip or alarm indications (see section 3.4 for factory preset configurations).

These contacts may be used for alarm purposes or to trip devices other than the motor contactor.£ Fogexample, the
ground fault and short circuit functions may be directed to Auxiliary relay #1 to trip the maifycircuit breaker rather
than the motor starter.

Connections to the relay contacts are made via a terminal block which uses #6 screws.

NOTE: The rear of the 169 relay shows output relay contacts in their power down state. 4kiguresf?-4, 2-6, 2-7
show output relay contacts with power applied, no trips or alarms, and Factory Configurations. in effect (i.e.
TRIP - fail-safe, ALARM - non-fail-safe, AUX.1 - non-fail-safe, AUX.2 - fail-safe). See Figure'2-5 for a list of all
possible contact states.

2.10 Auxiliary Relay #2 Contacts (169 Plus)

This relay provides another set of NO/NC contacts with the same ratings as the othéprelays. (On a Draw-out version
of 169, only one set of Aux.2 contacts is available and the user must speeify nermally open or normally closed when
ordering). This relay is different from the others in the fact that it is petmanently programmed as latched and fail-
safe.

This relay may be programmed to activate on any combination of alarm,conditions (see section 3.4 for factory preset
configurations). The feature assignment programming is thus the’'same as for the Alarm relay.

Connections to the relay contacts are made via a terminal blockwhich uses #6 screws.

NOTE: The rear of the 169 relay shows output relay contaéts imtheir power down state. Figures 2-4, 2-6, 2-7
show output relay contacts with power applied, no trigs offalarms, and Factory Configurations in effect (i.e.
TRIP - fail-safe, ALARM - non-fail-safe, AUX.1 - nofi-fail:=safedAUX.2 - fail-safe). See Figure 2-5 for a list of all
possible contact states.

2.11 RTD Sensor Connections

Up to six resistance temperature detectors {RTBRs) miay be used for motor stator temperature monitoring. The
remaining RTD inputs may be used for motor,and load bearing, or other temperature monitoring functions. All RTDs
must be of the same type. RTD #8 (RTD#10 ‘ongthe 169 Plus) may be used to monitor ambient air temperature.
This is done to enhance protection in environments where the ambient temperature varies considerably. Use of
stator RTDs will allow the 169 to "learn” the actual cooling times of the motor. When no stator RTDs are used the
169 will not learn the actual motor gooling times, but will rely on the user defined preset values. The number of
stator RTDs used together with RTD, trip ahd alarm temperatures must be programmed into the 169 (see sections
3.16, 3.17). The RTD type to beiised must be specified when ordering the 169 relay. If the type of RTD in use is to
be changed, the 169 must be returned.to the factory.

Each RTD has four connections to the 169 relay as shown in Figures 2-4, 2-6, 2-7. Since the RTD indicates
temperature by the value_of itSiresistance, it is necessary to compensate for the resistance of the connecting wires,
which is dependent on jead'length and ambient temperature. The 169 uses a circuit to cancel this resistance and
read only the actuahbRTD,resistance. Correct operation will occur providing all three wires are of the same length and
the lead resistapee iS‘hot gféater than 25% of the RTD 0 C resistance. This can be accomplished by using identical
lengths of thegamestypeof wire. If 10 [0 copper RTDs are to be used special care should be taken to keep the lead
resistance aslow@as possible.

If RTD #8 (RTD #2040n the 169 Plus) is to be used for ambient air temperature measurement the RTD should be
placed and mounted somewhere in the motor cooling air intake flow. The sensor should be in direct contact with the
cooling air but not with any surface that is at a temperature other than the cooling air. This RTD is selected for
ambient tempefature use in page 5 of SETPOINTS mode.

If no RTD sensor is to be connected to any of the RTD terminals on the 169, the terminals may be left open.

If fewer#han 6 stator RTDs are to be employed, they should be connected to the lowest numbered relay RTD
conAnections. For example, if 3 stator RTDs are to be used they should be connected to the terminals for RTD1,
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RTD2, and RTD3 (terminals #1-12). Other RTDs should be connected to the terminals for RTD7-RTD10 (terminals
#13-28) as shown in Figure 2-4.

The connections are made via terminal blocks which can accommodate up to #12 AWG multi-strand wire.

Note: Shielded, three wire cable must be used in industrial environments to prevent noise pickup. Wherever
possible, the RTD leads should be kept close to grounded metal casings and avoid areas of high
electromagnetic or radio frequency fields. RTD leads should not run adjacent to, or in the same conduit as
high current carrying wires. It is recommended to use a three wire shielded cable of #18 AWGrcopper
conductors. The shield connection of the RTD should not be grounded at the sensor end,as ther€ is\an
internal ground on the 169. This arrangement prevents noise pickup that would otherwiseyoccur ffom
circulating currents due to differences in ground potentials on a doubly grounded shield.

2.12 Emergency Restart Terminals

If it is desired to occasionally override relay trips or lock-outs and restart the motor, a“hermally open keyswitch
should be installed between terminals 54 and 55. Momentarily shorting these terminals together will cause the
thermal memory of the 169 to discharge to 0% (if RTD input to thermal memory isgenabledyfthermal memory can be
reduced to 0% by keeping terminals 54 and 55 shorted together for more than 11 seconds; see section 3.20). The
Emergency Restart terminals can thus be used to override an OVERLOAD TRIP§Shorting the Emergency Restart
terminals together will also decrement the relay's internal starts/hour counter 8y “yanditherefore allow the operator to
override a STARTS/HOUR TRIP.

Note: This option should be used only when an immediate restart after ajloék-out'trip is required for process
integrity or personnel safety. Discharging the thermal memory of the 169 givesithe relay an unrealistic value
for the thermal capacity remaining in the motor and it is possible tomthermally damage the motor by
restarting it. Thus, complete protection may be compromised in‘erder toyrestart the motor using this feature.

A twisted pair of wires should be used. Connection to the 169 i§ madewia a terminal block which can accommodate
up to #12 AWG multi-strand wire.

2.13 External Reset Terminals

An external reset switch, which operates similarly t0 the keypad RESET key (see section 3.1), can be connected to
terminals 56 and 57 for remote reset operation. €fhe switch should have normally open contacts. Upon closure of
these contacts the relay will be reset. This externaltéset is normally equivalent to pressing the keypad RESET key
but a special reset feature can be selected on page 5%f setpoints mode, so that the keypad RESET key will not
cause Auxiliary relay #1 to be reset (see sectiom,3.22), Keeping the External Reset terminals shorted together will
cause the 169 to be reset whenever motor conditions,allow.

A twisted pair of wires should be used. CeRnection'to the 169 is made via a terminal block which can accommodate
up to #12 AWG multi-strand wire.

2.14 Analog Output Terminalsg(Nen-Isolated)

Terminals 58 and 59 of the 169,are available for an analog current output representing one of percentage of motor
thermal capacity used, motor current as‘a percentage of full load (i.e. 0-1 XFLC), hottest stator RTD temperature as
a percentage of 200 C or CTgecondary current as a percentage of CT secondary amps rating. The choice of output
is selected in page 5 of SETROINTS mode. This selection can be made or changed at any time without affecting the
protective features of the relay:

The output current ranges standard at 4-20 mA. Contact Multilin if a different current range is required. 4 mA
output correspondste,a low,scale reading (i.e. 0% thermal capacity used, 0 XFLC phase current, 0 C hottest stator
RTD temperature, or 0“A,phase CT secondary current). 20 mA output current corresponds to a high scale reading
(i.e. 100% thérmal€apacity used, 1 XFLC or greater phase current, 200 C or greater hottest stator RTD temperature,
or either 1 A (apgreater) or 5 A (or greater) phase CT secondary depending on the CT used).

This output is a current source suitable for connection to a remote meter, chart recorder, programmable controller, or
computer load. Current levels are not affected by the total lead and load resistance as long as it does not exceed
300 [ for the 4-20 mA range. For readings greater than 100% of full scale the output will saturate at 20.2 mA.

This analog output is not isolated. Terminal 58 is internally connected to system ground. Consequently the negative
terminaliof the connected load device must be at ground potential.
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A twisted pair of wires should be used. Connection to the 169 is made via a terminal block which can accommodate
up to #12 AWG multi-strand wire.

2.15 Differential Relay Terminals (169 Plus)

Terminals 48 and 49 are provided for connection to a differential relay. This allows an external differential relay to be
connected to a 169 Plus relay. A contact closure between these terminals will cause an immediate activation of the
output relay assigned to the differential relay input function. After a DIFFERENTIAL INPUT TRIP terminals 48 and
49 must be open circuited in order to reset the relay.

2 INSTALLATION

If no differential relay is to be used terminals 48 and 49 should be left open.

A twisted pair of wires should be used. Connection to the 169 is made via a terminal block which can accommodate
up to #12 AWG multi-strand wire.

2.16 Speed Switch Terminals (169 Plus)

Terminals 50 and 51 are provided for connection to an external speed switch. ThiShallows the 169 Plus relay to
utilize a speed device for locked rotor protection. During a motor start attemplg®gif ne¥contact closure between
terminals 50 and 51 occurs within the "SPEED SWITCH TIME DELAY" (SETROINTS; page 5) the output relay
assigned to the speed switch function will activate. This function must be enabled, in order for operation to occur
(SETPOINTS, page 5). After a SPEED SWITCH TRIP terminals 50 and 51 mustybe ‘open circuited in order to reset
the relay.

If no speed switch is to be used terminals 50 and 51 should be left open:

A twisted pair of wires should be used. Connection to the 169 is madesvia ‘& terminal block which can accommodate
up to #12 AWG multi-strand wire.

2.17 Programming Access Terminals

When a jumper wire is connected between ACCESS terminals™62 and 53 all setpoints and configurations can be
programmed using the keypad. Once programming is complete the jumper will normally be removed from these
terminals. When this is done all actual and setpoint values ¢an still be accessed for viewing; however, if an attempt
is made to store a new setpoint value the messagef"ILLEGALYACCESS" will appear on the display and the previous
setpoint will remain intact. In this way all of the programmed setpoints will remain secure and tamperproof.
Alternatively, these terminals can be wired to an external keyswitch to permit setpoint programming upon closure of
the switch.

A twisted pair of wires should be used for cofineetion“to an external switch. Connection to the 169 is made via a
terminal block which can accommodate up to #12 AWG multi-strand wire.

2.18 RS-422 Serial Communications Terminals (169 Plus)

Terminals 46 and 47 are provided forffa, digital serial communication link with other 169 Plus relays, computers, or
programmable controllers. Up to 20 169yPlus "SLAVES" can be connected to one "MASTER" (169 Plus or other
device) as shown in Figure 2-9 If devices other than 169 Plus relays are to be connected in the serial link a copy of
the "Multilin 169 Plus Relay Communication Protocol" will be required. This can be obtained by contacting Multilin.
Note that when using a devigé®otherithan a 169 Plus to program a 169 Plus SLAVE, setpoints sent to the SLAVE
must be within the ranges listed in Table 3-3.

Each communication link®Must have only one MASTER. If the MASTER is a 169 Plus this relay cannot be used for
motor protection. Onlyfrelays{programmed as SLAVEs can be used for motor protection. The MASTER should be
centrally located andycanibe ysed to view ACTUAL VALUES and SETPOINTS from each relay SLAVE. SETPOINTS
in each SLAVE€an alseybe changed from the MASTER. In order to do this the MASTER relay must have its Access
terminals (52453) shorted together.

Relays are programmed as MASTER or SLAVE using the last 2 setpoints of page 5 of SETPOINTS mode (see
section 3.4). EacChySLAVE in the communication link must be programmed with a different SLAVE ADDRESS.
When a relay is programmed as a MASTER it will display all of the ACTUAL VALUES and SETPOINTS of the SLAVE
relay it is addressing. To view data from a different SLAVE the ADDRESSED SLAVE setpoint must be changed.

To aveid contention and improper reading of data ensure that the following conditions are met:
1. Eaeh,communication link has only one MASTER.
2.“Each 169 Plus SLAVE in the link has a different SLAVE ADDRESS.
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The wires joining relays in the communication link should be a twisted pair. These wires should be routed away from
high power AC lines and other sources of electrical noise. The total length of the communications link shoulgd=not
exceed 4000 feet. When connecting units in a communication link each 169 Plus relay must have terminal 47
connected to terminal 47 of the next unit in the link, and terminal 46 connected to terminal 46.

2 INSTALLATION

As shown in Figure 2-9 the first and last devices in the link should have a terminating resistor placed across
terminals 46 and 47. The value of these resistors should match the characteristic impedance of the line wire_being

used. Atypical value is 50 [1, 1/4 watt.
Connection to the 169 is made via a terminal block which can accommodate up to #12 AWG multi{Strandiwire.

Note: The difference in potentials between serial master ground and the 169 Plus slave (termifal 42)*must
not exceed 10 volts. If a large difference in ground potentials does exist, communicatigh®en the serial
communication link will not be possible. In addition damage to the 169 Plus may result.

RS485|g R2)

MASTER
ElElE)
===
F%SZSZ/F%SLLSS SLAMEN] SLAVE 20
CONVERTOR

NOTE: Shield Ground at Mésteg Only.
Rt = Terminating®RestSior (1200 Typical).
( ) = Terminal Nuygb®g oh 269PLUS/169PLUS.
A = "+'(or PosftiveaSide of Half—Duplex RS485 Line.
B = '—'(or Negaflvg) Side of Half—Duplex RS485 Line.

Figure,2-9 Serial Communication Link Wiring

2.19 Display Adjustment

Once the 169 relay has been installedyand input power applied, the contrast of the LCD display may have to be
adjusted. This adjustment hasybeengnade at the factory for average lighting conditions and a standard viewing
angle but can be changed ta optimize the display readability in different environments. To alter the display contrast
the trimpot on the rear of the'unit marked "CONTRAST" must be adjusted with a small slotted screwdriver.

2.20 Front Panel Faceplate

The front panel faceplate iS®¢composed of a polycarbonate material that can be cleaned with isopropyl or denatured
alcohol, freongnaphtha, epmild soap and water.

2.21 Sparelnput Terminals (169 Plus)

Terminals 44 and 45 are provided for an additional relay contact input. A contact closure between these terminals
will cause a "SPARE INPUT TRIP" and/or a "SPARE INPUT ALARM" after the appropriate time delay (page 5 of
SETPOINTS). 4These terminals must be open circuited in order to reset the relay after a SPARE INPUT TRIP or
ALARM.

A tWistedypair of wires should be used. Connection to the 169 is made via a terminal block which can accommodate
up to12°AWG multi-strand wire.
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2.22 169 Drawout Relay

The model 169 and 169 Plus relays are available in a drawout case option. The operation of the relay is thefsame
as described elsewhere in this manual except for the differences noted in this section. The physical dimensions_of:
the drawout relay are as shown in Figure 2-10. The relay should be mounted as shown in Figure 2-11.

The drawout 169 relay can be removed from service without causing motor shut-down. This can be useful for
replacing, calibrating, or testing units.

RELAY MOUNTING - Make cutout as shown and drill six 7/32" holes on mounting panel. Approximately 2-1/2"
should be clear at the top and bottom of the cutout in the panel for the hinged door. Ensure that thefive #6-32 nuts
are removed from the threaded studs in the mounting flange and that the drawout chassis has been*femoved from
the drawout case. Install the case from the rear of the mounting panel by aligning the five#6-32ythreaded case
studs to the previously drilled holes. With the studs protruding through the holes secure the casewn the right hand
side with two #6-32 nuts provided. Install the hinged door on the front of the mounting panel using three #6-32 nuts
provided. There must be at least 1/2" clearance on the hinged side of the drawout relay toallow the door to open.

RELAY REMOVAL - Open the hinged door. Next remove the two ten finger connectingypldgs making sure the top
one is removed first. Swivel the cradle-to-case hinged levers at each end of the @69%radle assembly and slide the
assembly out of the case.

RELAY INSTALLATION - Slide the 169 cradle assembly completely into the caseySwivel the hinged levers in to lock
the 169 cradle assembly into the drawout case. Install the two ten finger cannecting plugs making sure the bottom
plug is installed first. Close the hinged door and secure with the captive serew.

IMPORTANT NOTE: When removing the drawout relay cradle as§embly the top ten finger connecting plug must be
withdrawn first. This isolates the 169 output relay contacts before pawerisitemoved from the relay. When installing
the drawout relay cradle assembly the bottom ten finger connecting plug,must be installed first. This causes power
to be applied to the 169 relay before the output relay contacts aré plaged,in the circuit.

After a 169 relay cradle assembly has been removed from the drawout case it is recommended that the hinged door
be closed in order to reduce the risk of electric shock.

Due to the hardware configuration of the drawout relay@shorting bars, the RELAY FAILSAFE CODE (SETPOINTS,
page 5) should not be changed without consultinghe factory.“Wiring for the 169 Plus drawout is shown in Figure 2-
12. Ifitis required that any of the output relay configurations in Figure 2-12 be different than shown, this information
must be stated when the relay is ordered.
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3.1 Controls and Indicators

Once the 169 relay has been wired and control power applied, it is ready to be programmed for the given application.
Programming is accomplished using the 12 position keypad and 48 character alphanumeric display shown in Figure:
3-1. The function of each key on the keypad and each of the indicators is briefly explained in Table 3-1.

Table 3-1 Controls and Indicators

No. Name

1

ACTUAL
VALUES

‘ Description ‘

FUNCTION: The ACTUAL VALUES key allows the user to examine allyof the_actual motor
operating parameters. There are six pages of ACTUAL VALUES data:

e page 1: Phase Current Data

* page 2: RTD Temperature Data
e page 3: Motor Capacity Data

e page 4: Statistical Data

e page 5: Pre-trip Data

e page 6: Learned Parameters

EFFECT: Pressing this key will put the relay intof ACTWAL VALUES mode. The flash
message

ACTUAL VALUES HAS SIX
PAGES OF DATA

will be displayed for 2 seconds. The beginningyef page 1 of ACTUAL VALUES mode will
then be shown:

PAGE 1: ACTUAL VALUES
PHASE CURRENT DATA

SET
POINTS

USE: This key can be pressed at any time, in any mode to view actual motor values. To go
from page to page the PAGEIP and PAGE DOWN keys can be used. To go from line to
line within a page the LINE,UP“and LINE DOWN keys can be used.

FUNCTION: The SET POINTS key allows the user to examine and alter all trip, alarm, and
other relay setpoints. “There/are six pages of setpoints data:

e page 1, Motor Amps Setpoints
e page 2: RID'Setpoints

« page 3 O/C€@urve Setpoints

e page/d:“Relay Configuration

e page:. System Configuration
e page 6:“Multilin Service Codes
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No. Name ‘ Description

EFFECT: Pressing this key will put the relay into SETPOINTS mode. The flash message,

SETPOINTS HAS SIX
PAGES OF DATA

is displayed for 2 seconds. The beginning of page 1 of SETPOINTS mode is.then shown:

PAGE 1: SETPOINT VALUES
MOTOR AMPS SETPOINTS

USE: This key can be pressed at any time, in any mode, to view oralteriselay setpoints. To

go from page to page the PAGE UP and PAGE DOWN keys can be‘tused. To go from line to
line within a page the LINE UP and LINE DOWN keys can be usedy, To"alter a setpoint, the
VALUE UP and VALUE DOWN keys can be used. All setpoints will increment and
decrement to pre-determined limits. When the desired value iSieached, the STORE key
must be used to save the new setpoint. If an altered setpoiit,is not stored the previous
value will still be in effect. If the Access jumper is not installed a STORE will not be allowed
and the flash message "ILLEGAL ACCESS" will be displayedifor 2 seconds.

3 HELP FUNCTION: The HELP key allows the user to ‘obtain information on the function and use of
each of the other keys on the keypad and on eac¢h of,the ACTUAL VALUES, SETPOINTS,
and TRIP/ALARM messages.

EFFECT: Pressing this key will put the relay inte, HELP mode. If this key is pressed with
the first line of a page (i.e. a page header) onithé display the message,

Press KEY of interest or
HELP again for details

will be displayed. To obtaipfinformationfon the function of a particular key, the key must be
pressed. To obtain iAformation on the previously displayed ACTUAL VALUES,
SETPOINTS, or TRIP/ALARM(message the HELP key should be pressed again. If this key
is pressed with any otherimessage shown on the display, only information on the previous
line will be available.

USE: This key will_ have no effect when a flash message or HELP message is shown on
the display. Oncé HELP‘'mode is entered the LINE UP and LINE DOWN keys can be used
to view the HELP)message. The CLEAR key is used to exit from HELP mode and return to
the previous display®mode. The ACTUAL VALUES and SET POINTS keys can also be
used to exit HELP“mode.

4,5 PAGE FUNCTIONgy, The PAGE DOWN and PAGE UP keys allow the user to scan the next or
uUP previous pages of either ACTUAL VALUES or SETPOINTS modes. If either key is held for
PAGE morethan 1/2 second the next or previous pages will be selected at a fast rate.
DOWN

ERFECT: Pressing the PAGE DOWN key will cause the display to show the first line of the
nextgpage of information. Pressing the PAGE UP key will cause the display to show the first
line of the previous page.

USE: These keys can be used any time the relay is in either the ACTUAL VALUES or
SETPOINTS modes.

6,7 LINE UP FUNCTION: The LINE DOWN, and LINE UP keys allow the user to scan the next or
LINE DOWN | previous lines of the currently selected page. If either key is held for more than 1/2 second
the next or previous lines will be selected at a fast rate.
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No. Name ‘ Description

EFFECT: Pressing the LINE DOWN key will cause the display to show the next line ofythe
currently selected page of information. Pressing the LINE UP key will cause the displayt@
show the line immediately in front of the currently displayed line.

USE: These keys can be used at any time in any relay mode of operation.__If the display
shows the last line of a page the LINE DOWN key will have no effect. If the display shows
the first line of a page the LINE UP key will have no effect.

8,9 VALUE FUNCTION: The VALUE UP and VALUE DOWN keys allow the usérto,alter the currently

UP selected setpoint. If either key is held for more than 1/2 second the setpoint selected will
VALUE increment or decre.m.ent at a fast rate. If either key is held forqmoreithan 2 seconds the
DOWN setpoint selected will increment or decrement at a very fast rate.

EFFECT: Pressing the VALUE UP key will cause the curfently, displayed setpoint value to
increment. Pressing the VALUE DOWN key will causethe currently displayed setpoint
value to decrement. For YES/NO questions, pressinggeithepkey will cause the answer to
change. Any changed setpoint will not be used interpally until the STORE key is pressed.

USE: These keys can be pressed any time a setpoint IS displayed in SETPOINTS mode or
when a YES/NO question is displayed in AGLTUALVALUES mode (see STORE key). When
the desired setpoint value is reached the"STORE key is used to save it. If an altered
setpoint is not stored the previous value'Will stillbe in effect.

10 RESET FUNCTION: The RESET key allows“the user to reset the 169 after any of the latched
output relays have become active sesthat aimotor start can be attempted.

EFFECT: Pressing this key will reset(i.e. return to an inactive state) any of the active
output relay contacts if mator conditions allow (see below). The message,

RESET NOT POSSIBLE ¢
Condition still present

will be displayed if any activie,output relays cannot be reset

USE: A latchedgrelayGeannot be reset if the trip/alarm condition persists (e.g. an
OVERLOAD TRIP lock-out or a high RTD temperature). Pre-trip motor values may be
viewed in AGIUAL, VALUES mode page 5 (Pre-trip Data). If an immediate restart is
required aftér aMRpOVERLOAD or STARTS/HOUR TRIP the Emergency Restart terminals
(see section2.12) may be shorted together. This will reduce the lock-out time to 0 minutes.

11 CLEAR FUNGTFION: IR SETPOINTS mode the CLEAR key allows the user to return an altered,
non-stored{setpoint to its original value. In HELP mode the CLEAR key allows the user to
returnie,the previous display mode.

EFFECT: When this key is pressed in SETPOINTS mode any altered, currently displayed
setpoint will be returned to its original value. When this key is pressed in HELP mode the
relay will return to the line and page of the mode active when the HELP key was pressed.

USE: This key can be used in SETPOINTS or HELP modes only. In SETPOINTS mode it
can only be used when a displayed setpoint has been changed with the VALUE UP/VALUE
DOWN keys but has not yet been stored. After a setpoint has been stored the CLEAR key
will have no effect. In HELP mode the CLEAR key can be used any time there is a HELP
message on the display.
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No. Name

‘ Description

12 STORE FUNCTION: The STORE key allows the user to store new setpoints into the 169 relay's
internal memory.
EFFECT: When this key is pressed in SETPOINTS mode the currently displayed setpoint
will be stored and will immediately come into effect. When a setpoint is stored the flash
message,
new setpoint stored
will appear on the display.
The STORE key can be pressed in ACTUAL VALUES mode to clear the maximum actual
temperature data. To do this the following message from Ppage 2, 6f ACTUAL VALUES
mode must be displayed after the "NO" value is alteredgto sayg*YES" by pressing the
VALUE UP/VALUE DOWN key:
CLEAR LAST ACCESS DATA ?
YES
Then when the STORE key is pressed the followingiflash message will appear on the
display:
last access data cleared
The maximum actual temperature datay(see seetion 3.24) will then be cleared. The STORE
key can be pressed in ACTUAL VALUES,mode to start a new motor commissioning (i.e.
clear statistical data). To do this the following message from page 4 of ACTUAL VALUES
mode must be displayed after the NO'value is altered to say "YES" by pressing the
VALUE UP/VALUE DOWN Key:
START COMMISSIONING?
YES
Then when the STOREWKkey“is pressed the following flash message will appear on the
display:
COMMISSIONING
cleared
All statisticalfdatay(see section 3.24) will then be cleared.
USE: Thé STORE key can be used only in SETPOINTS mode to store new setpoints, or in
ACTUAL VALUES mode to clear the maximum actual temperature data or start a new
commiissioning (i.e. clear statistical data). This key will have no effect unless the Access
terminals are shorted together.

13 TRIP LED indicator used to show the state of the Trip output relay. When on, the trip relay is
actives” When off, the Trip relay is inactive.

14 AKARM LED indicator used to show the state of the Alarm output relay. When on, the Alarm relay is
active. When off, the Alarm relay is inactive.

15 AUX. 1 LED indicator used to show the state of Auxiliary relay #1. When on, Aux. relay #1 is
active. When off, Aux. relay #1 is inactive.

16 AUX. 2 LED indicator used to show the state of Auxiliary relay #2. When on, Aux. relay #2 is

active. When off, Aux. relay #2 is inactive.
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Description

17 SERVICE LED indicator used to show the result of the 169 self-test feature. When flashing, the relay
has failed the self-test and service is required. When on steady, the supply voltage may bé&
too low. This LED may be on momentarily during relay power up.

3.2 169 Relay Display Modes

The 169 relay display is used for viewing actual motor values, setpoint values, HELP messages,/@andgiRIP/ALARM
messages. This is accomplished by having the relay in one of four possible modes of operatioh:

1. ACTUAL VALUES mode
2. SETPOINTS mode

3. HELP mode

4. TRIP/ALARM mode

The relay will operate correctly, giving full motor protection, regardless of which displayamode is currently in effect.
The different modes affect only the data that appears on the 169 relay's 48 character,alphanumeric display.

TRIP/ALARM mode can only be entered by having one or more of the trip or alatm, level setpoints exceeded. The
other display modes can be entered using the ACTUAL VALUES, SET P@INTS, or HELP keys (see section 3.1).

The ACTUAL VALUES and SETPOINTS modes are based on a book-like system of "pages" and "lines". One line
from any page may be displayed at any given time. To "turn" a{page, the PAGE UP and PAGE DOWN keys are
used. To scan the lines on a page the LINE UP and LINE DOWN"keys are used. In the HELP and TRIP/ALARM
modes only the LINE UP and LINE DOWN keys are needed.

When control power is applied to the relay the following poweralp message will be displayed:

MULTILIN 169 RELAY
REVISION XXX XX/XX

or

MULTILIN 169 PLUS RELAY
REVISION XXX  XX/XX

After this the display will show, (factory default settings)

1= XXX 2= XXX
13= XXX (AMPS) ---

which is in page 1 of ACTUAL VALUESymoder

A description of each display modetis,giventin the following sections.

3.3 ACTUAL VALUES Mode

In ACTUAL VALUES mode, @any ofythe parameters monitored or calculated by the 169 relay may be viewed by the
user. This mode is divided into six separate pages of data each of which contains a different group of actual motor
values. The six pages an@<he lines in each page are as shown in Table 3-2.
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Table 3-2 Actual Values

PAGE LINE ‘DESCRIPTION

1 1

PAGE 1: ACTUAL VALUES
PHASE CURRENT DATA

ACTUAL VALUES page 1 header.

MOTOR STARTING
B LHHH 28 H SHHH ABHHSHIHO

Motor starting current level (seen only during a motor start).

I1= XXXX 122 XXXX
13= XXXX (AMPS) ---

Motor phase current data. ("---" becomes "RUN" when motor is running).

I(3 ph avg) = XXXX AMPS
Max Stator RTD = XXX C

Average of 3 phase currents. Maximum of 6 stator! RTibPs.

UNBALANCE RATIO (In/Ip)
U/B = XXX PERCENT

Ratio of negative to positive sequence currefts:

GROUND FAULT CURRENT
G/F = XX.X AMPS

Actual ground fault current.

END OF PAGE ONE
ACTUAL VALUES y

Last line of page 1.

31



GE Power Management
3 SETUP AND USE

2 1 PAGE 2: ACTUAL VALUES
RTD TEMPERATURE DATA

ACTUAL VALUES page 2 header.

2 2 HOTTEST STATOR RTD
RTD# X= XXX C

Maximum stator RTD temperature.

2 3 STATOR TEMPERATURE
RTD #1= XXX DEGREES C

or

RTD TEMPERATURE
RTD #1= XXX DEGREES C

RTD #1 temperature.

2 4 STATOR TEMPERATURE
RTD #2= XXX DEGREES C

or

RTD TEMPERATURE
RTD #2= XXX DEGREES C

RTD #2 temperature.

2 5 STATOR TEMPERATURE
RTD #3= XXX DEGREES C

or

RTD TEMPERATURE
RTD #3= XXX DEGK

RTD #3 temperature.

2 6 |[SsTATOR TEFRME

RTD #4= X DE’REES C

or

TD ATURE
RTD #4="XXX DEGREES C

RID #4temperature.
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2 7 STATOR TEMPERATURE
RTD #5= XXX DEGREES C

or

RTD TEMPERATURE
RTD #5= XXX DEGREES C

RTD #5 temperature.

2 8 STATOR TEMPERATURE
RTD #6= XXX DEGREES C

or

RTD TEMPERATURE
RTD #6= XXX DEGREES C

RTD #6 temperature.

2 9 RTD TEMPERATURE
RTD #7= XXX DEGREES C

RTD #7 temperature.

2 10 || RTD TEMPERATURE
RTD #8= XXX DEGREES C

~ 1
or
AMBIENT TEMPERATURE

RTD #8= XXX DEGREES CA

RTD #8 temperature. Ambient'seen,when RTD #8 is used for ambient sensing on model 169.

2 | 11 |[[RTD TEMPERATU V
RTD #9= XXX DE

RTD #9 temperaitre.

2 12 || RTD TEMPERATURE
RTD #10= DEGREES C

or

M II&I’EMPERATURE
#10= XXX DEGREES C

RTD.#10 temperature. Ambient seen when RTD #10 is used for ambient sensing on model 169.

2 13 [[MAX. STATOR SINCE LAST
CCESS: RTD# X = XXX

Maximum stator RTD temperature since last access.
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2 14 |IMAXIMUM RTD#7 TEMP SINCE
LAST ACCESS: RTD# X = XXX

Maximum RTD #7 temperature since last access.

2 15 (IMAXIMUM RTD#8 TEMP SINCE
LAST ACCESS = XXX C

Maximum RTD #8 temperature since last access.

2 16 ([MAXIMUM RTD#9 TEMP SINCE
LAST ACCESS = XXX C

Maximum RTD #9 temperature since last access.

2 17 |I[MAX. RTD# 10 TEMP SINCE
LAST ACCESS = XXX C

Maximum RTD #10 temperature since last access.

2 18 ([CLEAR LAST ACCESS DATA?
XXX

Used to clear the data in the last 5 lines (see section 3W4’STORE key).

2 19 END OF PAGE TWO
ACTUAL VALUES

Last line of page 2.
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3 1 PAGE 3: ACTUAL VALUES
MOTOR CAPACITY DATA

ACTUAL VALUES page 3 header.

3 2 ||[ESTIMATED TIME TO
TRIP = XXX SECONDS

Estimated time to overload trip under present conditions (seen only during overleads):

3 3  |IMOTOR LOAD AS A PERCENT
FULL LOAD = XXX PERCENT

Actual motor current as a percentage of full load.

3 4 ||THERMAL CAPACITY
USED = XXX PERCENT

Percentage of motor thermal capacity used.

3 5 END OF PAGE THREE
ACTUAL VALUES

Last line of page 3.

35



GE Power Management
3 SETUP AND USE

4 1 ||PAGE 4: ACTUAL VALUES
STATISTICAL DATA

ACTUAL VALUES page 4 header.

4 2 |IRUNNING HRS SINCE LAST
COMMISSIONING XXXXX HRS

Total motor running hours since last commissioning.

4 3 # OF STARTS SINCE LAST
COMMISSIONING XXX

Total number of motor starts since last commissioning.

4 4 ||# OF TRIPS SINCE LAST
COMMISSIONING XXX

Total number of relay trips since last commissioning.

4 5 ||# O/L TRIPS SINCE LAST
COMMISSIONING XXX

Total number of relay overload trips since last commissiohing.

4 6 |# RAPID TRIPS SINCE LAST
COMMISSIONING XXX p_

Total number of relay rapid trips sifice last commissioning.

4 7 |[# U/B TRIPS SINCE LAST
COMMISSIONING XXX
Total number of relay unbalancetrips since last commissioning.
4 8 ||# GIF TRIPS SINC
COMMISSIONING XX
Total number of‘félay greund fault and differential input trips since last commissioning.

4 9 # RTD TRIPSISINCE LAST
COMMIS XX

Total number ofirelay RTD trips since last commissioning.

4 | 10 W TRIRS SINCE LAST

COMMISSIONING XXX

Totalmumber of relay short circuit trips since last commissioning.

4 1 START TRIPS SINCE LAST
COMMISSIONING XXX

Total number of acceleration time, phase reversal and speed switch trips since last commissioning.
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4 12 (ISTART NEW COMMISSIONING?
XXX

Used to clear the data in the last 10 lines (see section 3.1, STORE key).

4 13 || END OF PAGE FOUR
ACTUAL VALUES

Last line of page 4.
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5 1 PAGE 5: ACTUAL VALUES
PRE-TRIP DATA

ACTUAL VALUES page 5 header.

5 2 PRE-TRIP AVERAGE MOTOR
CURRENT = XXXXX AMPS

Average motor phase current prior to last relay trip.

5 3 |[PRE-TRIP U/B RATIO
(In/lp) XXX PERCENT

Ratio of negative to positive sequence currents prior to last relay trips

5 4 ||PRE-TRIP G/F CURRENT
GIF = XXX AMPS

Ground fault current prior to last relay trip.

5 5 ||PRE-TRIP MAX STATOR RTD
RTD# X= XXXC

Maximum stator RTD temperature prior to last relay tripe

5 6 END OF PAGE FIVE
ACTUAL VALUES

Last line of page 5.
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6 1 PAGE 6: ACTUAL VALUES
LEARNED PARAMETERS

ACTUAL VALUES page 6 header.

6 2 |[LEARNED Istart (AVG.OF 4
STARTS) = XXX AMPS

Learned average motor starting current over past 4 starts.

6 3 ||LEARNED Istart (last one)
= XXX AMPS

Learned motor starting current from last start.

6 4 ||LEARNED K FACTOR
K = XX.X

Learned value of negative sequence K factor.

6 5 LEARNED RUNNING COOL
TIME= XXX MIN.

Learned motor cooling time with motor running (See seetion 3.20).

6 6 ||LEARNED STOPPED COOL
TIME= XXX MIN. p_

Learned motor cooling time with metor stopped (see section 3.20).

6 7 LEARNED ACCEL. TIME
ACCEL. TIME = XX.X SEC.

Learned motor acceleration.time.

6 8 |[LEARNED Start Capaei
required = XX PERE

Learned motor thermaleapacity used during a start.

6 9 ||[END OF PAGE SI
ACTUAL

Last line offpage 6.

* 169 Plus only
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To place the relay in ACTUAL VALUES mode, the ACTUAL VALUES key must be pressed. When this is done IO

following flash message will appear for 2 seconds,
ACTUAL VALUES HAS SIX

PAGES OF DATA

The display will then show, .

PAGE 1: ACTUAL VALUES
PHASE CURRENT DATA @
which is the beginning of page 1.

display will change to, (factory default settings)

If the relay is in SETPOINTS mode or ACTUAL VALUES mode and no key is pressed for m%ur minutes the

I1= XXX 2= XXX
I3= XXX (AMPS) -

which is the third line in page 1 of ACTUAL VALUES mode. This default displaylin n be changed in page 5 of
SETPOINTS mode.

When in this mode the PAGE UP, PAGE DOWN, LINE UP, and LINE DOW%S e section 3.1) can be used to

examine all of the actual motor data outlined above. :
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3.4 SETPOINTS Mode

In SETPOINTS mode any or all of the motor trip/alarm setpoints may be either viewed or altered. This m@de is
divided into six separate pages of data each of which contains a different group of relay setpoints.

To enter SETPOINTS mode the SET POINTS key must be pressed. When in this mode, if no key is pressed for
more than four minutes, the display will automatically go into ACTUAL VALUES mode as explained in section 3.3.
To return to SETPOINTS mode the SET POINTS key must be pressed. When this key is pressed the following flash
message will appear on the display,

SETPOINTS HAS SIX
PAGES OF DATA

Then the display will show,

PAGE 1: SETPOINT VALUES
MOTOR AMPS SETPOINTS

which is the first line of the first page of SETPOINTS mode. The PAGE UP, PAGE DOWN, LINE UP, and LINE
DOWN keys (see section 3.1) may then be used to view all of the SETPOINTS data.

When setpoints are to be changed, the VALUE UP, VALUE DOWN, STORE,qand, CEEAR keys (see section 3.1) are
used. The Access terminals must first be shorted together (see section 2.17). /TheyPAGE UP, PAGE DOWN, LINE
UP, and LINE DOWN keys are used to display the setpoints that are t0'be changed. The setpoints themselves are
changed by pressing the VALUE UP or VALUE DOWN keys until the desiredysetpoint value is reached. To return the
setpoint to its original value the CLEAR key can be used. Whenythe setpoint is adjusted to its proper value the
STORE key should be pressed in order to store the setpoint into theyl69'ssinternal memory. Once the STORE key is
pressed the flash message,

new setpoint stored

will appear on the display and the new setpoint value will be usediby the 169 relay.

If an attempt is made to store a new setpoint valugfwithout thesAccess terminals shorted together the new value will
not be stored and the flash message,

ILLEGAL ACCESS

will appear on the display. To make the setp@int§ tamperproof the Access terminals should be shorted together only
when setpoints are to be changed.

Setpoints may be changed while gthe motor Jis running; however it is not recommended to change important
protection parameters without first stoppinguthe motor.

Setpoints will remain stored indefinitely in‘the 169 relay's internal non-volatile memory even when control power to
the unit is removed.

All six pages of data and thé™linesdii’ each page are as shown in Table 3-3. Also shown are the ranges and
increments for each setpoint.. It should be noted that the 169 relay's motor protection parameters are based on the
data entered by the user. _Thusythis data must be complete and accurate for the given system.
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Table 3-3 SETPOINTS
PAGE  INFORMATION LINE ‘ RANGE ‘ MANUAL REF

1 PAGE 1: SETPOINTS VALUES
MOTOR AMPS SETPOINTS

1 |IPHASE CT RATIO lor:5 3.7
SECONDARY = X AMP

1 PHASE CT RATIO 20-1500 (increments of 1) 3.7
CT RATIO = XXXX:x

1 MOTOR FULL LOAD CURRENT 10-1500 amps (increments of 1) 3.7
FLC= XXXX AMPS

1 ACCEL.TIME= XXX.X SECONDS 0.5-125.0 or OFF (increments 0f,0.5) 3.8
Consult motor data sheet

1 STARTS/HOUR= X 1-5 starts or OFF (incrementsiof 1) 3.9
Consult motor data sheet

1 UNBALANCE ALARM LEVEL 4-30 % or OFE{(increments of 1) 3.10
U/B ALARM= XX PERCENT

1 U/B ALARM TIME DELAY 3-255 seécands (increments of 1) 3.10
TIME DELAY = XXX SEC

1 UNBALANCE TRIP LEVEL 4-30% or OFF (increments of 1) 3.10
U/B TRIP= XX PERCENT

1 U/B TRIP TIME DELAY 3-255 seconds (increments of 1) 3.10
U/B DELAY= XXX SECONDS

1 G/E CT RATIO 5 ? XXX YES (5 amp secondary) or NO (2000:1) 3.1
(NO indicates 2000:1)

1 G/F CT RATIO 50-250 (increments of 50) 3.1
G/FCT= XXX5 (Not seen if ratio is 2000:1)
1 GROUND FAUFT™aLARM LEVEL 2000:1 CT: 1.0-10.0 amps or OFF (steps of 1.0) 3.1

G/F ALARM= [ XXX AMPS 5 A secondary CT: 10-100% of primary amps or

OFF (increments of 10%)

1 G/PALARM TIME DELAY 1-255 seconds (increments of 1) 3.1
TIME'BELAY = XXX SEC

1 GROUND FAULT TRIP LEVEL 2000:1 CT: 1.0-10.0 A or OFF (steps of 1.0) 3.1
G/F TRIP = XXX AMPS

5 A secondary CT: 10-100% of primary amps or
OFF (increments of 10% )

42



GE Power Management

3 SETUP AND USE

PAGE  INFORMATION LINE ‘ RANGE ‘ MANUAL REF
1 G/E TRIP TIME DELAY 0.0 (Instantaneous) — 20.0 seconds (increments 3.11
G/F DELAY= XX.X SECONDS of 0.5). Additional time delay of 0.25 seconds
following 20.0.
1 UNDERCURRENT ALARM LEVEL 1-1000 amps or OFF (increments of 1) 3.12

U/C ALARM= XXXX AMPS

1 UNDERCURRENT TIME DELAY 1-255 seconds (increments of 1) 3.12
U/C DELAY= XXX SECONDS

1 RAPID TRIP / MECH. JAM 1.5XFLC-4.5xFLC or OFF (steps of 0.5%ELC) 3.13
TRIP LEVEL= X.X X FLC

1 RAPID TRIP TIME DELAY 0.5-125.0 seconds (increments of 0:5) 3.13
DELAY= XXX.X SECONDS

1 SHORT CIRCUIT TRIP LEVEL 4xFLC-12xFLC or @EE (increments of 1xFLC) 3.14
S/C TRIP= XX XFLC

1 SHORT CIRCUIT TIME DELAY Instantaneous or@:5-20'5 sec. (steps of 0.5) 3.14
S/C DELAY= XX.X SECONDS

1 IMMEDIATE OVERLOAD 1.01xFLC-1.50xFLC or OFF (steps of 0.01xFLC) 3.15
LEVEL = X. XX X FLC

1 ||END OF PAGE ONE
SETPOINT VALUES
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PAGE  INFORMATION LINE

2 PAGE 2: SETPOINT VALUES
RTD SETPOINTS

‘RANGE

‘ MANUAL REF

2 # OF STATOR RTDS USED
# OF RTDs = X

0-6 (increments of 1)

3.16

2 RTD #1 ALARM LEVEL
= XXX DEGREES C

or

STATOR #1 ALARM LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.16

2 RTD #1 TRIP LEVEL
= XXX DEGREES C

or

STATOR #1 TRIP LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (incfements of 1)

3.16

2 RTD #2 ALARM LEVEL
= XXX DEGREES C

or

STATOR #2 ALARM LEVEL
= XXX DEGREES C

0-200 degrees Cler OFF (increments of 1)

3.16

2 RTD #2 TRIP LEVEL
= XXX DEGREES C

/

or

STATOR #2 TRIP LEVEL®
= XXX DEGREES C

0:200"degrees C or OFF (increments of 1)

3.16

'

2 [RTD #3 ALARM LEVN
= XXX DEGREES€"

or

STATOR#3 EVEL
= XX

0-200 degrees C or OFF (increments of 1)

3.16

2 (R RIP,
= XX

VEL
EES C

or

STATOR #3 TRIP LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.16
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PAGE  INFORMATION LINE

2 RTD #4 ALARM LEVEL
= XXX DEGREES C

or

STATOR #4 ALARM LEVEL
= XXX DEGREES C

‘RANGE

0-200 degrees C or OFF (increments of 1)

‘ MANUAL REF

3.16

2 RTD #4 TRIP LEVEL
= XXX DEGREES C

or

STATOR #4 TRIP LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.16

2 RTD #5 ALARM LEVEL
= XXX DEGREES C

or

STATOR #5 ALARM LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.16

2 RTD #5 TRIP LEVEL
= XXX DEGREES C

or

STATOR #5 TRIP LEVEL
= XXX DEGREES C

0-200 degrees,C or OFF (increments of 1)

3.16

2 RTD #6 ALARM LEVEL
= XXX DEGREES C

P

or

STATOR #6 ALARM LEV
= XXX DEGREES

?

0-200 degrees C or OFF (increments of 1)

3.16

2  |IRTD #6 TRIP LEV.
= XXX DEGREE

-

or

STAT
= G

VEL
SC

0-200 degrees C or OFF (increments of 1)

3.16

2 |[rTD WM LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.17

2 RTD #7 TRIP LEVEL
= XXX DEGREES C

0-200 degrees C or OFF (increments of 1)

3.17
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PAGE  INFORMATION LINE ‘ RANGE ‘ MANUAL REF

2 RTD #8 ALARM LEVEL 0-200 degrees C or OFF (increments of 1) 3.17
= XXX DEGREES C

2 RTD #8 TRIP LEVEL 0-200 degrees C or OFF (increments of 1) 3.1%
= XXX DEGREES C

2 RTD #9 ALARM LEVEL 0-200 degrees C or OFF (increments of 1) 3.17
= XXX DEGREES C

2 RTD #9 TRIP LEVEL 0-200 degrees C or OFF (incrementsof 1) 3.17
= XXX DEGREES C

2 RTD #10 ALARM LEVEL 0-200 degrees C or OFF (increments of 1) 3.17
= XXX DEGREES C

*2  ||RTD #10 TRIP LEVEL 0-200 degrees C or OFF((increments of 1) 3.17
= XXX DEGREES C

2 END OF PAGE TWO 0-200 degrees'C OmOFEFR, (increments of 1)
SETPOINT VALUES
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PAGE  INFORMATION LINE ‘ RANGE ‘ MANUAL REF

3 PAGE 3: SETPOINT VALUES
O/L CURVE SETPOINTS

3 |[CUSTOM CURVE? XXX YES or NO 3.18
YES voids selected curve

3 SELECTED CURVE NUMBER 1-8 (this line is not seen when using a custom 3.18
CURVE # = X curve on a 169 Plus)

3 Check all custom curve (The following lines are not seen whep using 3.18
entries before exiting standard curves)

*3  |[TRIP TIME @ 1.05 X FLC 1-12000 seconds (increments of 1) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.10 X FLC 1-12000 seconds (increments ofat) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.20 X FLC 1-12000 seconds (inerements of 1) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.30 X FLC 1-12000 secends (increments of 1) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.40 X FLC 4712000 seconds (increments of 1) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.50 X FLC 1-12Q00 seconds (increments of 1) 3.18
= XXXXX SECONDS

*3  |[TRIP TIME @ 1.75 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 2.00 X FLG 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 2.25X FL@ 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  ||[TRIP TIME. @260 X'FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SEEGONDS

*3 || TRIPRRIME @/2.75 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXXSECONDS

*3  |[TRIP TIME @ 3.00 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS
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PAGE  INFORMATION LINE ‘ RANGE ‘ MANUAL REF

*3  |[TRIP TIME @ 3.50 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 4.00 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |ITRIP TIME @ 4.50 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 5.00 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 5.50 X FLC 1-2000 seconds (increments offT) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 6.00 X FLC 1-2000 seconds (increments ofiL) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 6.50 X FLC 1-2000 seconds (inerements of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 7.00 X FLC 1-2000 secinds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 7.50 X FLC 172000 seconds (increments of 1) 3.18
= XXXX SECONDS

*3  |[TRIP TIME @ 8.00 X FLC 1-2000 seconds (increments of 1) 3.18
= XXXX SECONDS

3 END OF PAGE THREE
SETPOINT VALUES

* 169 Plus only
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PAGE ‘ DESCRIPTION

Assign XXXXXXXXXXXXXXXX

0 XXXXXXXXXXXX relay

For the model 169 Plus:

4 PAGE 4: SETPOINT VALUES
RELAY CONFIGURATION
This page assigns trip and alarm functions to specific output relays (i.e. TRIP, ALARM, AUX. 1, AUX. 2
on the 169 Plus, or TRIP and ALARM on the model 169). Each trip/alarm function is assighed
separately to the appropriate relay or to "NO" relay. If an alarm feature is assigned to nogelay, it can still
become active (i.e. cause the appropriate alarm message to be displayed if setpoints are exeeeded) but
no output relay activation will occur. Possible assignments and factory values are“shown below. Only
one TRIP may occur at any one time. TRIP functions must therefore be used to_trip the motor.
Once one TRIP function is active, no other trip may occur.

4

Feature Possible Assignments FactoryValue
O/L TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIP RELAY
U/B TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIPARELAY
S/C TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIP RELAY
RAPID TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIP RELAY
STATOR RTD TRIP TRIP or AUX. 1 or TRIP & AUX.1 LRIP RELAY
RTD TRIP TRIP or AUX. 1 or TRIP & AUX .4 TRIP RELAY
G/F TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIP RELAY
ACCEL. TIME TRIP TRIP or AUX. 1 or TRIP & AUX.1 TRIP RELAY
PHASE REV. TRIP TRIP or AUX. 1 or TRIP & AUX:1 TRIP RELAY
STARTS/HOUR TRIP TRIP or AUX. 1 or TRIP & AWX.1 TRIP RELAY
SPEED SWITCH TRIP TRIP or AUX. 1 or TRIP & AUX 2 TRIP RELAY
DIFFERENTIAL TRIP TRIP or AUX. 1 or TRIP& AUX.1 TRIP RELAY
SINGLE PHASE TRIP TRIP or AUX. 1 or TRIP & AUX.T TRIP RELAY
SPARE INPUT TRIP TRIP or AUX. 1 0r TRIP & AUX.1 TRIP RELAY
START INHIBIT TRIP or AUX. 4'or TRIP & AUX.1 TRIP RELAY
O/L WARNING ALARM or AUXJL of AUX. 2 or NO ALARM RELAY
G/F ALARM ALARM or AbX. T'ar, AUX. 2 or NO ALARM RELAY
U/B ALARM ALARM or AUX3L or AUX. 2 or NO ALARM RELAY
U/C ALARM ALARM o AUX. 1T'ar,AUX. 2 or NO ALARM RELAY
STATOR RTD ALARM ALARM or AUX: 2,0r AUX. 2 or NO AUX. 1 RELAY
RTD ALARM ALARM or AUX./1 or AUX. 2 or NO AUX. 1 RELAY
NO SENSOR ALARM ALARM"or AUX. 1 or AUX. 2 or NO AUX. 1 RELAY
SELF-TEST FAIL ALARM or AUX. 1 or AUX. 2 or NO AUX. 2 RELAY
SPARE INPUT ALARM ALARM, 0 AUX. 1 or AUX. 2 or NO NO RELAY

For the model 169:

Feature Possible Assignments Factory Value

O/L TRIP (not'shown) TRIP RELAY
U/B TRIP (pot shown) TRIP RELAY
S/C TRIP (not shown) TRIP RELAY
RAPID TRIP (not shown) TRIP RELAY
STATOR RTD TRIP, (not shown) TRIP RELAY
RTD TRIP (not shown) TRIP RELAY
G/F TRIP (not shown) TRIP RELAY
ACCEL. TIMEGQRIP (not shown) TRIP RELAY
PHASE REV. TRIP (not shown) TRIP RELAY
STARTSIHOURITRIP (not shown) TRIP RELAY
SINGLE PHASE TRIP (not shown) TRIP RELAY

O/L WARNING

G/F ALARM

U/B ALARM

U/C ALARM

STATOR RTD ALARM
RTD ALARM

NO SENSOR ALARM
SELF-TEST FAIL

ALARM or NO
ALARM or NO
ALARM or NO
ALARM or NO
ALARM or NO
ALARM or NO
ALARM or NO
ALARM or NO

ALARM RELAY
ALARM RELAY
ALARM RELAY
ALARM RELAY
ALARM RELAY
ALARM RELAY
ALARM RELAY
ALARM RELAY
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5 PAGE 5: SETPOINT VALUES
SYSTEM CONFIGURATION
This page is used to configure the 169 relay to exactly match the motor and motor system heing
protected. Various special features can be selected, defeated, or adjusted in this page of setpoints.
5 NORMAL RUN DISPLAY SHOWS
LINE = LINE XX
This code determines the line of the selected page in ACTUAL VALUES MODE to whichythe display will
return if no key is pressed for more than four minutes and no trips or alarms arg present:
1-40 - line number in selected page (see Table 3-2); Factory Value = 2
5 NORMAL RUN DISPLAY SHOWS
PAGE = PAGE XX
This code determines the page in ACTUAL VALUES mode to whichjthe display will return if no key is
pressed for more than four minutes and no trips or alarms arg,present:
lor7-pagel (see Table 3-2)
2 0r 8- page 2
3o0r9-page3
4 or 10 - page 4
5 - page 5
6 - page 6
Factory Value = 1
5 DEFEAT NO SENSOR ALARM?
XXX
This code is used to enable or defeat the Broken RTD Sensor Alarm. This alarm will only become active
for open circuit RTDs chosen for use:
YES - RTD Broken Sensor Alarm defeatedyNO - RTD Broken Sensor Alarm enabled.
Factory Value = YES
5 DEFEAT RTD INPUT TO < ?
THERMAL MEMORY ? )&
This code is used to‘enable or defeat the thermal memory RTD bias feature of the relay (see section
3.20). With this feature defeated the effect of the stator RTD temperature is not included in the thermal
memory:
YES - RTD bids defeated (RTD temperature does not affect thermal memory);
NO - RTD bias gnabled (thermal memory reduced as per figure 3-4)
Factofy Valugy= YES
S R S VE MINIMUM
VALU X C
Not seen when RTD input to thermal memory is defeated. This code is used to set the RTD bias
minimum value (see figure 3-4):
0-200 - RTD bias curve minimum value in degrees C; Factory Value = 90
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5 RTD BIAS CURVE MAXIMUM
VALUE = XXX C
Not seen when RTD bias is defeated. This code sets the RTD bias maximum value (see figure 3-4):
0-200 - RTD bias maximum value in degrees C.; Factory Value = 190

5 DEFEAT U/B INPUT TO
THERMAL MEMORY 2 XXX
(model 169 Plus only) This code is used to defeat or enable the unbalance hias gufetion. With this
feature defeated the effect of negative sequence unbalance is not included in the thermal memory:
YES - Unbalance bias defeated, thermal memory affected by average of three phase currents.
NO - Unbalance bias enabled, thermal memory affected by equivalent motoreating current (including
negative sequence contribution).
Note: This setpoint should not be changed to NO until the 169 Plus relay,has learned a value for
K. The learned K factor is used to bias the thermal memory as gxplained’in section 3.20. The
learned K value can be examined in ACTUAL VALUES mode, page 6¢
Factory Value = YES

5 DEFAULT K VALUE = XX
(OFF selects learned K)
Seen only when U/B input to thermal memory is enabled (medel 169 Plus only). This setpoint is used to
select a value for the negative sequence unbalance K fagtor (see section 3.20):
1-19 (increments of 1) or OFF - OFF indicates learned Krvalue is to be used. Factory Value = 6

5 DEFEAT LEARNED
COOL TIME ? XX
(model 169 Plus only) This code is_usedyto tell the 169 relay to use the learned motor cooling time
values. These times can be examinedhin ACTUAL VALUES mode, page 6. When learned values are
not used, the user entered default times will be used:
YES - Relay uses default cool times;NO - uses learned cool times from page 6 of ACTUAL VALUES
Note: This setpoint shouldde set,teYES" (relay uses default cool times) until the 169 relay has
learned reasonable motor{cooldewn times.
Factory Value = YES

5 |[ENTER RUNNING -
COOL TIME = XXX UTES
Not seen if cooldowh time learned values are used. This code is seen when the learned motor cooling
times arefnot'usedd This value represents the time for the thermal memory to discharge from 100% to
0% with the“mator running in a non-overload condition:
1-45 - coolinggime in minutes; Factory Value = 15
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5

ENTER STOPPED
COOL TIME = XXX MINUTES

Not seen if cooldown time learned values are used. This code is seen when the learned motor cooling
times are not used by the 169. This value represents the time for the thermal memory to dischargefrom
100% to 0% with the motor stopped. The OVERLOAD TRIP lockout time is 85% of this value (see
section 3.20).

5-135 - cooling time in minutes. Factory Value = 30

RTD 8 AMBIENT SENSOR ?
XXX

or

RTD10 AMBIENT SENSOR ?
XXX

(RTD 8 — model 169; RTD 10 — model 169 Plus). This code is used'to;select’one of the bearing RTDs as
an ambient air temperature sensor. When stored as YES, trip. and)alarm lévels for the selected RTD will
be automatically set to "OFF". See section 3.20.

YES - Indicated RTD will be used for ambient air temperature measurement
NO - Indicated RTD will be used for other (non-stator) temperature,measurement

Factory Value = NO

DEFEAT SPEED SWITCH?
XXX

(model 169 Plus only) This setpoint is use@'taidefeat ar enable the Speed Switch Trip.

YES - Speed Switch function disabled,‘ae spéed switch used
NO - Speed Switch function enabledfspeed switch can be used

Factory Value = YES

SPEED SWITCH v
TIME DELAY = XXX.X SEC. 77

Not seen if speed switch functiomyissdisabled (model 169 Plus only). This setpoint is used to set the time
delay for the operation of the speed switch function.

0.5-100.0 (incrementsyof 0.5),- time delay in seconds; Factory Value = 2.0

ANALOG OUTPUT PARAMETER
= XXXXXXXXXXX

This setpoint(is usedito select the analog current output function.

Thermal Memory=Motor thermal capacity used

Moter Load - Metor current as a percentage of full load

MaX Stator RTD - Hottest stator RTD temperature (0-200 C)

CT secondary - CT secondary current as a percentage of CT secondary amps rating

Factory Value = Max Stator RTD
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5 Enable Single-shot
restart ? XXX
(model 169 Plus only) This setpoint is used to enable or defeat the single-shot restart feature described
in section 3.22.
YES - Single-shot restart enabled; NO - Single-shot restart disabled. Factory Value = NO
5 Enable start inhibit?
XXX
(model 169 Plus only) This setpoint is used to enable or defeat the Start Iphibit feature of the relay
described in section 3.20:
YES - Start Inhibit enabled; NO — Start Inhibit disabled
Note: This setpoint should not be changed until the 169 relay has obtainedya reasonable value
for the "LEARNED Start Capacity required” (SETPOINTS mode, page 6)-
Factory Value = NO
5 Enable special external
reset function? XXX
(model 169 Plus only) This setpoint is used to enable omydefeat the special external reset feature
described in sections 2.13, 3.22.
YES - special external reset enabled; NO - special external reset disabled. Factory Value = NO
5 Enable phase reversal?
XXX
This code is used to defeat or enable thelRhase Reversal Trip function.
YES - Phase Reversal Trip function enabled;"N© - Phase Reversal Trip function disabled
Note: If only two phase CTs are uséd, as,shown in Figure 2-6, this setpoint must be set to NO.
Factory Value = NO
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5 RELAY ALARM
LATCHCODE = XX
This setpoint allows the choice of output relay latch attributes. A latched output relay must be manually
reset. An unlatched relay will be automatically reset when the condition that caused the relay activation
goes away.
Note: Trip functions must always be manually reset regardless of the Latchcodeqvaluegchosen
here. This setpoint allows Alarm functions to be either manually or automatically, resetable. The
Immediate O/L Alarm function will always be automatically reset regardless of the lsatehcode.
latched = manual reset, unlatched = automatic reset
(see Table 3-6 for complete relay functions/configurations)
For the model 169 Plus:
Value Trip Alarm Aux. 1 Aux. 2
1 latched unlatched unlatched latched
2o0r3 latched latched unlatched latched
4or5 latched unlatched latched latched
6or7 latched latched latched latehed
For the model 169:
Value Trip Alarm
lordor5 latched unlatched
2or3or6or7 latched latched
Factory Value = 1
5 RELAY FAILSAFE
CODE = X

This code allows the choice of output rélay fail-safe attributes. FS = fail-safe, NFS = non-fail-safe (see
Glossary). See Table 3-7 for complete relay functions/configurations.

For the model 169 Plus:

Value Trip Alarm __ Aux. 1 dAux. 2

1 FS NFS NFS ES{(see Figure 2-5)
2 NFS FS NFS FS

3 FS FS NFS FS

4 NFS NFS FS FS

5 FS NFS ES FS

6 NFS FS FS FS

7 FS ES FS FS

8 NFS NFS NFS FS

For the model 169:

Value Trip Alarm

lor5 FS NFS (see Figure 2-5)
20r6 NES FS

3or7 ES FS

4 or8 NES NFS

Factory Valugl= 1

Note: Due'to the hardware configuration of the 169/169 Plus drawout relay this code cannot be
changed on any drawout models without corresponding hardware change.
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5 SPARE INPUT ALARM
TIME DELAY = XXX SEC.
(model 169 Plus only) This setpoint is used to set the time delay for the Spare Input Alarm:
1-254 (increments of 1) or OFF - time delay in seconds (OFF disables this function)
Factory Value = OFF

5 SPARE INPUT TRIP
TIME DELAY = XXX SEC.
(model 169 Plus only) This setpoint is used to set the time delay for the operation ofithé Spare Input Trip
function:
1-254 (increments of 1) or OFF - time delay in seconds (OFF disables thissfunction)
Factory Value = OFF

5 ENABLE AUTO-RESET OF
START TRIPS ? XXX
This setpoint is used to automatically reset either STARTS/HOUR or START INHIBIT trips when
conditions permit.
YES - relay automatically resets after the STARTS/HOUR o START INHIBIT lockout time has run out.;
NO - relay must be manually reset after the STARTS/HOWR or'START INHIBIT lockout time has run out.
Factory Value = NO

5 FLC THERMAL CAPACITY
REDUCTION = XX PERCENT
This setpoint is used to set the level todwhi¢h the thermal memory will discharge to when the motor is
running at full load current. This levélymay-be set as the percentage difference of the hot motor thermal
damage curve to the cold motor thermal‘damage curve.
Range: 5% - 50% increments of 1%; Factery Value = 15%

5 SERIAL = MASTER ? XXX
(No Indicates Slave) ®,
(model 169 Plus only) This setpoint is used to select the relay as either a MASTER or a SLAVE for
connection in a seriahcommunication link. When a relay is configured as a MASTER it cannot be used
for motor protection (seéysection 2.18):
YES - relay is configuredias a MASTER; NO - relay is configured as a SLAVE. Factory Value = NO
Note: If this setpeintiss€hanged to YES and phase currents are injected relay failure will occur.

5 ‘SLA\F X
Séen ofly when relay is chosen as a SLAVE (model 169 Plus only). This setpoint is used to set the
address, of the relay to distinguish it from other devices in a serial communication link (see section 2.18):
1-254 or OFF - relay SLAVE address (OFF indicates no address). Factory Value = OFF
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5 ADDRESSED SLAVE = XXX

Seen only when relay is chosen as a MASTER (model 169 Plus only). This setpoint is used to set the
address of the SLAVE relay with which the MASTER will communicate (see section 2.18):

1-254 or OFF - address of SLAVE relay (OFF indicates no address). Factory Value = OFF

5 END OF PAGE FIVE
SETPOINT VALUES
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PAGE ‘ DESCRIPTION

6

PAGE 6: SETPOINT VALUES
MULTILIN SERVICE CODES

This page is used for 169 relay testing both in the field and at the Multilin factory. The first four lines of
this page are available to the user for testing the relay once it is installed. The other lines in this page
are only accessible to Multilin service personnel by entering an access code.

EXERCISE RELAY :
XXXXXX

This line is used to test the operation of the 169 output relay contacts and \toftest any connected
switchgear. This can only be done when the motor is stopped. Pressing the VAEUE UP or VALUE
DOWN keys, followed by the STORE key, will cause different output relays to change state:

NO - No output relays activated; TRIP - Trip relay activated; ALARM - Alarm, relaysactivated
AUX.1 - Aux. 1 relay activated (169 Plus only)
AUX.2 - Aux. 2 relay activated (169 Plus only)
ALL - All output relays activated (169 Plus only)

TEMPERATURE= XXX C FOR
FORCED RTD # X

This line is used to force the 169 relay to read a single RED. “The RTD number is chosen by pressing
the VALUE UP or VALUE DOWN keys. This will only work when the motor is stopped:

1-8 (169), 1-10 (169 Plus) - RTD number to be read gontinuausly

ANALOG OUT FORCED
TO: XXXXXX SCALE

This line is used to force the analog cufrent putput‘of the 169 relay to a certain value to test the relay
and any associated meters. This will only, wark when the motor is stopped:

NORMAL - Analog current output left unghanged

ZERO - Analog current output forced.to zero

MID - Analog current output forced£o theymiddle of the scale
FULL - Analog current output forced t@ a full scale output

STATUS = XXXXXX < u
FOR: XXXXXXXXXXXX SWI

This line can be used, te check the status (either OPEN or SHORT) of any of the following terminals:

EXT.RESET, EMG.RESTART, or ACCESS (169)
EXT.RESET, EMG/RESTART, ACCESS, SPEED, DIFF. or SPARE (169 Plus)

[SERVICE US
|CODE =xxx

This Jine is used by Multilin service personnel for calibration and service to the 169 relay.

MU 169 PLUS RELAY
REVIS XXIXX

or

MULTILIN 169 RELAY
REVISION XX XX/XX

This is the 169 relay firmware revision identifier line.
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3.5 HELP Mode

This display mode should be used whenever help is required in using the 169 relay. The HELP key can provide the
user with information on the proper function and use of each key on the keypad or can provide information abougthe.
currently displayed ACTUAL VALUES, SETPOINTS, or TRIP/ALARM message. Pressing the HELP key has no
effect when a flash message or HELP message is on the display.

If the HELP key is pressed with the first line of a page (i.e. a page header) on the display the following message will
appear:

Press KEY of interest or
HELP again for details

The user should then press the key for which instruction is required or press the HELP /keyyagain to access
information on the previously displayed ACTUAL VALUES, SETPOINTS, or TRIP/ALARM (message. When the
desired key is pressed the display will show the message:

Press LINE DOWN for
info or CLEAR to exit

The LINE DOWN key can then be used to display the requested HELP message.

If the HELP key is pressed with any line that is not a page header on the displaythe HELP message shown will be
for the previously displayed ACTUAL VALUES, SETPOINTS, or TRIP/ALARM message.

Pressing the CLEAR key at any time during the HELP message will return the display to the page and line of the
mode in effect when the HELP key was originally pressed. The ACTWAL VALUES and SET POINTS keys may also
be pressed to exit HELP mode.

3.6 TRIP/ALARM Mode

TRIP/ALARM mode can only be entered when an actual métofvalue exceeds a setpoint value or an alarm becomes
active. Every trip and alarm condition has a separate message sorthat the exact nature of the problem can be easily
identified.

TRIP/ALARM mode will be entered whenever atsetpoint is exceeded or an alarm condition arises regardless of
whether an output relay activation occurs. Foréexample, if the "STATOR RTD ALARM LEVEL" setpoint is exceeded,
but this function is assigned to "NO" output relay, the, 169will enter TRIP/ALARM mode but no output relay activation
will occur.

To leave TRIP/ALARM mode the ACTUAL VARLUES}'SET POINTS, or HELP keys can be pressed. Doing this will not
change the state of the output relays but g¥ilFallowsthe user to access other motor and relay information to determine
the cause of the trip. The active TRIP/ALARM 'messages are found in ACTUAL VALUES mode, page 5, immediately
in front of the pre-trip motor data. If apy trip/alarm function is active and no key is pressed for a time of 20 seconds,
the 169 relay display will return to the*appropriate TRIP/ALARM message.

Only one type of relay trip can“@ecur-agany one time. However, a trip and an alarm or multiple alarms can occur at
the same time. If this is the case the 169 relay display will show the TRIP/ALARM message for the trip or alarm with
the highest priority. Any otherfactive messages can be examined by using the LINE DOWN key. The complete set of
TRIP/ALARM messages is shown in Table 3-4 together with a description of the conditions causing the relay to enter
TRIP/ALARM mode. Thesmessages are shown in order of display priority.

Note: Only one TRIP fungtion/can occur at any one time. TRIP functions must_therefore be used to trip out
the motor. Oncgyone @ RIPHunction is active no other TRIPs can occur. If multiple ALARMs occur, the other
ALARM messages may beyviewed by pressing the LINE DOWN key.
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Table 3-4: TRIP/ALARM MESSAGES AND FAULT DIAGNOSIS

LEVE INFORMATION LINE EXPLANATION DIAGNOSIS
L
1 ||SELF-TEST ALARM Problem in A/D circuit detected by | Return relay for service. 3.23
A/D H/W FAIL internal self-test. Service
required.
SELF-TEST ALARM Problem in RTD circuit detected Return relay for serviee,
RTD H/W FAIL by internal self-test. Service
required.
SELF-TEST ALARM Problem in RAM detected by Return relay foRservice.
RAM FAIL internal self-test. Service
required.
SELF-TEST ALARM FACTORY Problem in NOVRAM detected by | Returnielay for service.
SETPOINTS LOADED internal self-test. Service
required.
2 |[PHASE Ss/C TRIP Short Circuit Trip Level exceeded$| ' Check for motor winding shorts. 3.14
for a time greater than the Short
Circuit Time Delay.
3 |[RAPID TRIP Rapid trip / Mech. Jam Txip Lewvel | Check system for jams / 3.13
exceeded for a time greater than™ | excessive load.
the Rapid Trip Time Delay:
4  [[SINGLE PHASE TRIP Unbalance of@ver 30% present Check continuity of incoming 3.10
for a time greater than@fseconds. | three phase supply.
5 GIF TRIP Ground Rault Trip Level exceeded | Check for motor winding to case 3.11
for a time greaterthan the or ground shorts. Check motor for
Ground'Fault Trip Time Delay. moisture or conductive particles.
OVERLOAD TRIP Motor thermal capacity exceeded. | Excessive load with motor 3.18
LOCKOUT TIME = XXX MIN. Motor laek-out time is also shown. | running or locked rotor on start.
Wait for motor to cool.
7 |[START INHIBITED Insugficient thermal capacity Wait for motor to cool. 3.20
LOCKOUT TIME = XXX available for motor to start (i.e.
capacity remaining is less than
Learned Start Capacity).
8 [[uBTRIP W | | Unbalance Trip Level exceeded | Check incoming supply phases 3.10
l Z 4 for a time greater than the for unbalance. Check for motor
Unbalance Trip Time Delay (all winding shorts. Increase Trip
phases > 0.1 XFLC). Level if required.
9 |[sTAT TR Stator RTD Trip Level Check motor ventilation and 3.16
RTD # X C temperature exceeded on at least | ambient temperature. Allow motor
one stator RTD. to cool.
10 RTD.TRIP RTD Trip Level temperature 3.17

RTD#X’ =XXX C

exceeded.
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LEVE

L

INFORMATION LINE

EXPLANATION

DIAGNOSIS

11 ||STARTS/HOUR TRIP Total number of motor starts over | Reduce number of starts during| 3.9
LOCKOUT TIME = XXX MIN. the past hour greater than normal motor operation.
Number of Starts / Hour setpoint.
12 ||ACCEL. TIME TRIP Motor did not enter a normal Excessive load or lockéd retoer on| 3.8
running state (i.e. phase current < | start.
FLC) within Acceleration Time
setpoint.
13 ||PHASE REVERSAL TRIP Phases not connected to motor Check incoming phasée 3.19
in proper sequence. sequence and €, polarity.
14 |[SPEED SWITCH TRIP Non-closure of speed switch Locked'roter on start. 2.16
contacts within Speed Switch
Time Delay.
15 ||DIFFERENTIAL INPUT TRIP Closure of differential relay Differential relay trip. 215
contacts.
16 ||SPARE INPUT TRIP Spare Input contact closure: Check device connected to 2.21
Spare Input terminals.
17 ||OVERLOAD WARNING Phase current greater than Reduce motor load. 3.15
TIME TO TRIP = XXXXX Immediate O/L Levelssetpoint.
18 GIF ALARMS Ground FaultAlarm Leyvel Check motor windings for shorts, | 3.11
G/F = XX.X AMPS exceededdor a time greater than | moisture, or conductive particles.
the Ground‘Fadlt Time Delay.
19 ||u/B ALARM Unbalance AlarmLevel Check incoming phases for 3.10
U/B = XX PERCENT exceefled for atime greater than | unbalance.
the Unbalance Time Delay.
20 ||u/c ALARM Rhase current less than Check system for loss of load. 312
I(3 ph avg) = XXXX ARMS Undereurrent Alarm Level for a
time greater than the
Undercurrent Time Delay.
21 || STATOR RTD ALARM Stator RTD Alarm Level Check motor ventilation and 3.16
RTD #X = XXX C‘ temperature exceeded on at ambient temperature.
least one stator RTD.
22 ||RTD ALAR ‘ Z ' RTD Alarm Level temperature 3.17
RTD # XXy = exceeded.
23 |[BrO LI Open circuit on RTD. Check continuity of RTDs. 3.16,
see RTI TUAL VALUES 3.17
24 | [SPARE INPUT ALARM Spare Input contact closure. Check device connected to 2.21
'S Spare Input terminals.
25 Indicated relay SLAVE number is | Check indicated relay SLAVE. 218

AVE NUMBER XXX
T CONNECTED

not connected or not responding.

Check communication link wiring
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3.7 Phase CT and Motor Full Load Current Setpoints

The "PHASE CT RATIO" is entered into the 169 relay in SETPOINTS mode, page 1. This value must be entered
correctly in order for the relay to read the actual motor phase currents (this setpoint should be in a range fromis0%
to 95% of FLC).

The "MOTOR FULL LOAD CURRENT" setpoint is used by the relay as the maximum continuous current that the
motor can draw without overheating and should be taken from the motor nameplate or data sheets. It is entered into
the relay in SETPOINTS mode, page 1.

If the motor has a service factor, this should be multiplied by the nameplate full load currentiand‘the result entered
into the 169 as the motor full load current.

When the relay detects a current greater than the full load current, the time/overload curve will,€ame into effect, and
the Trip relay will activate after a time determined by the overload curve shape, the amgunt of phase current
unbalance present and the RTD bias (when enabled), and the thermal memory contents.

3.8 Acceleration Time Setpoint

The acceleration time of the drive system is entered into the 169 relay in SETPOINIS mode, page 1. This feature is
strictly a timer that can be used to protect the equipment driven by the motorgsfhistime does not affect the thermal
memory calculated by the relay.

The acceleration time is used by the relay as the maximum allowable‘time between a motor start attempt and the
beginning of normal running operation. A motor start attempt is detected'by the 169 when an average phase current
greater than one full load current is detected following a motor stepaeondition. A normal running condition will be
detected by the relay when the phase current drops to below ope fulljload“eurrent for any length of time following a
start. When the phase current drops to below 5% of CT primary rated amps a motor stop will be detected.

To protect against a locked rotor condition the 169 relay allowsyits thermal memory (see section 3.20) to fill during a
start. Thus if the heat produced by a locked rotor condition cause§the thermal capacity of the motor to be exceeded
an overload trip will be initiated. The acceleration time setpoint can only be used for driven load protection, not
locked rotor protection.

If the Acceleration Time function is not required thé setpaint should be set to "OFF".

3.9 Number of Starts/Hour Setpoint
The allowable number of motor starts per houf'is gntered into the 169 relay in SETPOINTS mode, page 1.

The relay keeps a record of the number of,motor starts over the past hour and will cause an output relay activation
when this value is equal to the setpoint value. A'trip will occur only after the motor is stopped. This setpoint should
be obtained from the motor manufaeturer's data sheets. If more than 5 starts/hour are allowed this setpoint should
be stored as "OFF". The relay starts/hour cotnter will be saved if power is lost to the unit. Note that the 169 relay
must detect all motor start attemptsy(see segtion 3.8) in order for this function to operate correctly.

The "ENABLE AUTO-RESET OFSTART TRIPS?" setpoint, when enabled, will automatically reset a STARTS/HOUR
trip once the lockout time hasselapset
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3.10 Unbalance Setpoints

Unbalanced three phase supply voltages are a major cause of induction motor thermal damage. Unbalance ¢an be
caused by a variety of factors and is common in industrial environments. Causes can include increased resistance
in one phase due to pitted or faulty contactors, transformer faults and unequal tap settings, or non-uniformly
distributed three phase loads. The incoming supply to a plant may be balanced but varying single phase loads
within the plant can cause voltage unbalance at the motor terminals. The most serious case of unbalance isgsingle
phasing which is the complete loss of one phase of the incoming supply. This can be caused by a utility supply
problem or by a blown fuse in one phase and can seriously damage a three phase motor.

Unbalance at the motor terminals means an increase in the applied negative sequence voltage. Thisfresults in a
large increase in the negative sequence current drawn by the motor due to the relatively small negative sequence
impedance of the rotor. This current is normally at about twice the power supply frequency @nd/produces a torque in
the opposite direction to the desired motor output. For small unbalances the overall autput torque will remain
constant, but the motor will be developing a large positive torque to overcome the negative, seguence torque. These
opposing torques and the high negative sequence current produce much higher rotor lesses and consequently
greatly increased rotor heating effects. Stator heating is increased as well, but to @ymuch smaller extent. The
amount of unbalance that a given motor can tolerate is therefore dependent on theroter design and heat dissipation
characteristics.

Persistent, minor voltage unbalance can thus lead to rotor thermal damage #vhile, severe unbalance such as single
phasing can very quickly lead to a motor burnout.

For phase currents above 100% FLC, the 169 relay calculates the ratio of the ne@ative to positive sequence currents
(In/lp) and uses this ratio in two separate protective functions . It,is used to'bias the thermal memory of the relay
which represents the thermal capacity of the motor as a whole (this,camybe,enabled in SETPOINTS mode, page 5,
169 Plus only), and it is used for separate unbalance protectioriy #he‘method of determining In/Ip is independent of
actual line frequency or phase current lead/lag characteristics, andwhenenabled is used with the In/lp ratio to bias
the thermal memory (see section 3.20). This negative sequenge unbalance method provides readings similar to the
NEMA unbalance calculation but gives more realistic results forithe thermal effect of unbalance on the motor. For
phase currents below 100% FLC, the relay calculates thefratie,of I to full load current (In/IFLC) and uses this to
provide protection. This avoids nuisance trips due to relatively high levels of In with lower levels of Ip that may
create high U/B levels at low loads.

For separate unbalance protection, trip and alarmyln/lp ratios may be chosen along with appropriate persistence
times (time delays) in SETPOINTS mode, pagé¥. [fno separate unbalance protection is desired the trip and alarm
levels should be set to "OFF". The delay times*will then be disregarded by the relay. Above 100% FLC, if an
unbalance of more than 30% persists for moré than 44seconds, a "SINGLE PHASE TRIP" will result. Below 100%
FLC, if motor load is >25%, and any one phase readsrzero, this will also be considered a single phase condition.

Note: If the "UNBALANCE TRIP LEVEL'fs set to®OFF" single phase protection will be turned off.
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3.11 Ground Fault (Earth Leakage) Setpoints

Aging and thermal cycling can eventually cause a lowering of the dielectric strength of the insulation in the(stator
winding. This can produce a low impedance path from the supply to ground resulting in ground fault currents which.
can be quite high in solidly grounded systems. In resistance grounded systems there is a resistance in series with
the supply source to limit ground fault current and allow the system to continue operating for a short time under fault
conditions. The fault should be located and corrected as soon as possible, however, since a second fault on another
phase would result in a very high current flow. In addition to damaging the motor, a ground fault can_place the motor
casing above ground potential thus presenting a safety hazard to personnel.

On the occurrence of a ground fault caused by insulation breakdown, an unprotected motoriwill commonly suffer
severe structural damage and have to be replaced. The fault could also shut down the power supply bus to which
the faulty motor is connected.

Ground faults can occur in otherwise good motors because of environmental conditions. Moisture or conductive
dust, which are often present in mines, can provide an electrical path to ground thus allowig, ground fault current to
flow. In this case, ground fault protection should shut down the motor immediately sothat it ¢an be dried or cleaned
before being restarted.

For ground fault protection by the 169 relay, all three of the motor conductors must pass‘through a separate ground
fault CT (see section 2.6). The CT ratio may be either 2000:1 or 50:5 up 40,2505, (in increments of 50) and is
chosen in SETPOINTS mode, page 1. Separate ground fault trip and alanm |evels, (entered in actual ground fault
amps), and persistence times (time delays) may also be set. The ground fault trip can be instantaneous, or up to
20.0 seconds of time delay can be chosen to allow the 169 relay to be ceordinatéd with other protective devices and
switchgear.

The amount of current that will flow due to a fault depends on whereythe fault occurs in the motor winding. A high
current flow will result if a short to ground occurs near the end of the stator winding nearest the terminal voltage. A
low ground fault current will flow if a fault occurs at the neutral @nd efythe winding since this end should be a virtual
ground. Thus a low level of ground fault pickup is desirable to pretect as much of the stator winding as possible and
to prevent the motor casing from becoming a shock hazard®yln resistance grounded systems the ground fault trip
level must be set below the maximum current limited byfthefground resistor or else the relay will not see a large
enough ground fault current to cause a trip.

The ground fault trip level should be set as low4as paossible, although too sensitive a setting may cause nuisance
trips due to capacitive current flow. If nuisancegtripsi@€cur with no apparent cause the trip level should be increased;
conversely if no nuisance trips occur a lower faultsetpoint may be desirable.

3.12 Undercurrent Setpoints

These setpoints are found in SETPOINTS mgodeé, page 1 and are normally used to detect a decrease in motor
current flow caused by a loss of, or@ecrease in, motor load. This is especially useful for indication of loss of suction
for pumps, loss of airflow for fans, or albrokensbelt for conveyors. When the current falls below the setpoint value for
the setpoint time, the relay assigned to thig,alarm function will become active.

If this feature is used for loss ofiload detection, the "UNDERCURRENT ALARM LEVEL" setpoint should be chosen
to be just above the motor currentlevel for the anticipated reduced load condition. If the feature is not desired, the
alarm level should be set to {OFF"4The delay time setpoint will then be ignored by the relay.

If the motor is normally operatedsat a current level below its rated full load current, this feature may be used for a
pre-overload warning. (This’is, accomplished by setting the "UNDERCURRENT ALARM LEVEL" to be above the
normal operating cutrentyof the motor but below the rated full load current. In this way the undercurrent function will
cause the relayfassighed t0 it to become inactive if the motor current increases above the Undercurrent setpoint
level. This wodld indicatedan abnormal loading condition prior to an actual motor overload.

The output relayfassigned to this function will automatically reset itself when the motor stops (i.e. when the phase
current becomesfzero) unless this relay is programmed as latched (see "RELAY ALARM LATCHCODE",
SETPOINTS, page 5).
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3.13 Rapid Trip / Mechanical Jam Setpoints

These setpoints are found in SETPOINTS mode, page 1 and are used to protect the driven mechanical system from
jams. If used, this feature is active only after the motor has successfully started, and will cause relay activation_in
the event of a stall while the motor is running.

A current surge of 150% to 450% of motor full load for from 0.5 to 125.0 seconds during motor operation, depending
on the setpoints chosen, will cause the relay assigned to the Rapid Trip / Mechanical Jam function to become‘@ctive.
To disable the Rapid Trip / Mechanical Jam function the "RAPID TRIP/MECH. JAM TRIP LEVEL" setpoint should be
set to "OFF". The "RAPID TRIP TIME DELAY" setpoint will then be disregarded by the relay.

Note: This feature is not recommended for use with systems that experience overloads as partyof Aormal
operation.

3.14 Short Circuit Setpoints

The Short Circuit protective function provides overriding protection for any large phaseteurrent. Complete protection
from phase-to-phase and phase-to-ground faults is provided with this feature. Jhis,feattire is active at all times,
including during motor starts, unless the "SHORT CIRCUIT TRIP LEVEL" isgset to“@FF. The setpoints are in
SETPOINTS mode, page 1.

The phase current short circuit trip level can be set from 4 to 12 times motor full load current. The trip can be
instantaneous or can be delayed by up to 20.5 seconds to facilitate{ceordination with system switchgear. If this
feature is not desired the "SHORT CIRCUIT TRIP LEVEL" setpoint should*be set to "OFF". If this is done the relay
will disregard the "SHORT CIRCUIT TIME DELAY" setpoint.

3.15 Immediate Overload Alarm Level Setpoint

The Immediate Overload Alarm Level setpoint is found in SETPOINTS mode, page 1. It is adjustable from 1.01
XFLC to 1.50 XFLC. An output relay activation will occur immediately when the average phase current goes over the
setpoint value. This function can never cause latched (manfual reset) relay operation.

3.16 Stator RTD Setpoints

The 169 relay has 6 sets of 4 terminals available, forithe connection of RTDs to monitor the temperature of the stator
windings. If fewer than 6 RTDs are to be used they, sheuld be connected to the lowest numbered RTD connections
on the rear of the relay. The stator RTD setpeints are found in SETPOINTS mode, page 2. The "# OF STATOR
RTDS USED" setpoint should be chosen to/represent the number of RTDs actually connected to the motor stator
windings. Thus if 3 RTDs are connected to the(stator, the "# OF STATOR RTDS USED" setpoint should be set to 3,
and the 3 RTDs should be connected to the termifals for RTD1, RTD2, and RTD3 (terminals #1-12).

There are individual trip and alarm setpoints_for each RTD. A relay activation will occur when any one of the RTD
temperatures goes over its correspghding,setpoint value. The maximum stator RTD temperature at any time will be
used for relay thermal calculations:

When the relay is in ACTUAL VALWES mode the temperature readings from all of the RTDs may be displayed. If no
connection has been made t6 any,RTD terminals the display for that RTD will be "noRTD". If the "# OF STATOR
RTDS USED" setpoint is stored as|3, only the maximum temperature from RTD1, RTD2, and RTD3 will be used for
motor temperature calculationSmsfThus, in this case, RTD4, RTD5, and RTD6 may be used for any other RTD
temperature monitoringffunction desired.

If a stator RTD becomes epen circuited during use, the ACTUAL VALUES display for that RTD will be "noRTD".
Readings fromfthe discennected RTD will then be ignored. The 169 relay will enter TRIP/ALARM mode to warn the
user of the faulty RTD if the "No Sensor Alarm" is enabled (SETPOINTS, page 5). After a stator RTD temperature
trip or alarm™“setpointfis exceeded the 169 relay will not allow the active output relays to be reset until the
temperature has fallen 4 C below the exceeded setpoint.
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3.17 Other RTD Setpoints

A total of 8 RTD inputs is provided on the model 169 with 10 on the 169 Plus. Any RTD inputs not used for(stator
RTD protection can be used for other temperature monitoring functions. These will commonly be used for motofand
load bearings. Separate alarm and trip level temperatures can be selected for each RTD in SETPOINTS mode,
page 2.

Trip and alarm level setpoints should be set to "OFF" for any unused RTD terminals. When no connection iS‘made
to a set of RTD terminals or if a sensor becomes damaged, the ACTUAL VALUES display forghat RTD will be
"noRTD". If the "No Sensor Alarm" is enabled (SETPOINTS, page 5) the relay will enter TRIP/ALARMmode to warn
the user of any open RTD connection that does not have its trip and alarm level setpoints storedhas "OEE".

RTDs connected to the RTD terminals of the 169 relay must all be of the same type. After @n"RTDtemperature trip
or alarm setpoint is exceeded, the 169 relay will not allow the activated output relays 0 be reset until the
temperature has fallen 4 C below the exceeded setpoint.

To use RTD #8 (RTD #10 on the 169 Plus) for ambient air temperature sensing a setpoint in'page 5 of SETPOINTS
mode must be changed (see sections 3.4, 3.20).

3.18 Overload Curve Setpoints

The running overload curve is chosen in SETPOINTS mode, page 3. The curve/willcome into effect when the motor
phase current goes over the full load value. When this is true thé€ wmotor/thermal capacity will be decreased
accordingly; the output relay assigned to the OVERLOAD TRIP function ‘will activate when this capacity has been
exhausted. Thermal capacity may be reduced by the presence of.unbalance¥and RTD bias as well as overload (if
the U/B and RTD inputs to TC are enabled). Thus the times on the oVerload curve may be reduced due to phase
current unbalance (see section 3.20). A choice of eight standar@curves, as shown in figure 3-2, is available on both
the model 169 and 169 Plus.

If one of the standard curves shown in figure 3-2 is desired forthe given application, the answer to the SETPOINTS
question, "CUSTOM CURVE?", should be "NO". In this caséithe ‘desired curve can be chosen from the 8 standard
curves available. If it is required to have a different curve the answer to the "CUSTOM CURVE?" question should be
"YES". In this case the following lines in SETPOINTSymode will be the choice of breakpoints as shown in section
3.4. These points should be entered carefully and checked since motor overload protection is based largely on this
curve. After a standard curve has been chosen, the,ndmerical values for the breakpoints can be viewed by storing a
"YES" for the "CUSTOM CURVE?" question andytheniexamining the next few lines of setpoint values. The overload
levels and trip times for the standard overload curves,are‘as shown in Table 3-5.

If none of the standard curves match the motor dataywell enough the model 169 Plus relay allows the formation of a
custom overload curve. Motors with non-standard overload characteristics can be fully protected since almost any
shape of curve can be entered into the gelay. . The 169 Plus will accept 22 points and will internally form a curve
through these points.

If it is required to have a discontinuity in%a,custom overload curve, as shown in figure 3-3 (b), the 169 Plus will insert
it at the appropriate place. A discontinuity will occur when a time is entered that is greater than the time entered for
the previous overload level. Examples‘ef custom curves formed by the 169 Plus relay with the breakpoints given are
shown in figure 3-3.

Note: If a new standard curve number or a custom curve point is stored when the motor is running the new
curve or point will not comegintoreffect until the motor stops.
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Table 3-5 Standard Overload Curve Trip Times (in seconds)

Overload MULTILIN STANDARD CURVE NUMBERS |
Level 1 2 3 4 5 | 6 7 8 |
1.05 853 1707 2560 3414 5975 7682 10243 | 12804
1.10 416 833 1250 1666 2916 3750 5000 6250
1.20 198 397 596 795 1392 1789 2386 2982
1.30 126 253 380 507 887 1141 1594 1902
1.40 91 182 273 364 638 820 17003 1367
1.50 70 140 210 280 490 630 840 1050
175 42 84 127 169 297 381 509 636
2.00 29 58 87 116 204 262 850 437
2.25 21 43 64 86 150 03 258 323
250 16 33 50 66 116 150 200 250
275 13 26 39 53 93 119 159 199
3.00 10 21 32 43 76 é8 131 164
3.50 7 15 23 31 54 69 93 116
4.00 5 11 17 23 40 52 69 87
4.50 4 9 13 18 31 40 54 68
5.00 3 7 10 14 25 32 43 54
5.50 2 5 8 %) 20 26 35 44
6.00 2 5 7 10 17 22 30 37
6.50 2 4 6 8 14 19 25 31
7.00 1 3 5 7 12 16 21 27
7.50 1 3 4 6 1 14 19 23
8.00 1 2 4 5 9 12 16 20

* Factory preset value
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3.19 Phase Reversal Protection

Phase reversal protection is provided on the 169 to detect improper connection of incoming phases. The order of
the incoming phases must be as shown in figure 2-4 in order for the proper sequence to be detected. This feature
can be enabled or disabled by a setpoint in page 5 of SETPOINTS mode. A phase reversal trip will occur when the
motor is started, if the phases are out of sequence, within 3.5 seconds.

3.20 Thermal Memory

The 169 relay uses an internal thermal memory register to represent the thermal capacity ofithe 'métor.)To "fill* this
register, the square of the equivalent motor heating current is integrated over time. This equivalent current is a
biased average of the 3 phase currents. The biasing factor is derived from the amount of negative sequence current
flowing in the motor (on a 169 Plus if the U/B input to TC is enabled). The rate at which thé memory fills is thus
dependent on the amount of overload, unbalance present, as well as RTD bias. Theunbalance input to thermal
memory as well as RTD bias can be defeated using a setpoint in page 5 of SETPOINTS'ode.” When the thermal
memory register fills to a value corresponding to 100% motor thermal capacity usediyan OVERLOAD TRIP will be
initiated. This value is determined from the overload curve.

Thermal memory is emptied in certain situations. If the motor is in a stopped state the memory will discharge within
the motor STOPPED COOL TIME (factory value = 30 min.). If the motor isgunning,at less than full load, thermal
memory will discharge at a programmed rate to a certain value. This value js%determined by the "FLC Thermal
Capacity Reduction” setpoint. For example, a value of 25% may be €hosen ffor this setpoint. If the current being
drawn by the motor drops below full load current to 80%, then the thermal memory will empty to 80% of the FLC
Thermal Capacity Reduction setpoint, namely, 20% (0.8 x 25%). In this way the thermal memory will discharge to an
amount related to the present motor current in order to representthe, actual temperature of the motor closely.
Thermal memory will discharge at the correct rate which is approximately exponential, even if control power is
removed from the 169. Thermal memory can be cleared to 0% by“using the Emergency Restart feature (see section
3.21).

U/B INPUT TO THERMAL MEMORY - When U/B input to themmal'memory is defeated the 169 Plus relay will use the
average of the three phase currents for all overload calculationsy(i.e. any time the overload curve is active). When
U/B input to thermal memory is enabled the 169 Plusmrelay will Uise the equivalent motor heating current calculated
as shown:

leg = lavg (with U/B input to thermal memory disabledyfactory preset)

log = If, + Kl,f (with U/B input to thermal mgfiory ehabled)

q
where: K= (Istart/lflc)2 / 7.41 or user entered Value (negative sequence current heating factor; see below)
leg = equivalent motor heating cdrrent

lavg = average of three phaSe cufrents

I» = positive sequence component of phase current

In = negative sequence componenbof phase current

Thus the larger the value for K theygreater the effect of current unbalance on the thermal memory of the 169 relay.

RTD INPUT TO THERMAL MEMQORY - The RTD Input to Thermal Memory may be used to protect against loss of
motor cooling and also to serye as/a double check for the thermal model. For example, the thermal model is based
on motor running currents™iEhis'model does not take into account loss of motor cooling, therefore the RTD bias may
be used for this function.

When the hottest stater RTD temperature is included in the thermal memory (SETPOINTS mode, page 5; factory
preset disabled) theymaximum measured stator RTD temperature is used to bias the thermal memory. The thermal
capacity availabledin theyrelay is reduced proportional to the RTD stator temperature. When the stator temperature
is at the RTD bias cupye maximum value (SETPOINTS mode, page 5) the remaining thermal capacity available will
be reduced to 0%.Fhe capacity will not be reduced at all when the RTD stator temperature is at the RTD bias curve
minimum value or below (SETPOINTS mode, page 5). Between these extremes thermal capacity reduction
increases linearly with the maximum stator temperature, as shown in Figure 3-4. The RTD temperature input to
thermal memofy can be enabled in SETPOINTS mode, page 5.

Anexample of how the RTD input to thermal memory affects the thermal capacity available is described below and
illustratedyin Figure 3-4. If curve 1 is used (i.e. factory preset values) and the stator temperature is 130 C, the
available thermal capacity will be reduced to 59%. If the RTD bias curve minimum and maximum values are
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changed to correspond to curve 2 in Figure 3-4 the result will be somewhat different. The thermal capacity available
will be approximately 71% at 130 C. The thermal capacity available at any temperature between the RTD bias gurve
minimum and maximum values can be determined from the graph or calculated as follows:

Temp —RTD Min.
RTD Max —RTD Min.

3 SETUP AND USE

Average Thermal Capacity 200 -100 x

where: Temp.= Hottest Stator RTD temperature
RTD Min. = RTD bias curve minimum value
RTD Max. = RTD bias curve maximum value

If the hottest stator RTD temperature is below the RTD bias curve minimum value the total themmal*€apacity available
will be 100%.

@ © FACTORY PRESET CURVE. (Min.= 90°C, Max.= 190°C.)

NEW TEXT CREATED BY CHANGING RTD BIAS MIN. &M AKX LUES.
(MIN.=110°C, MAX.= 180°C.)

100%
/
a
Lt
% /
D
75%
}
=
@
<
o
o /
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j( 40%
/
=
% 29%
25%
T f)- A
= 1 2
7 /"—<\_/ MOTOR
TEMPERATURE
e
0%
e o 1009 190°C MAX. STATOR
( RTD BIAS E> (MAXRMTA[L)JMB‘@/ELU o
MINIMUM VAL

Figure 34wHot:Motor Thermal Capacity Reduction

The effect of reducing the thermaldeapagcity available when the motor is hot is equivalent to shifting the overload
curve down resulting in a shorter timeto, trip™Using the example above when the total thermal capacity available is
reduced to 59% the trip time at any,0verload level will also be reduced to 59% of its original value.

LEARNED COOLING TIMES -ZThrough,various measurement and averaging techniques the 169 relay "learns" a
number of motor parameters 4#All learhed values can be examined in page 6 of ACTUAL VALUES mode. If RTDs
are used to monitor the temperature of the motor stator the relay will learn the running and stopped cooling times of
the motor. In this way the 169,provides increased accuracy in the thermal modeling of the protected motor. When
RTD #8 (RTD #10 on thg”169 PIus) is used for ambient air temperature monitoring even greater thermal protection is
provided since thescoolingdair temperature is known. In this case the learned cool times are based on the difference
between the ambientitemperature and the average stator RTD temperature. When no ambient sensing is used the
learned cool times are“based only on the average stator RTD temperature. If no stator RTDs are used, or if the
DEFEAT LEARNED COOL TIME setpoint (SETPOINTS mode, page 5) is left as "YES", the relay will use the default
times as described above.

Note: The learned“€ooling times should not be enabled until the 169 Plus relay has had sufficient time to
learn the actual motor cooling times. The time required will vary between motors, however several start/stop
cycles will be necessary.

The 169 Plus relay learns the motor cooling times over various temperature ranges. Thus the times shown in page 6
of A€TUAL VALUES mode (LEARNED RUNNING COOL TIME, LEARNED STOPPED COOL TIME) will reflect the
totaleooling time as a combination of the cooling times over each temperature range.
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LEARNED START CAPACITY - An OVERLOAD TRIP caused by the exhaustion of motor thermal capacity will cause
a lock-out. A relay reset will not be allowed until the memory has discharged to 15% thermal capacity used. Atsthis
point the relay can be reset.

If the Start Inhibit feature is enabled (SETPOINTS, page 5) a motor start will not be allowed until the thermal memaory
has discharged sufficiently to make the start possible. The 169 relay uses the "LEARNED Start Capacity required"
(ACTUAL VALUES, page 6) to determine if a start is possible. If sufficient thermal capacity is available for a start,
the start will be successful. Thus the START INHIBIT lock-out time is adjusted to allow for optimum motor usage. To
override a START INHIBIT or OVERLOAD TRIP lock-out condition the Emergency Restart featuref€an be used. If
the Start Inhibit feature is disabled the OVERLOAD TRIP lock-out time will not be adjusted oy the déarmed starting
capacity value and will represent the time for the thermal memory to discharge to 15% thermal€apacityfised. Thus
the lockout time will equal 85% of the STOPPED COOL TIME when Start Inhibit is disabledq,When Start Inhibit is
enabled the OVERLOAD TRIP lock-out time will represent the time for the thermal memory te, discharge to the
"LEARNED Start Capacity required” value.

If the "ENABLE AUTO-RESET OF START TRIPS?" setpoint is enabled then the relay willfautomatically reset once
the lockout time has elapsed.

Before the 169 Plus relay has learned the actual Start Capacity required by the mator this value will default to 40%.

3.21 Emergency Restart

When production or safety considerations become more important tham, motor protection requirements it may be
necessary to restart a faulted motor. Momentarily shorting together the\Emergency Restart terminals will discharge
the thermal memory to 0% so that the relay can be reset after an, OVERLOAD TRIP. In this way the lock-out is
avoided. The Emergency Restart feature will also reduce the ‘relay'Swstarts/hour counter by one each time to
terminals are shorted together, so that a STARTS/HOUR TRIP canfbe defeated.

When RTD input to thermal memory (SETPOINTS, page 5) is,enableddand the Emergency Restart feature is used,
thermal capacity will be reduced to 0% only for as long as the Emergency Restart terminals are held shorted (note:
it may take up to 11 seconds for the "Thermal Capacity dsed. display to change to 0%). When the Emergency
Restart terminals are opened again the thermal capacity\will change to what is used according to the maximum
stator RTD temperature and Figure 3-4. Thus, mementarily_shorting the Emergency Restart terminals with RTD
input to thermal memory enabled may not reduce the thermal capacity used to 0% when the motor is hot.

Shorting the Emergency Restart terminals togetherwill have no effect unless the motor is stopped. Thus having
these terminals permanently shorted together willfgauseithe memory to be cleared when the motor stops. This will
allow for an immediate restart after an OVERL@AD TRIP.

Caution is recommended in the use of this feature since the 169 relay's thermal protective functions will be
overridden and it is possible to damage thé"motanif Emergency Restart is used.

3.22 Resetting The 169 Relay

Resetting the 169 relay after a,trip“must be done manually by pressing the RESET key, or by shorting together the
External Reset terminals. Alarmfunctiops can cause latched (manual reset) or unlatched (automatic reset) output
relay operation depending ongthe REKAY ALARM LATCHCODE (SETPOINTS mode, page 5). A latched relay will
stay activated until the RESET keydis pressed or the External Reset feature is used.

If a trip/alarm condition persistsi(”g. a high RTD temperature), or if the relay has locked out the motor, pressing the
RESET key will cause the flash message,

RESET NOT POSSIBL
Condition still présent

to be displayedsnHowever, shorting the Emergency Restart terminals together will reduce the lock-out time, allowing
the relay to be reset immediately.

Note: If RTD input to thermal memory is enabled (SETPOINTS, page 5) the lock-out time may not be reduced
to 0 minutes since the thermal capacity available is dependent on the RTD bias curve (Figure 3-4) and the
maximum stator RTD temperature (see section 3.21).

If theyExternal Reset terminals are permanently shorted together the relay will be reset immediately when motor
conditions’allow (e.g. when the lock-out time runs out). The 169 relay cannot be reset after a Differential Input Trip or
Spare Input Trip until the contacts connected across the Differential or Spare Input terminals have been opened.
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The 169 Plus relay has a selectable single-shot restart feature which will allow the motor to be restarted immediately
after an overload trip. To allow the motor to be restarted the relay decreases its internal value for motor thgrmal
capacity used. However if two overload trips occur within a lock-out time delay, the 169 Plus will not allow an
immediate restart. The displayed lock-out time must be allowed to run out before the motor can be restarted. “Ehis:
feature can be selected in page 5 of SETPOINTS mode and is factory preset as disabled.

3 SETUP AND USE

The 169 Plus also has a special external reset feature which can be selected in page 5 of SETPOINTS mode. When
this feature is enabled, shorting the External Reset terminals together causes all output relays to reset,” while
pressing the reset key causes all relays except AUX. 1 to reset. This feature is factory preset as digabled.

Note: This feature works for 169 Plus relay trip functions only. Trip functions assigned to the TRIP"& AUX. 1
output relays cannot be reset using the reset key.

If the 169 relay trips and then loses control power, the trip function will become active againfonge ‘¢entrol power is re-
applied. For example, if a GROUND FAULT TRIP occurs and then control power for the relay is/removed and later
returned, the message "GROUND FAULT TRIP" will appear on the display and the output relay assigned to the
Ground Fault Trip function will become active.

Note: If control power is removed for more than one hour after a trip the 169 relay'willbe reset when power
is re-applied (only on O/L trips).

3.23 169 Relay Self-Test

The 169 relay's internal circuitry self-test consists of three separate tests. “A/D,"RTD, and memory circuitry tests are
continually performed. The A/D test involves sending a known, precise voltage level through the A/D circuitry and
seeing if it is converted correctly. The RTD test involves reading a‘known;,lhternal resistance and checking to see if
the correct temperature is determined. To test the memory circuitry, test.data is stored in the 169 relay's non-volatile
RAM and is then read and compared with the original data.

Should any of these tests indicate an internal circuitry failure,"the "SERVICE" LED will start to flash and the output
relay programmed for the self-test feature will activate.

Note: When a relay A/D or memory self-test failuregoceurs’ all metering and protective functions will be
suspended. The ACTUAL VALUES display for all parametersiwill be zero in order to avoid nuisance tripping.
When in this state the relay will not provide metor jorotection. If a memory failure occurs the factory
setpoints will be reloaded into the 169. If an RID hardware failure occurs the "# OF STATOR RTDS USED"
setpoint will be automatically set to 0 and the RTDRALARM and TRIP levels will be automatically set to OFF;
however all current-related functions will continliéto operate.

3.24 Statistical Data Features

The model 169 relay offers a recor@® of maximum RTD temperatures and pre-trip current and RTD values while the
model 169 Plus relay offers, in additien;¥a full'range of motor statistical data. The maximum RTD temperature data is
found on page 2 of ACTUAL VALUES mode and can be cleared to zero by storing a YES in response to the "CLEAR
LAST ACCESS DATA?" question’at the end of page 2. Pre-trip motor current and temperature values are found in
ACTUAL VALUES mode, page 5.9Lhese values will be updated only when a relay trip occurs. Note that if a trip
function setpoint is set to INST. (instantaneous) and this type of trip occurs, the values for pre-trip current will not be
recorded exactly. This is because the relay has tripped instantaneously and thus did not have enough time to
update the registers holdingythistinformation.

On the model 169{lus statistical data is found on page 4 of ACTUAL VALUES mode. All of this data can be cleared
to zero by storing a value“efsYES in response to the "START NEW COMMISSIONING?" question at the end of page
4.

All of the statistics in this page will reset to zero after reaching 255. The running hours data will reset to zero after
65535 hours.
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3.25 Factory Setpoints

When the 169 relay is shipped it will have all setpoints stored in its non-volatile memory. The factory setpoint
represent values for an average large three phase motor. The preset Relay and System Configurations rep n
the most common output relay configurations and attributes. These values are meant to be used as a starting p
for programming the relay and should be changed as each application requires.

In the event of a non-volatile memory failure, which will be detected by the self-test feature (see section 3.29), the
169 relay will reload the factory setpoints but will not provide motor protection.

A list of the motor current, RTD, and overload curve setpoints is given in Table 3-6. For oth a@points see
Tables 3-7 and 3-3.
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Table 3-6 Pre-stored Factory Setpoints (169 Setpoint pages 1 to 3)

INFORMATION LINE FACTORY | INFORMATION LINE FACTORY | INFORMATION LINE FACTORY
VALUE VALUE
PAGE 1: SETPOINT VALUES IMMEDIATE OVERLOAD RTD #10 TRIP LEVEL
MOTOR AMPS SETPOINTS LEVEL = X.XX X FLC = XXX DEGREES C .
PHASE CT RATIO 5 PAGE 2: SETPOINT VALUES PAGE 3: SETPOINT VAL
SECONDARY = X AMP RTD SETPOINTS O/L CURVE SETPOINT;
PHASE CT RATIO 100 # OF STATOR RTDS USED CUSTOM CURVE?
CT RATIO = XXX:5 # OF RTDs = X YES voids selected cu
MOTOR FULL LOAD CURRENT 90 A STATOR #1 ALARM LEVEL SELECTED CURVI
FLC = XXXX AMPS = XXX DEGREES C CURVE #=_X
ACCEL.TIME= XX.X SECONDS 10s STATOR #1 TRIP LEVEL
Consult motor data sheet = XXX DEGREES C
STARTS/HOUR= X 3 STATOR #2 ALARM LEVEL
Consult motor data sheet = XXX DEGREES C
UNBALANCE ALARM LEVEL 10% STATOR #2 TRIP LEVEL
U/B ALARM= XX PERCENT = XXX DEGREES C
U/B ALARM TIME DELAY 5s STATOR #3 ALARM LEVEL
TIME DELAY = XXX SEC = XXX DEGREES C

UNBALANCE TRIP LEVEL
U/B TRIP= XX PERCENT

U/B TRIP TIME DELAY
U/B DELAY= XXX SECONDS

G/F CT RATIO :5 2 XXX
(No indicates 2000:1)

G/F CT RATIO
G/F C.T XXX :5

GROUND FAULT ALARM LEVEL
G/F ALARM= XXX AMPS

G/F ALARM TIME DELAY
TIME DELAY = XXX SEC

GROUND FAULT TRIP LEVEL
G/F TRIP = XXX AMPS

G/F TRIP TIME DELAY
G/F DELAY= XX.X SECONDS

UNDERCURRENT ALARM LEVEL
U/C ALARM= XXX AMPS

UNDERCURRENT TIME DELAY ‘1
U/C DELAY= XXX SECONDS

STATOR #3 TRIP LEVEL
= XXX DEGREES C

STATOR #4 ALARM LEVEL
= XXX DEGREES C

R%6 TRIP LEVEL
DEGREES C

RTD #7 ALARM LEVEL
| "S\XXX DEGREES C

RTD #7 TRIP LEVEL
= XXX DEGREES C

RTD #8 ALARM LEVEL
= XXX DEGREES C

RTD #8 TRIP LEVEL
= XXX DEGREES C

RTD #9 ALARM LEVEL
= XXX DEGREES C

RTD #9 TRIP LEVEL

= XXX DEGREES C

L 4
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Table 3-7 Preset Factory Relay Configurations and Functions

CONFIGURATION/FUNCTION

OUTPUT RELAY

ALARM

AUX. 1

CONFIGURATION

Latched (Manual Reset)

Unlatched (Automatic Reset)

Fail-safe

Non-fail-safe

X

ALARM SIGNALS

Immediate O/L Warning

G/F Alarm

U/B Alarm

U/C Alarm

Stator RTD Alarm

RTD Alarm

Broken Sensor Alarm

Self Test Alarm

XH X)X 3| >¢| > [ 3¢

Spare Input Alarm

TRIP SIGNALS

O/L Trip

U/B Trip

Single Phase Trip

S/C Trip

Rapid Trip

Stator RTD Trip

RTD Trip

G/F Trip

Phase Reversal Trip

Acceleration Time Trip

Starts/Hour Trip

Speed Switch Trip

Differential Relay Trip

Spare Input Trip

Start Inhibit

] 3 | D0} | 3 | X[ XXX # | XXX

" Model 169 only
* Model 169 Plus only

X Function programmed ON
# Functien pregfammed OFF
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4 RELAY TESTING

4.1 Primary Injection Testing

Prior to relay commissioning at an installation, complete system operation can be verified by injecting gurrent
through the phase and ground fault CTs. To do this a primary (high current) injection test set is required.

Operation of the entire relay system, except the phase CTs can be checked by applying input signals to the 169 relay
from a secondary injection test set as described in the following sections.

4.2 Secondary Injection Testing

Single phase secondary injection testing can be performed using the test set up shown in figute 4-1. _dests should
be performed to verify correct operation of relay input (A/D), output, memory, and RTD circuitry. 169 relay functions
are firmware driven and thus testing is required only to verify correct firmware/hardware interaction.

All tests described in the following sections will be applicable with factory setpoints and4configurations left
unchanged. Similar tests can be performed after new setpoints have been stored in the 169elay.

NOTE: Athree phase test set or an actual installation test is required to test the phase reversal function.

4.3 Phase Current Input Functions

All phase current functions use digital current information converted from the @naleg phase CT inputs. Functions
that use phase current readings are overload, unbalance, short circuit,{rapid trip, and phase reversal. The 169 must
read the injected phase currents correctly in order for these functions toloperate correctly. To determine if the relay
is reading the proper current values inject a phase current intoghe relay and view the three current readings in
ACTUAL VALUES mode, page 1. With factory setpoints stored in the,refaysthe displayed current should be:

displayed current = actual injected current X 100/5 (phase CT ratio)

Various trip and alarm conditions can be simulated by adjustingithe injected phase currents. All trip/alarm conditions
using phase current readings will operate as described in Seetion®8, providing the 169 relay reads the correct phase
current.

To simulate an overload condition turn to "ACCEL4#TIME="te <off' (SETPOINTS, page 1) and inject a current of 9
Amps in all three phases. This will be read by thefrelay as:

displayed current =9 Amps X 100/5 = 180 Amps

which is two times the Full Load Current setpgint 0f890 Amps. The trip output relay should activate after a time of
117 seconds which is the time to trip for a 200% @verload using curve #4. This time may be less due to the charging
of thermal memory because of the presencef of Junbalance or previous overloads. Thermal memory may be
discharged to 0% by shorting together the”Emergency Restart terminals (54, 55) momentarily.

To check the displayed negative to positive,seguence unbalance ratio inject currents of 5.0 Amps, 5.0 Amps and 3.9
Amps into the relay and examine the "UNBALANCE RATIO (In/Ip)". The reading should be 15%. Other unbalance
conditions can be checked by caleulating®the negative to positive sequence current ratio for the injected phase
currents and comparing this to the ACTUAL VALUES display.
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169 PLUS TEST CIRCUIT
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Figure 4-1 Secondary Injection Test Set (AC input to 169 relay)
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169 PLUS RELAY TEST CIRCUIT

NOTES

# RTD10 CAN BE USED FOR AMBIENT
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169 PLUS RELAY.

OUTPUT RELAY CONTACTS SHOWN :
CONTROL POWER APPLIED,
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120Vi6V @ 30A, ALARM - NON-FAIL-SAFE
120VAC AUX.1 — NON-FAIL-SAFE
o LOAD % AUX.2 - FAIL-SAFE
L CURRENT
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TO TERMINAL 44-59.
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Figure 4-2 Secondary Injection Test Set (DC input to 169 relay)
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4.4 Ground Fault Current Functions

The ground fault current function uses digital current information converted from the analog ground fault CT input.
The 169 relay must read the injected ground fault current correctly in order for the ground fault function to operate
properly. Using factory default setpoints to test the ground fault input circuitry, pass a phase current conductor
through the ground fault CT window as shown in figure 4-1. The actual injected current should then be the same as
the "GROUND FAULT CURRENT" display in ACTUAL VALUES mode. If the injected current is adjusted to oyer 4.0
Amps for longer than 10.0 seconds the ground fault alarm should become active. If over 8.0 Amps is injected for
more than 50 msec. a ground fault trip should occur. These tests can be performed for other Ci ratios and
setpoints.

4.5 RTD Measurement Tests

The correct operation of each of the RTD inputs can be tested by simulating RTDs with _poténtiometers. To test a
169 relay configured for use with 100 0 platinum RTDs, 100 O potentiometers and resist@ss can be used. These
should be connected to each RTD as shown in figure 4-1.

Table 4-1 shows RTD resistances for various temperatures. Individual, actual stator and bearing RTD temperatures
can be viewed in ACTUAL VALUES mode, page 2.

To test overtemperature trip/alarm functions the simulated RTD potentiometgrs should be adjusted to correspond to
high RTD temperatures.

Table 4-1 RTD Resistance vs. Temperature
RESISTANCE (IN OHMS)
100QPt | 120QNi | 100QNi | 100QCu

TEMP °C

0 100.00 904
10 103.90 127.17 105.97 9.42
20 107.79 134.52 112.10 9.81
30 111.67 142.06 118.38 10.19
40 115.54 149.79 124.82 10.58
50 119.39 157.74 131245 10.97
60 123.24 165.90 138.25 11.35
70 127.07 174.25 145.20 11.74
80 130.89 182.84 152237 12.12
90 134.70 191.64 159.70 12.51
100 138.50 200.64 167.20 12.90
110 142.29 209.85 174.87 13.28
120 146.06 219.29 182.75 13.67
130 149.82 228.96 190.80 14.06
140 153.58 238.85 199.04 14.44
150 157.32 248.95 207.45 14.83
160 161.04 259180 216.08 15.22
170 164.76 26991 224.92 15.61
180 168.47 280.77 233.97 16.00
190 172.46 291.96 243.30 16.39
200 175.84 303.46 252.88 16.78

4.6 Power Failure, Testing

When the ACfvoltage applied to the 169 relay decreases to below about 90 V the relay SERVICE L.E.D. should
become illuminated. Alboutput relays will also go to their power down states. To test the memory circuitry of the
relay, remove and,thefi re-apply control power. All stored setpoints and statistical data should be unchanged. The
displayed lock-out time after an overload trip should continue to decrease even when control power is removed.
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4.7 Analog Current Output

Using the factory default setpoints to test the analog current output, a 4-20 mA DC ammeter should be connected
between terminals 58 and 59. While viewing the "HOTTEST STATOR RTD" actual value adjust the resistance of,the
simulated stator RTD potentiometers shown in figure 4-1. A displayed reading of 0 C should correspond to a 4 mA
output. A reading of 200 C should correspond to an output of 20 mA. The output should be a linear function of
temperature between these extremes. Similar tests can be performed for the other output options (thermal capacity
used, motor load as a percentage of full load).

4.8 Routine Maintenance Verification

Once a relay has been properly installed, periodic tests can be performed to check cofrect ‘@peration of the
protection system. Many conditions can be simulated without creating the actual trip/alarm conditiens themselves.
This is done by changing relay setpoints to values that will initiate trips and alarms during harmal motor operation.
Changed setpoints should be returned to their proper values when tests have been“gempleted. The Access
terminals must be shorted together to allow setpoint changes. The Emergency Restart terminals should be shorted
together momentarily 5 times before each test to ensure that the relay thermal memery iS¥ully discharged and starts
per hour counter is fully cleared.

To test relay functions using phase current data, with the motor runningmchange the "MOTOR FULL LOAD
CURRENT" setpoint to a value under the actual motor current. Stop the moterdand short the Emergency Restart
terminals together momentarily to discharge the thermal memory in théyrelay. fThg trip relay should activate after a
time determined from the overload curve, amount of unbalance present,‘and metor RTD temperature. The time to
trip at a given overload level should never be greater than the time on the overload curve. Current unbalance and
high stator RTD temperatures will cause this time to be shorteri(if'the, RTD bias and/or U/B bias functions are
enabled).

Larger overloads, representing short circuits or mechanical jam§, can,be simulated by changing the "MOTOR FULL
LOAD CURRENT" setpoint to a value much lower than the acttial, motor phase current.

Unbalance trip or alarm conditions can be simulated by ghangingthe Unbalance Trip or Alarm Level setpoints to
values below the actual unbalance present at the motor terminals;

Other trip or alarm conditions using ground fault cdrrent/data and RTD temperature data can be simulated using the
procedures outlined in the previous sections.

To test the operation of the 169 output relays“and the, switchgear connected to them the "EXERCISE: XXXXX
RELAY" setpoint in page 6 of SETPOINTS mode,canibe used. The motor must be stopped in order for this function
to operate. Any or all of the output relays can be/toggled using this setpoint.

To test the analog output current hardwarer they,”ANALOG OUT FORCED TO: XXXXXX SCALE" setpoint can be
used. The output current can be forced to "ZERQO", "MID", or "FULL" scale. This feature can be used to test the
calibration of the 169 as well as the operatien_of any device through which the current is flowing.

The motor must be stopped in order for thigyfunction to operate.

To test the operation of devices conpected to the Differential Input, Speed Switch Input, Access terminals,
Emergency Restart terminals,sand External Reset terminals the "STATUS" setpoint can be used. This is in page 6 of
SETPOINTS mode. This ling will give the status of each pair of terminals as either "OPEN" or "SHORT".
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5.1 Hardware

All relay functions are controlled by an 8031 8-bit microcomputer. This IC contains internal RAM and timers, fgut all
firmware and display messages are stored in an external EPROM IC. A 12 key keypad and a 2 row X 24 character,
display are used to enter relay setpoints and display all values and messages. A hardware block diagram is shown
in figure 5-1.

The power supply uses a dual primary / triple secondary transformer for connection to 120/240 VAC. A
24/48/125/250 VDC input switching power supply is also available as an option. Regulated +/;5% supplies are
created for use by logic and analog ICs. An unregulated +10 V supply is used to drive the RTD selegtionirelays and
L.E.D. indicators, and an isolated +10 V supply is used on the AC input versions to drive the output relays and read
the contact inputs. +2.5 V reference voltages are derived from temperature compensated“precision voltage
reference diodes to provide stable, drift-free references for the analog circuitry. A power fail detector circuit is used
to reset the relay whenever the supply voltage goes out of the proper operational range. ‘This hardware watchdog
circuit must be signaled regularly by a firmware-generated voltage or else the microcomputer willsbe reset.

Three phase CTs are used to scale the incoming current signals to the 169 relay. Theteurrents are then rectified and
fed through fixed burdens to produce a voltage signal of 430 mV peak / FLC. Thisssignalsis then multiplexed. The
multiplexed signal is buffered and fed to an A/D converter. The digital signal is{then*fed to the microcomputer for
analysis. A separate ground fault CT is provided on the 169 relay to scale thedinput ground fault current. This
current signal is rectified and fed through a resistive burden to convert it tof1.25, V"peak / secondary amps rating.
This is then fed to the same multiplexer as the phase input signals.

The temperature monitoring circuitry of the 169 relay consists of 10 RTDiconnections multiplexed by miniature relays
and a 4 to 10 decoder. Mechanical relays are used because of,their excellent isolation, transient immunity, and
almost zero on-resistance. A stable current source feeds each of the RTBs'in turn, and 128 readings are taken over
a period of one second for each RTD. This provides for stabl@averaging and good 50/60 Hz noise rejection. An
RTD lead compensation circuit subtracts the RTD lead resistancefand then the analog RTD voltage is multiplexed
along with the phase and ground fault signals. A no sensor getectori€ircuit indicates when no current flows in an
RTD in order to distinguish a faulty sensor from a high temperature,reading.

The 8031 microcomputer interfaces with an 8155H I/O port and static RAM to drive an intelligent display module and
provide a digital output signal for a D/A converter. gFhe, analog/output signal from the DAC is then converted to a
current and scaled to be 4-20 mA. The microcomputeralso drives an 8255A 1/O port which handles keypad inputs,
L.E.D. drivers, and external switch inputs. The“datadines from the 8031 are latched before being passed to the
address lines of the EPROM and NOVRAM. N@VRAM store cycles are initiated every time control power goes out
of the recommended operating range. The outputielays’are controlled by the microcomputer through optoisolators
and are powered by a separate, isolated +10"V4supply. A SN 75176 transceiver is used to provide an RS 422
communications interface for programmable controllers and computers for the 169 Plus.

All connections to the 169 relay are madé on the®/O circuit board; transient protection and filtering are provided on
all inputs.
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5.2 Firmware

All mathematical, logic and control functions are performed on an 8031 microcomputer by a program stored on a
separate EPROM. The program execution flow is shown in the firmware block diagram of figure 5-2.

Every 2 ms the system clock generates an interrupt. At this time all timers are updated, the keypad is read and
debounced, and five A/D conversions are performed by the A/D module. These conversions are the ground fault
current reading, three phase current readings, and a single RTD, voltage reference, or power fail circuit reading. At
this point the RMS values of the currents are calculated, and short circuit and ground fault tests aregmade. The EOC
interrupt routine checks for a motor start condition and if this is true the phase sequence is checkedg@ start timer is
initiated, and the start register is updated.

The INITIALIZE module is performed whenever the relay is powered on to ensure that thefsystemycomes up in a
known state. Parts of this module are executed whenever the relay is reset as well. The SYSTEMEXECUTIVE then
causes execution to loop through a series of modules which perform most of the relay functions.

The O/L module uses the positive to negative sequence current ratio calculated by the U/BWnodule, the learned K
factor, and the RMS phase currents to fill a thermal memory register. The O/L moduleydischarges this register at
either a learned or preset cooling rate when no overload is present. The average Statop,RTD temperature calculated
in the RTD module is used to bias the thermal memory. This module also compares the’'RMS phase current values
to the Undercurrent and Rapid Trip / Mechanical Jam trip and alarm levelsmand“starts appropriate timers if the
current levels are out of range.

The U/B module computes the phase current ratios Ib/la and Ic/la, and'uses them¢in conjunction with a look-up table
to determine the negative to positive sequence current unbalance ratio In/lp. This value is compared to the
Unbalance trip and alarm levels and appropriate timers are initiate@difatrip/alarm conditions are met.

The RTD module uses the RTD voltage reading from each of the?10"RID inputs and computes the average stator
RTD temperature. This is then used to bias the thermal memory.“he RTD readings are compared to the trip and
alarm levels and relay activation is initiated if conditions are met. Eaech RTD is read 128 times over a one second
scan interval.

The KEYSERVICE/EXTERNAL SWITCH module takes in allfofithe data associated with the keypad and executes
the function of each key. Timers for the closuregfimes of the VALUE UP/DOWN, PAGE UP/DOWN, and LINE
UP/DOWN keys are initiated and the display isfupdated accordingly. This module also reads the Emergency
Restart, External Reset, Differential Relay, and Speed Switch inputs and initiates appropriate action.

The MESSAGE module handles all of the message, looksup functions and sends the message data to the display.
The displayed messages are made up of individual messages, common message strings, and variable data. Non-
displayed control bytes are used to indicatelthe message type, variable data type, decimal point placement, and
other control information.

The D/A module gives the DAC the current digital value for the selected option output for conversion to an analog
value. This analog voltage is then fedgo awoltage-to-current converter circuit.

The SELF-TEST module causes ¢he 803% to send out regular voltage signals to indicate to the power supply
watchdog circuit that the systemyi§ operating properly. This module also performs all of the self-test features outlined
in section 3.23.

The TRIP/ALARM module is exeéuted when any relay trip or alarm setpoint has been exceeded. This module
handles output relay activatiomand ' TRIP/ALARM message output.

Statistical data is updated whehever a statistical value changes. For example, the total number of motor starts value
is updated every time,a motoi/start is detected.
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6 APPLICATION EXAMPLES

6.1 169 Relay Powered from One of Motor Phase Inputs

If a 169 relay is powered from one of the three motor phase inputs, a single-phase condition could cause ¢ontro
power to be removed from the relay. In order to ensure that the motor is taken off-line if this condition arises, t 6
output relay (e.g. TRIP, AUX. 1) used to trip the motor must change state when control power is removed from
169. This is accomplished by making this output relay fail-safe. Factory defaults are:

* TRIP: Fail-Safe
* ALARM: Non-fail-safe
* AUX. 1. Non-fail-safe

L 4
« AUX. 2: Non-fail-safe \
These can be changed using the RELAY FAILSAFE CODE in page 5 of SETPOINTS %

6.2 Loss of Control Power Due to Short Circuit or Ground Fault

If the input voltage (terminals 41-43) to a 169 relay drops below the low-end speci ion (90 VAC on 120 VAC
units), the 169 output relays will return to their power down states. If the input vo drops due to a short circuit or
ground fault on a motor, the 169 relay protecting the motor may or may e to trip out the motor. For
example, if a 120 VAC 169 relay is set to trip after 0.5 seconds of an 8.0 XF circuit current, the input voltage
must remain above 90 VAC for at least 0.5 seconds after the short cir rred or else the 169 relay will not
be able to trip. As explained in section 6.1 above, in order to trip the en control power for the 169 is lost,
the 169 output relay used to trip the motor must be configured as

&
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6.3 Example Using FLC Thermal Capacity Reduction Setpoint

The purpose of the FLC Thermal Capacity Reduction Setpoint is to accurately reflect the reduction of thermal
capacity available (increase the thermal capacity used) in a motor that is running normally (100% of FLC or

This setpoint allows the user to define the amount of thermal capacity used by their motor running at 1 FLC. A motor
that is running at 10% of FLC will obviously use less thermal capacity than a motor at 100% FLC.

For example, if the FLC Thermal Capacity Reduction Setpoint is set at 30%, then with the motor running at fFLC,

the thermal capacity used will settle at 30%. Using the same example, with the motor running &t*50% FLC, the
thermal capacity used will settle at 15% (50% of 30%). A practical example of implementation etpoint to
coordinate hot/cold damage curves is illustrated below.

Assume the motor manufacturer has provided the following information:

1. Maximum permissible locked rotor time (hot motor) = 15.4 seconds.

2. Maximum permissible locked rotor time (cold motor) = 22 seconds.

3. Recommended thermal limit curves are as shown in Figure 6-1.

Note: Hot motor is defined as a motor that has been running at 1 FLC, but notin an rload, for a period of time
such that the temperature remains constant (typical 90 C). Cold motor is I as a motor which has been
stopped for a period of time such that the temperature remains constant ( i emperature is defined by NEMA
standard as 40 C).

ime. Therefore the FLC Thermal
lected should lie below the cold thermal
C the thermal capacity used will remain
be 30% less.

Once a motor comes out of an overload condition, the therma%i sed will discharge at the correct rate which

The hot motor locked rotor time is 30% less than the cold motor loc
Capacity Reduction Setpoint should be set to 30%. The overlo
damage curve. Once the motor has been running for a period of ti
constant at 30%. The time to trip at any overload value will corr n

is approximately exponential and settle at a value defined by th C Thermal Capacity Reduction Setpoint and the
present current value. Using the example above if the mog ut of an overload and the present current value
was 50% FLC the thermal capacity used would discharge of 15% (50% of 30%).

TIME TO TRIP

Hot Motor Curve

Cold Motor Curve

6xFLC O/L LEVEL

Figure 6-1 Thermal Limit Curves
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Active - Refers to the state of an output relay. An output relay will become active (activate) when any lof the
functions assigned to that relay indicate a trip/alarm condition.

Inactive - Refers to the state of an output relay. An output relay will be inactive whenever none of the conditions
assigned to that relay indicate trip/alarm conditions.

Latched - Refers to the configuration of an output relay. Latched relays must be manually resetgafter activation.
This can be done by using the Reset key or the External Reset terminals. Trip and Aux. 2 relays are always latched.

Unlatched - Refers to the configuration of an output relay. An unlatched relay will be automatically“reset after the
conditions causing its activation are removed.

Fail-safe - Refers to the configuration of an output relay. When a fail-safe relay is in the no trip/no alarm (inactive)
state its coil will be energized (i.e. have a voltage across it). Thus when control power istkiemoved from the 169 all
fail-safe output relays will go to the active state. Aux. 2 relay is always fail-safe.

Non-fail-safe - Refers to the configuration of an output relay. When a non-fail-safe“telayis in the no trip/no alarm
state its coil will be de-energized (i.e. have no voltage across it). Thus when control power is removed from the 169
relay all non-fail-safe output relays will go to the inactive state.

Tripped - Refers to the state of the motor controller, starter, or system circuitbreéaker. When one of these devices is
tripped the power to the motor will be removed. Normally the Trip relay of the 169.i§ used to control this operation.

Mode - The large amount of information that can be viewed onghe 169relay display is divided into four modes:
ACTUAL VALUES, SETPOINTS, HELP, and TRIP/ALARM. The relay €an be put into any one of these modes for
viewing specific information. The ACTUAL VALUES and SETPOINTS medes each contain many pages of data while
all four modes contain many lines.

Page - The ACTUAL VALUES and SETPOINTS modes are divided into a number of pages containing different sets
of information. Each page contains many lines, only one offwhich can be viewed on the display at any one time.

Line - Each relay display mode is divided into a_naumber(of lines of data. Each line consists of 2 rows X 24
characters. One line will always be visible on the 169 relay display.

Flash Message - Flash messages are one-line messages that appear on the display in response to certain key
closures or timer indications. Flash messages stay,on‘the display for 2 seconds.

Thermal Memory - This is an internal 169 relay register which is used to thermally model the motor being protected.
When this register reaches a value of 10Q%¢/the ‘entire thermal capacity of the motor has been used and an
OVERLOAD TRIP is initiated.
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MULTILIN RELAY WARRANTY

Multilin warrants each relay it manufactures to ‘Beypfreenfrom defects in
material and workmanship under normal use and sexviceyfor a period of 24
months from date of shipment from factory.

In the event of a failure covered by warranty, Multilin will undertake to repair
or replace the relay providing the warrantorddetermined that it is defective
and it is returned with all transportation /charges prepaid to an authorized
service centre or the factory. Repaits orfreplacement under warranty will be
made without charge.

Warranty shall not apply to_anyyrelay which has been subject to misuse,
negligence, accident, incgrreet, installation or use not in accordance with
instructions nor any unit that' has’been altered outside a Multilin authorized
factory outlet.

Multilin is not ligble fopcontingent or consequential damages or expenses
sustained asga “tesult of a relay malfunction, incorrect application or
adjustment.






