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1.

INTRODUCTION

1.1 GENERAL

The FPU-32 is a feeder protection relay that provides
integrated  protection,

metering, and datalogging

functions. The FPU-32 can be programmed using the
front-panel operator interface, the TIA-232 port, or an
optional communications network.

1.2 FPU-32 FEATURES
1.2.1 PROTECTION

Overload (49, 51)

Definite-time overcurrent (50, 51)
Inverse-time overcurrent (50, 51, IEC and |EEE)
Definite-time earth fault (50G/N, 51G/N)
Inverse-time earth fault

(50G/N, 51G/N, |IEC and |EEE)
Unbalance (46)

Phase |0ss (46)

Phase reverse (46)

PTC overtemperature (26, 49)

RTD temperature (26, 49)

Two set-point groups

1.2.2 METERING

Line currents

Current unbalance

Positive-sequence current (1)
Negative-sequence current (1)
Zero-sequence current (3lo, calcul ated)
Earth-leakage current (CT input)

Used thermal capacity

Thermal trend

RTD temperature

Page 1-1
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1.2.3 DATA LOGGING
e  One-hundred records

= Date and time of event
Event type
Cause of trip
Line currents
Current unbalance
Earth-leakage current
Used thermal capacity
RTD temperature
e Trip counters
Running hours

.2.4 INPUTS AND OUTPUTS
Phase current inputs
Earth-leakage-current input
Programmable digital input (24 VVdc)
24-Vdc source for digital input
4-20-mA analog output, programmable
Temperature-sensor input, Pt100 RTD or PTC
[/0 module interface
Three output relays, programmable
TIA-232 communications
Network communications

® 6 6 o o o o o o o

1.2.5 OPERATOR INTERFACE

o 4x 20 backlit LCD display

e Display-control and programming keys
LED status indication

1.2.6 COMMUNICATIONS

The standard communications interface is a TIA-232
port using the Modbus® RTU protocol. In addition to the
standard interface, network communications options
include TIA-485 with both Modbus® RTU and A-B® DF1
protocols, DeviceNet™, and an IEEE 802.3 port with
Modbus® TCP Ethernet protocol.

Introduction
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FIGURE 1.1 Feeder Protection Unit Block Diagram.

Introduction



% Littelfuse Page 1-3
INBIIUSe  py_32 Feeder Protection Unit Rev. 2-A-103014
STARTCO

1.3 ORDERING INFORMATION
SeeFig. 1.2 for FPU-32 and MPU-CIM model
numbers.

FPU-32- [ [].[]]

LITTELFUSE STARTCO
FEEDER PROTECTION UNIT FPU-32

—— Options:
00 CIM Input ™

FMATH MEML
Metering ¥
#lessades ¢
SetuE k

Network Communications:

0 None, TIA-232 only

1 TIA-485 c/w A-B®°DF1 &
Modbus®RTU Protocols
DeviceNet™

IEEE 802.3 (Ethernet)

AN

P4 Littelfuse

Power Supply:
0 Universal ac/dc
(65 to 265 Vac and

=L 80 to 275 Vdc)
olololololraeaeelees | o ("Requires input from MPU-CIM or MPU-16A ICT-x

27 26 25 24 2322212019 18 17 16 15 14 13

1HSSE@XVE¢ECCBA MPU'CIM'D]_D]
F¥YFo

LearTHFAULTH q 5™

MmpPu-cim M7, [
CURRENT INPUT MODULE &Ullllfllse .
SrapTee Future Options:
- PHASEA 4 [PHASEB- PHASEC— ;
EA A 00 No Options
D]@@@@@@@@@@@@ ———  Configuration:
=Y ~ = 00 50/60 Hz

Supplied Interconnect Cable:

S75-M16A-20032 MPU-CIM to MPU-32 Interconnect Cable,
6 m (19’) Included with MPU-CIM

FIGURE 1.2 FPU-32 Ordering Information.

Current Transformers: Accessories:
EFCT-1..covieieieceenn, Earth-Fault CT, MPU-32-SMK .............. Surface-mounting hardware
5-A-primary rating, kit
82 mm (3.2") window MPU-16A-Y 92A-96N .. Watertight faceplate cover
EFCT-1FC.....cccceevne Flux Conditioner for EFCT-1, CA-945 ..., DB9 to RJ}45 Adapter with
70 mm (2.7") window 1.5m(5’) cable
EFCT-2..ccoveiiiieerine Earth-Fault CT with SE-ICUSB232............... USB to TIA-232 seria
Flux Conditioner, 5-A-primary converter
rating, 139 mm (5.5") window
EFCT-26.....ccccceviiennn Earth-Fault CT, Software:
5-A-primary rating, SE-Comm-RIS............ PC Interface
26 mm (1”) window SE-Flash......cccouvreeerenne. Firmware Upgrade
Other Earth-Fault CT’s.. Contact factory
Phase CT’S....ccccoouuruenn. Contact factory @ Available at www.littelfuse.com/relayscontrols.
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2. INSTALLATION

2.1 GENERAL

A basic system consists of an FPU-32, an MPU-CIM,
and three 1-A- or 5-A-secondary line-current transformers.
Earth-fault protection can be provided from a core-balance
CT or from phase CT's. A core-balance CT (1-A, 5-A, or
EFCT series) is recommended. A single PTC/RTD input is
provided on the FPU-32.

The FPU-32 switch-mode power supply is rated 65 to
265 Vac and 80 to 275 Vdc.

All modules can be mounted in any orientation.

2.2 FPU-32 FEEDER PROTECTION UNIT

Outline and details for FPU-32 panel-mounting are
shown in Fig. 21. The FPU-32 mounts in a 92-mm
(3.62"), Y4 DIN, sguare cutout and is secured by a
panel-mount clamp. Insert the FPU-32 through the panel
cutout and dip the panel-mount clamp over the FPU-32
body. Slide the clamp forward until the latch tabs snap
into the mating holes. Lock the unit in place by
tightening the four clamp screws against the panel.

Page 2-1
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2.5 FPU-32/FPU-16 COMPATIBILITY

The FPU-32 is hardware compatible with existing
FPU-16 installations, except that it has a temperature
sensor input and does not include an operations counter.
An FPU-32 can replace an FPU-16 with minimal wiring
changes. 1/0O connections to FPU-16 terminals 13 to 16
and 21 to 24 are identical to those on the FPU-32 and
should be transferred to the plug-in terminal blocks
supplied with the FPU-32. If a switch was connected to
the FPU-16 program-enable terminal 21 and a hard-wired
program enable is required, it can be implemented using
digital-input terminals 25 and 26 as outlined in Section
4.2.6. A hard-wired program enable is often not required
since the FPU-32 set points are password protected. If the
FPU-16 analog output was used, ensure that the FPU-32
analog output switch is set to the ‘S (Self Powered)
position.

Although FPU-32 terminals 1 to 12 have been
rearranged to provide a third relay output (terminals 1, 4,
and 9), the FPU-16 lower terminal block can be safely
plugged into the equivalent FPU-32 terminal locations.

CAuUTION: Do not over tighten the clamp screws as this
may deform the clamp and release the latch tabs.

Outline and details for FPU-32 surface-mounting are
shown in Fig. 2.2. Ensure that the L/S switch is set before
installing surface-mounting brackets. See Section 3.2.1.4
for switch positions. A detailed installation instruction
sheet is included with the MPU-32-SMK Surface-
Mounting Hardware Kit.

2.3 MPU-CIM CURRENT INPUT MODULE

The MPU-CIM can be surface or DIN-rail mounted.
Outline and mounting details are shown in Fig. 2.3. To
minimize CT-lead burden, an MPU-CIM can be located
close to the CT's. The MPU-CIM terminates phase- and
earth-fault-CT secondaries—shorting blocks are not
required for MPU-CIM outputs.

2.4 EARTH-FAULTCT’s
Outline and mounting details for the EFCT-1, EFCT-2,
and EFCT-26 are shown in Figs. 2.4, 2.5 and 2.6.

CAUTION: The keying plug installed in position 9 of the
FPU-16 lower terminal block must be removed before the
terminal block can be plugged into an FPU-32. Use a
dental pick, awl, or similar pointed tool to remove the
keying plug. If the keying plug is difficult to remove, use
the terminal blocks supplied with the FPU-32.

A TERMINAL BLOCK WITH A KEYING PLUG WILL
DAMAGE THE FPU-32.

If the FPU-32 does not power up, ensure that L1 is
connected to terminal 2 (not terminal 1) and L2/N is
connected to terminal 3 (not terminal 4). If the duplicate
L1 and L2 terminas on the FPU-16 are used to power
another device, disconnect the outgoing L1 and L2 leads
and power the next device directly from the power source.
This change is in compliance with current codes that do
not permit daisy chaining power connections at plug-in
terminals. FPU-32 default relay assignment is the same
as the FPU-16 trip- and alarm-relay configuration.

For additional information see www.littelfuse.com/
relayscontrols and refer to Technica Note FP-02
Replacing an FPU-16 with an FPU-32.

Installation
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FIGURE 2.1 FPU-32 Outline and Panel-Mounting Details.
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FIGURE 2.2 FPU-32 Outline and Surface-Mounting Details.
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INSTALLATIONTOOL PROVIDED.
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5. EN 60044-1 COMPLIANT.

121.0 | 121.0
(4.76) (4.76)
20.5 | 80.0 |
(0.81) [ (3.15) |
1} - 1 I
[d 0 T #
L ____ Il
-

_ _ | NOTE 2 R
2|2 2R e | I
¥ 2| @ B, |

|
A L——l f———————————= a =
1 N N
6 0] i )
M5 SCREWS
TOP MOUNTING DETAIL
25.0 30.0
(0.98) (1.18)
/ EFCT-1 EARTH FAULT CT : \
@ - PA Littelfuse
<= _ STARTCO
< . : : —
= e
g | S 5.0 (0.20) @ i
< e RECESSED FOR
b (cé)Pl\#(;T’\:ngR 8-mm HEX NUT
1.0 (0.04) DEEP
@ ﬁaﬁ
o~
K
= =ERE T i
5.5 110.0 | | 55 | 56.0 |
(0.22) (4.33) ' 10.22) ' (2.21) '
FRONT SIDE

FIGURE 2.4 EFCT-1 Outline and Mounting Details.
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215.0
(8.46)
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FIGURE 2.5 EFCT-2 Outline and Mounting Details.
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NOTES:

1. DIMENSIONS IN MILLIMETRES (INCHES).

2. MOUNTING SCREWS: M4 OR 8-32.

3. PRESS MOUNTING FEET IN PLACE USING
INSTALLATIONTOOL PROVIDED.
(DETAIL ‘A)

4. RoHS COMPLIANT.

5. EN 60044-1 COMPLIANT.

6. NOT ALL CERTIFICATIONS SHOWN.

FIGURE 2.6 EFCT-26 Outline and Mounting Details.
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3. SYSTEM WIRING

3.1 GENERAL
A typical connection diagram for the FPU-32 with the
MPU-CIM isshownin Fig. 3.1.
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CIRCUIT  VOLTAGE
6. DOTTED LINES SHOW 1-A-CT CONNECTIONS.
7. A-B-C PHASE ROTATION REQUIRED.
8. EARTH-FAULT INPUT IS NOT POLARITY SENSITIVE.
9. OPTIONAL NETWORK COMMUNICATIONS

10. ALTERNATE CONNECTION FOR PTC-THERMISTOR

NOT SHOWN.

SENSOR.

FIGURE 3.1 Typical FPU-32 Connection Diagram.
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3.2 WIRING CONNECTIONS
3.2.1 FPU-32 CONNECTIONS

The FPU-32 wire-clamping terminal blocks accept 24
to 12 AWG (0.2 to 2.5 mm?) conductors. These terminal
blocks unplug to alow the FPU-32 to be easily replaced.

3.2.1.1 SuUPPLY VOLTAGE

Derive supply voltage from the line side of the breaker
or from an independent source. Connect supply voltage
to terminals 2 and 3 (L1 and L2/N) as shown in Fig. 3.1.
In 120-Vac systems, L2/N is designated as the neutral
conductor. For direct-current power supplies, use L1 for
the positive terminal_and L2/N as the negative terminal.
Ground terminal 8 (D).

3.2.1.2 CIM INPUT

Connect the FPU-32 to the MPU-CIM as shown in
Figs. 3.6 and 3.7 using the cable provided with the
MPU-CIM.

3.2.1.3 DIGITAL INPUT

A 24-Vdc digital input is provided on terminals 25 and
26. This input is polarity sensitive. For a logical 1,
terminal 26 must be positive with respect to terminal 25.
See Section 4.2.6.

The current-limited 24-Vdc source (terminals
27 & 31) can be used for the digital input.

3.2.1.4 ANALOG OUTPUT

The analog output is switch selectable as self powered
or loop powered.

For the self-powered connection, set the L/S switch to
the S position. The self-powered connection is shown in
Fig. 3.2 (8). The analog output is referenced to the 1/0
module supply, terminal 27.

For the loop-powered connection, set the L/S switch to
the L position. The loop-powered connection is shown
in Fig. 3.2 (b). In loop-powered operation, the analog-
output isisolated from all other FPU-32 terminals.
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3.2.1.5 PTCor RTD INPUT

The temperature-sensor input on the FPU-32 can be
configured for either PTC or Pt100 RTD operation as
shown in Fig. 3.3.

a) PTC

+t°

1 B
——17) A

FIGURE 3.3 Temperature-Sensor Connections.

3.2.1.6 /O MoDULE COMMUNICATIONS

The 1/0O module communications interface is used to
support optional modules.

At the publication date, no optional FPU-32 modules
were available. The 24-Vdc supply can be used to power
the digital input as outlined in Section 4.2.6.

I/O module communication is based on the two-wire
multi-drop TIA-485 standard but uses a proprietary
protocol. Overall line length must not exceed 1.2 km
(4,000"). For line lengths exceeding 10 m (33'), 150-Q
terminations are required at the cable ends. See Fig. 3.4.

NOTE: /O communication is shared with the display.
Incorrect wiring can cause the display and keypad to
freeze.

a) SELF POWERED (S POSITION)

AA (24)
o

b) LOOP POWERED (L POSITION)

AA (24
RECEIVER
o TERMINATION
AB @L -

SUPPLY

RECEIVER
TERMINATION

FIGURE 3.2 Analog-Output Connections.

1/0
MODULE

T

NOTES:

1. INTERCONNECT CABLE BELDEN 3124A
OR EQUIVALENT.

2. R =150 OHMS, 1/4 WATT. REQUIRED FOR LINE
LENGTHS EXCEEDING 10 M (33').

FIGURE 3.4 1/0O Module Connection Diagram.

System Wiring




% Littelfuse FPU-32 Feeder Protection Unit

STARTCO

3.2.1.7 RS/EIA/TIA-232 COMMUNICATIONS

An RJ}45 TIA-232 connector is provided on the rear
panel of the FPU-32. This port uses the Modbus® RTU
protocol to communicate with SE-Comm-RIS PC-interface
software. For Modbus® RTU protocol, see Appendix C.
The dave ID and communication baud rate are set in the
Setup | Hardware | Local Comms menu.

Table 3.1 shows the pinout for the optional CA-945
adapter for operation with SE-Comm-RIS. See Fig. 3.1 for
RJ45 pinout. For aUSB connection, use a SE-ICUSB232
adapter.

TABLE 3.1 CA-945 ADAPTER

NAME RJ45 DB9

RI/DSR 1 9
CD 2 1
DTR 3 4
SG 40 5
RD 50 2
TD 6@ 3
CTS 7 8
RTS 8 7

@ Minimum requirement for communications.
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3.2.2 MPU-CIM CONNECTIONS

The MPU-CIM CT-input terminal blocks accept 22 to
10 AWG (0.3 to 4.0 mm?® conductors. The remaining
MPU-CIM clamping blocks accept 24 to 12 AWG
(0.2 to 2.5mm?) conductors.

The MPU-CIM contains four signal-conditioning
interface transformers which are interconnected as shown
in Fig. 3.5. These transformers isolate the FPU-32 from
the phase and earth-fault CT's. The MPU-CIM diminates
the need for CT shorting contacts when the FPU-32 is
disconnected. Phase-CT and earth-fault-CT secondaries
can be simultaneously grounded through terminal 22 and a
jumper to terminal 20. For applications where the CT
secondaries must be grounded at another location, the CT
secondaries can be isolated by removing shorting screws
A, B, and C through holes in the bottom of the MPU-CIM.
SeeFigs. 2.3and 3.5.

NoTE: A-B-C phase sequence and polarity must be
observed when connecting phase CT's. See Section 4.2.1.

Connect the MPU-CIM to the FPU-32 as shown in
Figs. 3.6 and 3.7 using the cable provided with the
MPU-CIM.

Ré s| s| 1 Rg] s| 5| 1
O 0O 0O 0O 0o o
1 3 4 5 6 7 8
|

T
TB1
NOTES:

NO. 10 AWG CONDUCTOR.

1. REMOVE SHORTING SCREWS A, B, AND CTO ISOLATE PHASE-CT
AND EARTH-FAULT-CT SECONDARIES FOR IN-LINE APPLICATIONS.

2. SHORTING SCREWS A, B, AND C: 6-32 x 0.375
NICKEL-PLATED-BRASS BINDING HEAD. DO NOT SUBSTITUTE.

3. SHORTING SCREWS A, B, AND C MUST NOT BE REMOVED FOR
RESIDUAL ORTWO-CT CONNECTIONS.

4. EACHTERMINAL ON TB1 ANDTB3WILL ACCEPT ONE

FIGURE 3.5 MPU-CIM Schematic.
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3.2.2.1 STANDARD

Standard connections with earth-fault CT’s are shown in
Fig. 3.6. Dotted lines indicate 1-A-CT connections. Use
shielded cable for EFCT-1 or EFCT-2 connections. Ensure
only current-carrying phase conductors pass through the
earth-fault-CT window and that ground conductors do not.

3.2.2.2 RESIDUAL EARTH-FAULT

The resdual earth-fault connection is shown in
Fig. 3.7 (4). Dotted lines indicate 1-A-CT connections.
Usethreeidentical CT’sfor this connection.

FPU-32 Feeder Protection Unit
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This connection is a legacy from FPU-16 applications.
The FPU-32 calculatesresidual current. See Section 4.2.2.

3.2.2.3 Two-CT

The two-CT connection is shown in Figs. 3.7 (b) and
3.7 (c). Dotted lines indicate 1-A-CT connections. Since
this connection derives the current in the unmonitored
phase, this connection should be used only in retrofit
applicationswhereit isnot possibleto install athird CT.

a) STANDARD CONNECTION

1-AOR 5-A
EARTH-FAULT
CcT

@

CTA

STERMINALS ARE GROUNDED
THROUGH TERMINAL 22

EFCT-X

®

CTA CTB

FPU-32
E [¢]

M C B A

6 15 14 13

O0—0 O O O—

gl

gl g 3

15| 14| 13

S AND E TERMINALS ARE GROUNDED.
STHROUGHTERMINAL 22,
ETHROUGHTERMINAL 18.

<

)

CTC

FIGURE 3.6 MPU-CIM Standard Connections.
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a) RESIDUAL CONNECTION

EFCT-X

¢) TWO-CT CONNECTION WITH EFCT-1 OR EFCT-2

[o
S E O
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29 21 22 16 15 14 13
@) o0 0
I
g g z| 3
= g o = 2 @
1A 5A R
271261[25) 24 23 22| 21 20[19] 18| 17 16| 15| 14| 13
[u] 2 o o A A & é A
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OX Y EVES
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MPU-CIM
RS 5 1R S5 1R S 5 1
a a] o o s] a
1] 2 3] 4] 5] 6 7] 8 9] 10 1112
<| «l < « 3l
i Sl €l 1
CTA cTB CcTC
b) TWO-CT CONNECTION
1-A OR 5-A FPU-32 c
EARTH-FAULT s E O
CcT H * FMZC B A
29 21 22 16 15 14 13
- QLY
< < T D
=l s I
|
27126 251241 23 22 21,20/ 19 |18) 17) 16| 15) 14| 13|
1RssE@va+ESCBA
1 2 M
MPU-CIM
RS 5 1TR S5 1R S 5 1
0 7 o (a} a] 7
17 2 3] 4T 5] 6 7] 8 9] 10 11]12
<<l 1] gl 32!
e Gl e el
CTA CcTC

FPU-32

SHORTING SCREWS
A, B, & C MUST
NOT BE REMOVED.

R TERMINALS ARE
GROUNDEDTHROUGH
TERMINAL 22.

SHORTING SCREWS
A, B, & C MUST
NOT BE REMOVED.

R TERMINALS ARE
GROUNDEDTHROUGH
TERMINAL 22.

EARTH-FAULT CT MUST
NOT BE GROUNDED.

SHORTING SCREWS
A, B, & C MUST
NOT BE REMOVED.

R TERMINALS ARE
GROUNDED THROUGH
TERMINAL 22.

FIGURE 3.7 Other MPU-CIM Connections.
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3.2.3 CABLE RESTRAINT

All  conductors should be restrained within
100 mm (4”) of the terminal blocks. Four cabling-
restraint points are provided on the FPU-32 rear panel.
Secure cables to the MPU-CIM using the cable-tie
eyelets and the cable ties provided. See Figs. 2.1 and
2.3.

3.2.4 DIELECTRIC-STRENGTH TESTING

Dielectric-strength testing can be performed only on
CT inputs, supply voltage input, and output relays.
Unplug al other 1/0 and remove the MPU-CIM &
connection (terminal 22) during dieectric-strength
testing.

Page 3-6
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4. OPERATION AND SETUP

4.1 DISPLAY AND INDICATION

All FPU-32 information displays and settings can be
accessed using the FPU-32 menu system, the TIA-232
interface, or a network-communications interface. Use
SE-COMM-RIS software to program with a personal
compulter.

In the following sections, menu items and setup
parameters are listed in italics and are shown in the format

Page 4-1
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4.1.1 FRONT-PANEL LED INDICATION

Menu: Setup | System Config | UPI LED

The red TRIP and yellow ALARM LED’s indicate a
trip or aarm condition. The green ACTIVE LED is OFF
when current is not detected and is ON when current is
detected. The yellow UPI LED is a user-programmable
indicator and its function is defined by one of the menu
selections shown in Table 4.1.

TABLE 4.1 UPI LED FUNCTIONS

d|5p|aij on the alphanumerlc LCD. The LCD cannot SELECTION LED ON CONDITION
display subscrl_pts {:\nq superscripts. None LED remains off.
Menu selection isin the following format: Tripl Trip 1 condition exists.
Menu 1 | Sub Menu 1 | Sub Menu 2 | Sub Menu 3 | ...... Trip2 Trip 2 condition exists.
) o Trip3 Trip 3 condition exists.
Example: For the menu item shown in Fig. 4.1, the Alarml Alarm 1 condition exists.
notation is Setup | System Ratings | CT Primary Alarm2 Alarm 2 condition exists.
Alarm3 Alarm 3 condition exists.
Metering * Relayl Relay 1 is energized.
Messages " Relay2 Relay 2 is energized.
e Protection » Di ; glafr?put g%?é\lsi Li)eu'tj?gﬁ'
s ings” | ¥ d
S RE S Phase Sr Current Detected Current is above 2% CT-primary
Prlmary—T rating.
¢ EF-CT-Primary— 3l, Pickup 3, current exceeds inverse curve
. Frequency— pickup value.
Phase Pickup Phase current exceeds inverse curve
* pickup value.
* ETR FPU-32 isin Emergency Thermal
* Reset state.
FIGURE 4.1 Menu Example. Network Runl Run 1 isissued by a network
command.
Fig. 4.2 shows the symbols that assist in navigating the Net Activity Activity is detected on the
menu system and how these symbols relate to the arrow communications interface.

keys on the FPU-32. See the FPU-32 menu map in
Appendix A.

These symbols indicate the
menu level. Up to five submenu-
level symbols may be displayed.
Use left-arrow key or ESC to
move back one menu level.

Cursor indicates selected
menu item and shape

Indicates that there are related data
displays to the left or right of this
display. Use left- or right-arrow
keys to view adjacent data displays.

indicates available scrolling

directions. \

Indicates top of list. Scroll
using down-arrow key. — |

Scroll using up- or down/

arrow keys.

Indicates bottom of list. ——— |

Scroll using up-arrow key.

Use right-arrow key to

/ select submenu.

Use right-arrow key to

| __— display data.

Indicates active item in
W ok=——""_ list-type set-point

displays.

FIGURE 4.2 Menu Symbols.
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4.1.2 REAR-PANEL LED INDICATION

Thethree LED’ s on the rear panel are labeled ER, MS,
and NS. The red ER (Error) LED is OFF during normal
operation and is ON when there is a processor error or
during firmware-update operation. Output relays are de-
energized when thisLED is ON. The MS (Module Status)
and NS (Network Status) LED’s are used for network-
communications and firmware-update annunciation. The
specific colour and function of these LED’ s is defined by
the network-communications option installed in the
FPU-32. For detailed information, see the applicable
communications manual.

4.1.3 DispLAY CONTRAST AND TEST

Contrast control and operator-interface test features
are available when the display is in Loca mode. To
prevent a Display Comm Trip, select Disabled in the
Setup | Hardware | OPI Display | Trip Action menu.
To enter Loca mode, press the up-arrow, right-arrow,
and ENTER keys simultaneously.

In Local mode, all face-plate LED’s are ON and the
display indicates three menu items; Contrast, Address,
and Enter Test Mode. Use the up- and down-arrow keys
to select the menu item.

Contrast: Use the right- and left-arrow keys to
increase or decrease contrast.

Address. The display address indicates 1 and cannot
be changed.

Enter Test Mode: Press the right-arrow key to enter
test mode. In test mode, the LED test, Display test, and
Display-Heater test are automatically performed. The
Interactive-Key test is then entered and the following
symbols are displayed when akey is pressed.

Left Key: 4
Right Key:
Up Key: o
Down Key: ™
ESC: A
ENTER:
RESET: Press RESET to exit this menu.

Press the ESC key to exit Local mode and return to the
FPU-32 menu. Re-enable OPI Diplay Trip Action.

4.2 SETUP
Certain FPU-32 settings cannot be changed when
current is detected. See Appendix B.

4.2.1 PHASE-CT INPUTS

Menu: Setup | System Ratings | CT Primary

The CT-primary setting range is 1 to 5,000A. To
maintain specified accuracy, phase CT's should be
selected with a primary rating between 100 and 300% of
rated current.

For A-B-C sequence, the +Seq 1, display value is
larger than the —Seq |, display value and positive current
unbalance is indicated. Negative current unbalance will
be indicated if the phase sequence is B-A-C. If negative
unbalance is indicated, correct the phase-CT
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connections. Severe current unbalance may be indicated
when phase-CT polarity isincorrect.

4.2.2 EARTH-FAULT-CT INPUT

Menu: Setup | System Ratings | EF-CT Primary

The earth-fault-CT-primary setting range is 1 to
5,000 A. The EF-CT-primary rating is5 A for sensitive
CT's-EFCT-1 and EFCT-2. EF-CT Primary should be
set equal to CT Primary for residua CT connections.
The protection setting range for the EF-CT connection is
equal to the EF-CT-primary rating.

The FPU-32 also supports earth-fault protection based
on the calculated zero-sequence component (3lg). The
protection setting range for the 3l, connection is fifteen
times the phase-CT-primary rating.

NoTE: Calculated 3l does not detect CT saturation.
Enable overcurrent protection when earth-fault current
can exceed 15 times the phase-CT-primary rating.

4.2.3 FREQUENCY
Menu: Setup | System Ratings | Frequency
Set Frequency at 50 or 60 Hz.

4.2.4 SET-POINT GROUP

Menu: Setup | System Ratings | Set-Point Group

The FPU-32 supports two set-point groups. The Setup
| System Ratings | Set-Point Group menu specifies the
active set-point group as Groupl or Group2. If the
digital input is used to select the set-point group, it has
priority over the menu setting.

4.2.5 OUTPUT RELAY ASSIGNMENT

Menu: Setup | Relay Outputs | Relay x

Menu: Setup | Relay Outputs | RY Pulse Time

Each of the three output relays can be assigned to one
of the functions listed in Table 4.2. More than one relay
can be assigned the same function. Trip and alarm
assignments operate in the selected fail-safe or non-fail-
safe mode.

The default assignment for Relay 1 is Tripl, for
Relay 2 is Alarml, and for Relay 3 is None. This
assignment is compatible with the FPU-16 Feeder
Protection Unit. The default mode setting for al three
relaysis Fail-Safe.

Operation and Setup
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TABLE 4.2 OuTPUT-RELAY FUNCTIONS
FUNCTION ASSIGNMENT OR ACTION
Tripl Relay operates when atrip occurs in a protective function assigned Tripl, Tripl&2, Tripl&3, or
Tripl,2& 3 trip action. Fail-safe or non-fail-safe mode selection is active.
Trip2 Relay operates when atrip occurs in a protective function assigned Trip2, Tripl&2, Trip2& 3, or
Tripl,2& 3 trip action. Fail-safe or non-fail-safe mode selection is active.
Trip3 Relay operates when atrip occurs in a protective function assigned Trip3, Tripl& 3, Trip2& 3, or
Tripl,2& 3 trip action. Fail-safe or non-fail-safe mode selection is active.
Alarml Relay operates when an alarm occursin a protective function assigned Alarml, Alarm1&2, Alarm1& 3, or
Alarm1,2& 3 alarm action. Fail-safe or non-fail-safe mode selection is active.
Alarm2 Relay operates when an alarm occurs in a protective function assigned Alarm2, Alarm1& 2, Alarm2& 3, or
Alarml,2& 3 alarm action. Fail-safe or non-fail-safe mode selection is active.
Alarm3 Relay operates when an alarm occursin a protective function assigned Alarm3, Alarm1& 3, Alarm2& 3, or
Alarm1,2& 3 alarm action. Fail-safe or non-fail-safe mode selection is active.
Current Relay is energized when current is greater than 2% of CT-primary rating.
Tripl Pulse'” Tripl energizes relay for the time duration specified by the RY Pulse Time set point.
Network Runl Relay is energized by a network “Runl Set” command and de-energized by a“Runl Clear” command.
Watchdog Relay is energized when the FPU-32 is operating properly.
None No assignment.

" Assign this function to only onerelay. Non-fail-safe operation only.

4.2.6 DIGITAL INPUT

Menu: Setup | Digital Input | DIN1 Function

Menu: Setup | Digital Input | DIN1 Trip Delay

The digital input can be assigned to one of the
functionslisted in Table 4.3.

When assigned to the Tripl function, the DIN1 Trip
Delay set point is enabled. A trip occurs if the digital-
input voltage is removed for the time specified by the
DIN1 Trip Delay.

When assigned to Reset, trips can be reset using an
external reset switch. The Reset input is a “one-shot”
reset and requires a transition from open to closed.
Maintaining areset switch closure does not inhibit trips.

When assigned to Program Enable, the password
protection function is disabled and program access is a
function of the digital-input state.

When assigned to Set-Point Group, one of two groups
is selected. The digital-input selection has priority over
the Setup | System Ratings | Set-Point Group setting.

TABLE 4.3 DIGITAL-INPUT FUNCTIONS

FUNCTION StaTe @
Tripl 1=NoTripl
0 =Tripl (Delay Selectable, Reset
Required)
Reset 1= Reset Trips

Program Enable” | 1 = Program Changes Allowed
0 = No Program Changes Allowed

Set-Point Group | 1= Group2 Set Points
0 = Groupl Set Points

None No Assignment (Default)

@1 = 24-Vdc applied, 0 = 24-Vdc not applied.
@ Password is disabled.

4.2.7 ANALOG OUTPUT

Menu: Setup | Analog Output

The 20-mA analog output can be programmed for one
of the parameters shown in Table 4.4.

The analog output is factory calibrated for zero equals
4.0 mA and full scale equals 20.0 mA.

If adjustment is required use the Analog Output
menus.

Zero Calibration:

e Select Zeroin the Output Parameter menu.

e Measure the output current and adjust the Zero
Calibrate setting for the desired output. The
calibration number for 4 mA will be in the range of
100 to 110.

Full-Scale Calibration:

e Sdlect Full Scale in the Output Parameter menu.

e Measure the output current and adjust the
FS Calibrate setting for the desired output. The
calibration number for 20 mA will be in the range of
540 to 550.

Cdlibration numbers are not changed when factory
defaults are loaded or during a firmware update.

Operation and Setup
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TABLE 4.4 ANALOG-OUTPUT PARAMETERS
PARAMETER DESCRIPTION FULL SCALE
Phase Current Maximum of the three phase currents. Phase-CT-Primary Rating
EF (14 Measured) Measured earth-leakage current from EF-CT. Earth-Fault-CT-Primary Rating
EF (3l4 Calculated) Calculated earth-leakage current from phase CT's. | Phase-CT-Primary Rating
Used It Used Thermal Capacity 100% It
RTD Temp RTD Temperature ™ 260°C (500°F)
Unbalance Current Unbalance (1,/1,) 1 Per Unit or 100%
Zero Zero Calibration Not Applicable
Full Scale Full-Scale Calibration Not Applicable

D" The output defaults to the calibrated zero output for an open or shorted RTD sensor.

4.2.8 MISCELLANEOUS CONFIGURATION
Menu: Setup | System Config

System Name Appears on many of the display
screens and can be set by the user
(18-character aphanumeric field).

Password Used to change the 4-character
alphanumeric password.

Clock Setting Used to set the date and 24-hour

clock.

Used to set the password time-out
delay. Delay is measured from last
key press.

UPI LED Used to assign the interna
parameter to the UPI LED.

Used to clear event records, trip
counters, and run hours.

Used to load defaults.

Used to view firmware version,
unit serial number, and

MAC address.

Used for firmware updates.

Password Timeout

Maintenance

4.2.9 COMMUNICATIONS

Menu: Setup | Hardware | TIA-232 Comms

Menu: Setup | Hardware | Network Comms
The TIA-232 interface uses the Modbus® RTU protocol.
Set the TIA-232 ID and TIA-232 Baud to match the
requirements of the communications device. Default
settings are the same as SE-Comm-RIS PC-interface
software defaults.

If equipped with an optional network-communications
interface, refer to the appropriate communications
interface manual.

RESET is a “hot key” that is active in al meter
displays. Pressing RESET causes a jump to the Trip and
Alarm display to allow trips to be viewed and reset.
Pressing ESC or the left-arrow key causes a return to the
Metering display.

Many displays include per unit (pu) values where 1.0
puisequa to 100%. Iy, Iy, ¢, |1, I, and 3l arein per unit
of phase-CT-primary rating. | is in per unit of earth-
fault-CT-primary rating.

The unbalance display indicates minus (-) if current
inputs are not sequenced A-B-C (negative-sequence
current is greater than positive-sequence current).

TABLE 4.5 METERING DISPLAY

METERING MENU INFORMATION DISPLAY @

Current la |, IciN A and per unit of Iy,

Unbalance 14, 15, in per unit of Iy, 1,/15 in per unit.

Earth Leakage I in A and per unit of I, 3lpin A and
per unit of I,

Displays 3l > Pickup when current
exceeds setting and 3l protection is
selected.

Used It in Percent

Trend 1%t in Percent

Displays “Reset 12t Trip” when reset is
allowed.

Displays reset time when tripped on I2.
Displays time to trip in minutes if in
overload.

Thermal Status

Phase and earth currents are less than or
greater than inverse-overcurrent pickup.

Inverse Status

NOTE: RS-232, EIA-232 and TIA-232 signa
specifications are compatible with the FPU-32.

Local Sensor Sensor Type: RTD or PTC

Displays temperature in °C when typeis
RTD.

Open or Short RTD failure.

Displays sensor status (Normal, Open,

Short) when typeis PTC.

4.3 METERING

Menu: Metering

When Metering is selected in the main menu, press the
right-arrow key to access alist of metering displays. Use
the up- and down-arrow keys to scroll through the display
list. Pressing the right-arrow key displays the selected
metering information.

1/0 Status Digitadl input On or Off and relay

outputsin binary.

Date and Time
Settings Group
ETR Mode

System Status

Network Status Online or Timed Out Modbus State

DeviceNet Errors and Status

@ All metering displays show System Name.

Operation and Setup




WA Littelfuse

STARTCO

4.4 MESSAGES

Menu: Messages

Selecting Messages allows trip, aarm, and inhibit
messages, event records, and statistical data to be viewed
and resets to be performed.

4.4.1 TRIP RESET

Menu: Messages| Trip and Alarm

Up to fifteen trip and alarm messages can be displayed
in a scrollable-list format. Trips must be individually
selected and reset using the RESET key. All trips are
simultaneously reset by a digital-input reset or with a
communications-network command. Alarms are non-
latching and are displayed only for the time that the alarm
condition exists.

RESET is a "hot key" to the Trip and Alarm display,
except during set-point entry. In the Trip and Alarm
display, pressing ESC or the left arrow key causes a
return to the display shown when RESET was pressed.

4.4.2 DATA LOGGING

Menu: Messages | Event Records

Trip-record data and Emergency Thermal Resets (ETR)
are logged. Trip-record data includes the time of trip,
cause of trip, and pre-trip data. ETR records contain a
snapshot of the data prior to an ETR.

Trip- or ETR-records data includes:

e TimeStamp YY/MM/DD HH:MM:SS.
la lp, I, 1 @Nd 3l at time of trip or ETR,
Unbalance (1./1,) at time of trip or ETR,
1t at time of trip or ETR, and

PTC/RTD temperature data if applicable.

Each record includes arecord number in the first line of
the record-data display. The record number is
incremented when a new record is generated and has a
range from O to 65535. When the Event Records menu is
entered, the first record displayed is the latest record. The
right-arrow key scrolls through previous records. Record
scrolling stops when the 100™ record has been reached or
an empty record is displayed.

Event records can be cleared in the Setup | System
Config | Maintenance menu.

Record Type....coeveveecevecien, Trip/ETR
Number of Records................... 100 (First In First Out)

4.4.3 STATISTICAL DATA

Menu: Messages | Statistics

The FPU records the following statistical data:
e  Running hours and
e Countersfor each trip type.

FPU-32 Feeder Protection Unit
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Statistical data can be cleared in the Setup | System
Config | Maintenance menu.

4.4.4 EMERGENCY THERMAL RESET

Menu: Messages | Emerg 12t Reset

The Emerg 1t Reset menu is used to set Used 1% to
zero. See Section 5.2.2.

4.5 PASSWORD ENTRY AND PROGRAMMING
Menu: Setup | System Config | Password
Menu: Setup | System Config | Password Timeout

NOTE: The default password is 1111. When the digital
input is programmed for Program Enable, set-point access
viathe menu system is controlled by the digital input state
and not by the password. Set Points can aways be
changed using communications and the password.

When password access is active, all set points are
locked from changes until the four-character password is
entered. If set-point accessislocked, the user is prompted
to enter the password. Once entered, set-point access is
allowed and remains enabled until a key has not been
pressed for the time defined by the Password Timeout set
point.

Set points are selected either by entering al phanumeric
characters or by choosing from alist.

EXAMPLE:
Prior to password entry:

|
Firwd F
IEERE

Use the left- and right-arrow keys to select the position
of the flashing cursor. Use the up- and down-arrow keys
to select password characters. Press ENTER.

When the correct password is entered, a flashing cursor
is displayed, the set-point range and units are shown, and
the set point can be changed.

51w Ip

Use the up- and down-arrow keys to change a set-point
update-field character, and use the left- and right-arrow

Operation and Setup
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keys to move between characters. Press ENTER to
update the set point, or press ESC to exit the display
without changing the set point. A set point is set to the
minimum or maximum value of its range if an out-of-
range value is entered. Press ESC to exit the set-point-
update screen.

The sequence for set-point characters depends upon the
set-point type. The character sequence for numeric set
pointsis:

...0123456789.0123.....

The character sequence for string set pointsis:
...[0...9[A...Z] [a...Z) SP-./[0..9] [A...Z] . ....
Characters forming a series are shown in brackets and

“SP” repre.sents the space character.

For set points requiring selection from a list, the up-
and down-arrow keys are used to scroll through the items.
In the same manner as menu items, selections are
displayed using one of the three cursor symbols (* « )
preceding the item. Press ENTER to select the item. The
selected item isindicated by the “+” symbol to itsright.

EXAMPLE:
TRIF Iiillﬁﬁi'l'iIEII'--I

Operation and Setup
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5. PROTECTIVE FUNCTIONS

5.1 GENERAL

The FPU-32 measures true RMS, peak, and the
fundamenta-frequency vaues of current. Fundamental-
frequency values (magnitude and phase angle) are obtained
by using Discrete-Fourier Transform (DFT) filtering that
rejects dc and harmonics. The type of measurement used
for aprotective function isindicated in each section.

Each protective function can be assigned a trip action
that defines the output contact(s) used. Except for
overload protection which has auto-reset available,
FPU-32 trips are latched. Trip actions are logged.

Trip-action selections are:
Disable

Tripl

Trip2

Trip3

Tripl and Trip2

Tripl and Trip3

Tripl and Trip2 and Trip3
Trip2 and Trip3

Most protection functions can be assigned an adarm
action. Alarm actions are auto-reset and do not generate
event records.

Alarm-action selections are:
Disable

Alarml

Alarm2

Alarm3

Alarml and Alarm2

Alarm1 and Alarm3

Alarml and Alarm2 and Alarm3
Alarm2 and Alarm3

To operate output contacts, trip and alarm actions must
be assigned to output relays using the Setup | Relay
Outputs menu. See Section 4.2.5.

For phase-overcurrent protection, three protection
elements are available—overload, inverse time, and
definite time. Each can be enabled or disabled as required
and are individually annunciated.

IEC and IEEE inverse-time curves are supported. An
IEC time multiplier setting range of 0.05 to 1.0 is
provided. For consistency, the same multiplier is used for
|EEE curves and requires the | EEE characteristic equation
to be multiplied by 3. For equations and curves see
Fig. 5.1to Fig. 5.9 in Section 5.3.

For earth-fault protection, inverse time and definite
time elements are available for the calculated zero-
seguence component (3lg). For the earth-fault CT inputs,
only definite-time protection is provided. Calculated (3lo)
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and CT-input protection elements can be enabled
simultaneoudly to provide low- and high-level earth-fault
protection in solidly grounded systems.

Phase-overcurrent  and  ground-fault  protection
functions have two setting groups,; Group 1 and Group 2.
Set points are entered for each group and the active group
is selected using the menu system, communications, or
the digital input. See Section 4.2.6. Group selection
allows setting two levels of protection. This is useful in
feeder applications where the connected load changes as
in tie-breaker systems, or in applications where the feeder
is in maintenance mode and operation with reduced trip
levelsisrequired.

SE-Comm-RIS PC-interface software can be used to
plot FPU-32 protection curves. See Section 7.1.2.

NOTE: See Appendix B for default set-point values.
Per-unit notation (pu) isused. 1 pu = 100%.

5.2 OVERLOAD
5.2.1 I°t PROTECTION

Menu: Setup | Protection | Overload

Unlike 1EC and IEEE inversetime overcurrent
protection, the It protection tracks thermal capacity for
currents below the pickup setting.

The It protection algorithm uses the square of the
maximum phase current as an input.

The cold-curve time-to-trip (t) in seconds for currents
above the 1%t Pickup setting is defined by:

2
t—60xr><|n[ I';" ]
m -1

Where:
7 = Time Constant setting in minutes

IM= | max -rvis

l Pickup

The time constant for overload protection is set in the
Setup | Protection | Overload | Groupx | Time Constant
menu. Thisvaueis specified in minutes.

From a given curve, the time constant can be determined
by knowing the trip time at six times the pickup value (tg).
For this case, the time constant smplifiesto:

1 =0591xtg

Where:

t; = Timein seconds at 6 x pickup level
1 =Time Constant setting in minutes

The FPU-32 provides indication of thermal trend and
used thermal capacity. Thermal trend is the value that
used therma capacity is tending toward and it is a
function of the sguare of load current. For currents
greater than or equal to the pickup current, time-to-trip is

Protective Functions
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displayed in Metering | Thermal Capacity. The thermal
trend value (Trend 1%) in percent is:

Trend 1%t = Im? x100%

For currents less than 1%t Pickup current, Trend 1% in
percent is afunction of the Hot Factor setting given by:

Trend 1%t = Im? x HF x 100%
Where:
HF = Hot Factor setting

Selected 1% overload cold curves are shown in Fig. 5.1.
FPU-32 1% overload protection is dynamic. Time to trip
a any overload current depends on the value of
Used 1%t—as Used 1% increases, time to trip decreases.
FPU-32 1%t overload cold and warm protection curves can
be plotted using SE-Comm-RIS PC-interface software.

An overload trip occurs when Used 1% reaches 100%.
When an overload trip occurs, reset is not allowed until
Used It falls below the 1’t Reset Level set point. The
time-to-reset in minutesis:

t = -7x Cooling Factor x In(1’t Reset Level)

Time-to-reset is displayed in Metering | Thermal
Capacity.

The thermal model has three different reset modes;
Normal, Auto, and Rapid. The I%t-overload reset mode is
set using the Setup | Protection | Overload | 1%t Reset
Type menu, and applies to both set-point groups.

A thermal-overload trip reset is not allowed until Used
1t falls below the I’t Reset Level setting. In Normal mode
a reset input is required to reset a trip. Normal is the
default reset mode.

In Auto mode, an 1%t-overload trip is automatically reset
when Used 1% falls below the 1°t Reset Level setting.

In Rapid mode, Used 1%t decreases exponentialy with a
fixed two-second time constant when current is not
detected. A resetinput isrequired to reset atrip.

Cooling Factor........ccocvvevvvenenee. 0.10t0 10.00 x Thermal
Time Constant

Time Constant ........ccccceeeeeeneee. 1.00 to 60.00 minutes

12t PICKUD .eveoeveeeeceeveeeeeseee 0.10to 1.25 pu of CT-
Primary Rating (1)

Hot Factor........cccovveeericeeee, 0.10t0 1.00

12 AlarM.ceeeeceeee e 0.50 to 1.00 pu

[ 0 (1 1.00 pu

Protection .......cccceeevevevecennn Enable/Disable Tripl, 2, 3
Enable/Disable Alarml,
2,3

Measurement Method............... RMS

Set-Point Groups.......ccveeeereene Group 1 and Group 2

1t Reset Level ......ocveeveveenene. 0.10 to 0.90 pu

(Applies to both groups)
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5.2.2 EMERGENCY THERMAL RESET

Menu: Messages | Emerg |2t Reset | Reset 12t Memory

Emergency Therma Reset (ETR) sets Used 1%t to 0%
and disables PTC and RTD temperature trips. Program
access is required. Disabled-temperature protection is
indicated by t° Disabled by ETR in the System Sate
display. If PTC or RTD temperature protection is not
enabled, t°Disabled by ETR will not be displayed. RTD
or PTC trips are reset when ETR is performed regardiess
of measured temperatures. Temperature protection must
be re-enabled in the Messages | Emerg 1t Reset |
Reenable Temp menu, or by cycling supply voltage.
Disabled-temperature protection can be assigned to the
user-programmable indication LED. See Section 4.1.1

Temperature alarms and sensor verification remain
enabled during ETR.

CAUTION: Temperature protection is not automatically
re-enabled after an Emergency Thermal Reset.

5.3 INVERSE-TIME OVERCURRENT

Menu: Setup | Protection | Phase Inverse

The FPU-32 supports the inverse-time curves listed in
Table5.1.

TABLE 5.1 CURVE TYPES

CURVE TYPE FIGURE
IEC Normal Inverse, Curve Type A 52
IEC Very Inverse, Curve Type B 53
IEC Extreme Inverse, Curve Type C 54
IEC Short Inverse, Curve Type A 55
IEC Long Inverse, Curve Type B 5.6
|EEE Moderate Inverse Curves 57
IEEE Very Inverse Curves 5.8
| EEE Extreme Inverse Curves 5.9

NoTE: The IEEE standard equations were derived by
taking the average response of a number of IAC and CO
relays set to a “time-dial” setting of 5. The FPU-32 time-
multiplier setting of 1.0 corresponds to the IAC/CO
“time-dial” setting of 15.

The Curve menu is used to select one of the curve
shapes listed in Table 5.1. Pickup is in per unit of
phase-CT rating and specifies the location of the curve's
vertical asymptote (Iy = lper/lpickup = 1). Time Multiplier
selects the specific curve within the curve type.

The FPU-32 uses the same time-multiplier range of
0.05to 1.0 for both IEC and | EEE curves.

The Metering | Inverse Status menu indicates whether
current is above or below Pickup and the UPI face-plate
LED can be programmed to indicate that current is above
Pickup. See Section 4.1.1.
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Pickup.........

.............................. See Table 5.1 Protection.......cccoveeeeviveeceeenns
.............................. 0.10t0 10.00 x CT- Measurement Method ..............

Primary Rating (1)

Pickup Curve Threshald........... 1.1 x Pickup setting Set-Point Groups..........ccocvveeeee.
Reset Curve Threshold............. 0.9 x Pickup setting
Time Multiplier .......cccooevennne 0.05t01.00
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Enable/Disable Tripl, 2, 3
DFT c/w CT-saturation
compensation

Group 1 and Group 2

20000

10000
7000
5000
3000
2000

1000
700
500
300
200

100
70
50
30
20

TIME IN SECONDS (t)

N W U N O

0.7
0.5

0.3
0.2

0.1

I’t OVERLOAD

Iy >1: t=60 x 1 x In(ly*(In>-1))

t(min)
60
40
30
20

10

1 2 3 4 5 6 7 8 9 10

20

CURRENT IN MULTIPLES OF PICKUP SETTING (lv)

FIGURE 5.1 1% Overload Cold Curves.
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IEC NORMAL INVERSE
100
70
50
Iv>1.1: t=Tyux0.24/(1,°% -1
40 lM:ZO t=t|M=2)(() ( )
30 I < 0.9 treset = T X 0.14/(1 - 1,292
20
10
2 7
()]
% 5 Time
e} 4 Multiplier
&J) (Twm)
0 3
Z 1
= 2
= 0.5
1
0.7 0.3
0.5 02
0.4
0.3
0.1
0.2
0.05
0.1
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (ly)

FIGURE 5.2 IEC Normal Inverse, Curve Type A.
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STARTCO U-32 Feeder Protection Unit eV 030
IEC VERY INVERSE
200
100
0 ly> 1.1 t= Ty x 13.5/(y - 1)
50 Iw>20: t=t,=20
40 Im <0.9: treset = Tm X 135/(1 - IM)
30
20
10
= 7
wn 5
a 4
g s
Q 2
N Time
Z Multiplier
w 1 (Twm)
= 07 1
= 0.5 0.7
0.4 05
0.3
0.2 0.3
0.2
0.1
0.07 0.1
0.05
0.04 0.05
0.03
0.02
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (Iy)

FIGURE 5.3 IEC Very Inverse, Curve Type B.
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IEC EXTREME INVERSE

500

300
200

Iy >1.1: t=Tyx80/(Iy? - 1)
100 Im>20: t=t,=20
Iy < 0.9 treset = T X 80/(1 - 1y?)

70
50

30
20

10

0.7
0.5

TIME IN SECONDS (t)

Time
Multiplier

0.3 (Tw)

0.2

0.7

01 0.5

0.07
0.05 0.3
0.2

0.03

0.02 0.1

1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (ly)

FIGURE 5.4 |EC Extreme Inverse, Curve Type C.
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IEC SHORT INVERSE
20
10
. Iy >1.1: t=Tyx0.05/(1,°% - 1)
||\/| > 20 t= t|M =20
5 I < 0.9: treset = Tn X 0.05/(1 - 1%
4
3
2
o1
% 0.7 Timg
) Multiplier
O 05 (Tn)
('-,”) 0.4 1.0
Z 03 0.7
w
S o2 0.5
|_
0.3
0.1
0.07 0.2
0.05
0.04 0.1
0.03
0.02 0.05
0.01
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (Iy)

FIGURE 5.5 |EC Short Inverse, Curve TypeA.
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IEC LONG INVERSE

2000

1000
700 Iy > 1.1 t= Ty x 120/(Iy - 1)

500 Iw>20: t=t,z=20
200 Iy < 0.9: teser = To X 120/(L - )

300
200
100
70
50
40
30
20
Time
Multiplier
10 (Tw)
1.0
0.7
0.5
0.3

0.2

TIME IN SECONDS (t)

W MO0 N

N

0.7

0.5
0.4
0.3 0.05

0.1

0.2

1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (lyv)

FIGURE 5.6 |IEC Long Inverse, Curve Type B.
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IEEE MODERATE INVERSE
100
70
50
40 Iw>1.1: t=Tyx 3 x (0.0515/(1y°% - 1) + 0.114)
Iw>20: t= t|M=20
30 Iv<0.9: teset = Tm X 3 X 4.85/(1 - Iy?)
20
10
S 7
(D)
% 5 Time
e} 4 Multiplier
O (Twm)
w3 1.0
Z
= 2 0.7
L
= 0.5
|_
1
0.3
0.7
0.2
0.5
0.4
03 0.1
0.2
0.05
0.1
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (ly)

FIGURE 5.7 |EEE Moderate Inverse Curves.
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IEEE VERY INVERSE
500
400
300
200
Iv>1.1: t=Tyx3x(19.61/(Iy’ - 1) + 0.491)
Iw>20: t= t|M:20
100 Im < 0.9 treset = Tm X 3 X 21.6/(1 - Iy?)
70
50
40
30
.20
(00}
O 10
Pz
@) 7
Qs
n 4 Time
Z 3 Multiplier
(] 2 (Tw)
= 1.0
|_
1 0.7
0.5
0.7
0.5 0.3
0.4
0.2
0.1
0.1
0.05
0.07
0.05
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (Iy)

FIGURE 5.8 |IEEE Very Inverse Curves.
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IEEE EXTREMELY INVERSE
500
300
200
Iv>1.1: t=Tyx3x(28.2/(Iy* - 1) + 0.1217)
100 IM >20: t= t|M=20 ,
Im < 0.9: treset = TM X 3 X 291/(1 - Iy )
70
50
30
20
g)’ 10
()]
e
O
O
(] 3
(7))
=z 2
E Time
S 1 Multiplier
= T
= 0.7 (Tm)
05 1.0
0.7
0.3 0.5
0.2 0.3
0.1 0.2
0.07
0.05 0.1
0.03 0.05
0.02
1 2 3 4 5 6 7 8 9 10 20
CURRENT IN MULTIPLES OF PICKUP SETTING (Iy)

FIGURE 5.9 |EEE Extreme Inverse Curves.
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5.4 DEFINITE-TIME OVERCURRENT

Menu: Setup | Protection | Ph Def Time

The definite-time overcurrent function has both trip and
alarm settings. With the DFT measurement method it
may be possible to set the overcurrent protection closer to
the desired value as compared to the RMS measurement
method.

The asymmetrical-current multipliers for RMS and
DFT measuring methods are shown in Fig. 5.10. Typical
X/R values are 6.6 for a low-voltage system, 15 for a
medium-voltage system, and can be as high as 25 for a
high-voltage system. The DFT filters the dc component
so that the overcurrent setting can be set closer to the
symmetrical fault value.

RMS

—_ -

ASYMMETRICAL MULTIPLYING FACTOR

DFT

|
|

5
\

o
N
IS
o

8 10 12 14 16 18 20
X/R

FIGURE 5.10 Asymmetrical-Current Multipliers.

TripLevel .. 0.10t015.00x CT-
Primary Rating (1)
TripDelay (D)..ccovevvvrvreneene. 0.00t010.00 s
(see Table 5.2)
Alarm Level ... 0.10t0 15.00x I,
Alarm Delay (D)......ccoevreenenen. 0.00t0 10.00 s
(seeTable5.2)
Protection ... Enable/Disable Tripl, 2, 3
Enable/Disable
Alarml, 2, 3
Measurement Method............... DFT c/w CT-saturation
compensation
Set-Point Groups.......ceoeeevereene Group 1 and Group 2

TABLE 5.2 FAULT DURATION REQUIRED FOR TRIPY®

FAULT LEVEL FAULT DURATION (FD)
(multiples of trip- (ms)
level setting) D<30ms® D>30ms®
2 FD =10ms FD = (D —-20) ms
5 FD=5ms FD=(D-25)ms
10 FD=2ms FD = (D —28) ms

@ For overcurrent less than 15 x CT-Primary Rating.
For earth faults lessthan 1 x EF-CT-Primary Rating.
Fixed frequency, 60 Hz.

@ Minimum relay operating time: 25 to 45 ms.

® D isthe trip-time setting.
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5.5 INVERSE-TIME 3lg EARTH FAULT

Menu: Setup | Protection | 3lp Inverse

This protection function is based on the zero-sequence
current calculated from the three phase currents.

The Curve menu is used to select one of the curve
shapes listed in Table 5.1. Pickup isin per unit of phase
CT rating and specifies the location of the curve's vertical
asymptote (Iy = lper/lpickp = 1). Time Multiplier selects
the specific curve within the curve type.

The FPU-32 uses the same time multiplier range of
0.05to 1.0 for both IEC and |EEE curves.

The Metering | Inverse Status menu indicates whether
current is above or below Pickup and the UPI face-plate
LED can be programmed to indicate that current is above
Pickup. See Section 4.1.1.

CUINVE.....ceiirerie e Table5.1

[0 (0 o I 0.10t0 10.00 x CT-
Primary Rating (1)

Pickup Curve Threshold........... 1.1 x Pickup setting

Reset Curve Threshold............. 0.9 x Pickup setting

Time Multiplier ... 0.05t01.00

Protection ........ccccovene s Enable/Disable Tripl, 2, 3

Measurement Method .............. DFT - Derived 3lg

Set-Point Groups........cccceeeeueene. Group 1 and Group 2

NoTE: For IEEE curves, amultiplier of 1 corresponds to
alAC/CO “time-dial” setting of 15.

NoTE: CT saturation is not detected. Enable overcurrent
protection when fault levels can exceed 15 times the
phase-CT-primary rating.

5.6 DEFINITE-TIME 3ly EARTH FAULT

Menu: Setup | Protection | 3lo Def Time

This protection is based on the zero-sequence current
calculated from the phase currents.

TripLevel...oovveeeceeee 0.10t0 15.00 x CT-Primary
Rating (1)
Trip Delay (D)....ccovvereeennnne 0.00t0 10.00 s
(see Table5.2)
Alarm Level .........cocceveneee. 0.10t0 15.00x 1,
Alarm Déelay (D) .....cceovevenene 0.00t010.00 s
(See Table5.2)
Protection .......ccocceeeiennnnne Enable/Disable Tripl, 2, 3
Enable/Disable Alarml, 2, 3
Measurement Method .......... DFT - Derived 3l,
Set-Point Groups.........ce.e.... Group 1 and Group 2

NOTE: For IEEE curves, amultiplier of 1 corresponds to
alAC/CO “time-dial” setting of 15.

Protective Functions
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NoOTE: CT saturation is not detected. Enable overcurrent
protection when fault levels can exceed 15 times the
phase-CT-primary rating.

5.7 DEFINITE-TIME EARTH FAULT

Menu: Setup | Protection | Ict Def Time

This protection function uses the earth-fault-CT input.
The protection setting range is equa to the earth-fault-
CT-primary rating (l¢).

TripLevel ... 0.01 to 1.00 x Earth-Fault
.............................................. CT primary rating (l¢)
TripDelay (D) ..covvvvevrieienennn 0.00 to 100.00 s
(see Tahle5.2)
AlarmLevel .......cocoeeevevcieeinne 0.01t01.00x I,
Alarm Délay (D)......ccoovevvevenene. 0.00t0 100.00 s
(seeTable5.2)
Protection .......cccceevvvvievennenen, Enable/Disable Tripl, 2, 3
Enable/Disable
Alarml, 2, 3
Measurement Method............... DFT c/w saturation
compensation
Set-Point Groups.......cccceeeeeeenee. Group 1 and Group 2

5.8 CURRENT UNBALANCE

Menu: Setup | Protection | Unbalance

Menu: Setup | System Config | 1,/I; Threshold

Positive-sequence current (I;) and negative-sequence
current (I,) are used to determine current unbalance (1,/15).
The unbalance display range is 0.00 to 1.00 where 1.00 is
100% unba ance—a single-phase condition. Single-phase
loads generate unbalance that may cause false trips when
feeder currents are low. The I/l1; Threshold sets the
current level where unbalance protection becomes active.
The threshold is based on the maximum of the three-
phase currents. Set this value above the single-phase load
value to avoid false trips. Negative unbalance isindicated
when current inputs are connected B-A-C (negative-
sequence current is greater than positive-sequence
current). Severe unbalance may aso be indicated if
phase-CT polarity isincorrect.

TripLevel .. 0.05t0 1.00
Trip Delay ..coooeerieirieeee 1.00 to 100.00 s
AlarmLevel ......coovveieeee 0.05t0 1.00
Alarm Délay ......ccovvveneiennne 1.00to 100.00 s
Protection ........ccccoeeveveieneniene Enable/Disable Tripl, 2, 3
Enable/Disable
Alarmi, 2, 3
Threshold........coeovvneeiricins 0.10t0 0.50 x I,
Measurement Method............... DFT
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5.9 PHASE Loss

Menu: Setup | Protection | Phase Loss

Phase loss is a severe form of unbalance and can be
used to detect open-circuit faults. When phase loss occurs
on a 3-phase load, negative-sequence current (1) is equal
to positive-sequence current (I;). The phase-loss
algorithm considers 1,/1; from 0.90 to 1.00 to be a phase
loss. Set the phase-loss trip delay shorter than the
unbalance trip delay to avoid an unbalance trip in the
event of aphase loss.

The phase-loss threshold is fixed at 10% of the
CT-primary rating (Ip).

Trip Delay ..ccoeveeireeeee 1.00 to 100.00 s
Alarm Delay......c.ccccvvineceninnne 1.00 to 100.00 s
Protection.........ccoeeeeeereveeenenns Enable/Disable Tripl, 2, 3
Enable/Disable
Alarmi, 2, 3
Measurement Method .............. DFT

5.10 PHASE REVERSE

Menu: Setup | Protection | Phase Rev

If the current phase sequence is B-A-C, the magnitude
of negative-sequence current will be larger than the
magnitude of positive-sequence current. To maintain
magnitude consistency for set points, the I,/1; ratio is
inverted for the protection agorithm when phase
seguence is B-A-C. A negative unbalance is indicated in
the meter display for B-A-C sequence.

The phase-reverse threshold is fixed at 10% of the
CT-primary rating (Ip).

TripDeay ..cccoceveveeececeee, 1.00t0 100.00 s
Alarm Delay......cccocevievvrivininnns 1.00to0 100.00 s
Protection.......cccccovvvievvnieinnnne Enable/Disable Tripl, 2, 3
Enable/Disable
Alarm 1,2, 3
Measurement Method .............. DFT

5.11 PTC TEMPERATURE

Menu: Setup | Hardware | Temp Sensor Type

Menu: Setup | Protection | PTC Local Temp

The local-temperature-sensor input is configured for a
positive-temperature-coefficient (PTC) thermistor sensor
using the Setup | Hardware | Temp Sensor Type menu.

The total resistance of series-connected PTC
thermistors must be less than 1,500 Q at 20°C (68°F). A
trip or aarm will occur when series resistance exceeds
2,800 Q.

During Emergency Thermal Reset, a PTC trip is reset
and PTC-temperature protection is disabled. See Section
5.2.2.

Protection........ccccoveveecieiieinenns Enable/Disable Tripl, 2, 3

Enable/Disable
Alarmi, 2, 3

Protective Functions
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5.12 RTD TEMPERATURE

Menu: Setup | Hardware | Temp Sensor Type

Menu: Setup | Protection | RTD Temperature

The local-temperature-sensor input is configured for a
Pt100 RTD sensor using the Setup | Hardware | Temp
Sensor Type menu.

Sensor verification is enabled using the Sensor Trip
Act and Sensor Alarm Act Action menus. When a sensor
failure is detected, the corresponding protection is
disabled.

During Emergency Therma Reset, an RTD trip is
reset and RTD-temperature protection is disabled. See
Section 5.2.2.

TripRaNQe...cccoeveveeececeee 40.00 to 230.00°C
(104.00 to 446.00°F)

AlarmRange........ccoceveevenenene 40.00 to 230.00°C
(104.00 to 446.00°F)

Display Range.......cc.ccoceevrevnnne. -40.00 to 260.00°C
(-40.00 to 500.00°F)

Sensor Verification................... Enable/Disable
Tripl,2,3
Enable/Disable
Alarm 1, 2, 3

Protection ........cccccevvevvieeenee, Enable/Disable
Tripl,2,3
Enable/Disable
Alarm 1,2, 3

Error Codes.......coovveveveerrenens -100 = No Sensor
-90 = Open Sensor
-80 = Shorted Sensor
(Codes accessed via
network
communications)
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6. THEORY OF OPERATION

6.1 SIGNAL-PROCESSING ALGORITHMS

The FPU-32 obtains thirty-two samples per cycle of
each current signal — the sampling frequency is 1.6 kHz
in 50-Hz applications and 1.92 kHz in 60-Hz applications.

A Discrete-Fourier-Transform (DFT) algorithm is used to
obtain the magnitudes and phase angles of the fundamental-
frequency components of the current waveforms. These
values provide true positive-, negative-, and zero-sequence
components. True RMS vaues of phase currents include up
to the 16" harmonic. Fundamental-frequency values are
displayed.

Peak-to-peak currents are measured and compared to
DFT values to compensate for CT saturation.

Theory of Operation
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7. COMMUNICATIONS

7.1 PERSONAL-COMPUTER INTERFACE
7.1.1 FIRMWARE UPGRADE
The FPU-32 control program is stored in flash memory.
Field updates can be made through the TIA-232
communication interface located on the rear panel. The
following are required:
e A Windows® PC, a TIA-232 interface, and the
SE-Flash program,
e a file containing the FPU-32 control program
(.s19file),
o aCA-945 DB9 to RJ}-45 adapter, and
e an SE-ICUSB232 USB to TIA-232 converter (if
TIA-232 port not available).
SE-Flash is available a  www.littelfuse.com/
relayscontrols and a CA-945 adapter is available from
Littelfuse Startco.

7.1.2 SE-ComM-RIS

SE-Comm-RIS Relay Interface Software is a
Windows®-based program used to access FPU-32
functions with a personal computer (PC) viathe TIA-232
or optional TIA-485 and Ethernet interfaces. Use SE-
Comm-RIS to program an FPU-32 either by changing
individual set points or by downloading set-point files.
Existing FPU-32 set points can be transferred to the PC.
Metered values can be viewed and the FPU-32 can be
controlled with the computer. SE-Comm-RIS extends the
event-record storage capability of the FPU-32 by allowing
the user to transfer datato PC memory at a programmable
interval. Protection curve plotting capability is included.
SE-Comm-RIS is available a www.littelfuse.com/
relayscontrols.

7.2 NETWORK INTERFACE
For detailed information see Appendices to this manual
and applicable communications manuals.

7.2.1 TIA-485 OPTION

The TIA-485 communications option supports
Modbus® RTU and Allen-Bradley® DF1 half-duplex
protocols. All set points and meter values are accessible.
Commands are provided to perform trips, resets, and
remote relay control.

Modbus® RTU function codes supported:
¢ Read Holding Registers (Code 3)
Read Input Registers (Code 4)

Write Single Register (Code 6)

Write Multiple Registers (Code 16)
Command Instruction (Code 5)

Page 7-1
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DF1 commands supported:

Unprotected Read (CMD = 01)

Unprotected Write (CMD = 08)

Typed Read (CMD = OF, FNC = 68)

Typed Write (CMD = OF, FNC = 67)

Typed Logical Read (CMD = 0OF, FNC = A2)
Typed Logical Write (CMD = 0F, FNC = AA)

NoOTE: The FPU-32 and FPU-16 can be connected to the
same network; however, the FPU-32 register map is not
compatible with the FPU-16.

7.2.2 DEVICENET OPTION

The DeviceNet™ communications option supports
Explicit Messaging and Polled /0. All set points and
meter values are accessible using Explicit Messaging.
The Polled 1/0 connection supports the following ODVA
input assemblies:
e Basic Overload (50)
o Extended Overload (51)
e Basic Motor Starter (52)
o Extended Motor Starter (53)

In addition to the ODVA assemblies, a user-
configurable fixed block of 64 bytesis available.

The Polled /0O connection supports the following
ODVA output assemblies;
e Basic Overload (2)
e Basic Motor Starter (3)

An Electronic Data Sheet (EDS) file is provided for use
with DeviceNet configuration tools such as RSNetWorx
and DdltaV.

7.2.3 ETHERNET OPTION

The Ethernet option supports the Modbus® TCP
protocol. Modbus® TCP uses TCP/IP to encapsulate the
Modbus® RTU protocol. Up to five simultaneous
connections are supported. In addition to the Modbus®
RTU function codes listed in Section 7.2.1, the Read
Device Identification Code (43) is supported.

The FPU-32 Modbus® TCP interface is compatible with
SE-Comm-RIS Version 1.6 and above. See Section 7.1.2.

Communications
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8. TECHNICAL SPECIFICATIONS

8.1 FPU-32

Power-Up Time.......ccocveeruennene
Ride-Through Time..................
24-vVdc Source™.......o.oevennn.

AC Measurements.

Phase-Current Measurement; @

Metering Range. ..................

Protection Range..............c.ee.
Metering Accuracy: **

Unbalance Accuracy...........

Earth-L eakage M easurement:
Range......cccovovvvienniiiiinnns

G4

Accuracy

PTC-Thermistor Input: ©
Cold Resistance..........cc.c....

Trip Level
Reset Level
Sensor Current.........ccuuee....

RTD Input: ©
RTD TYpe...oooveeiiererieerene

Sensor Current..........cocue..e.
Lead Compensation.............
ACCUIraCY .....ccvvrveveneeeenens

30 VA, 120-240 Vac
(+10, -45%), 50/60 Hz;
25 W, 110-250 VVdc
(+10, -25%)

800 msat 120 Vac
100 ms minimum

400 mA maximum

True RMS, DFT, Peak,
and positive- and
negative-sequence
components of the
fundamental .

32 samples/cycle.

50 or 60 Hz

15 x CT-Primary Rating

(I5)
80x 1,

2% 1,
2% Reading
0.02 pu

1.5 x Earth-Fault-CT-
Primary Rating (I
2%l

1500 ©Q maximum
20°C (68°F)

2,800 Q2 + 200 ©
1,500 Q2 + 200 O

1 mA maximum

3-wire Pt100

-40 to 260°C (-40 to
500°F) with open and
short detection

1mA

25 Q maximum

2°C (-40 to 200°C)
5°C (200 to 260°C)

4-20-mA Analog Output:

Timing Accuracies: ©
1t Overload........ocevvveeennn.
IEC/IEEE Curves................
Definite Time.....cooevevvveeene
Phase Unbalance,
Loss, Reverse..........ueeeeee...

Relay Contacts:
Configuration...........cccceuee.
CSA/UL Contact Rating......
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Self powered and loop
powered

4t022 mA

250 ms

81026 Vdc

500 Q (maximum with
24 Vdc supply)

120 Vac with L/S switch
inL position

2%, 100 ms resolution
5%, 10 ms resolution
2%, 10 ms resolution

2%, 100 msresolution
N.O. and N.C. (Form C)

8 A resistive 250 Vac,
8 A resistive 30 Vdc

Supplemental Contact Ratings:

Make/Carry 0.2 s..............
Break:

50 W resistive,
25W inductive
(L/IR=0.04)

2,000 VA resistive,
1,500 VA inductive
(PF=04)

Subject to maximums of 8 A and 250 V (ac or

de).
Digital Input:;
Guaranteed On..........cc.c......

Guaranteed Off
1S0latioN ...veeeveveeeeeee e

I/O Module Interface:
Module Supply.....c.cccevvenee.

Configuration..........ccccueuee.

ISOlation.......cccceveeercerecreeeieeens
BusLength.......cccoovevevennnne.

TIA-232 Communications:
Baud Rate........ccoeeeeverenneee.
Protocol.........ccooeeveeeeeerinnn.

12to 36 Vdc, 5 mA at
24Vdc

12 Vdcat 2 mA

3Vdcat 0.5 mA

120 Vac, terminas 25
and 26

24 Vdc, 400 mA
maximum

TIA-485, 2-wire multi-
drop

120Vec

1.2 km (4,000") maximum
Belden 3124A or
equivalent

9.6, 19.2, 38.4 kbits
Modbus RTU
1to 255
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Real-Time Clock:
Power-Off Operation.......... 6 Months at 20°C (68°F)
Battery ..oooveveereeeeeeen Rechargable lithium

(no service required)

Non-Volatile RAM:

Power-Off Retention........... 10 Years
Dimensions:
Height.....coooveeveeeeeceae 96 mm (3.8")
Width.....cooeeieveeceeceeene 96 mm (3.8")
Depth.....oveeeeeeeecea 132 mm (5.2")
Shipping Weight.........ccccceeeen. 2.0kg (4.41b)

PWB Conformal Coating......... MIL-1-46058 qualified
UL QMJU2 recognized

Environment:
Operating Temperature.......... -40to0 60°C (-40to
140°F) Ul
Storage Temperature............. -55t0 80°C (-67 to 176°F)
Humidity......coeeveeeecereine 85% Non-Condensing
Surge Withstand.............cc........ ANSI/IEEE  C37.90.1-
1989 (Oscillatory and
Fast Transient)
Inverse Time Curves................ |EEE Std C37.112-1996
CEI/IEC 255-3:1989
EMC Tests:

Verification tested in accordance with EN 60255-26:2005.

Radiated RF..........cccvveneene IEC 60255-22-3 1
0 V/m, 80-1,000 MHz,
80% AM (1kHz) 10
V/m, 900 MHz, 200 Hz
Pulse Modul ated

Electrostatic Discharge....... IEC 60255-22-2
6 kV Constant Discharge
8 kV Air Discharge

Power Frequency ................ IEC 60255-22-7
Class A: differentiad mode
150Vrms @
100 Q/0.1 puF, 300 Vrms
@ 220 Q/0.47 uF
Class B: differential mode
100Vrms @
100 Q/0.047 uF, 300 Vrms
@ 220 Q/0.47 uF

Conducted RF............ccu....

Fast Transient........ccceeuee..

1MHzBuUrst.....c.coooviveeen.

Surge Immunity ...

DC Voltage Interruption.....

Certification.......coveeeeeeeeevcieeeene

To:
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|EC 60255-22-6
10V, 0.15-80 MHz,
80% AM (1 kHz)

|EC 60255-22-4
ClassA: 4 kV,

2.5 kHz rpf

ClassB: 2kV, 5 kHz rpf

|EC 60255-22-1

1kV differential mode
(line-to-line)

2.5 kV common mode

|EC 60255-22-5

0.5 & 1.0kV differential
mode (line-to-line) 0.5,
1.0, & 2.0 kV common
mode

IEC 60255-22-11
100% for 5, 10, 20, 50,
100, & 200 ms
interruption time on
AC/DC power ports.

CSA, Canadaand USA

‘s p ® LR 62897
(¢} us

CSA C22.2 No. 14 Industrial Control Equipment
UL 508 Industrial Control Equipment
UL 1053 Ground Fault Sensing and Relaying

Equipment

NOTES:
@ The 1/0 module supply

Austraia

C

N11659
CE, European Union

UL Recog@nized
M\ us

and andog output are

referenced to the same supply when the L/S switchisin

the “S’ podtion. In the
output’ sisolation is 120 Vac.

@ Current threshold is 2% of phase-CT rating.

“L” podtion, the analog

To

maintain specified accuracy, phase CT's should be
selected with a primary rating between 100 and 300%

of rated current.

Technical Specifications
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® Transformer accuracy not included.

@ Accuracy is a function of MPU-CIM to FPU-32 cable

resstance: % Accuracy =2+

0.65 x cableresgtance (Q2).

® PTC and RTD sensors are mutually exclusive.

© Minimumtimeis 25 to 45 ms. See Table 5.2 for fault

duration required.

O Display readability decreases a temperatures below

-20°C (-4°F).
8.2 CURRENT INPUT MODULE

CT Inputs:
Therma Withstand:

Burden:
1- and 5-A inputs................
EFCT-X input.......cccovevuennee

Interconnection Cable:
Resistance..........coceeeeveeenne
Supplied Length..................

Terminal-Block Ratings:

CT INPUES ..ot

Dimensions:

Shipping Weight.........ccccceeeeee.
PWB Conformal Coating .........
Environment:

Operating Temperature..........

Storage Temperature.............
Humidity......ccoorieiiiinnne

Surge Withstand...........ccccueueee.

(MPU-CIM)

5 x CT-Secondary Rating
80 x CT-Secondary
Rating

<001Q
100

Littelfuse Startco
S75-M16A-20030
5.30Q/100 m (328') @
6m(19')

25A, 500 Vac,
10 AWG (4.0 mm?)

87 mm (3.4”)
113 mm (4.4")
53 mm (2.1")

0.4 kg (0.9 1b)

MIL-1-46058 qualified
UL QMJU2 recognized

-40t0 60°C (-40to
140°F)

-55t0 80°C (-67 to 176°F)
85% Non-Condensing

ANSI/IEEE C37.90.1-
1989 (Oscillatory and
Fast Transient)
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Certification.......coceeeveveveeccnenns CSA, Canadaand USA

‘spﬁ) LR 62897
C

us

UL Recognized
®

M\ us
To:

CSA C22.2 No. 14 Industrial Control Equipment
UL 508 Industrial Control Equipment

UL 1053 Ground Fault Sensing and Relaying
Equipment

NOTES:

@ Accuracy is a function of MPU-CIM to FPU-32 cable
resstance: % Accuracy = 2 + 0.65 x cableresistance (Q2).
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9. WARRANTY

The FPU-32 Feeder Protection Unit is warranted to be
free from defects in material and workmanship for a
period of ten years from the date of purchase.

Littelfuse Startco will (at Littelfuse Startco’s option)
repair, replace, or refund the origina purchase price of
an FPU-32 that is determined by Littelfuse Startco to be
defective if it is returned to the factory, freight prepaid,
within the warranty period. This warranty does not
apply to repairs required as a result of misuse,
negligence, an accident, improper installation, tampering,
or insufficient care. Littelfuse Startco does not warrant
products repaired or modified by non-Littelfuse Startco
personnel.

Technical Specifications
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MAIN MENU

[ METERING |»
CURRENT —>
Ia
Ib
|
UNBALANCE | —
+ Sequence
- Sequence
v Unbalance
EARTH LEAKAGE |—>
Measured (I )
Calculated (3l,)

A 4

THERMAL STATUS |—>
Used I%t
Trend It
ResetTime
TripTime
\ 4
INVERSE STATUS |—>

+ | Pickup Summary |

LOCAL SENSOR

>

eading

+ | PTC/RTD R

1/0 STATUS

—>

Digital Input State

Output Relay State

y

>

SYSTEM STATUS

Active Set-Point Group|
RTC Time
NETWORK STATUS
Network Type
Network State
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APPENDIX A
FPU-32 MENU MAP

Notes:

" List indicates possible trips and alarms.
2 Password required.

3 Lists do not match FPU-32 menu order.
4 Locked when current detected.

Legend:

[x] Enter numeric

[s] Enter string

[E/D] Enable/Disable

[TA]  Trip Action: Disable; Trip1; Trip2; Trip3

[AA] Alarm Action: Disable; Alarm1;
Alarm2; Alarm3

[Y/N] Yes/No

[EA] Ethernet address

Appendix A, FPU-32 Menu Map
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MESSAGES > + (MESSAGES Continued)

TRIP AND ALARM"|—> EVENT RECORD ﬂ
Overload Trip Group 1 Record Number

Overload Trip Group 2 Date/Time

Overload Alarm Group 1 Source: Trip/ETR

Overload Alarm Group 2 Trip: Trip Source

Phase Inverse O/C Trip Group 1 Currents: 1, |y Iy 1, 31,

Phase Inverse O/C Trip Group 2| Unbalance

PhaseTimed O/C Trip Group 1 v Used It

Phase Timed O/C Trip Group 2

PhaseTimed O/C Alarm Group 1 STAT'ST'CS }

PhaseTimed O/C Alarm Group 2 | Trip Counters H
3l, Inverse Trip Group 1 Overload Trip Gp1/Grp2
3l, Inverse Trip Group 2 Phase Inverse O/C Trip Gp1/Gp2
3l,Timed Trip Group 1 PhaseTimed O/C Trip Gp1/Gp2
3l,Timed Trip Group 2 3, Inverse Trip Gp1/Gp2
3l, Timed Alarm Group 1 31, Timed Trip Gp1/Gp2
3l, Timed Alarm Group 2 EFCT Timed Trip Gp1/Gp2
EFCT Timed Trip Group 1 Unbalance Trip

EFCT Timed Trip Group 2 Phase Loss Trip

EFCT Timed Alarm Group 1 Phase Reverse Trip
EFCT Timed Alarm Group 2 Digital InputTrip
UnbalanceTrip Memory Error
Unbalance Alarm Display Error

Phase LossTrip Diagnostic Error
Phase Loss Alarm Network Comm Trip
Phase Reverse Trip Network Comm Alarm
Phase Reverse Alarm

T (FanraTous 1>
RTD SensorTrip v | Hours |
RTD Sensor Alarm EMERG I°T RESET }

Memory Error Reset 12t Memory 21— [Y/N]
Display Error Re-enable Temperature @

DSP Error

Network Comm Trip

Network Comm Alarm

Network Remote Trip

Network Remote Alarm

ETR Request

No Trip or Alarm

v (MESSAGES Continued above)

Appendix A, FPU-32 Menu Map
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[ SETUP® | p

| ProTECTION | )

Overload |

v

4

>
| Group1 ] >
1t Trip Action @
1t Pickup @
Hot Factor @
Cooling Factor @
Time Constant @
It Alarm Action @
It Alarm Level @

A
Group 2 ] >
12t Trip Action @

12t Pickup @

Hot Factor @
Cooling Factor ?
Time Constant ?
12t Alarm Action ?
1’t Alarm Level @

A
1’t Reset Type @

—>

Normal
Autoreset
A Rapid

I’t Reset Level @ ‘—> [x]

(SETUP Continued above)

LV

LT

[TA]
[x]
[x]
[x]
[x]
[x]
[AA]

[TA]
[x]
[x]
[x]
[x]
[x]
[AA]
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(SETUP/Protection Continued)

[PhaseInverse |

| Group1 ‘ ’

Trip Action ? — [TA]

Curve @ —>

IEC Normal Inverse A
IEC Very Inverse B
IEC Extreme Inverse C
IEC Short Inverse A
IEC Long Inverse B
IEEE Moderate Inverse
IEEE Very Inverse
|IEEE Extreme Inverse

Pickup @ —>[x]
Multiplier @ —>[x]
A 4
[ Group?2
Trip Action @ —> [TA]
Curve @ —>
IEC Normal Inverse A
IEC Very Inverse B
IEC Extreme Inverse C
IEC Short Inverse A
IEC Long Inverse B
|IEEE Moderate Inverse
IEEE Very Inverse
|EEE Extreme Inverse
Pickup @ —>[x]
Multiplier @ —>[x]
Y
| Phase Definite Time |>
Group 1 ‘ }
Trip Action @ —> [TA]
Trip Level @ —> [x]
Trip Delay @ — [x]
Alarm Action @ —> [AA]
Alarm Level @ —> [x]
Alarm Delay @ — [x]
A
Group 2 ] ’
Trip Action @ —> [TA]
Trip Level ? —> [x]
Trip Delay @ —> [x]
Alarm Action @ —> [AA]
Alarm Level @ —> [x]
v Alarm Delay @ — [x]

v (SETUP Continued on next page)

Appendix A, FPU-32 Menu Map
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| Group1

l

Trip Acti

on? —> [TA]

Curve @

—>

IEC Normal Inverse A

IEC Very Inverse B

IEC Extreme Inverse C

IEC Short Inverse A

IEC Long Inverse B

IEEE Moderate Inverse

IEEE Very Inverse

IEEE Extreme Inverse

Pickup @

—>[x]

Multiplie

r@ —>[x]

[ Group 2

| p

Trip Action ?

—> [TA]

Curve @

—>

IEC Normal Inverse A

IEC Very Inverse B

IEC Extreme Inverse C

IEC Short Inverse A

IEC Long Inverse B

IEEE Moderate Inverse

IEEE Very Inverse

IEEE Extreme Inverse

Pickup ©

) —>[x]

Multiplier @

—[x]

y

[ 31, DefiniteTime | P

| Group1

\

Trip Action @

[TA]

Trip Level @

[x]

Trip D

[x]

elay @

Alarm Action @

[AA]

Alarm Level @

[x]

Alarm Delay @

[x]

Y

Group 2 ‘ }

Trip Action ?

(TA]

Trip Level @

[x]

Trip Delay ?

[x]

Alarm Action @

[AA]

Alarm Level @

[x]

\ 4 Alarm Delay ?

Lodbed LUl

[x]

v (SETUP Continued above)

Sensor Alarm Action ?

v (SETUP Continued on next page)

|_ict Definite Time |>
l Group 1 ‘
Trip Action @ —> [TA]
Trip Level @ —> [x]
Trip Delay @ —> [x]
Alarm Action @ —> [AA]
Alarm Level @ —> [x]
Alarm Delay @ —> [x]
Y
[ Group 2
Trip Action @ —> [TA]
Trip Level @ —> [x]
Trip Delay @ —> [x]
Alarm Action @ —> [AA]
Alarm Level @ —> [x]
Alarm Delay @ —> [x]
Y
Unbalance | }
Trip Action @ —> [TA]
Trip Level @ —> [x]
Trip Delay @ —> [x]
Alarm Action @ —> [AA]
Alarm Level ? —> [x]
Alarm Delay ? —> [x]
Y
Phase Loss | }
Trip Action @ —> [TA]
Trip Delay @ —> [x]
Alarm Action @ —> [AA]
Alarm Delay ? —> [x]
Y
Phase Reverse | >
Trip Action @ —>[TA]
Trip Delay @ —> [x]
Alarm Action ? —> [AA]
Alarm Delay @ —> [x]
A
PTCTemperature | >
Trip Action @ —> [TA]
Alarm Action @ [AA]
A
RTDTemperature | >
RTD Local Temp —>
Trip Action @ —> [TA]
Trip Level @ —>  [x]
Alarm Action @ [—>  [AA]
Alarm Level @ [x]
Sensor Trip Action @ > [AA]

[x]
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+ (SETUP Continued) + (SETUP Continued)

SYSTEMRATINGS | p ANALOG OUTPUT | p
Phase CT Primary @ 4—> [x] | Output Parameter @ |—>
EF-CT Primary >4 —> [x] Phase Current
Frequency @ —> EF (EFCT Input)
50 Hz EF (31,)
60 Hz Thermal Capacity
v Variable RTD Local
| Set-Point Group®  |—> Unbalance
Group 1 Zero
Group 2 Full Scale
Y
v Zero Calibrate ? —> [x]
DIGITAL INPUT } Full Scale Calibrate ?—> [x]
| Function @ —> v
None HARDWARE
;nmt | Display Loss | }
ese - -
Trip Action —> [TA]
Program Enable y L Trip Action
Set-Point Group I Temp SensorType @ |_>
Y Disabled
[ Trip Delay ® it RTD Sensor
v PTC Sensor
\4
RELAY OUTPUTS > | TIA-232 Comms. |
[_Relays 1t0 3 i 2 TIA-232 Comm. ID @ |—> [X]
| Function 4 —> TIA-232 Comm. Baud 2|—>
None | 9,600/19,200/38,400 |
Trip1
Trip2 Y (HARDWARE Continued on next page)
Trip3
Alarm1
Alarm2
Alarm3
Current Detected
Trip1 Pulse
Watchdog
Network Run1
Y
[ Mode —>
Fail Safe
v Non Fail Safe
[ RYPulseTime® }—> [x]

v (SETUP Continued above) v (SETUP Continued on next page)
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(SETUP Continued) .
+ (SETUP Continued)
(HARDWARE Continued)
SYSTEM CONFIG.| p
[ Network Comms. | } System Name —> [s]
[ NetworkType @ > Password @ —> [s]
None Password Time Out @ [—> [x]
A-B DF1 I/, Threshold @ —> [s]
DeviceNet RTC Date/Time @ —>
Modbus RTU UPI LED @ —>
Modbus/TCP None
Y Trip1
Network ID @ —> [x] Trip2
Baud Rate ? —> Trip3
TIA 9,600/19,200/38,400 Alarm1
DNet 125k/250k/500k Alarm2
| Error Check @ — Alarm3
| None/CRC/BCC | Relay1
Ethernet IP @ —> [EA] Relay2
Ethernet Mask ? —> [EA] Relay3
Ethernet Gateway —> [EA] Digital Input
Network-ErrorTrip Action ?F—> [TA] Current Detected
NetworkErmor AlamAction® [—> [AA] 3l, Pickup
Remote Trip Action @ —> [TA] Phase Pickup
Remote Alarm Action ?}—> [AA] EmergencyThermal Reset
DeviceNet Produce |—> Network Run1
Instance: None/0x32/0x33/0x34/ Net Activity
0x35/0x64 \ 4
| DeviceNet Consume |—> [ Maintenance | }
| Instance: None/0x32/0x33| Clear Event Records @4 —> [Y/N]
| User Registers | ClearTrip Counts 24 —> [Y/N]
| Registers: 0-31 @ H [x] Clear Run Hours 24 —> [Y/N]
Load Defaults 24 —> [Y/N]
v _ Restart FPU-32 24  —> [Y/N]
(SETUP Continued above) Firmware Update @4 —> [Y/N]
Firmware Version
Ethernet MAC
Serial Number
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Ethernet MAC ID:

PART I: SYSTEM PARAMETERS

PARAMETER AND SETTINGS MIN | DerauLT [ Max | UNIT PROGRAM SELECTION
System Ratings
CT Primary (1) ¥ 1 100.00 | 5,000 A
EF-CT Primary (1) @ 1 5.00 5,000 A
. U Groupl
Set-Point Group Groupl 0 Group2
Frequency 60 Hz 450 4 60
Digital Input
O None O Program Enable
Function None a Tripl O Set-Point Group
O Reset
Trip Delay 0.01 0.10 100.00 S
Relay Outputs See Table 4.2 Output-Relay Functions
Relay 1. Function Tripl
Mode Fail Safe U Fail Safe O Non-Fail Safe
Relay 2: Function Alarml
Mode Fail Safe U Fail Safe O Non-Fail Safe
Relay 3: Function None
Mode Fail Safe U Fail Safe O Non-Fail Safe
RY Pulse Time 0.05 0.25 10.00 S
Analog Output See Table 4.4 Analog-Output Parameters
Phase
Output Parameter Current
Zero Calibrate Factory Calibrated
Full-Scale Calibrate Factory Calibrated
HARDWARE
OPI Display
. . O Disabled 4 Tripl
OPI-Loss Trip Tripl Q Tripe O B3
T1A-232 Communications
TIA-232 Comm ID 0 254 255
. U 9,600 4 38,400
TIA-232 Comm Baud 9,600 bit/s 0 19,200
. O Disabled Q PTC Sensor
Temperature Sensor Type Disabled O RTD Sensor
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PARAMETER AND SETTINGS MIN | DerauLt | Max | UNIT | PROGRAM SELECTION
Network Communications
Q None a Modbus TCP
Network Type None 0 A-BDF1 O DeviceNet
O Modbus RTU
Network 1D 0 254 255
a TIA 9600 O DN125
Baud Rate TIA 9600 O TIA 19k2 O DN250
O TIA 38k4 O DN500
Error Checking (A-B DF1 Only) Not Selected g Not Selected QBCC
CRC
192.168.
Ethernet IP 000,001
255.255.
Ethernet Mask 255,000
Ethernet Gateway 192.168.0.2
. . . O Disabled a Tripl
Network-Error Trip Action Disabled Q Trip2 Q Trip3
. . O Disabled a Alarml
Network-Error Alarm Action Disabled 0 Alam? 0 Alam3
. . . O Disabled Q Tripl
Remote Trip Action Disabled 0 Trip2 0 Trip3
. . O Disabled a Alarml
Remote Alarm Action Disabled 0 Alam? 0 Alam3
User Registers
User Register 0 0 0 1399
User Register 1 0 0 1399
User Register 2 0 0 1399
User Register 3 0 0 1399
User Register 4 0 0 1399
User Register 5 0 0 1399
User Register 6 0 0 1399
User Register 7 0 0 1399
User Register 8 0 0 1399
User Register 9 0 0 1399
User Register 10 0 0 1399
User Register 11 0 0 1399
User Register 12 0 0 1399
User Register 13 0 0 1399
User Register 14 0 0 1399
User Register 15 0 0 1399
User Register 16 0 0 1399
User Register 17 0 0 1399
User Register 18 0 0 1399
User Register 19 0 0 1399
User Register 20 0 0 1399
User Register 21 0 0 1399
User Register 22 0 0 1399
User Register 23 0 0 1399
User Register 24 0 0 1399
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PARAMETER AND SETTINGS MIN | DerauLT | MAX UNIT PROGRAM SELECTION
User Register 25 0 0 1399
User Register 26 0 0 1399
User Register 27 0 0 1399
User Register 28 0 0 1399
User Register 29 0 0 1399
User Register 30 0 0 1399
User Register 31 0 0 1399
SYSTEM CONFIG
System Name FPU-32
Password 1111
Password Timeout 1 10.00 60 min
I,/l; Threshold 0.05 0.50 0.50
UPI LED None SeeTable4.1 UPI LED Functions
PART Il: PROTECTION SET POINTS
FUNCTION & SET POINT MIN | DerauLT | Max | unit | PROGRAM SELECTION
Overload — Groupl
. . . O Disabled a Tripl
1% Trip Action Tripl Q Trip2 Q Trip3
. O Disabled a Alarml
1’t Alarm Action Alarml 0 Alarm? 0 Alarm3
%t Pickup 0.10 1.00 1.25 Xy
Hot Factor 0.10 0.50 1.00
Cooling Factor 0.10 1.00 10.00
Time Constant 1.00 10.0 60.00 min
I’t Alarm level
(Per unit based on 100%12t) | >0 | 00 | 1.00 pu
Overload — Group?2
. . . O Disabled a Tripl
1% Trip Action Tripl Q Trip2 Q Trip3
. O Disabled a Alarml
1%t Alarm Action Alarm1 0 Alarm2 0 Alarm3
I’t Pickup 0.10 1.00 1.25 Xl
Hot Factor 0.10 0.50 1.00
Cooling Factor 0.10 1.00 10.00
Time Constant 1.00 10.0 60.00 min
1%t Alarm level
(Per unit based on 100% I%t.) 0501 090 | 100 pu
O Normal O Rapid
Overload Reset Type Normal 0 Auto
Overload Reset L evel 0.10 0.30 0.90 pu
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FUNCTION & SET POINT MIN | DEFAULT | MAX | UNIT | PROGRAM SELECTION
Phase I nverse— Groupl
. . . O Disabled d Tripl
Trip Action Tripl Q Trip2 Q Tri 23
IEC
Curve Type Normal See Table 5.1
Curve Pickup 0.10 2.00 10.00 X lg
Curve Multiplier 0.05 0.20 1.00
Phase I nverse— Group2
. . . O Disabled d Tripl
Trip Action Tripl Q Trip2 Q Tri 33
IEC
Curve Type Normal SeeTable 5.1
Curve Pickup 0.10 2.00 10.0 X lg
Curve Multiplier 0.05 0.20 1.00
Phase Definite Time — Groupl
Trip Action Disabled 3 ?r'i’?g'ed ol gé
Trip Level 0.10 10.00 15.00 x 1y
Trip Delay 0.00 0.05 10.00 S
Alarm Action Disebled o b 2ol O Ao
Alarm Level 0.10 10.00 15.00 x 1y
Alarm Delay 0.00 0.05 10.00 S
Phase Definite Time — Group2
Trip Action Disabled 2 ?r'i?;'e‘j oo gé
Trip Level 0.10 10.00 15.00 X g
Trip Delay 0.00 0.05 10.00 s
Alarm Action Disabled o e QA
Alarm Level 0.10 10.00 15.00 X g
Alarm Delay 0.00 0.05 10.00 s
Earth-Fault 3l Inverse—
Groupl
. . . O Disabled 4 Tripl
Trip Action Tripl Q Trip2 Q Tri 33
IEC
Curve Type Normal See Table 5.1
Curve Pickup 0.10 2.00 10.00 Xy
Curve Multiplier 0.05 0.20 1.00
Earth-Fault 3l Inverse—
Group2
. . . O Disabled d Tripl
Trip Action Tripl Q Trip2 Q Tri 33
IEC
Curve Type Normal SeeTable 5.1
Curve Pickup 0.10 2.00 10.00 X lg
Curve Multiplier 0.05 0.20 1.00
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FUNCTION & SET POINT

MIN | DEFAULT | MAX |

UNIT

PROGRAM SELECTION

Earth-Fault 3l Definite Time—
Groupl

Trip Action Disabled 3 .'?r'ifg'ed oo Sé
Trip Level 0.10 10.00 15.00 X1y
Trip Delay 0.00 0.05 10.00 S
Alarm Action Disabled o b 2ol A
Alarm Level 0.10 10.00 15.00 Xy
Alarm Delay 0.00 0.05 10.00 S
Earth-Fault 3l Definite Time—
Group2
Trip Action Disabled 3 ?r'ifg'ed 3 E:g;
Trip Level 0.10 10.00 15.00 X1y
Trip Delay 0.00 0.05 10.00 s
Alarm Action Disabled o b 2ol O Ao
Alarm Level 0.10 10.00 15.00 X1y
Alarm Delay 0.00 0.05 10.00 s
Earth-Fault CT Input Definite
Time—Groupl
. . . O Disabled a Tripl
Trip Action Tripl Q Trip2 Q Tri B3
Trip Level 0.01 0.40 1.00 X le
Trip Delay 0.00 0.25 100.00 S
Alarm Action Alarml g z:ﬂgd g ﬁ:gmé
Alarm Level 0.01 0.20 1.00 X le
Alarm Delay 0.00 1.00 100.00 s
Earth-Fault CT Input Definite
Time—Group2
. . . O Disabled Q Tripl
Trip Action Tripl Q Trip2 Q Tri 23
Trip Level 0.01 0.40 1.00 X le
Trip Delay 0.00 0.25 100.00 S
Alarm Action Alarml g g:iﬂgd g Q:ermé
Alarm Level 0.01 0.20 1.00 Xle
Alarm Delay 0.00 1.00 100.00 S
Unbalance
. . . O Disabled a Tripl
Trip Action Tripl Q Trip2 Q Tri 33
Trip Level
(Per unit based on I,/1;) 0.05 0.25 1.00 pu
Trip Delay 1.00 15.00 100.00 S
. O Disabled a Alarml
Alarm Action Alarml 0 Alam? 0 Alam3
Alarm Level
(Per unit based on 1/1,) 0.05 0.10 1.00 pu
Alarm Delay 1.00 10.00 100.00 S
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FUNCTION & SET POINT MIN | DEFAULT | MAX | UNIT PROGRAM SELECTION
Phase L oss
. . . O Disabled a Tripl
Trip Action Disabled 0 Trip2 0 Trip3
Trip Delay 1.00 5.00 100.00 S
. . O Disabled a Alarml
Alarm Action Disabled 0 Alam? 0 Alam3
Alarm Delay 1.00 2.00 100.00 S
Phase Reverse
Trip Action . U Disabled Q Tripl
Disabled Q Trip2 Q Trip3
Trip Delay 1.00 5.00 100.00 S
. . U Disabled a Alarml
Alarm Action Disabled 0 Alam? 0 Alam3
Alarm Delay 1.00 2.00 100.00 S
PTC Temperature
. . . U Disabled Q Tripl
Trip Action Disabled Q Trip2 0 Trip3
. . O Disabled a Alarml
Alarm Action Disabled 0 Alarm? Q Alarm3
RTD Temperature
. : . O Disabled Q Tripl
Trip Action Disabled Q Trip2 0 Trip3
Trip Level 40.00 | 200.00 | 230.00 °C
. . O Disabled a Alarml
Alarm Action Disabled Q Alarm? Q Alarm3
Alarm Level 40.00 130.00 | 230.00 °C
. . . O Disabled a Tripl
RTD-Sensor-Error Trip Action Disabled Q Trip2 0 Trip3
RTD-Sensor-Error Alarm Disabled O Disabled a Alarml
Action a Alarm2 a Alarm3

@ | ocked when current is detected.
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APPENDIX C
FPU-32 TIA-232 MODBUS PROTOCOL

C.1 PrROTOCOL

The FPU-32 implements the Modbus® RTU protocol as
described in the Gould Modbus Reference Guide,
Publication PI-MBUS-300 Rev. B.

Only the master can initiste a message transaction.
Messages can be addressed to individua daves or they can
be broadcast messages. Broadcast messages are executed
on the daves but unlike individually addressed messages,
the daves do not generate areply message.

Modicon Modbus® is aregistered trademark of Schneider
Electric.

C.1.1 ProTOCOL SETUP

Setup options are available in the Setup | Hardware |
Local Comms menu. Select Local Comm ID and Local
Comm Baud.

C.2 MESSAGE SYNCHRONIZATION

Message synchronization is accomplished by detection of
an idle communication line. The communication line is
considered idle when no communication exists for an
equivalent delay of 3.5 characters.

The first byte received &fter idleline detection is
interpreted as the address byte of the next message.
Message bytes must be transmitted in a continuous stream
until the complete message has been sent. If a dlay of
more than 3.5 characters exists within the message, the
message is discarded.

Response messages from the FPU-32 are delayed by at
least 3.5 character delays.

C.3 ERROR CHECKING

Modbus® RTU uses a 16-bit cyclic redundancy check
(CRC). The error check includes al of the message bytes,
starting with the first address byte.

When a CRC error is detected, the message is discarded
and there will be no response.

If the CRC check is correct but the internal data in the
message is not correct, the FPU-32 will respond with an
exception response code.

C.4 FUNCTION CODES SUPPORTED

The FPU-32 Modbus Protocol supports the following
function codes:
o Read Holding Registers (Function Code 3)
¢ Read Input Registers (Function Code 4)
e Write Single Register (Function Code 6)

o Write Multiple Registers (Function Code 16)
e Command Ingtruction (Function Code 5)

Function Codes 3 and 4 perform the same function in the
FPU-32.

Registers in Modbus start a 40001 decima and the
register address generated for thisregister is 0.

C.4.1 APPLICATION LAYER

The hexadecimal system is used. Vaue representations
use the “C" convention. For hexadecimal, Ox precedes
the value.

C.4.2 REeAD INPUT/HOLDING REGISTERS (CoDE 04/03)

The first byte of the read message is the dave address.
The second byte is the function code. Bytes three and four
indicate the starting register. The next two bytes specify the
number of 16-bit registers to read. The last two bytes
contain the CRC code for the message.

TABLE C.1 ReAD REGISTERS (CODE 04/03)

HEX BYTE DESCRIPTION
Bytel Save Address
Byte 2 Function Code
Byte3 MSB Register Address
Byte4 LSB Register Address
Byte5 MSB Number of Registers
Byte 6 LSB Number of Registers
Byte 7 LSB CRC
Byte 8 MSB CRC

The two-byte values of starting register and number of
registers to read are transmitted with the high-order byte
followed by the low-order byte.

The CRC vaue is sent with the LSB followed by the
MSB.

The following message will obtain the value of register 1
(Modbus 40002) from dave 1. Note that Modbus registers
are numbered from zero (40001 = zero, 40002 = one, €fc.):

0x01| 0x03 | 0x00 | 0x01 | 0x00 | 0x01 | OXD5 | OXCA

The addressed dave responds with its address and
Function Code 3, followed by the information field. The
information field contains an 8-bit byte count and the 16-bit
data from the dave. The byte count specifies the number of
bytes of data in the information field. The data in the
information field consists of 16-bit data arranged so that the
MSB isfollowed by the LSB.

NOTE: The maximum number of registers per read is 100
(200 bytes).
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C.4.3 WRITE TO REGISTER
Function Code 6 or 16 is used to make set-point changes.

C.4.3.1 WRITE SINGLE REGISTER (CODE 6)

The function code format for writing a single register is
shownin Table C.2.

The message condists of the dave address followed by the
Function Code 6 and two 16-bit values. The first 16-hit
value specifies the register to be modified and the second
valueisthe 16-bit data.

Provided no errors occurred, the dave will re-send the
origind message to the master. The response message is
returned only after the command has been executed by the
dave.

The following message will set register 3 to 300 in
daveb:

0x05 | 0x06 | 0x00 | 0x03 | 0x01 | 0x2C | 0x78 | 0x03

TABLE C.2 WRITE SINGLE REGISTER (CODE 6)

HEX BYTE DESCRIPTION
Bytel Slave Address
Byte 2 Function Code
Byte3 MSB Register Address
Byte4 LSB Register Address
Byte5 MSB of Data
Byte 6 LSB of Data
Byte 7 LSB of CRC
Byte 8 MSB of CRC

C.4.3.2 WRITE MULTIPLE REGISTERS (CODE 16)
The function-code format in Table C.3 can be used for
writing single or multiple registers.

TABLE C.3 WRITE MULTIPLE REGISTERS (CODE 16)

BYTE # DESCRIPTION

Bytel Slave Address
Byte 2 Function Code
Byte3 MSB Register Address
Byte4 LSB Register Address
Byte5 MSB of Quantity
Byte 6 LSB of Quantity
Byte7 Byte Count

. MSB of Data

LSB of Data

. LSB of CRC

Byten MSB of CRC

The davewill reply with the ave address, function code,
register address, and the quantity followed by the CRC code
for atotal of 8 bytes.

NOTE: The maximum number of registers per write is 100
(200 bytes).
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C.4.4 COMMAND INSTRUCTION (CODE 5)

Modbus Function Code 5 (Force Single Coil) is used to
issue commands to the FPU-32. The format for the
message is listed in Table C.4 and the command code
actions and corresponding coil number are listed in
Table C.5.

TABLE C.4 CoMMAND FORMAT (CODE 5)

HEX BYTE DESCRIPTION
Bytel Slave Address
Byte 2 Function Code
Byte 3 MSB of Command Code
Byte4 LSB of Command Code
Byte5 Fixed at OxFF
Byte 6 Fixed at 00
Byte7 LSB of CRC
Byte 8 MSB of CRC

TABLE C.5 SupPORTED COMMANDS

COMMAND CoiL ACTION
CoDE NUMBER

0x0003 4 Reset Trips
0x0004 5 Set Real-Time Clock
0x0005 6 Clear Data-Logging Records
0x0006 7 Clear Trip Counters
0x0008 9 Clear Running Hours
0x0009 10 Emergency 1%t and Trip Reset
0x000D 14 Remote/Net Trip Set
0x000E 15 Remote/Net Trip Clear
0x000F 16 Remote/Net Alarm Set
0x0010 17 Remote/Net Alarm Clear
0x0011 18 Runl Set
0x0012 19 Runl Clear

Except for a broadcast address, the slave will return the
original packet to the master.

C.4.5 COMMAND INSTRUCTIONS USING WRITE
COMMANDS

For PLC's not supporting Function Code 5, commands
can be issued using Write Single Register (Code 6) and
Write Multiple Register (Code 16).

Commands are written to FPU-32 register 6 (Modbus
register 40007). Supported commands are listed in the
COMMAND CODE columnin Table C.5.

When using the Write Multiple Registers function code,
the write should be to the single FPU-32 Register 6. If
multiple registers are written starting at FPU-32 Register 6,
the first data element will be interpreted as the command
code but no other registers will be written. If the command
is successful, the FPU-32 will return a valid response

message.
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C.4.6 EXCEPTION RESPONSES

The FPU-32 supports the following exception
responses:

e Boundry Error (1)—Applies to writes of 32-bit
values. The high-order word must be written first
followed by the write to the low-order word. If this
seguence is not followed, a Boundry Error is returned
and the value will not be stored. This does not apply
on read requests.

e Address Error (2—All accesses to communication
registers must be within the specified address range
or the Address Error code is returned.

e  Command Error (3)—This error code is returned if the
command codeis not supported.

o |llega Function Code (4)—The function code (Byte 2)
is not supported.

The exception message consists of the dave address
followed by a retransmission of the origina function code.
The function code will have the most-significant bit set to
indicate an error. The 8-hit byte following the function code
is the exception response code. The 16-bit CRC is at the
end of the message.

C.5 FPU-32 DATABASE

Appendix D contains the Modbus Register in the
Communications Daabase Table. The table darts at
register 0 (Modbus 40001) and each register is 16-bits wide.
Types “long” and “float” are 32-bit values. For both long
and float types, the low-order word is transmitted first
followed by the high-order word. Word vaues have the
high byte followed by the low byte. Float types as per IEEE
754 Hoating-Point Standard. All bytes of long and float
types must be written using one message or an error will
result. Thisdoes not apply for read commands.

C.5.1 DATA RECORDS

Only one event record can beread at atime. Record data
isfor the record indicated by the Record Selector. To select
a record, write the record number to Record Selector and
then read the values in the record. Record Head points to
the next available record. The last event record captured is
at Record Head minus one.

Both Record Selector and Record Head values are in the
range of O to 99. Vaues outside this range will select
record O.
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C.5.2 CustoM DATA ACCESS

Data access can be customized with the User-Defined
Regigters and the User-Data Registers.

User-Defined Registers are located in  non-volatile
memory and contain the register numbers from which data
is required. To access the data, read the corresponding
User-Data Registers.

The format of the User Data is a function of the
corresponding register entered in the User-Defined-Register
area.

C.6 SPECIFICATIONS

INtErfaCe.....coveevrereeeceee e Non-Isolated
RSEIA/TIA-232, R}45

27611070’ IO Modbus® RTU

Baud Rate.........ccoevveveeceeerirrennnee 9,600, 19,200, or 38,400
bit/s

Bit Format........coovvevervverreerenens 8 bits, no parity, one stop
bit

NOTE: A network communication interface has priority
over the TIA-232 interface. To minimize TIA-232 errors
when both network and TIA-232 communications are used,
set the TIA-232 baud rate to 9,600 hit/s.

Appendix C, FPU-32 TIA-232 Modbus Protocol
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APPENDIX D
COMMUNICATIONS DATABASE TABLE
FPU-32 MobBuUs |DEVICENET| A-B FILE TypE
REGISTER | REGISTER (Hex) (DECIMAL) |DESCRIPTION ACCESS RANGE (NoTE 1)

(DECIMAL) | (DECIMAL) | (NOTE4) | (NOTE2)
Model Information
0 40001 01-01-03 3.0 Model Code Read Only 302 T3
1 40002 01-01-64 31 Software Version Read Only T3
2 40003 01-01-06 3:2 Serial Number Read Only T2 (Low)
3 40004 33 T2 (High)
6 40007 29-01-64 36 Command Register Write Only T72
7 40008 29-01-77 3.7 Set-Point Group R/W 0-1 T81
Overload Group 1
8 40009 2C-01-64 38 1%t Trip Action RIW 0-7 T42
9 40010 2C-01-65 39 I’t Alarm Action R/W 0-7 T43
11 40012 2C-01-67 311 Pickup in per unit of CT rating |R/W 0.1-125x1,|T1 (Low)
12 40013 312 T1 (High)
15 40016 2C-01-69 3:15 Hot Factor R/W 01-10 |T1(Low)
16 40017 3:16 T1 (High)
17 40018 2C-01-6A 317 Cooling Factor R/W 0.1-10 T1 (Low)
18 40019 3:18 T1 (High)
19 40020 2C-01-6B 3:19 Time Constant R/W 1-60min |T1(Low)
20 40021 3:20 T1 (High)
21 40022 2C-01-6C 321 I’t Alarm Level R/W 05-10 |T1(Low)
22 40023 3:22 T1 (High)
Overload Group 2
26 40027 2C-02-64 3:26 1%t Trip Action R/W 0-7 T42
27 40028 2C-02-65 3:27 I’t Alarm Action R/W 0-7 T43
28
29 40030 2C-02-67 3:29 Pickup in per unit of CT rating |R/W 01-1.25x1,|T1 (Low)
30 40031 3:30 T1 (High)
31
