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1 WARNING

HAZARDOUS VOLTAGE
N e CAN SHOCK, BURN
OR CAUSE DEATH.

Do not attempt to handle, install, use or service
this product before reading instruction book

READ THIS MANUAL CAREFULLY BEFORE ATTEMPTING TO INSTALL, OPERATE OR SERVICE THIS
CIRCUIT BREAKER.

File these instructions with other instruction books, drawings and descriptive data of the circuit breaker.
Keep this manual available for the installation, operation and maintenance about this equipment. Use of
these instructions will facilitate proper maintenance of the equipment and prolong its useful life.

Install the Emax circuit breaker within the design limitations as described in the Installation and service
instructions shipped with the circuit breaker. These circuit breakers are designed to operate within the
current and voltage limitations on the switch nameplate. Do not apply these switches to systems with
current and/or voltages that exceed these limits.

Follow your company’s safety procedures.

Do not remove covers, open doors or work on equipment unless power has been turned off and all circuits
de-energized.

A WARNING

Detailed descriptions of standard repair procedures, safety principles and service operations are not in-
cluded. It is important to note that this document contains warnings and cautions against certain specific
service methods that could cause personal injury to service personnel, damage equipment, or render it
unsafe. These warnings do not cover all conceivable ways in which service, whether or not recommended
by ABB, might be performed, or the possible hazardous consequences of each conceivable way, nor could
ABB investigate all such ways. Anyone using service procedures or tools, whether or not recommended
by ABB, must satisfy himself thoroughly that neither personal safety, nor equipment safety, will be jeopar-
dized by the service method or tools selected. Should further information be required or specific problems
arise that are not sufficiently covered, refer the matter to an ABB service representative.

This publication is written only for qualified persons and is not intended to be a substitute for adequate
training and experience in the safety procedures for this device.

The purchaser, installer or ultimate user is responsible for ensuring that warning signs are attached and all
access doors and operating handles are securely locked when the gear is left unattended, even momentarily.

All information contained in this manual is based on the latest product information available at the time
of printing. We reserve the right to make changes at any time and without prior notice

Vodel 12564 15639 Apparatus Emax UL Scale
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1. Description

1.1 General characteristics

The SACE Emax series of circuit-breakers consists of a steel sheet structure which houses the operating mechanism, the poles and the auxiliary
parts. Each pole, insulated from the others, contains the circuit-breaking parts and the current transformer of the corresponding phase.
The structure of the poles differs according to whether the circuit-breaker is selective or current-limiting.
The fixed version circuit-breaker has its own terminals for connection to the power circuit; in the withdrawable version the circuit-breaker comprises
the moving part of the apparatus, which is completed with a fixed part fitted with the terminals for connection to the power circuit of the installation.
The moving part and the fixed part are coupled by means of special contacts installed in the fixed part.

1 Steel sheet supporting structure

2 Earthing contacts (a: for all versions; b:
1.2 Fixed part construction characteristics for E4, E6)

3 Safety shutters (IP20 degree of protec-

Insulating terminal support
base

Terminals

Contacts for signalling
connected/test isolated/
disconnected (on request)
Sliding contacts

Padlock for safety shutters
(on request)
Anti-racking-in lock for
circuit-breakers of different
size

Casing
LOW switching power 11 Insulation HIGH switching power
E1l E2 E3 E4 E6
B-A | N-A|B-A |N-A | S-A|H-A]N-A S-A H-A V-A S-A | H-A | V-A | L-A | H-A/f | H-A | V-A | L-A |V-A 6001
RH TERMINALS - - OK | OK - - OK | MAX 2500 - - OK | OK - - OK OK -
LOW switching power | RV TERMINALS - - OK | OK - - OK OK - - OK | OK - - OK OK -
Mixed TERMINALS - - OK | OK - - OK | MAX 2500 - - OK | OK - - OK OK -
RH TERMINALS OK | OK - - OK | OK - - MAX 2500 | MAX 2500 - - OK | OK - - OK | OK
HIGH switching power | RV TERMINALS OK | OK - - OK | OK - - OK OK - - OK | OK - - OK | OK OK
Mixed TERMINALS | OK | OK - - OK | OK - - MAX 2500 | MAX 2500 - - OK | OK - - OK | OK

Fig. 1
2. Checking on receipt

Examine the state of the material received and its consistency with the content of the order. Should any damage or errors be found on unpacking,
which must be carried out carefully, make the relative notification within and not over 5 days from the receipt of the material. The notification must
indicate the number of the shipping note.

3. Storage, lifting and weights

The fixed part is protected by an external wooden crate and is fixed by means of screws to the transport pallet or to the bottom of the packing case.
If the fixed part will be stored in a warehouse even for a short time before being put into service, after checking it on receipt, it must be put back in
its container and protected by waterproof material.

WARNING!

— Store fixed part in a a dry, dust-free room free of aggressive chemical agents such as a storage room.

— Position the fixed part on a horizontal surface, not in direct contact with the floor, but on a suitable support surface (Fig. 2)
— The maximum number of stackable fixed parts is indicated in figure 3.

Fig. 2 Fig. 3
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With regard to lifting, follow the instructions: the fixed part must be placed on a sturdy supporting surface and lifted, preferably, by means of a special
fork-lift truck. However, the use of ropes is allowed. In this case, the lifting ropes must be hooked up as shown in the figures.

GSSC0360

Fig. 4

Table of the fixed parts weights
Fixed part 3 poles withdrawable 4 poles withdrawable

Kg Lbs Kg Lbs

E1 25 55 27 60
E2 30 66 33 73
E3 38 84 45 99
E4 53 117 58 128
E4/f - - 63 139
E6 73 162 80 176
E6/f - - 88 194
E6V-A 6000 185 408 - -

Note

The above table refers to fixed parts with horizontal back terminals.

4. Installation

4.1 Installation room

Install the circuit-breaker in a dry, dust-free, non-corrosive room, and in such a way that it is not subject to shocks or vibrations; where this is not
possible, install it inside a switchboard with a suitable degree of protection.

For the preparation of the installation room, please refer to the "Overall dimensions" chapter, which gives information on the following points:

— minimum installation volumes of the circuit-breakers and derived versions

— distances to be respected for circuit-breakers in compartments

— overall dimensions of the circuit-breakers

— fixing drillings

— compartment door drillings.

WARNING: The installation, commissioning and any ordinary and extraordinary maintenance of the circuit-breaker
and accessories must be performed by skilled personnel, with a detailed knowledge of the equipment.

WARNING ELECTRICAL SHOCK HAZARD:

Disconnect and lock and tag out all electrical power feeds to avoid any potential shock hazard when you are
assembling, installing maintaining or removing the circuit breaker from service. Some operations must be
performed when the circuit-breaker is energized. In this case, reasonable care and compliance with all
safe working practices is required.

Model L2564 L5639 Apparatus Scale
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4.2 Installation of the fixed part of the withdrawable circuit-breaker

4.2.1 Preparation of the fixed part
Assembly of the anti-racking-in lock

Before installing the fixed part, it is necessary to check the presence of the anti-racking-in lock for circuit-breakers with different electrical characte-
ristics from those of the fixed part; if the anti-racking-in lock has been supplied separately, proceed to assemble it as follows:

— On the self-adhesive plate (4), find the assembly position of the stop bolts in relation to the circuit-breaker which has to be housed in the fixed
part

— Insert the two hexagonal-head screws (1) in the holes found in the previous item as shown in the figure

— Fix the two screws with the washers (2) and the hexagonal stops (3).

Make sure that the anti-racking-in lock corresponding to the one installed on the fixed part is present on the circuit-breaker (moving part).

Example for E1B 08 according to the nameplate diagram

E3N/S-A
- .| E28N-A
E1B/IN-A

E3H/NV-A
E2S/H-A

E1-E2-E3-E4-E6

Fig.5 Fig. 6

4.2.2 Installation of the fixed part

Attach the fixed part by means of the screws (1), washers (2) and nuts (3) (M8x 16), supplied by ABB SACE. If other screws are used, make sure
that the head of the screws does not extend more than 5.5 mm (0.22 inches) from the base of the fixed part.

E1/E2/E3/E4/E6

E4/E6 ° Notes

> (*) For the E1-E2-E3 fixed parts,
there are four fixing points,
whereas there are six for E4-E6.

Fig. 7
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4.2.3

Installation of the fixed part on board a ship

Regarding the fixing points of the SACE Emax withdrawable version air circuit-breakers, for applications on board a ship, additional fixing on the
sides of the fixed part itself is recommended (the M12 screws and the spacers are not provided in the supply).

E1-E2-E3

E4 - E6

Fig. 8
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4.3

Installation of the flange on the compartment door (Fig. 9)

— Make the compartment door drillings specified in the "Overall dimensions" paragraph.
— Attach the flange (1) on the front of the compartment door, fixing it from the inside by means of the self-tapping screws (2).

Fig. 9
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5. Electrical connections

5.1 Connections to the power circuit

5.1.1 Shapes of the terminals

Note

Horizontal rear terminals

Vertical rear terminals

The drawings are provided to show the type of terminal in graphic form. The exact shape of the terminals is given in the "Overall dimensions" chapter.

Fig. 10

5.1.2 Examples of positioning the connection busbars according to the types of terminal

The connection busbars enable the connection between the terminals of the circuit-breakers and the busbars of the switchgear. Their sizing must

be carefully studied by the switchgear designer.

Some examples of possible constructions in relation to the shape and size of the circuit-breaker terminals are given in this paragraph. The various
types of terminals are of constant dimensions for each size of circuit-breaker: it is normally advisable to exploit the whole contact surface of the
terminal, so the width of the connection busbars should be the same as that of the terminal. Different connection capacities can be obtained by
adjusting the thickness and number of busbars in parallel. In some cases, reductions in the width of the connection in relation to that of the terminal

are allowable as shown in the following examples.

Possible length of connection busbars

Connection busbars

Nominal current Number Dimensions mm/inches | Dimensions mm/inches

El 800 A 1 76.2/3" 6.35/0.26"

El 1200 A 2 50.8/2" 6.35/0.26"

E2 1200 A 2 50.8/2" 6.35/0.26"

E2 1600 A 2 76.2/3" 6.35/0.26"

E3 1200 A 2 50.8/2" 6.35/0.26"

E3 1600 A 2 76.2/3" 6.35/0.26"

E3 2000 A 2 101.6/4" 6.35/0.26"

E3 2500 A 3 101.6/4" 6.35/0.26"

E4 3200 A 5 76.2/3" 6.35/0.26"

E4 3600 A 6 76.2/3" 6.35/0.26"

EA4lf 3200 A 5 76.2/3" 6.35/0.26"

E4/f 3600 A 6 76.2/3" 6.35/0.26"

E6 4000 A 7 76.2/3" 6.35/0.26"

E6 5000 A 7 101.6/4" 6.35/0.26"

E6V-A 6000 6000 A 8 127/5” 6.35/0.26"

Fig. 11
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Positioning the first anchoring baffle of the busbars according to the short-circuit current

Anchoring to the switchgear

Fig. 12

HORIZONTAL TERMINALS

o

# 9

4 H
P E1-E2 | E3-E4-E6
mm/ inch 250/9.84" | 150/5.91"

VERTICAL TERMINALS

 Jo
1

LA
P E1-E2 | E3-E4-E6
mm/ inch 250/9.84" | 250/9.84"

5.1.3 Assembly procedure for the connection busbars

Inspect the contact surfaces of the busbar connections very carefully: they must be very clean with no burrs, dents or traces of rust. Such traces
must be eliminated using a fine file or an emery cloth to prevent localized increases in temperature. Upon completion, remove any residue with a
cloth soaked in a suitable solvent. When copper connections are used, it is advisable to tin-plate the contact surfaces.

When aluminium connections are used, the contact surfaces must be tinned.
The connections must not exert any strain on the terminals in any direction.

Always insert a large diameter flat washer and a spring washer between them (to spread the tightening pressure over a greater area).
Make the contact between connection and terminal and tighten the fixing screws completely.
Always use two wrenches (so as not to strain the insulating parts excessively), applying the tightening torque indicated in Fig. 11. Check tightness

after 24 hours.

M12/ v2" high-strength screws
Tightening torque of the main terminals: 70 Nm / 620 Lbft

Fig. 13

Fixed part terminals

No. screws No. screws
for phase for neutral
ok
2 2
ook
3 3
|
4 2
| I I
4 4
|
|
6 3
 —— |
6 6
L

5.2 Earthing

The fixed part of the withdrawable circuit-breaker has one or two terminals on the rear, marked with the special symbol, for connection to earth

(Fig. 9). Each terminal is complete with a bolt for fixing the connection.

A conductor with a cross-section conforming to current standards must be used for the connection. Before assembling the connection, clean and
degrease the area around the screw. After the assembly tighten the bolt with a torque of 70 Nm/ 620 Lbft.

Model

L2564

L5639

L5348

L5838

Apparatus

Emax UL Scale
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5.3 Wiring the circuit-breaker auxiliary circuits
5.3.1 Withdrawable circuit-breaker

For connection of the moving part to the auxiliary circuits, a connection with sliding contacts is available on the fixed part (see figure), identified
by code X on the electrical circuit diagram.

The terminals of the fixed connector are immediately accessible when the compartment door is open.

Furthermore, a terminal box identified by code XF is available for connecting the position contacts of the moving part in relation to the fixed part.

The connector and terminal box have screw terminals.

Legend
1) Sliding contacts(X)

2) Terminal box for position contacts (XF)

3) Position contacts

E1-E2-E3
10 contacts in position

ol

E1-E2-E3
5 contacts in position

go
(2)

E4 - E6
10 contacts in position

Fig. 14
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6. Fixed part accessories

6.1 Electrical accessories

6.1.1 Auxiliary contacts
Auxiliary contacts installed on the circuit-breaker are available enable an indication of the circuit-breaker's status.

Characteristics

Un In max T
125V DC 0.3A 10 ms
250V DC 0.15A 10 ms
Un In max coso
250V AC 5A 0.3

Electrical signalling for circuit-breaker connected/test isolated/disconnected (Fig. 14)

In addition to mechanical signalling of the position of the circuit-breaker, it is possible to have electrical signalling by means of 5 or 10 auxiliary

contacts which are installed on the fixed part.

Only available for circuit-breakers in withdrawable versions for installing on the fixed part.

The auxiliary contacts can have the following configuration:

— 5 contacts; group consisting of 2 connected signalling contacts, 2 disconnected signalling contacts and 1 test position signalling contact (main
contacts isolated, but sliding contacts connected)

— 10 contacts; group consisting of 4 connected signalling contacts, 4 disconnected signalling contacts and 2 test position signalling contacts (main
contacts isolated, but sliding contacts connected).

Reference figures in the electrical circuit diagrams:

S751 (31-32) - S75T (31-32) - S75E (31-32)

6.2 Mechanical accessories
6.2.1 Accessory for shutter padlocks (Fig.15)

They enable the shutters to be padlocked (installed on the fixed part) in the closed position.
Only available for circuit-breakers in withdrawable versions for installing on the fixed part.

6.2.2 Mechanical lock on compartment door
This prevents the compartment door from being opened when the circuit-breaker is closed (connected in the case of withdrawable circuit-breakers)
and prevents circuit-breaker closing with the compartment door open.

6.2.3 Lock in open position with Kirk lock (internal or on front door)

This makes it possible to lock the circuit breaker in the open position using a Kirk key lock (not supplied).
For use on fixed circuit breakers, the accessory must be ordered together with the interlock plate for fixed circuit breakers.

Fig. 14 Fig. 15

6.2.4 Mechanical interlock

This mechanism makes the mechanical interlock between two or three circuit-breakers (even of different sizes and in any fixed/withdrawable version)
by means of a flexible cable. The electrical circuit diagram for the electrical changeover by means of a relay (to be provided by the customer) is
supplied with the mechanical interlock. The circuit-breakers can be installed vertically or horizontally. Four types of interlocks are available:

type A: between 2 circuit-breakers (power supply + emergency)

type B: between 3 circuit-breakers (2 power supplies + emergency)

type C: between 3 circuit-breakers (2 power supplies + bus-tie)

type D: between 3 circuit-breakers (3 power supplies / a single closed circuit-breaker)

Model L2564 L5639 Apparatus Scale
5348 L5838 Emax UL

Doc. N° 1SDHO00533R0002 Page I
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7. Overall dimensions
Withdrawable circuit breaker

Basic version with horizontal rear terminals
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285071 Te o o
o {
| . |
‘ \§j/ =
348 A f 1
' 13.70"
1
34 13
3 Yt tos * For EX-A: 481/18,94"
6
0.24"
E2-E3-E4-E6
o o ® ||
ol 1 ol
26
465 B, e e
18.31"
° 465 MIN
° 1831
140 X
5.51 e TI—‘ : |:| T
18 ) o 0 o 00° 17935? A 3Poles B 4Poles
13%9? P e e ° ‘ 324/12.76" 414/16.3"
o | ! !
| s o i : :
T \@/\Z 324/12.76 414/16.3
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Legend 774/30.47"
810/31.89" 936/36.85"
@ Run from connected for a
TEST to isolated 1061/41.81"
Fig. 17
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Withdrawable circuit breaker

Basic version with horizontal rear terminals

E1 3 poles / E2 3 poles
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@ Inside edge of compartment door
@ Segregation (where foreseen)

(3) M8 mounting holes for circuit breaker
(included in the supply)

(4) No. 1 M12 screw for earthing
(included in the supply)

(5) No. 4 fixed part mounting holes
(standard)

@ Alternative drilling with 25 mm / 0.98
inch. pitch for fixing fixed part

@ Ventilation drilling on the switchboard

E1 4 poles / E2 4 poles
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Fig. 18
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Withdrawable circuit breaker

Basic version with horizontal rear terminals

E4 3 poles
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15 180 235" 180
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385 | 4057

490

19.29"
610

24.01"

252 T 252

9.92" T 9.92"
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e
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620 1.93
24.41
750
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B 0 ‘ 738" sl 138 K9S
35 >or L35 U
1381 . ! \ 138 (0]
] 6 oo 6000 0666 6] [6 606" &0 9
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l
(1) Inside edge of compartment door 133345--380 e coemenenen e
. 1296" 3% | ! 34.25 T e
(2) segregation (where foreseen) e e S ——
[ [ ! d
(3) M8 mounting holes for circuit 450 ual ¥ P %—L
breaker (included in the supply) | - - i
(4) No. 1 M12 screw for earthing g g 7\:0 165
(included in the supply) 29.13"
870
(7) Ventilation drilling on the 84.28"
switchboard
Fig. 19
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Withdrawable circuit breaker

Version with vertical rear terminals

E1 3 poles / E2 3 poles

E1 4 poles / E2 4 poles

417
16.42"
.
20 |1 i ‘ i i
079" 1t |
e
® 9 | e i o0 |
@' 354" T 354" 1 354" é
T i N~ ":””:’"”l’j\’
siboonn ] oo
seas TR w oAl L e |
1 380 I 0 1406 R T4 b i 8.86"
14.96" P 8.86" 9.45" [0) '_‘_'8—"\6.‘ 5" A 5‘};%-
R P RS
R d | : q‘} : 1
& i \e- —1 -1 I L
7 ‘ o 5 5
TS : Y= 25 1 \; = *
70 4 T
100 \@ 275 16 @B 177
31-23" s 34 13 6.89"
g L 220
5.43" ® xr el WA 8.66"
oS
® _ :
E1-E2
Zz
19.05 ° 5% -I_
o] ol
465 2?-?4 L6 ©
18.31" o
4 ° 465
114——’ “3E 1 x [ x 1831+ MIN
" H [} . e 5
4.49 T F : ] [ T
199.
137.5 2L L °° ° oo0° 7.85"
541'gy O/ ° e °
o6 a g, .0 o] _
T z
18
0.71" 348
100 13.70" Legend
394" 0.12"
@ Inside edge of compartment door
@ Segregation (where foreseen)
(3) M8 mounting holes for circuit breaker
(included in the supply)
(5) Run from connected for a TEST to
isolated
@ No. 4 fixed part mounting holes
(standard)
Alternative drilling with 25 mm / 0.98 inch.
pitch for fixing fixed part
Fig. 20
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Withdrawable circuit breaker

Version with vertical rear terminals

E3 3 poles 1200+2000 A

435

126

17.13"

> 126

E3 4 poles 1200+2000 A

561
22.09"
L 126, 126 126
296" 2.96" 2.96"
6,4
— Sl
025" 6
0.24"51(_

33 1 33
1300 e (D! 1837.20" B 1.30 00
2 R — i A4
I B ' } 1 RSN T
N T 1 !
401,57 . ‘ i 225 380 40/1.57" L P i \@ 225
{540 15.55" _:'"f;"i """ it il \® 8.86" 14.96" T H R 8.86"
84 ! [ i i | 240 84 | i i i i | 240
331" P i il 9.45" 3.31" Lo P L 9.45"
PR | O | S S R —
roan | L ——. i 122 2 —— 1 ,
480" L : 7 ? 4.80" _| -O-i i H ‘{,% u 2706"
A uh S B i ey | e |
o N B 4 gs Y B 4
200 . :
7.87" ® 1% @{‘ 34 13 28 ®
240 3_"4 34" [o51" 370
ST 012" 457"
370 JJ; 490
457" 6. 19.29"
@ o.f4
=1 '
E3 12002000 A ,
o T
25.4
> ol 1" ol
100 S Legend
f [WYA)
3.94 5
e T % A (1) Inside edge of compartment
- A o 465 N door
T & < [l x 18ar™™
=t 4 s ﬁ . I:I“ - (2) Segregation (where
4‘_ - T [ foreseen)
il e 199.5
1275 ¢ °° ° oo 7.85" (3) M8 mounting holes for
5.0'2"44 45 e e ° circuit breaker (included in
| 17 y o o ° o [ the supply)
z
1L . (4) No. 2 M12 screws for
ot 13478(’)" earthing (included in the
100 3 ) supply)
sea o2 (5) Run from connected for a
TEST to isolated
@ Alternative drilling with 25
mm / 0.98 inch. pitch for
fixing fixed part
@ Ventilation drilling on the
switchboard
Fig. 21
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Withdrawable circuit breaker

Version with vertical rear terminals

E3 3 poles 2500 A

E3 4 poles 2500 A

561
435 22.00"
126 1719 126 126 _,_ 126 _,_ 126
6 4.96" 2.96" 4.96" 6,35
e s
‘ ‘ w 2
33 33 ‘ = .
1.30" 1.30 e O) 046 i 63 <D\Q6559
f " 69.69" i 2.48" SQ{
A ER— fE— RN I
40/1 57" 380 40/1.57" O ‘ P \® 295
L oo
84 84 ! b ‘ P 1 240
3.31" 3.31" [ i P 9.45"
* -‘— I oo A
122 122 v I ! SR
1 )
i22, 4.80" lﬁl_| %-i i REn T S
1 ‘ ‘ - —L ] !
o s Y D 4
128" ® ~
370
34 13 1457
347 o5t 490
14.57" 19.29"
| Dose
© |
[ a—
E3 2500 A z
44.45 © 5o .
1.75"
254 QSJ,,,\ O E Olk Legend
. A
T o)
e o Inside edge of compartment
465 _ ?7{7 180 T o @ door J i
18.31" & o 894 . 465
v 18.31"MIN-
1. P XX (2) Segregation (where
7.24" 1 ¢ ﬁ : O [ foreseen)
0 il O o o 000 199.5 @ M8 mounting holes for
s L& T o o . 7.85 circuit breaker (included in
4.04" ® the supply)
| L) © I L
t & z (4) No. 2 M12 screws for
0.71" earthing (included in the
44.45 . 348 suppl
1750 13.70" pply)
7223" 5 ?2" @ Run from connected for a
’ ’ TEST to isolated
@ Alternative drilling with 25
mm / 0.98 inch. pitch for
fixing fixed part
@ Ventilation drilling on the
switchboard
Fig. 22
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Withdrawable circuit breaker

Version with vertical rear terminals

E3 3 poles 3200 A

435

144.3

17.138"

1443

0.24"

5.68"

I
T W

5.68"

6.35

0.25'

E3 4 poles 3200 A

561
22,09"
126 1443 _,_ 1443
6 4.96 568" ‘ 568"
024"

il o E B el
| g I § e |
T 7 _J
! o8 1
3 @
3935, ©
15,49 40/1.57" Y65
8.86 : Sy
122
70, 48"
2,76 |
] ! ép) @
E3 3200 A
26.4 44.45
1 178" 34 13
—I_ ® 3 1‘34‘”‘ ‘ 051"
012"
1EER
‘ L o.wz4“
=1
z Legend

@ Inside edge of compartment
door

@ Segregation (where
foreseen)

(3) M8 mounting holes for

266.7 3 circuit breaker (included in
105 012" the supply)

(4) No. 2 M12 screws for
earthing (included in the
supply)

Run from connected for a
TEST to isolated

(6) Alternative drilling with 25
mm / 0.98 inch. pitch for
fixing fixed part

(7) Ventilation drilling on the
switchboard

Fig. 23
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Withdrawable circuit breaker

Version with vertical rear terminals

E4 3 poles E4 4 poles
597
L 180 B5 g0
= 7.09" 7.09"
Ot~ N 6
635 | 24 25.4 0.24"
0.25" 1

33
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@

393.5 "
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T o' oy s (o0
" % © ° e 254 Q@g? o o | Legend
A 100 NT ' T !
el a0 ° . | ! Inside edge of rtment
46 nside edge of compartmen
18.31 . Al ) x [Ilx  1a5MN 1“*; a . i v door ? ’
" 1 ° ° 77 1 " = o !
724 T ﬁ UJ [ T 4.49 i - r ! (2) segregation (where
* T o 199 7*731-5" e I foreseen)
P R ° ° oo 7.85" A L el
102.5 ¢ g [0 o ° b ! ® |fo o ! (3) M8 mounting holes for
4.04 o 0 ° o | o | circuit breaker (included in
} 44.45 z B . the supply)
1.75"
0.1781 59 240 49 100 3 @ No. 2 M12 screws for
2.327 9.45" e 394" 0.12" earthing (included in the
200 3 supply)
7.87" 0.12"
@ Run from connected for a
TEST to isolated
@ Ventilation drilling on the
switchboard
Fig. 24
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Withdrawable circuit breaker

Version with vertical rear terminals

E4/f 4 poles
7.09
3059"
6 180 180 180 6.35
0.24" 7.09° e 700 0.25'
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oI A N
_ Wl et My el el e | 1) sl
IH FE S [EEEHRE I IHHEP TCEHH IH HEP ek R
. [‘ﬂﬂ?g,g il | el il | el ey [
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I 2795 L — 1.57
380 ‘ 580 ‘
14.96" | | {2283 1 \@ S
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‘ [ q 122
o o | ®- ’JE 4.8
% =0 o= ﬂ%‘
45
177"
34_, 13
® s 1 347 051"
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E4 L © }—‘ ¢824
44,45 = = )
5.4 1.76 .
i T ‘
o o )
0
% 44,45 100 O S Oﬁ
A 175" 3.94'
2 o Legend
o 465, N,
. 18.81 (1) Inside edge of compartment
. X X door
T ﬁ L] (2) Segregation (where
foreseen)
o o ° 509 1998
e o 786 @ M8 mounting holes for circuit
0 o ° /ol i breaker (included in the
=T _7\2 supply)
50 240 19 4 No. 2 M12 screws for
'2.30" 0.45" —11.98" earthing (included in the
200 3 supply)
787" 0.12
@ Run from connected for a
TEST to isolated
(7) Ventilation drilling on the
switchboard
Fig. 25
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Withdrawable circuit breaker

Version with vertical rear terminals

E6 3 poles E6 4 poles

813 939
36.97"

189 252 252 |

I v ! v
33 33 |
1.30" 130" I ® oy 5 i
:;é/%“@\**********%g@ ************* & \®
380 40/1.57" N P awnsze || T T )
1495" § i ”}%?’**”**”T*" *********** ‘ l\© S S 5 \®
393.5 84 I 63 1 ! | 1296" 84
15.49" 3.31 | I AT | 3.31 I
] ! . . L SR i N —
122 i i — l I ; d 122 b T I : I - :
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7—‘41% I ; h——‘ﬁﬂ T ; F bﬂf
s d Y b @ ’
620 ‘ 740
24.41" 29.13'
2;‘.‘:9“ 3372%
750
5 53"
w13 2053 E6/f 4 poles
L_H.:M" 051" 1065
o1 E6 252 ¥ 252 252
jj 6 9.92" 9.92" 9.92"
® - 0.24" 6,35 _ .6 126
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W”Z bbb g 4 ¢
T 4
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1" ! ) ¥ ° o = __J Y s 1
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Sar T il : 465 i i 0% ﬁﬁ\®
18.31 i ) X X 1833 MIN. o 5 o 4
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_|* ?fl . ° o o s 199.5 1‘?%%” 84 996
1005 & $7’ Lo o ) oo 7.85 . 3%31 | 39.21" !
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Legend
1 Inside edge of compartment door
2 Segregation (where foreseen)
3 M8 mounting holes for circuit breaker (included in the supply)
4 No. 2 M12 screws for earthing (included in the supply)
5 Run from connected for a TEST to isolated
7 Ventilation drilling on the switchboard
Fig. 26
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Withdrawable circuit breaker

Version with vertical rear terminals

Legend
@ Inside edge of E6V-A 6000 3 poles
compartment door
5
(2) Segregation (where N\ 18
foreseen) oz 37| [0t
® M8 mounting holes for o Ajj oS
circuit breaker (included B |
in the supply) % U
(9) No. 2 M12 screws for 60
earthing (included in the 5T
supply) 1445 155 n 63 |
0 . 25"
(8) Run from connected for a o 025" 1oze
TEST to isolated b | i b | i Al | o jg;
o g Ty B! i} B || d ) o B d
(7) Ventilation drilling on the
switchboard % % §
N ° Sy v K
o 5 o3 ol
] \Q
T o FH e o 0\ £ &=
Cani | I
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za |l [aes s T O 77 ' 1 3957 i \
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Figure 27.
Compartment dimensions a0
149"
+ ‘ +
NN
** Suitable to operate at 100% RATING in a minimun cubicle space (see 1
the table), with a ventilation of 48 (12x4) sq. in. side botton and side top. ; °
Check cubicle drawing. ‘ - £
‘ %
d A »
A 3Poles A 4Poles B *% %
400/15.7" 490/19.3" 500/19.7" 7y '
400/15.7" 490/19.3" 500/19.7" i I
500/19.7" 630/24.8" 500/19.7" | :
500/19.7" 630/24.8" 850/33,5" " : y
700/25.7" 790/30.1" 500/19.7" B f m;m ' I
- 880/34.6" 500/19.7" T
O T
700/25.7" 790/30.1" 850/33,5" !
1000/39.3'  1130/445'  500/19.7" 1
= 1260/49,7"  850/33,5" === [
v :
1000/39.3" 1130/44.5" 500/19.7" - | ;
1000/39.4" 1130/44.5" 500/19,7"
Fig. 28
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Drilling

of compartment door

Tightening torque for fastening screws 20 Nm - 177 Lb in.
Tightening torque for main terminals 70 Nm - 620 Lb in.
Tightening torque of the earthing screw 70 Nm - 620 Lb in.

316/12.44"
306/12.05" FmwHigh resistance M12 screw
Quantity per terminal
100/3.94". 100/3.94" PHASE NEUTRAL
65/02 i
< = e =
" ! [0 o] [o o]
L3 ‘ 2 A (N) 2 2
T -
100 ; /
3.94" ;
* L4 | N [0 oolfoodl m 3 3
339 100 X : X 374 384 ()
13.35" 394" [~ [~~~ TR T714.72" 15.12"
4 3 + X
i o~ 4 2
3.94 R2/0.08" | EA/f 4 4
g v 1 T
+ i
+ | + [codfooo ooofm 6 3
LM_J $ Bol/f 6 6
168.5/6.63"
Fig. 29
Compartment door mechanical lock
Drilling of compartment door Minimum distance between circuit breaker and switchboard wall
Fixed version Withdrawable version
T =T
= M s —
<+ | N —
Ralcs i @
| o * * |
. 315 L
] ] &
- [ ,7)(7,7 PEp— N N} S— | —
] L 5 B
‘ f i+ £0.79"
| 06 & =Y
}-— A 00.24" > 3 4 @
i i ! dP\ ﬁ i ﬁ
| —
7 T + % L
| v 1 W =mN -
Y 735 L
2.89"
A 3Poles A 4 Poles 35 ||
1.38"
180/7.09" 180/7.09"
180/7.09" 180/7.09"
234/9.21" 234/9.21"
270/10.63" 360/14.17"
360/14.17"
360/14.17" 486/19.13"
486/19.13"
Fig. 30
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8. Electrical circuit diagrams
WARNING:
Before installing the circuit-breaker, carefully read note F on the circuit diagrams.

8.1. Operating state shown

The diagram is shown under the following conditions:
- withdrawable circuit breaker, open and racked-in

- circuits de-energized

- releases not tripped

- motor operating mechanism with springs discharged.

8.2. Versions
The diagram shows a withdrawable circuit breaker but is also valid for fixed circuit breakers.

Fixed version
The control circuits are included between the XV terminals (the X connector is not supplied).

The applications indicated in figures 31, 32 cannot be supplied with this version.

Withdrawable version
The control circuits are included between the poles of the X connector (the XV terminal box is not supplied).

Version without overcurrent releases
The applications indicated in figures 13, 14, 41, 42, 43, 44, 45, 46, 47, 48, 62 cannot be supplied with this version.

Version with electronic release PR121/P
The applications indicated in figures 42, 43, 44, 45, 46, 47, 48 cannot be supplied with this version.

Version with electronic release PR122/P
The applications indicated in figure 41 cannot be supplied with this version.

Version with electronic release PR123/P
The applications indicated in figure 41 cannot be supplied with this version.

8.3. Caption

Captions

O = Number of figure for the diagram

* = See the note indicated by the letter

Al = Circuit breaker applications

A3 = Applications located on the fixed part of the circuit breaker (only provided with withdrawable circuit breakers)
A4 = Indicative apparatus and connections for control and signaling, outside the circuit breaker

A13 = PR021/K signaling unit (outside the circuit breaker)

AY = SACE SOR TEST UNIT control/monitoring unit (see note R)

D Electronic time-delay device of the undervoltage release, outside the circuit breaker

Delayed-trip fuse

K51 = PR121/P, PR122/P, PR123/P type electronic release with the following protection functions:
- L against overload with inverse long delay trip - adjustment I1
- S against short circuit with inverse short or independent delay trip - adjustment 12
- | against short circuit with instantaneous trip - adjustment 13
- G against ground fault with inverse short delay trip - adjustment 14

K51/1...8 = PR021/K signaling unit contacts

K51/GZin = (DBin) Zone selectivity: input for protection G (only provided with Vaux and PR122/P or PR123/P releases) or “backward” input for
protection D (only provided with Vaux and PR123/P release)

K51/GZout = (DBout) Zone selectivity: output for protection G (only provided with Vaux and PR122/P or PR123/P releases) or “backward” output
for protection D (only provided with Vaux and PR123/P release)

K51/IN1 = Programmable digital polarised input (only provided with Vaux. and PR122/P or PR123/P releases with PR120/K signal module) at
24 Vdc (K9 @, K7 O)

K51/P1...P4 = Programmable digital signal (only provided with Vaux. and PR122/P or PR123/P releases with PR120/K signal module)

K51/SZin = (DFin) Zone selectivity: input for protection S or “forward” input for protection D
(only provided with Vaux. and PR122/P or PR123/P releases)

K51/SZout = (DFout) Zone selectivity: output for protection S or “forward” output for protection D

(only provided with Vaux. and PR122/P or PR123/P releases)

K51/YC = Closing control from PR122/P or PR123/P electronic release with PR120/D-M communication module
K51/YO = Opening control from PR122/P or PR123/P electronic release with PR120/D-M communication module
M = Motor for closing spring charging
Q = Circuit breaker
Model L2564 L5639 Apparatus Emax UL Scale
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Q/1..27 = Circuit breaker auxiliary contacts
S33M/1...3 = Limit contacts of spring charging motor

S43 = Changeover switch for setting remote/local control

S51 = Contact for electric signal indicating circuit breaker opened by overcurrent release. The circuit breaker can only be closed again
after the reset button is pressed or after the electric reset coil YR has been powered (if present).

S75E/1.4 = Contacts for electric signal indicating circuit breaker in open position (only for withdrawable version circuit breakers)

S751/1..5 = Contacts for electric signal indicating circuit breaker racked-in (only for withdrawable version circuit breakers)

S75T/1..4 = Contact for electric signal indicating circuit breaker in test position (only for withdrawable version circuit breakers)
CS = Button or contact to close the circuit breaker

SO = Button or contact to open the circuit breaker

SO1 = Button or contact to open the circuit breaker with delayed trip

SO2 = Button or contact to open the circuit breaker with instantaneous trip

SR = Button or contact to reset the circuit breaker

TI/LA = Current transformer located on phase L1

TI/L2 = Current transformer located on phase L2

TI/L3 = Current transformer located on phase L3

Vaux = Auxiliary power voltage (see note F)

ul/L1 = Current sensor (Rogowski coil) located on phase L1

ul/L2 = Current sensor (Rogowski coil) located on phase L2

ul/L3 = Current sensor (Rogowski coil) located on phase L3

UI/N = Current sensor (Rogowski coil) located on the neutral

ul/o = Current sensor (Rogowski coil) located on the conductor connecting the MV/LV transformer star center to the ground (see note G)
Wi1 = System Bus: serial interface with the control system. Modbus RTU on EIA RS485 interface (see note E)
w2 = Internal Bus: serial interface with the accessories of the PR121/P, PR122/P and PR123/P trip unit.
X = Delivery connector for auxiliary circuits of withdrawable circuit breaker

X1..X7 = Connectors for the circuit breaker applications

XF = Delivery terminal box for position contacts of the withdrawable circuit breaker (located on the fixed part of the circuit breaker)
XK1 = Connector for the power circuits of the PR121/P, PR122/P and PR123/P releases

XK2 - XK3 = Connector for the auxiliary power circuits of the PR121/P, PR122/P and PR123/P releases

XK5 = Connectors for the PR120/V module

XO = Connector for the YO1 release

XV = Delivery terminal box for auxiliary circuits of fixed version circuit breaker

YC = Shunt closing release

YO = Shunt opening release

YOt = Overcurrent shunt opening release (trip coil)

YO2 = Second shunt opening release (see note Q)

YR = Coil for electric circuit breaker reset

YU = Undervoltage release (see notes B and Q)

XK4 = Connector for open/close signal

XK5 = Voltage connector for PR120/V

XK6 = Connector for PR120/K

XK7 = Connector for “charged spring” and “racked in/racked out” for PR120/D-M

Description of figures

Fig. 1 = Closing spring charging motor circuit.

Fig. 2 = Shunt closing release circuit.

Fig. 4 = Shunt opening release.

Fig. 6 = Instantaneous undervoltage release (see notes B and Q).

Fig. 7 = Undervoltage release with electronic time-delay device, outside the circuit breaker (see notes B and Q).

Fig. 8 = Second shunt opening release (see note Q)

Fig. 11 = Contact for electrical signaling of springs charged.

Fig. 12 = Contact for electrical signaling of undervoltage release energized (see notes B and S).

Fig. 13 = Contact for electrical signaling that the circuit breaker is open because the overcurrent release has tripped.
The circuit breaker can only be closed after the reset pushbutton has been pressed.

Fig. 14 = Contact for electrical signaling that the circuit breaker is open because the overcurrent release and electric
reset coil have tripped. The circuit breaker can only be closed after the reset pushbutton has been pressed or after
the coil has been powered.

Fig. 21 = First pack of auxiliary contacts for circuit breaker.

Fig. 22 = Second pack of auxiliary contacts for circuit breaker (see note V).

Fig. 23 = Third pack of additional auxiliary contacts outside the circuit breaker.

Fig. 31 = First pack of contacts for electrical signaling that the circuit breaker is in the racked-in, test or racked-out

position.
Fig. 32 = Second pack of contacts for electrical signaling that the circuit breaker is in the racked-in, test or rackedout
position.
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Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

41 = Auxiliary circuits for the PR121/P release (see note F).

42 = Auxiliary circuits for the PR122/P and PR123/P release (see notes F, N and V).

43 = Circuits for measurement module PR120/V for PR122/P and PR123/P releases connected internally to the
three-pole or four-pole circuit breaker (optional for PR122/P release; see note U).

44 = Circuits for measurement module PR120/V for PR122/P and PR123/P releases connected externally to the
circuit breaker (optional for PR122/P release; see notes O and U).

45 = Circuits for communication module PR120/D-M for PR122/P and PR123/P releases (optional; see note E).

46 = Circuits for signal module PR120/K for PR122/P and PR123/P releases - connection 1 (optional; see note
V).

47 = Circuits for signal module PR120/K for PR122/P and PR123/P releases - connection 2 (optional; see note
V).

48 = Circuits for measurement module PR120/V for PR122/P and PR123/P releases connected internally to the
three-pole circuit breaker with external neutral (optional for PR122/P release; see note U).

61= SACE SOR TEST UNIT control/monitoring unit (see note R).

62= PR021/K signaling unit (available with all releases)

Incompatibilities

The circuits shown in the following figures cannot be powered on the same circuit breaker at the same time:
6-7-8

13-
22-
43 -

14
46 - 47
44 - 48

Notes

A)

B)

Sce

The circuit breaker is only fitted with the applications specified in the ABB order confirmation. To make out the order, please consult the ap-
paratus catalogue.

The undervoltage release is provided for power supply branched on the supply side of the circuit breaker or from an independent source:
circuit breaker closing is only allowed with the release energized (the lock on closing is made mechanically).

In the case where there is the same power supply for the closing and undervoltage releases and automatic circuit breaker closing is required,
on return of the auxiliary voltage, a 30 millisecond delay must be introduced between the instant of consent of the undervoltage release and
powering of the closing coil. This can be carried out by means of a circuit outside the circuit breaker including a permanent closing contact,
the contact indicated in Figure 12 and a time-delay relay.

For connecting the EIA RS485 serial line, see “Technical Application Papers — QT 9” communication via BUS with the ABB switches.

The Vaux. auxiliary voltage allows activation of all the functions of the PR121/P, PR122/P and PR123/P releases.

Since the Vaux must be isolated from the ground, “galvanically separated converters” compliant with IEC 60950 (UL 1950) or equivalent must
be used to guarantee a shared current or a runaway current (see IEC 478/1, CEl 22/3) of not more than 3.5mA, IEC 60364-41 and CEIl 64-8.
Protection against ground fault is available with the PR122/P and PR123/P releases by means of a current sensor located on the conductor
which connects the MV/LV transformer star center to ground.

The connection between terminals 1 and 2 (or 3) of the UI/O current transformer and poles T7 and T8 of the X (or XV) connector must be made
using a shielded and corded two-pole cable (e.g. BELDEN 3105A/3106A) not longer than 15 m. The shield must be grounded on the circuit
breaker side and on the current sensor side

With PR122/P and PR123/P releases, connection with the zone selectivity inputs and outputs must be made using a shielded and corded
two-pole cable (e.g. BELDEN 3105A/3106A) not longer than 300m. The shield must be grounded on the selectivity input side.

With PR122/P - PR123/P releases with communication module PR120/D-M, coils YO and YC can be operated directly by contacts K51/YO and
K51/YC with maximum voltages of 110-120 VDC and 240-250 VAC.

The second shunt opening release must be installed as an alternative to the undervoltage release.

Operation of the SACE SOR TEST UNIT + shunt opening release (YO) system is guaranteed starting from 75% of the Vaux of the shunt opening
release itself.

When the YO power supply contact is closing (short circuit of terminals 4 and 5), the SACE SOR TEST UNIT cannot determine the state of the
opening coil. For this reason:

- If the opening coil has a continuous power supply, the TEST FAILED and ALARM signals will be activated

- If the control of the opening coil is carried out impulsively, the TEST FAILED signal may be activated at the same moment. In this case, the
TEST FAILED signal should only be considered an actual alarm signal if it remains on for longer than 20s.

Also available in the normally closed contact version

The measurement module PR120/V is always supplied with relay PR123/P.

If fig. 22 (second pack of auxiliary contacts for circuit breaker) is present simultaneously with relay PR122/P (or PR123/P), the contacts for the
selectivity zone in fig. 42 (K51/Zin, K51/Zout, K51/Gzin and K51/Gzout) are not wired. Moreover, the signal module PR120/K in figures 46 and
47 cannot be supplied.

Short-circuit T5 and T6 if the external neutral current sensor (UI/N)is not connected.
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Graphic signs for circuit diagrams (IEC 60617 and CEl 3-14...3-26 Standards)

Shield
(may be drawn
in any shape)

Time delay

Mechanical or electrical
connection

Manual mechanical control
(general case)

Rotating control

Pushbutton control

Equipotentiality

Galvanically separated
converter

Shielded cable conductors
(i.e., 3 conductors shown)

Conductors or stranded
cables (i.e., 3 conductors
shown)

Connection of conductors

Terminal

Plug and socket
(male and female)

Motor
(general symbol)

Current transformer

Voltage transformer

Winding of three-phase trans-
former, Star connection

Make contact

Break contact with
automatic circuit
breaking

Change-over contact

Make position contact (limit
contact)

Break position contact (limit
contact)

il

J%

qu

/>

/3>

/3>

Change-over position contact
with momentary circuit break-
ing (limit contact)

Power isolator with automatic
breaking action

Switch-disconnector

Control coil
(general symbol)

Instantaneous overcurrent
relay

Overcurrent relay with adjust-
able short time-delay trip

Overcurrent relay with inverse
short time-delay tripa tempo
breve inverso

Overcurrent relay with inverse
long time-delay trip

Earth fault overcurrent relay
with inverse short time delay

Fuse (general symbol)

Current sensor
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Circuit diagrams - operating status

Three-pole circuit breaker with electronic release PR121/P, PR122/P or PR123/P
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Motor operating mechanism, opening, closing and undervoltage releases
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Signaling contacts
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Auxiliary circuits for PR121/P, PR122/P and PR123/P releases
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Communication module PR120/D-M
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Signaling unit PR021/K
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9. Annex for Emax VF circuit breakers

The Emax UL fixed parts can be used with Emax VF circuit breaker for high frequency applications and Emax VF switch disconnectors.
In this cases the information present in the previous chapters are integrated with the following prescriptions.

9.1 Fixed part construction characteristics

Steel sheet supporting structure

Earthing contacts (a: for all versions; b: for E4,E6)
Safety shutters (IP20 degree of protection)

Insulating terminal support base

Terminals

Contacts for signalling connected/test isolated/disconnected (on request)
Sliding contacts

Padlock for safety shutters (on request)

9 Anti-racking-in lock for circuit-breakers of different size
10 Casing

11 Fixing holes (qty 4 for E2, E3, 6 for E4, E6)

0N U WNRP

Fig. 30
E2N/VF E3H/VF E4H/VF E6H/VF
RH TERMINALS max 1600A | max 2500A | max 3600A | max 5000A
Il Poles Only RV TERMINALS max 1600A | max 2500A | max 3600A | max 5000A
Mixed TERMINALS | max 1600A | max 2500A | max 3600A | max 5000A

9.2 Installation of the fixed part of the withdrawable circuit-breaker

Assembly of the anti-racking-in lock

Before installing the fixed part, it is necessary to check the presence of the anti-racking-in lock for circuit-breakers with different electrical charac-
teristics from those of the fixed part. If the anti-racking-in lock has been supplied separately, proceed to assemble it as follows:

- Onthe self-adhesive plate (4), find the assembly position of the stop bolts in relation to the circuit-breaker which has to be housed in the fixed part
- Insert the two hexagon-head screws (1) into the holes found in the previous item as shown in the figure

- Fix the two screws with the washers (2) and the hexagonal stops (3).

Make sure that the anti-racking-in lock corresponding to the one installed on the fixed part is present on the circuit-breaker (moving part).

- Anti-racking-in plate on the moving part (5).

Example for E2N-VF according to the nameplate diagram:

E2-E3-E4-E6

Fig. 31
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9.3 Overall dimensions: compartment dimensions
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Fig. 32

9.4 Electrical circuit diagrams

Version with PR111/VF
The applications indicated in figures 41, 42, 43, 44, 45, 46, 47, 48, 62 at paragraph 8 cannot be supplied in this version.

Hereinafter the specific circuit diagram for PR111/VF that replaces the corresponding figure of the circuit diagram Emax UL indicated at par.8
K51= PR111/VF type electronic release with the following protection functions:

- L against overload with inverse long delay trip - adjustment I1
- | against short circuit with instantaneous trip - adjustment I3

Three-pole circuit breaker with electronic release PR111/VF Three-pole switch-disconnector
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A DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITY

There are no understandings, agreements, representations of warranties, expressed or implied, including
warranties of merchantability or fitness for a particular purpose, other than those specifically set out by
an existing contract between the parties. Any such contract states the entire obligation of the seller. The
contents of this document shall not become part of or modify any prior or existing agreement, commit-
ment or relationship.

The information, recommendations, descriptions and safety notations in this document are based on ABB
experience and judgment with respect to circuit breakers. This information should not be considered to
be all inclusive or covering all contingencies.

No warranties, expressed or implied, including warranties of fitness for a particular purpose or merchant-

ability, or warranties of fithess for a particular purpose or merchantability, or warranties arising from
course of dealing or usage of trade, are made regarding the information, recommendations, descriptions
and safety notations contained herein. In no event will ABB be responsible to the user in contract, in tort
(including negligence), strict liability or otherwise for any special, indirect, incidental or consequential
damage or loss whatsoever including but not limited to damage to or loss of use of equipment, plant or
power system, cost of capital, loss of profits or revenue, cost of replacement power, additional expenses
in the use of existing power facilities, or claims against the user by its customers resulting from the use
of information, recommendations, descriptions and safety notations contained herein.
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