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Caton arc traps
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UNIT CENTRES

GENERAL ARRANGEMENT OF SO-HI METALCLAD 0.C.B. PANEL

8 Moncbloc cast resin

oil circuit breaker
moulding with flexible
isolation contacts

Foot operated service
lock treadle

Hinged cover for access
to auxiliary switch,
tripping coils and fuses
Control, metering and
indication fuses
Withdrawable HY—VT
fuses

VT—LV fuses automatic-
ally isolated when HV
fuses are withdrawn
fndication and controf
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Oil insulated voltage
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Power mechanism
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1 "50-HI™ OC3 - GENERAL DESCRIPTION

1.1 PBasic Design Concept

1.11 Yorkshire Switchgear's "SO-HI" is a compact, indoor, metalclad oil circuit bresker unit for valtages up
to 15kV and fault levels up to 500 MVA. The typs designaticn of an individual OCB indicates the maximum
equipment rated voltage and the maximum esymmetrical braaking current, e.g. S8-HI 12/22 would indicata an
equipment rated voltage of 12kV and a symmstrical breaking current of 22kA.

1.12 No OCB should be employed on a syatsm having a higher voltage ar fault level than thoase indicated by its
dasignation, without prior approval fraom Yorkshiras Switchgsar & Enginsering Co. Ltd.

1.13

"SO-HI" circuit breakers comply with thas requirements of the issues or revisions of BS116 and TECSG current

at ths time of tendering for am order. They are designed for use on 3-phase 50/60 Hz aystams having an
‘marthed nsutral.

1.14 Each unit has twe major componants:

(a)

the moving portion, a wheelad oil tank (1) containing the combined operating machanism and OCB
moving contact assembly {3, 6) and OCB fixad contacta (7); and

(b) the fixed porticn.

1.15 Tha basic fixed porticn is a standard shall comprising a chamber (S50}, which housss the bushars (24) and
has extanded sideswalls, and a top "master platae” (49). To this shell may be added a current transformer
chamber {19), rear cabls box (17), instrument compartment (16) and cil or resin insulated voltaga transformar
housing {15) according to the customer's requiremsnts.

1.16

11

"S0-HI" circuit breaker switechboards may be extended with the S0-FM fault making oil switch and SD-FS o0il
fusa switch.
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1.2

1.21

1.22

1.23

1.3

1.31

1.4

1.41

Operating Mechanism

A hand charged spring, trip fres operating mechanism is fitted as standard.
powered mechanism can bes providad.
supplied for hand charging anly,.

Where requirsd an electrlically
Motor charging kits are avallable for the conversicn of units originally

The spring mechanism is mounted in the oil tank to reduce maintenance requiremsnts.

for Further detaila, ses saction 2, "Detailed Cescription of Machanisms".

Tha Caton Arc Trap

"SO0-HI" employs a radially opersting versicn of the Caton Arc Trap self-generated oil-blast arc comtrol
device combiring the folleowing features:

{2) double break operation;
{b} separata main and arcing contacts;
(c) a fully enclossd arcing chamber on sach phase;

(2) automatic isolatien and cleaning of the arc control system by ths opening operation,

An insulated frame carries the thres arc traps, which are pivated frem the bottom of the tank, and the
operating machanism which is directly linked to the arc trap tops.

For further details, see section 3, "Detailed Description of Arc Control System™.

Isplating and Insulation Sygtems

Horizontal isclation of tha moving portion eliminates the nead for any kind of alevating mschanism,
whilst giving a positive, visual indication that the isolated 0OCB ie safe to work on.



1.43

1.44

14 diagram A
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The moving main isolating contacts (B88) are mounted on the one-piece Tesin bushing moulding (B} which
alsa supports the OCB fixed contacts (7) within the tank,

The fixed busbar isclating contacts {133b) are supported by a resin moulding (23) which also supports

the busbare {24) in a trefoil formaticn and incorporates the tes-off comnections and receptacle insulators.

The unit length busbars themselves (2Z4) are of hard drawn, high conductivity copper with an insulated
coating and are jointed at the tee-off connactions. Full air clearances end/or creepages distances are
maintained throughout.

Another resin moulding (21) supports the fesder fixed isolating contacts (133a). It also supports the
bottoms of ths current transformer chamber tar primary bushings.

Indspandently padlockabls fesder {26a) and busbar (26b) safsty shuttsrs protesct the fixed isalating
centacts whan the moving portion is withdrawn.

f two-position interlock kneb {18) bolts the OCB moving partion in the SERVICE locztion, and treadle-
relgased hooka (9} engage anti-jump stops (135} to securse it in this location.

For further detaila, see sections 5.1 "To Plug into Service Location" and 6.2 "To Withdrau from Service
Location".
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1.5

1.6

1.61

1.62
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Technical Specification

Certified to BS116: 1952 and IECS56-1/1972-74 and any revisions current at the time of quotation, unlass
otherwise spacified,

Suitable for 3 phase systsms with papthed neutral rated up to 15kV.

0CB normal current ratings: 500A, 1250A, 2000A.
Busbar normal current ratings: BOCA, 1250A, 2D00A.

fault current ratings:

Specification VYoltags Rating Making Breaking Current (KA) 3 Second
Current Short Tima
(kv) (mua) {kA peak) Symmatrical Asymmatrical Current (kA)
85116 ) 6.5 250 55.8 21.9 25.E 21.5%
" 350 46,9 18.4 . 22.5 18.4
1EC56 12 415 50 20 21.5 20
13 520 50 20 21,5 24

At lower or intermediate voltage values the standard "SD-HI eircuit breaker can cater for short circuit
currents up to, but not exceeding, those gquoted. For details of other ratings, please coptact us at our
Leeds office.

Earthing & Testing

Earthing of the OCB tank {1) is by two sprung copper contscts (142), ore on sach side, which engage
copper earth bars (149) on the fixed portion side panels. A continuvous switchboard earth bar (22)
bonds all the fixod portions to the substation sarth (diagrem 'A').

Earthing of the circuit or busbar fixed isolating contacts through the OCB is catered for by a light-
weight, portable sarthing/testing device (136}, One man can easily fit it onto the moving portion (1),
where it is secured by cam-shaped hook lavers (143). The pasition of the device datermines whether the
garth is appliad to the busbar {diagram 'B') or circuit (diagram fC') contacts (see section 6.7 "Circuit
and Busbar Earthirg via the QCB"). The device cen alsc be amployed for cable testing (diagram *'D') (see
paction 6.8 "Cable Testing via the QCB Earthing/Testing Device"}.
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1.7

Interlocks and Padlocking

1.M

1.72

Positive machanical interlocks are incorporated in the design as follows (diamgrams 'A' and 'B'}.

A moving portion cannot be plugged into or isplated from the fixed portion if the OCB is closad, since

in the ON position a red (35) on the on/off indicator drive rocker {37) interferes with a plate (38) on

the service/isalate interlock knob sheft (39) to prevent ths knob (18) being turned to ISOLATE.

i3 thus trapped in the SERVICE position, and tha ratating bolt (40) which it operates is trapped by a
plate on the fixad portion to thuart any attempt to inssrt or withdraw the maving pertion.

1.73

An OCB can only be closed if the moving portion is in the correct service, earth or isolated lozation,

The knoh

aince it is only in these locations that the service/isolats interlock knot (18) can be moved to SERVICE.
When the knob is in any other position a projection (41) on its ahaft (39) dopresses the interlock lever

(42) to hold down the OCB trip teppet (43),

latched in their charged positicns, and the OCB cannot be closed.

0CB's bsing tripped when it is being used to earth the busbars oz circuit.

in or isolation of the moving portion.

tha tank front wall to prevent the mechanism's removal.

40 (free)

=5

The charging handle socket (4) can be padlocked to prevent spring charging.

This means that the cpening and closing springs cannat be

An "earthing device anti-tripping interlock {44)" on the OCB tank lid can be padlocksd to prevant the

The trip lever (32} can be padlocked to prevent manual tripping in the SERVICE location.

40(locked)

The service/isolate interlock knob (18) can be padlocked in tha SERVICE position to prevent the plugging

When thg closing springs are charged an interlock catch on tha mechanism f{s pushed under a protrusian an

i
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1.7/2.2 diagram A
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2 DETAILED DESCRIPTION DF MECHANISMS

2.1 Principal Featurss

2.11 A unique design of spring mechanism, mountsd on a commen frame with ths arc control system, is employed.
This means that the springs and linkages are in an oil-vapour laden atmosphera and ars splashed with
0il each time the cireuit breaker is operated. The tank venting system Forms tha only contact with
outsida air, so that the ingress of moisture or pallutants is virtually eliminated and maintenance
requirements are greatly reduced. The common asgembly of machanism and contacts ensuras that the link-
ages betwsen mechanism and circuit breaking system are reducad to the minimum and excessive "play" andg
friction are sliminated tc give mors positive operation and more efficiant utilization of the spring
ensTgy.

2.12 The closing and opening springs are charged simultaneously, and thus do not function in opposition.
Mechanism insrtia is minimal and lightsr springs can be used, whilst smooth, rapid closurs and reliablas
trip-free operation are ansured. 7Ths use of hand charging with mechanical or electrical releass for
local control, or & spring charging motocr Far remate operation, avoids the need to store a charge for

long periods on the elosing springs. The cleosing springs may bs left chargad on an open circuit breaker
but not on a closed circuit bresker,

2.13 One objective of the mechanism design was tha standardisation of all circuit breaker moving portions of
the same rating, irrespective of control or apsrational requirsments, to allow complete interchamgeability.
This has been achieved by confining all secondary slactrical cantrol, protection and indication circuitry
ta ths fixed portian. A standard system of tappets in the moving portion lid gives mechanical inter-
connection between fixed and moving partions, i.e. tha intelligence betwean fixed and moving portions is
by machanical means.

2.2 Tappst Operation

2.21 Tuo tappets are driven by the oparating mecharism. Dna (45) is raised when tha breakar is clased to an,
the other {46) when it is opened to OFF. Thess tappets in their turn operats a rocker arm linkage (37)
which controls the position of the on/off indicator (33a) cn the front of ths tank lid (Z) and also,
through a forked lever (134) mounted beneath the fixed portion master plate (49)oparates any auxiliary
suitches (150) required For operation or indication.

2.22 A third tappast (47} is connectsd to the closing springs relsase mechanism. ODepression of this tappst,
aither by the cperation of a spring relsase coil (34) on the fixad portion or by manual depression of
the close lever (31), ralsases the charged closing springs to clase the 0OCH.

2.23 The fourth and Final tappet {43) is connected to the opaning springs releass machanism. Dspression of
this tappet, sither by the operation of a trip cail on the Fixed portion or by the manual opsration of
the trip lever (32}, releasss the charged opsning springs to open the OCB.

Additionally, when the closing and opening springs are charged but the OCB is open, opsration of the
tzip lever (32} or trip coil (35) or ths turning of the service/isolats interlock knob {18} ta ISOLATE
will depress tha trip tappet {43) to discharge both sets of springs without closing tha OCB. This
should anly be done with the charging handle inserted, depressed and held down to contain the chargs

(sas paragraph 6.36).
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2.3diagram 'B’
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2.3 Spring Mechanism Operating Sequencs

2.31 Diagram 'A' shows tha machanism *- the open position with ths closing springs (59) and opening springs
(60) dischargsd. The knuckle tocczlas (69) are latched ln tha overtaggle position to hold back the lawer
ends of the main closing levers ) and thus, through the arc krap operating links (73} to bold open
the arc trap moving contact asserz.iss (not shown here). The initial position of the cam assembly
(53, S4, 63, 67) and associated c:mponents is alsa shown.
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2.32 Diagram 'B' shouws the spring charging operation. Either the charging handle (5) is placed in its sockst
(4) and moved forwards and downws-ds, oT the motor/gear box unit final drive shaft {158} rotatss to turn
the motor drive arm (159), pulls =he drive link {160) which in turn rotataes the nandle socket drive arm
(161). 1In eithar case, the charzing handle socket shaft {51) is rotated.

2.9% Insids the tank (diagram 'C') a ccank pin {52) on the charging handle sacket assembly {not shouwn) moves
through an arc. The pin (52) is in engagement with, and drives, a transmission lever {53) which Forms
part of the cam assembly. A welced block (54), also part of the cam assembly, drives round a driven
lever (55) which is welded to the end of the mechanism main shaft (56},

The rotaticn of tha main shaft (55), as shown in diagram 'D', pivots the upper (closing) springs
charging lever (57) to compress the closing springs (59) and also pivots the louwer {opening) springs
tharging levers (58) to charge the opeaning springs (60), Tha main catch (51) farms an extension to tne
right hand opening springs charging lever {(58) and moves with it.

ARV AR AR A Ay YAV i

2.3diagram'C’




2.34 At an early stage im the charging operation {diagram '£') a nudging plate (63) on the cam assambly
engages with a pin {64) mounted on the knuckle toggle rollsr lever (65}, which it lifts so that the
cam rollst {66) runs along the edge of the cam (67) and the knuckle toggle shaft {68) is pivoted.

The movement of the knuckle toggle shaft (68) raises the knuckle togglss (69) ta the off-teggle
pasition {diagram 'f') sa that only the resistance offered by the cam (67) to the roller (66} contains
the clesing spring pressure (diagram '€').

2.35 As the charging handle approacnes the bottom of its stroke, the main catch (61) pushes past the spring
loaded main catch reller (62) which snaps back beneath it ({diagram 'F1). 8y this time the top end of
the upper {closing) springs charging lever (57) has pushed an interlock spring catch (not shown) undser
8 protrusicn on tha front tank wall to pravent ramoval of the charged mechanism from tha tank.

0n complation of the charging stroke, the transmission laver {53) on the cam assambly comes up against
a poasitive stop (74} (diagram 'G'}. At this point the closing springs pressurs is still contained by
the resistance of the cam (£7) to the rocller {66).

2.3 diagram 'E’
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2.36 The operating handle and sockat, or motor driva link and handle socket drive arm, are returned to the
start positicn, aidsd by teturn springs, and the cam (67) returns to its original position (diagram 'H'),
allowing the cam roller (66) and knuckle toggle rollar lewver (65) to rise, rotating the knuckle toggla
shaft {68} slightly further and collapsing the knuckle toggles slightly more. Howaver, this additional
rotation of the shaft (68) causes the hold back catch {?71) at its left hand end to pivot the clesing
springs releass cateh (70) into the "cocked" position by means of a spring loaded linkags (nat shown).

In this position, ths catch (70) pushes up tha clcse tappat (47) to give a "springs charged" indication,
and also contains the closing springs charge by preventing the further rotation of the held back catch
{71). Ths opaening springs chargs is contained by the main catch roller {62) which had snapped under tha
main catch {61) during ths lattsr part of the charging stroke {diagram 1F?).

70 47

71

683

2.3diagram'H’

2.37 When ths manual close lsver (not shown hers) is pressed, or the closing springs release coil (not shown
here) is snergised, ths closs tappet (47) (diagram 'H') is pushed down and pivots the clasing springs
release catch (70) clear of the mechanism hold-back catch (?71). Tha knuckle toggle shaft (58) rotates
(diagram 'J') as the knuckle togoles (69) rise dus to the movement of tha main closing lavers (72) under
pressure from the clesing springs (59). This motion is transmitted by the arc trap operating links (73)
to push the arc traps (not shown here) firmly into engagement with the fixad caontacts.
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2.38

2,39

At ths end of the closing stroke (diagram 'K') matal stop pads (75) mounted on the mechanism main frame
stop the main clesing lever/eperating link ({72/73) loints Jjust before they reach an "in-lina” pasition.
Thia locks the contact system closed against possible throw-off forces or cantact bounce, thus
eliminating the need for closing dashpats or additional locking devices, whilst at the same tims
preventing the linkages' passing into an "over-toggle" position and jamming. The charged opening
springs {60) are nou held only by the main catch (61) and main catch roller (62).

VAN AR SRR SN S S A S A A i

L\ WA AV v a8y i

e

2.3diagram 'K’

When the manual trip lever is pressed or a trip coil energised, the trip tappet (43) (diagram 'L') pushaes
douwn the mechanism trip lever (76) to pull the main catch roller (62) clear of the main catch (61). The
main catch (61} and lowsr (opening) springs charging levers (58) rotate downwards under the pressure af
the opaning springs (50}, drivimg the main closing levers (72) down with them due to the engagemant
betwasn cutouts (162), on the lower {opening) springs charging levers (SB), and wslded pins (163) on thas
closing levers (72) hehind the pins which securs ths toggle links (69). The main closing levers (77)
and arc trap operating levers (73) are knocked out of line and the arc traps (not shown hers) are pulled
away from the fixed contacts. A torsion spring {not shown) at the laft hand end of the knuckla togole
shaft (68) snaps the knuckle toggles (69) down into the ower-toggle, or lockad, position to prevent
rebound (see diagram 'A'}, Thus the head for opening dashpots or catches is sliminatad. A rockser arm
(not shown hera) on the mechanism main shaft (56) operates the on and off tappets (sea paragraph 2.21)
in the tanmk lid.
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2.4

2.41

2.42

2.43

2.44

2.45

2.46

2.47

2.48

Motorized Spring Charging System Opsrating Principles

When the OCB is open with all springs dischargsd, thes close tappet {47} Is down. The tappet switch
(112) has ons set of contacts open, to break the supply ta the remote '"springs charged"” electrical
indication, and one set of contacts closed to make the seriss cizcuit thraugh the manual or relay
operatad switch contacts on tha fixed portion or remcts cantrol panel which initially sneroise tha
inceming supply to tha motor (117) and motar relay (115). Since the OCB is OFF, the an/off indicator
driva rocker (37) holds the rocker switch (113) closed, also in saries with the incoming supply to ths
motor (117) and motor relay (115).

Wher the incoming supply to the motor unit is enargised, the motor control relay (115) is enargised
and operates to closs its main contacts in series with the motor (117) whlch starts tao rotata. The
motor gear-box transmits this drive to the motor coupling drive dise (4107) which rotates clockwlse
(looking from the right). Drive pins on the disc (107) engags and push raund the motor coupling
floating drive arm (109) which in turn sngages and-drives round pins on the motor couplinmg driven arm
*or disc (170}. The shaft (158), %o which the driven disc (170) is secured, tramsmits the drive to the
motor drive arm {159) which pulls the motor drive link (160) ta charge the springs as described in
gaction 2.3 "Spring Mechanism Operating Segusrce", paragraphs 2.31 to 2.36 inclusive.

When the mater coupling drive disc {107} has rotated approximately 20° beyond the nominal start position
it closes the cam-operated motor switch (114) to lock on a parallel supply to the motor control relay
(115) bypassing ths manual ar roelay operated suwitch contacts on the fixed porticn cor remote control
pansl which first energised the incoming supply, and permitting them to be released. R

During the spring charging operation tha closa tappet (37) rises to give a mechanical "springs charged"
indication (33b) and at the same tims operatas the tappet switch {112). The remote "springs charged”
elactrical indication circuit is mada, and the series circuit through tha initiating switch ar relay
contacts on the Fixed portien or remote control panel 1s braksn, to prevent the motor's being re-
energisad when the closing springs are charged.

When tha motor drive arm (159) has rotated to ths 180° position, i.s. is horizontal and pointing towards
the fixed portion rear, the mechanism springs are fully charged and tha mechanism main catch (61) is
at the position of maximum pvertravel as described im paragraph 2.35.

As the motor {117} continues to rotate, and the motor drive arm (159) passes beyond the 180" position
the machanism mzin catech (61) settles back onto the main catch toller (62) as described in naragraph
2.36. The initial mechanism springs back pressura, and ths cantinuing pressurse from the handle socket
return spring, pull ths motor drive arm (159) round to its original, forward-pointing horizontal
position. During this phase of the operation the motor coupling driven arm or disc {170) will lead
the mator coupling drive disc (107) by ssveral degroes of arc, hance the need for a floating drive

arm (109).

When the motor has rotated through approximataly JZUG from the start position the motcr switch {114)
ra~opens to cut off the motor supply. The motor then coasts to a stop between ths 320" and nominal
start 360, positions.

With the springs charged, the closing springs may be electrically ar machanically released to claose

the OCB (see section 6.5 "To Closs the 0CB to ON" and section 2.3, "Spring Mechanism Operating Sequence”,
paragraph 2.37}. The close tappet {37) drops, te return the tappet switch (112) ta its original
condition. The on/off indicatar drive rocker (37) operates and breasks the circuit through the rocker
switch {113) to isolate the incoming supply to ths motor (117) and motor relay (115) and prevant the
motor's being operated until the OCB is re-opened.

When the OCB is tripped {see section 6.6, "To Trip the OCB to OFF" and section 2.3, "Spring Msachanism
Operating Sequsnce", paragraph 2.39) the on/off indicator drive rocker (37) returns to its original
condition, and so doas the rocker switch (112} to permit re-charging.
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3

As mentioned in the Gemeral Description ssectiaon of this manual, the are trap combines soveral features
found in conventional plain break, bulk oil and small o0il volume circuit breakera ta give reliablae
aoperation and a long service life with the minimum of maintenance. Notable amgng the features are the

The use of a double break enables the gas/pil pressure genarated by tha first arc te be used to extinguish

Separation of the main and arcing contact systems ensurses that any pitting or burring of the arcing
contacts {minimized by ths short arcing times)} will not affect the overall contact resistance of the

A fully enclesed chamber am sach phase confines the arcing to a small volume of oil and ancouraggs rapid

The complets isolation and automatic cleaning of the arc control aystem in the course eof the opening
operation rasults in the few ml of decompossd 0il baing dispersed in, and replaced from, the surrounding

Construction of the Fixad contact assemblies is as follows (ons phase described) (diagram 'A‘'). Mounted
at tha extremities of the DCB bushing moulding stems (8) are fixed contact carriers (7), two psr phass.
These support the OCB fixed main contacts (77), each of which comprises two or mors opposed pairs of
pivotad, spring loaded fingers. Between ths fingers are the rigid, renswable flxed arcing electrodes
(78) which extend beyond the fixed main contacts so as to sngage the moving arcing contects (79) within
the arc trap (6} when the main contacts hava parted. On the "SD-HI" circuit breaker thsse elsctraodes
(78) ara curved to match the radial motion of the arc traps {(6).

The arc traps (&)} themsalves (cne per phase) can be regarded as having two basic sectionst thas metal
current carrying parts, and tha non-metallic chamber walls and sidearms., Arc traps may have aither of
two types of construction according to the rating and dats of manufacture of the unit.

In the firat type, {(diagram 'B'}, ths arcing chambers sre routed from two meting sheats of vulcanized
fibre (80}, with sidewalls {81) of synthetic resin bonded pesper. On the outside of tha sidswalls are
carrier arms (B2) of glass reinforced polysster, tha whale assembly being clamped betwsen the formed
copper plates (83} which canstitute the maving main contacts. The moving arcing centacts (75) within
the chambars are spring mounted to the inside Paces of the main contact plates (83).

DETAILED DESCRIPTION DF ARC CONTRDL SYSTEM
3.1 Principal Features
3.1
following:
3.12
the second and thereby braak tha current flow.
3.13
clossd OCB; ..
3,14
pressure build up.
3.15
raservoir of clean oil.
3.2 Constructian
3.2
797
N r
3.2 diagram A
3.22
3.23
3.25

In the second construction, (diagram 'C'), sll ths non-metalllc components (80, 81, B82) for each aida
of tha arc trap assembly are moulded as a singls unit (84) from a suitaple resin materisl. Tha two
haluss of tha arc trap are then clamped together in ths usuel way between the moving main contact
plates {B83).



3.2 diagram ‘B’

3.2 diagram'C’

3.26 Each pair of carrier arms (82) {first type) or housing/carrier arms (84} {sscond type) is fastened
together with spacers at top and bottom., The bottom clamps are welded to the pivoting membsr of the
garthed steel frame which also carries the operating mechanism. The top clamps are linked directly
to the operating mechanism.



3.3

3.3

3.36

Oparating Principls of Arc Trap {One Fhase Described)

As opening commences the main contacts (77, 83) separate leawing only the arcing elactrodes (78, 79)
in circuit. MNo.1 sleckrode then parts contact and the resulting arc gensrates prassurs in the gas/oil
volume in the arcing chambar, which is fully enclosed bacause the electrodss block the apsrturas.

One quarter cyecle after MNo.1, ths No.2 elsctrode also parts contact, drawing a second arc which is
immadiately constricted by the gas pressure alreedy generated. As the gap at No.2 siectrode widans a
high velecity gas/oil stream is forced around and across the No.2 arc, ta coel and da-ionize it. At
the next current zero the censtricting oil is forced inta tha arc path to sweep away tha conducting
vapour and interpose a barrier of compressed oil of high dislectric strength.

In igeal conditions, i.e. when ths No.1 slectrode parts shortly after one eurrent zero, extinction will
occur at tha next zero, i.e. the first after the drawing of tha No.2 arc. Even in the most unfavourabls
conditions it is rare for more than two current loopg to preceds total extinction.

Following arc sxtinction the arc trap (6) is scoured by the exbausting gasss, than flushed and refilled
with clean oil from the surrounding reservoir. At the end of its operating stroke the complete arc

trap (6} comes to rest in a pasition remots from the Fixad contacts {77, 78) and thus relatively fres
from electrical stress. This, coupled with the dispersion of any products of arcing in the comparatively
large volume of oil in the tank (1), eliminates any risk of breakdown or maloperation dus to tracking
across “lined up" particlss of carbonised oil ar insulatiaon,

When the circuit breaksr is fully closad, two parallel ceontact systems are in engagemsnt, i.,e. the main
contacts (77, 83) and the arcing slectrodss (78, 79). During cpening the main contacts (77, B3) break
first, leaving the electrodss (78, 79) to carry the wholas of the load or fault current. Surfacs burning
or erosion is thus confined to the arcing system. Succgessive short circuit operaticns preduce slight
burning which is fairly evenly divided between the alectrodes, though the No.1 set tends to srode
marginally more gquickly since it carries an arc for a quarter cycle before the No.2 arc is drawn. Dua
to the very short arcing times, slectrods burning is minimal. The majority of arc trap circuit breaksts
already in service throughout tha world have never and will never require anything more than occasicnal
trimming of their slectrodes with a fils - electrods replacement is rare on all but the most arduous
operational duties such as arc furnace control.

A further advantaga of the dual contact system is that the mairm contacts can be as large as is necessary
to suit their current rating without affecting the arcing chambar size.
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4. DELIVERY & ERECTICN

4.1 Loading, Delivery =nd Unloading

4,11 "SO-HI" units may be carried on open trucks if adequatsly secured and tarpaulined against the weather.

4.12 It is possible for two men to load, unload and erect a S0-Hl switchboard without tha use of lifting ?r
handling equipment. However, for speed and safety the use of a small crane, forklift or other handling
device is recommended. The safe warking load (SWL) should be at least twice the total weight of any
load ta be lifted; in the case of a crane, this should be the SWL at the maximum radius reguired by the
site layout.

4.13 A6 m (20ft) circumference endless manila rope £ling, SWL at lsast twica the total weight of any load
to be lifted, looped under main structural components should be ussd for crans unloading. WARNING. Do
not loop the sling under the front of an OCB lid (2) without first snsuring that all Four securing screws
(87) ere tightened fully home.

4.14 Do not attempt to operate any item of switchgear until the appropriate erection, preparation and
commissioning procedures have besn completed.

4.2 Delivery \leights, 0il & Compound VYolumes

4.21 These are approximate minimum values only and may b= significantly excesded whers numerous auxiliaries
(e.g. relays) ars employed.

Equipment Ref. Delivery Volume of Equivalent Compound Weights Equivalent
Weight 0il or Compgund 0il Weight
Required sicc 68 | Brce ga1 | BICC G914
G101,
Dussek fR3
kg 1b litres galls kg 1b kg 1b ko 1b kg 1b

4.22 Moving portien | 1 astc. 122 268 91 20 - - - - - - 78 172
without o0il cr
mechanism/arc
traps assembly

4,23 Mechanism/arc 6, 3 31 g9 - - - - - - - - - -
traps assembly

4.24 Fixed Portien 16, 17, 19,] 204 4350 36.5 8 44 g5 46 100 38 a2 32 70
complete but 49, 50 (cable box)
without cable
box fluid or
voltage
transformer

4.25 Bus section - a9 215 - - - - - - - - - -
fixad portion
add to 4.24

4.26 \gltage 15 Bf 190 91 20 - - - - - - 78 172
transformser
without oil

4,27 0il Fuse 323 ate. 155 | 342 | 100 22 - - - - - - | 86 [190
Suitch without {switch tank)
fuses or swite an
compound but 29 6.4 35 | 76.5} 35.5| 80.5| 30 65 25 55

ith
wi cabls box (cahle box)

4,280 0il switch 415 gte. 123 270 45.5 10 - - - - - - 39 86
without oil
or compound (switch tani)
but with 29 €.4 35 | 76.5] 36.5| BO.S5] 30 85 25 55

ble b
anie box (cable| box)

4.3 Storage of Suitchgear

4,31 "SO0-HI" indoor switchgear must not be laft out of doors, even in fine weather, for more than a few
minutes unless it is adequatsly protectsed by tarpaulins. Ewsn if it is so protectsd, it muat ba
taken indoors as socn as possible, preferably within 24 hours of delivery.

4.32 If it ia to be stored for any length of time before installaticn it should be kept in a warm, dry

TOQOM.



4.4 Preparation of Switchroom Flgor

4.41 Tha "SO-HI", "SO-FM" and "SO-FS" switchgear designs can be erected directly ento a concrete floor and
secured with rag-bolts or propristary fixings. However, this can anly bs achieved satisfactorily if
the floor hss a smooth, trowelled finish to within the limits of a mominally flat floor as specified
in British Standard Code of Practice CP204: Part 1: 1965, i.e. ¥ 1/8 in in 10 ft {f 3 mm in 2860 mm).
If it is falt that this standard of flooring cannot be guaranteed, we recommend that “Unistrut" channels,
raference P3200, with spring nuts reference P1008 be employed to ensure a level foundation, as detailed
in the following text. “Unistrut" fittings can be obtained from:

Unistrut Division of GKN Sankey Limited,
43-45, Broaduwater Road,

Weluyn Garden City,

Herts.

or can be supplied by curselvas at an additional cest per switchboard pansl.

4.42 Foundation details vary from switchboard to switchbosrd. Reference should aluays be made ts the foundatiaon
plan supplied for the individual installatien. A cable trench or conduits, of size and layout to suit the
cables to he used, will usually be reguired at the rear of the switchboard. Rear access for cable jointing
will also be necessary. UWhere firewalls are installed they must be extended down intao the trench, oversiza
gaps being left for the installation of cable ducts, busbar trunkings etc. The holes can be filled in to
size when all equipment is in pasition.

4.43 Prepare s sub-floor 40 mm (4.5/8 in) below finished floor level, with chases (182) a further 70 mm (2.1/2 in)
deep by 100 mm (4 in) wide as shown in diagram !, Note that for circuit breaker fixed portions three
chases (182), at centres of 180 mm plus 390 mm plus 430 mm from the trench edge will be required. All other
units require only the first two chases. The length of the chases must be at least the total ultimate
length of the switchboard, including any future axtensions which may be under comsideration.

4.4 diagram'B’

4.44 Place the Unistrut runmers (481) in their approximate positions in the chases and burn 50 mm (2 in) gapse in
tha foam plastic filler of approximately 940 mm (37 in) centres, using a blowlamp. Using the spring nuts
{183) provided, fix tia bar jigs (184) to the foundation runners (181) at 940 mm (37 in) centres as shown
in diagrams 'C' and 'D'.
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4,43

4.46

44 diagram'D”

Erect a fixed datum, representing the finished floor level of 40 mm {1.5/B in) above the prepared sub-floor,
balf way aleng the switchboard. Take a water level gauge cansisting of twe graduated jars connected by a
flexible pipe of at least 3/4 of total switchboard length {diagram 'F') and Fill with water, taking care

to remove all trapped air from the pipe by letting the pips lie fiat on the floor. Place both Jars on the
datu? and note their common reading (on short switchboards a spirit levsl and long straight edgs may be
usad}.

Check by measuring corresponding diagonals that the Unistrut/tie bar assembly (181/1B4)is 'sguare', Pesition
small pieces of steel plate under the lasvelling screws, and ensure that the centre of the rear runmer is

180 mm from the cable trench edge at both snds, UWhere two or more lengths of Unisttut are to be butted end
to end, they must line up exactly.

44 diagram"E”

4.47

4.48

4.5

4,52

Laaving one of the water level jars on the datum, place the other on top of each runner (4181) in turn
along the length of the switchboard, each time adjusting the local jacking screws until the previcusly
noted comman water level is attained This will result in ths rumners beirg level over the full length
cf the switchboard. A teclerance of - 0,5 mm is acceptable.

Grout the Unistrut runners (1681) in position, the grout filling the chases and reaching appraximately
half way up the Unistrut sides (diagram 'F' ), UWhen the grout is fully set, removs the tie bars (184)
and sprung nuts (183) from the runnars.

Float the finished fleor between the runners {181), the level coinciding with the tops of the runners.
Take care not to get concrete into those parts of the channels from which the foam has been removed. When
the switchboard floor arsa has set, flpat the rest of the floor using the finished arsa as datum.

4.4 diagram‘]‘F“
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Erection of fixed Porticns and other Units {Mk II on Unistrut)

This section was revised in February, 1974, to cover the use of Mk II fixed portions or busbar chambers,
with integral baseplates, and "Unistrut" foundation runners. All types of unit, SG-HI 0B, S0-FM pil
switch, S0-F5 fuse switch, busbar cable box and busbar voltane transformer, are covered.

Using the foundation plan for the specific switchboard as 2 guide, burn 50 mm {2 in) gaps in tha Unistrut
(181) foam plastic filler at the fixed portion Fixing points with a blowlamp. Paosition the 3/8 in sprung
nuts (183} in the runners at these points.
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4.33

4.54

4.55

4.57

In the case of a CIRCUIT BREAKER fixed portion, unfasten, remaove and store the busbar chamber back plate
(91), earthing device locating angles (90) and Front shutter asssmblies mounting plate (92) From each unit.
Check that anti-vermin strips (95a, 95b) are fitted at the Tight hand side of sach unit (except ths extreme
right hand unit cn the switchboard). Should the strips not be fitted already (e.g. on an extansion at tha
right of an existing board) appropriate lengths of strip czn be supplisd far on-sita application. The
backing material is simply pseled off and the sticky surface applied to the clean painted surface.

For ANY OTHER typs of unit unfasten, remove and store the busbar chamber back plate (346) and Front plate
(347). Again, check that anti-vermin strips {95) are in positian at the top and sidess of each right hand

busbar aperture except on the axtreme right hand unit of a switchboard. Sae 4.53 zbove for dstails of on-
site fitting.

Place all switchgear fixaed portions apd busbar chambers in pesition, ansuring by using a long straight edge
that their back surfaces at floor level are exactly in line (except for bus sections). Check tha unit
centres against the contract foundation plan., Bolt all units down using 3/% in U.N.C, x 1,1/4 in long
hexagonal headed screws (185) and standard 3/8 in washers.

Adjacent CIRCUIT BREAKER fixed portion shells {49, 50) must than be fastened together. Each sidewall (50)
has two 7 mm (3/32 in) fastening holes (164) in the offset front edge, and one 11 rm (7/16 in) hole (165)
adjacent to the front lower corner of the current transformer (position may change from that illustrated).
The smaller holes take 12 mm (1/2 in) long '0'8A screus, washers and sslf-locking ruts which are tightened
up to hold the offset edges of adjacent panels firmly together. The larger hols takes an @ mm (5/16 in)
diameter screw, washers and nut which are used only to pull the units inte pesition and must not be
tightened hard as this will distort the sidewalls.

CIRCUIT BREAKER fixed portionms can then have their remavable frant aprons (180) fitted to the fronts of
their hasaplates {179) as follows.
(a) Secure each apron {180) to the front of its baseplate (179) using ths three studs and nuts provided.

(b) Usinmg the two countersunk holes at the front of the apron as guides, drill twa 7 mm (3/32 in) diameter
by 50 mm {2 in) deep pilot holes in the Floor.

(c} Unfasten and remove the apron and cpen out the holes in the floor to 9 mm {3/3 in) diameter.

(d} Fit a '"UNI-FIX' plug type P5 in each hole, replace the apron and secure it by the nuts and studs
mentioned in (a) above, then drive a No.14 x 1.1/2 in long countersunk Phillips-heaced wood screw
(186} through each of the front two holes to hold tha front of the apron down.

Fit pisces of clip-on plastic cover to any exposed lengths of Unistrut runner, 8.9. where provision has been
made for future extensions or adjacent to bus section fixed portions.
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4.6 Fitting tha Busbars

4.61 The busbars (24) can now be fitted between adjacent units.

Do _not start to fit them until you have read the whole of this section {4.6).

4.62 Unit Yength, resin coated bushars are employsd in the faollowing arrangements:

Current Rating No. Laminations Size of each lamination
per phase
aoo A 1 51 mm x 6 mm (2 in x 1/4 in)
1250 A 2 51 mm x 6 mm (2 in x 1/4 in)
2000 A 2 81 mm x 10 mm (2 in x 3/8 inm}

4,63 CEach busbar section (24) is sscured at each end by nuis and internzlly toothsd washers to twe studs
{97) protruding from an integral tes-off connection plate (98) in the busbar insulator and support
moulding (23). On end panels, busbar packsrs (102} are fitted to the unused studs (97). Fishplate
spacers (99) clamp the busbars (24) in place, carry husbar through currents across the joint and
maintain the air circulation spaces between the laminatiens of multiple busbars.
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4,64

4,65

i 4.5 diagram 'C’ [,
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103

Units for line voltages above 12kV, or requiring an impulss level in excess of 75kY arse provided with
shrouds for the busbar ‘tes-off connection junctions, These are fitted as follows {cna phasa dascribad):

(a) The joint box (100) is factory-Fitted in position round the tee-off conrection plate (98) before the
busbars are fitted, and is secured by two fillets, one interpal and one sxtesrnal, of adhasiva.

(b) The eppropriate end pieces (101) are to be fitted at each end of sach busbar section. Thers ars four
types of end piece:

101(a) Single type for B0G A busbar:

101(8) Double type for 1250 A busbars;
101{c) Double type For 2000 A busbars;
101(d) Single blank type for snd panel.

(c} As the busbars (24) are located on the studs (97) the end pieces (101) ars slid into engagament with
the walls of the joint box (100).

(d) With all busbars ang fishplates located and securaly fastenad, the joint box cover (103) is placed in
position and snapped on.

{e) Spscial clamping arrangements are nacessary at end panels of switchboards employing shrouded connectians.
See the diagrams for dstails of insulated clamp plates, screws etc.

Busbar end plates (96) must be fitted to the end panels of switchboards to block off the busbar apertures.
The procedure is as follows:

(a) uwerking through the Front af ths busbar chamber, place the dished end plate (96) in position so that
the bulge protrudes outwards through the sidswall, and the double flange at ths top of the plate (96)
is engaged on either side af the aidewall (i.a. one flange inside, the othar outsida).

(b) sSecure the plats (56) in pasition with the screw provided, which passes through a tapped hole in the
plats {96) bottom flangs and bears against the outsids of ths sidewall.

{c) Repsat at the ather end of the switchboard.

Clean the bushars (24) and tee-off mouldings (23, 318) as describad in dstail in the "Maintenance” section af
the appropriate manual. Remova any foreign bodies from the busbar chambers. Replace and fasten tight all
busbar chamber back plates {91, 346) and front plates (92, 347). Peel off tha backing strips of tha vnlt-to-
unit busbar cover plates {177) and stick them in place between adjacent busbar chamber back plates (91, 346)
and, in the case of units other than circuit breaker fixed partions, in the spaces betwaesn ad jacent busbar
chamber front plates (346) and across the spacas between adjacent chamber tops.

In the case of circuit breaker fixed portions, replace and secure the earthing device locating angles (50)
on the sidewalls (50}.

Fit the inter-unit sections of tha main switchbeard sarth bar along the rear of the busbar chambers, ,
ensuring that the earth connection from each fixed portion is connected to the main earth bar. Bond the
switchboard earth bar to the substation earth according to lecal practice.



4.69 Note that when a switchboard is to be extendad, the new units can be erscted whilst the end plate (55) of
the original board remains in position. Remamber that anti-vermin sealing strips (95) must be placed
between the old and new units. UWhen the new eguipment is complete, the original switchboard is made dead
and the busbars are earthed. The bus chamber back plate (291, 346) of the original snd unit is removed, the
end plate (95) is moved to the naw snd unit and busbars (24) are fitted betwuesn the adjacent new and original
units. The normal completion procedures are then followed.
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4.7 Jointing Main Cablesg

4.71 The following method applies to standard compound insulated, battom entry cable boxas. However, only
slight modifications are reguired for cther cabls boxes in cur range. Compoundg of the bituminous or
rosin oll type are extensiuvely used in metalclad switchgeer cable boxes and if care is exercised in
their use the eguipment will function for long periods without Further attention.

4.72 Prepare the cable box (17) as follows:

{a) Remove the cable box back plate (122) and note the positiens of the cable sockets {123) befors
remaving them. Remove the battom plate (124), gland gasket (125} and gland (126) and maks off
the cable through them in the normal way, taking care that the gasket is refitted between plate
and gland. -

(b} Put pressure plastic around the battom plate {124) securing studs and along the spaces betuween
them, (A special ail gasket rather than pressure plastic is used for oil filled boxes}. Re-
tighten the battom plzte (124} and gland (126).

(c) Clean out the interior of the box {17) and wipe the insulators with a clear, dry rag.

(d) Put pressure plastic around the back plata (122) securing studs anmd along the spaces between them.
(A gasket rathar than pressure plastic is used For oil filled boxes). Refilt the back plate (122)
and tighten down evenly onta ths studs.

4.73 Prepare the reguisite ameount of compound, pbserving the following precautions:

(a) Dust, damp or any foreinn matter is deletsricus to the compound, and & vely small percentage of
any impurity greatly reduces its dielectric properties. Care should therefore be taken to ensure
that all tools, buckets etc., which are used are psrfectly clean.

(b} The correct method of teking solid bitumen eampound out of the tine is to cut off tha ends with a
cold chisel, and then split the cylindrical portien From end tao end. The compound can then be
removed and broken into small pieces before going into the buckst for heating,

(c} Until the compound is fluid, side heating only should be applied, and at all times prolonged,
direct contact betueen the flames and any one point on the outside of the bucket should be
avoided, as this can give riss to a localised hot spot and cause charring of the compound.

{d) The compound should be stirred at regular intervals, preferably with a stirring rod having a
built-in thermometer, until the pouring temperature as stated by tha manufacturers is reached.
The lid should be fitted to the bucket except during stirring.
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4.75

Compound the cable box up as follows:

(a)

(b}

{c)

{d)

Remgve the filler aperture cover {128) from the cable box back plate (122) and pre-heat thae box
{17}, prefarably by using radiant heaters, until an inserted thermameter shows an internal air
temperatura of 38 C (100°F). This removes surface moisture and prevents chilling and conseguent
vaiding of the compound,

With compound and cable box (17) at their respectively correct temperatures, slouly buf continuausly
pour in the compound {using a pre-hested Yorkshire Switchgear compound filler {125} or clean
compound tin section) until the compound level reaches the hottom of the filler aperturs (13G).

Fit the filler aperture cover {128) loosely and leave the compound to coel and settle for two hours.
Then check whether the contracted level of the corpound is sufficient without topping up. If not,
tep up with fresh compound whilst the original compound is still warm,

Finally, fit the filler aperture gasket (131} and cover (128}, replace tha securing nuts and
washers and tighten the nuts.

On complstion of topping up, clean the compound buckets and utensils of all compound whilst they are
still warm to avoid contamination of future batches. Clean any spillad compourd from the cable box (17),
cable and floor so that there is no risk of maintenance staff wrongly thinking that the cable box is
leaking during futurs inmspections.



IMPORTANT NOTE ON CIL~FILLED CHAMBERS

During the erection and preparation of switchgear, it is important
that all oil-filled chambers on both fixed and moving portions (i.8.
not only circuit breaker and switch tanks, but also certain voltage
transformer, current transformer and connection chambers) be opened,
examined and filled to the correct level with switch oil. Some chamber
may be already filled with oil, e.g. certain voltage or current
transformer chambers, but the oil lsvel should still be checksd and

carefully topped up if necessary. Look for the labsl:

NOTE

Before the switchgear is energised, this
chamber must be filled to the level shown
with switch oil conforming to British
Standard 148, and the site tests specified
in the relevant British Standards must be
completed.




5. PREPARATIDY & CEMMISSICONING

5.1 Preparation of Fixsd Portion

5.11 SAFETY NOTE The following text assumes that the switchboard has not yet been commissioned and that
there is no pessihility of the busbars or circuit cable being ALIVE.

5.12 Befors commissioning the switchboard, check the sparation of the safety shutters (25) on each panel.
First, padlock sach pair of shutters in turn and nots that when either locking bar (132) is in the
padlocked position it is not pessible to push open the shutters which it protects. Then remove tha
padlccks in turn and check that each locking bar sprimgs up or down as appropriats to clear the
shutters when it is released.

5.13 Test for automatic operatien of tha shutters (26) by slowly plugging im and withdrawing a moving portion
{1 stc.) as described slsewhere in this manual (seetions 6.1 and 6.2).

5.14 Opan sach pair of shutters (26) in turn to give access to thae isolating contacts (133) and raceptacles
(21, 23) within,

MAKE SURE THAT ALL FIXED CONTACTS (133) ARE DEAD then clean the receptacle insulatars (21, 23) and clean

and grease the contacts (133) as described undar section 7.4 M"Isolating Contact & Insulation Maintenance”.
feleasa the shutters (26).

5.45 Cheek all secondary wiring, paying particular attention to the tightness and security of terminations.

5.16 Check tha fixed portion saction of tha mechanical interconnection linkages which interact with the
tappets in the moving portien tank 1lid (ses sections 1.4 "Isolating & Insulation Systems" and 2.2
"Tappet Operation")}.

S.17 UWhere a voltage transformer (15) ia fitted, check that the corract ratings of HY and MV fuses are fitted
in the primary and secondary circuits. Clean out tha tank and fill it with switch oil of the typa used
in the OCB, observing the precautions detailed under 5.3 "0i1 Filling of Switchgear", Check that the UT
shutter clases when the HV fuses are withdrawn (12),
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5.2 Preparation of Moving Portion

5.21 Remove all packings, labels stc. from the moving portion exterior. Unfastan the four hexagon headed
bolts (87) securing the tank 1lid (2} and open the lid (see 5.1 diagram 'A').

5.22 Remove any packings from the interior and remove the mechanism/arc trap assembly (3) as described in
7.4 "Routine Maintenance of Moving Portion" in this menual. Check the mechanism/arc trap assembly to
ensure that thers is no sign of damage or loose connectians.

5.23 Check that the imside of tha tank {1} is clean and that there is nothing lying loose in the bottom of
it. Clean out the tank amd fill it up to the marked oll level as daescribed in section 5.3 "0il Filling
of Switehgear". Check that tha tank gas vents {20} are not blocked by blowing through them. Rsplace
the mechanism/arc trap sssambly (3) and close and fasten the lid (2, 87).

5.24 Clean and grease the sslf-aligning moving isolating contacts (88) as describad in saction 7.4 "Isolating
Contact & Insulation Maintsnance". Check that the anti-vermin ssal (95c) is in positien.

5,25 Check tha condition and operation of the tappets, interlocks and controls on the top and front of the
tank lid (2); ses sections 1.7 “Interlecks and Padlocking", 2.2 "Tappet Operation" and the whole of
saction 6 "ROUTINE CIRCUIT BREAKER OPEAATICGN", Plug the OCB into a DEAD fixed partion if passible to
check the sngagemant and operation of the mechanical interconnections in accordance with thoss sactiona.

5.3 0il Filling of Switchpear

5.317 Suitchgear is normally despatched without oil and when the equipment is filled on site it is necessary
to observs certain precauticns to snsure satisfactory operation.



5.37

5.38

5.39

5.41

5.42

5.46

5.5

5.51

The 0il must be af the correct grade (normally B30), should preferably be used from sealed drums, and
must have an electrical strength of not less than that specified by BS.148. Clean oil must not be
storad in drums which have held dirty ail.

All pumps, pipes and other Filling utensils must be clean and dry and must have a temperature similar
to that of the oil and switchgsar. Separats equipment should be used for clear and dirty oils.

Rubber tubing or any other material which is soluble in 0il should not be used.

All componsnts of the switchgear which are to be immersed in the oil must be thoroughly cleaned with
lint-frae, non-matallic cloths. Do not use cleaning solvents, which might contaminate the oil.

To avoid condensation, oil and switchgear should be at least as warm as the surrounding air, and in
addition the switchgear should be dry. On indoor equipment, this condition can be obtained by heating
the switch-rocom and allowing the warm 2ir to circulates through the switchgsar with the tanks open. All
parts inside the chamber or tank will then guickly attain atmospheric temperature. If the substation is
vary dusty, this method cannot be used, but the same result can be achieved by placing bags of dessicant
such as silica gel in the chambers for a psriod of saome hours. Cars must, however, he taken to snsure
that all of thess bags are removed before filling commsncss. When the eguipment is completsly dry, no
moistura will appear on a mirror held insidse the chamber.

The correct oil level is marked on the inside or outside of oil switch, fuse-switch, circuit breaker
and voltage transformer tanks. HNote that, on the "SO-HI" range, this is tha oil level with ths
mechanism in tha tark.

After filling it is advisabla to operate the switchgear several times before applying voltage in order
to releass any air which may be trapped.

WARNING: No naked light should be permitted in the vicinity of cpen tanks or in ether situations whers
switch 0il is directly exposed to the atmosphere because of the risk of firae. This pre-
caution is particularly important during post-fault maintenance.

Testing of Protective Equipment

Rll protective sguipment should be thoroughly tested before commissioning, since the correct operation
of circuit breakets on the cccurrence of faults is of prime importance, and as relays are callsd upon ko
operate only at infrecuent intervals, it is assential that they should function in the corresct manner.

An operational check can be made on current operated relays by eitber:

(1} Primary Imjsction; (2) Secondary Injection; or (3) Current Transformer Test Winding, and the follow-
ing notes ars intended tc serve as a guide to indicate the application of these methods.

Protective systems involving relays smbodying both current and voltage slements require mors complicated
testing equipmant, and in these cases rseference should be made to the manufacturer's literature.

Prior to any operational check the relays should be examined and any packing pieces remgved, and all
wiring should ba checked ta diagram.

Primary Injection gives the closest simulation of service conditions, since it checks naot only the
operation of the protective eguipment but also the primary and secondary windings aof the current
transformers (CTs).

The epplication of the primary injection test to S0-HI circuit breakers can present problems, since the
CTs are fitted in the fixed portion. Howsver, if the eguipment can be tested before ths main cables ars
jointed, the following procedure can be adopted.

(a)} Plug the DCB of the new panel to be tested only into the fixed pertion {see section 6.1 "To Plug
into Service Locaticn").

(b} Connect ona tarminal of the primary current test set to the busbar concerned via cne of tha busbar
covar plate openings and the other to the cable box terminations,

{c) 1In the cass of bus section DCBs, access will be required to the two busbar sections involved.
Before carrying out any primary injection testing it is essential to check that pone of the CT secondary

windings are opsn circuited, since under this condition all the applied primary ampere turns ere employed
to magnetise the CT cors and dangerously high voltags can be produced.

Secondary Injection is a useful test for routime operational checks on relay equipment since the bulky
heavy current egquipment necessary for primary injection is not required. It is not, however, ss complete
as Primary Injection Testing since it does nat check the accuracy of tha CT.

If the relays are provided with a bridge type tapping device, or are of the drauw-out pattern, sescondary
injection can readily be carried out by means of spllt plug typs connectors.

High VWoltage Tests

The application of a high voltage pressure test is often called for, for example, before commissicning or
after maintenance, according to the local regulations. BS.116 specifies the following values For such
sita tests:

For service wvoltages up to 33kV: Twice service valtage plus 2kV (r.m.s.) fer ocns minute,

For small wiring and controcl circuits: 2k¥ {r.m.s.) for ona minuta.
The first test should be applied thus:

a) all phases toc earth with DCB or oil switch closed;
b) between phases with OCB or 0il switch closed;

c} across the break of the open OCB or oil switch.



5.53

5.54

If the equipment availabls is not large snmough to produce the corrsct test valtage, a prolonged teat at
raduced voltage in accordance with the table below may be applied.

POWER-FREQUENCY VOLTAGE TESTS
FOR DURATIONS EXCEEDING ONE MINUTE
(AFTER CRECTION ON SITE}

Duration of test Parcentzge of
one-minute tast
Minutes voltage according

to paragraph 5.51

100
83.5
75

70
66.6
60

57.7

G ooes LN =

=

D.C., Testing:

The uss af D.C. test sets for cable testing is now widespread and ths use of this equipment far the
pressurs testing of switchgear is often convenient. The case against D.C. testing is that the insulation,
particularly of condenser bushings, is not stressed in the sams manner as when an A.C. voltage, for which
it was designed, is applied, but experisnce has nat jncicated that initiation of breakdown is more likaly
with D.C. than with A.C, In the svent of a D.L., voltage test baing applied to the switchgear, the values
must be in accordance with the table below, the duration of test to be 15 minutes.

D.C. TEST VOLTAGES
Rated wvoltage Site test voltage
kv kv
3.3 7.5
5.6 15
(| 25
15 34

Every application of a H.V. pressure tsst tends to produce a corresponding reduction in the lifs of the
insulation, and the frequency of applying such tests should therefors be carafully considered. For
routine tests during the life of the equipment we recommend that tast voltages should bs in accordance
with the table below. If the switchgear includes Voltage Transformers, it is advisable te slactrically
isalate these and test them saparately, particular care being necessary if a VT has a primary neutral
and possibly graded insulaticn.

n
2

Age of Equipment % of Driginal Sits
Pressure Taest
Under 5 ysars 100.0
5-10 " 87.5
10-15 ¢ 75.0
15-20 " 62,5
Over 20 " 50.0

5.6 Paintwork

5.7

5.71

5.72

5.73

All compenents are given a high quality protective finish befora leauIng the works, but the paintwork
may be damaged during transport, erection or service. Any scratches or chipped portions of ths paint-
work should be touched up immediately they are noticad, othsrwise the metalwork may rust.

Suitable touch up paint is available from Yorkshire Switchgsar, or it may be obtained fram any reputable
manufacturer. The specification ig:

"Glossy Synthetic Air Drying Epamsl for Outdoor Use"; outdoor grade paint is employed to aveid the
need for periodic repainting. fQuots the appropriate colour refersnce from the fallowing:

Calour Colour No. (B85.381C: 1948)
Signal Red (shutters-busbar) 537
Leman Yellow (shutters-cable) 355
Light Gray 631

Or such othar colcur as may have besn specified for a particular inatallation,

Making Alive

With all circuit breaker moving portions isolated, switch on any auxiliary circuits which may be required
for indication and contrcl. Operate the switchgear as follows in accordance with section 6 "Routine
Circuit Breaker Operation”.

Plug in an OCB moving portion to the circuit which is to provide ths incoming supply. Make that supply
alive from the remate end. Closa, trip and reclose the local OCB., Check the oparation of any indicating
or measuring instruments.

Plug in and closa/trip/close at sach of the othar panels in turn as the circuits are ready for commission-
ing. Check the operation of instruments at sach panel in turn.



6. ROUTINE CIRCUIT BREAKER OPERATION

6.7 To Plug into Service Locatian

6.11 Chack whathar the 0CB is OFF or ON as shawn in the indicator window (33), and whethar or not SPRINGS
CHARGED jis shouwn in ths indicator window (33). If the OCB is ON, trip it as described in sscticon 6.5,

"To Trip the OCB to DFF". If the OCB ia OFF but with SPRINGS CHARGED, discharge the springs as
described in paragraph 6.36.

§.12 With the OCB OFF and springs discharged, =et the service/isolate interlock knob (18) to ISOLATE.

5.13 Unlock the busbar and feader automatic safaty shutters (268, 132).

6.14 Placa your hands on the beaded lip at the bottom of the tank lid fronmt face (2) and push the moving
portion {1 stc.) back towards the Fixed portien shutters. The moving isolating cantacts {88) on ths
maving portion will push open the shutters (26) when they reach them. Continue to push until the two
hooks of the foot operated service lock (9) have enpagad behind the two anti-jump stops {135} on the
floor plates when the fixad (133) and moving (98} contacts will ba mated.

6.15 0On some units the size and/or stiffnass of ths isolating contact clustars (B88) may nacessitate the usa
of the forked operating handle (5) to push the moving portion completely home. Place the slotted hols
{about 50 mm (2 in.) from the tip of the flat end of tha handls) guer the pim which protrudes from the
end of the service lock treadle (9). Engage tha slot in tha end of the handle {5) ocnto the protrusieon
(166) on the floor plate (B9) (ses illustraticn). Pivot the handle away from you to engage the contact
clusters (88) with the fixad isolating contacts (133} and the service lock hooks (9} with tha anti-jump
stops {135) on the floor plates (89).

6.16 5ot the service/isolats interlock knob (18) to SERVICE. It can be padlacked in this position to prevent
withdrawal of the moving portion.

6.17 In the case of a motorized unit, push the jumper plug (120} into its sackst (119) on the fixed pcrtion.

6.1 diagram ‘A’
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6.2 To Withdraw from Service Location

6.21

6.22
6.23

6.26

Diagrams are as for ssction 6.1. Check whether the OCB is OFF or ON as shown in the indicater window
(33), and whether or not SPRINGS CHARGED is shown in the indicator window (33). If the OCB is ON, trip
it as described in section 6,6, "To Trip tha 0CB to OFF". If the OCB is OFF but with SPRINGS CHARGED,
discharge the springs are describad in paragraph 6.36.

With the OCH OFF ang ths springs discharged, set the service/isolate interlock kneb (18} to ISOLATE.
In the case of a motorized unit, pull the jumper plug (120) out of its socket (149) on the fixed porticn.

Hook your fingers under the beaded lip at the bottam of the tank lid front face (2), depress the foot
aperated service lock trsadle (9} and pull the moving portion (1 etc.) forwards to break the cantact
clusters' {88) grip and withdraw the moving portion.

On soms units tha size and/or stiffnass of tha isolating contact clusters (88) may necessitate the use
of the forked operating handla (5) to break thes contacta! grip. Place the slottsd hols (about 50 mm

{2 in,) from the tip of the flat end of the handis) over the pin which protrudas frem the right hand
end of the service lock treadie {9). Engags the slot in the end of the handls onto the protrusion (166)
en the floor plats (B89} {see illustration)., Pivot the handle towards you to disengage the contact
clusters (B8) from the fixad isolating contacts (133), and the service lock hooks (9) from the anti-
Jump stops on the floor platss.

Pull the moving porticn (1 atc.) clesr of the fixed portion and padlock the busbar and feedsr shuttsrs
closed (26, 132},

6.3 To Charge and Discharge the OCB Springs {Hand)

6.31

6.32

6.33

6.35

6.38

6.3 diagram ‘A
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The OCB must only be aperated with the tank (1) filled with oil to tha marked ilevel.

Ensure that the saervice/isclate interlock knab (18} is set to SERVICE and the OCB is OFF (33). Do NOT
turn this knob (48} to ISOLATE when thes springs are charged, as this will discharge both sets of springs
simultansously against no resistance, and could weaken or damage the mechanism,

Check that tha opsrating handle socket {4) at thse right hand side of the tank (1) is unlocked and insert
the opsrating handle (5} into it. Push tha handla down as far as it will go, to an approximately
horizental position. SPRINGS CHARGED will appsar in front of OFF in the indicator window (33). The
cloaing and openimg springs are now charged.

Rziss the operating handla {5) back ta the vertical position and removs it from its sccket (4). The
indication SPRINGS CHARGED should temain in ths indicator window (33},

The operating handle socket (4) can be padlocked if required. Note that a further charge cannot be
stored until tha 0OCH has been closed and tripped, or until the springs have besn discharged, as described
naxt.

Should it prove necessary to dischargs the springs without closing the OCB, re-insart the operating
handle (5) inta its (unlocked) socket {4). #Push the handle down as far as it will go and maintain
pressurs. Press the trip laver (32) and allow the operating handle to rise slowly under the pressure
of the springs, halding the operating handle firmly to prevent its flying upwards. When the operating
handle has reached the top of its stroke it may be removed, and tha socket (4) padlocked to prevent ra-
charging.

5
18 32

¢ 6.3 diagram 'B'

6.4 To_Charge & Dischargs thes OCS Springs (MStor)

6.41

6.42

The O0CB must only be operated with the tank (1) filled with oil to the marked level.

Ensure that the service/isolate interlock knob (18) is set ta SERVICE and the CCB is DFF (33). Do
NOT turn this knob (18) to ISOLATE when the springs arae charged, as this will discharge both sets of
springs simultaneously against no resistance, and could weaken or damage the machanism. Ensure that
the jumpar plug (120) is plugged into the jumper sockst (119).



6.45

120 119 N

!
The actual arrangement and labslling of the electrical controls will vary from installstion to
installation. Basically, however, there are two slectrical comtrol systems: the “chargs springs”
circuit and the "trip/closa" circuits. An additional local/rsmote control facility may be includad.

In svery case, the springs must be charged bsfors the breaksr can be closed. A sscond spring chargs
cannot be stored until the breaker has basn takan through a complete closs-and-trip cycle or the
springs have been discharged as described in paragraph 6.46. Re-charging may be automatic, once tha
tharging circuits have been switched on, or each re-charging cycle may need to bs individually
initiated from tha control panal. This will depsnd on the electrical control schema employsd. Tha
detailad operation of the electrical and mechanical systems involved is explained in sections 2.3,
"Spring Mechanism QOperating Sequence" and 2.4 "Motorized Spring Charging System Operating Principlas”.

Should the motor supply fail during the charging operatien, ome of three conditions will apply.

(a) If the motor drive arm (159) has not yet reached ths 180° position, i.s. horizontal and pointing
to the rear, the springs will simply discharge themselves without moving ths arc trap assemblies
and cdrive the motor {117) back to its starting position. No acticn is required.

(b) 1If the motor drive arm (952) has passed beyond the 180% position, the springs will be fully
charged and latched and the handle socket return spring will pell the motor drive arm (159) round
to the starting position. MNo action is reguired, but note that the DCB is now ready to close.

(e) If the motor drive arm (159) is laft at the 18G° position, the springs must be discharged as
follows,

To discharge the springs withaout closing the OCB, first remove the Jumpsr plug (120) from its sockst
{119). Insert the manual chargimrg handle (5} into its socket {4), Push the handle down as far as it
will qo and maintain pressurs. If the motor drive arm (159) is in the 180 position (i.e. horizontal
and pointing towerds the rear of the fixed porticn), rotate it anti-clockwise (locking from ths rtight)
to the start posftion (i.e. horizontal and pointing foruwards). Press the trip lever (32) and allow
the charging handle to rise slowly under the pressure of the springs, holding ths charging handle
firmly to prevent its flying upwarda. When the handle has reached the top of its stroke it may ba
remaved.

Note that an 0CB which is OFF, with the springs discharged, the Jumper plug (120} pulled out and ths
motor (117) in the start position may be operated in svery respect as a normal manually charged spring
aca.

| 159 120 )
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6.4 diagramA

6,5 To floss tha OCB to ON

6.51

6.52

6.53

6,55

6.56

Once the closing springs are charged, the OCB may be closed in any one of several ways, as detailed
below {see also sections 2.2 "Tappet Operation" and 2.3 "Spring Mechanism Operating Sequence").

Manual oparaticn is by the pressing of the close laver {31} {diagram 'A') or, uhers specified, by the
pulling of a lanyard passing through a split ring on the OCB lid (2} front lip and connected at one end
to the closs lever (31) (diagram 'B').

Electrical opsration is by the making alive of a.closing spring release coil on the fixed portion to
dopress tha OCB closse tappet on the moving portion. The coil may be energised by the operaticn of
automatic control relays, by the operation of a local or remote close button, or by the operation of
a local or remote trip/close switch. For details see section 2.2 “Tappet Operation™.

Whichever of the above dascriptions applies, the close tappet is depressed to release the closing
springs. The indication in the indicator window (33) will change, SPRINGS CHARGED/OFF being changsd
to SPRINGS FREE/ON.

Tha OCB opening sprimgs are already charged, sa that immediate re-opening, either by the operation of
the trip lever {32) or by the operation of protective circuits, is possible.

The manual trip lever (32) can ke padlocked to pravent marual tripping of ths DCH, far axempls by
unauthorised persomnel in a consumer's substation. When tha OCB is ON ths sarvice/isolate interlock
(18) is automatically pravented from baing movad to ISOLATE.
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6.6

6.61

6.65

66
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Jo Trip the OCB to QFF

The OCB may be tripped in any ona of several ways, as detailed below (see also sections 2.2 "Tappet
Operation” and 2.3 "Spring Mechanism Operating Seguence").

The first way in which tha OCB can be tripped is by the pressing down of the manual trip lever (32) at
the right of the OCB lid front plate (2) (diagram 'Bf).

The second way in which ths OCB can be tripped is by the opsration of a local or remote electrical trip
button or trip/close switch teo anergisa the trip coil on the fixad porticn. For details see section 2.2
"Tappet Operation™.

The third way in which the OCE can bs tripped.is by the opsration of a shunt trip coil on the Fixed

portion dua to the blowing of time limit fuses or the operation af protective relays. For details, again,
sE8 gectien 2.2 "Tappst Operation"”.

In every case the trip tappst in the OCB lid is depressed to collapse the spring mechanism, and ths ON
sign in the indicator window (33) is replaced by OFF.

diagram ‘A
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6.7 Circuit and Busbar Earthing via the 0OCB

6.71

5.73

6.74

Either the circuit cable or the busbars of a SO-HI uiit can be sarthed through the circuit breaker by
means of a lightuweight Portebls Earthing/Testing Device (136). GSince both the aarthing/testing device
and the circuit bresker are capable of teking the full short circuit current without stress if an earth
is accidentally applied to live contacts, the safaty of the operator is assured,

Before earthing the circuit or busbar ensure that it has been made dead, isolated and locked off fraom
2ll paints of supply. At the panel where the sarth is to be applied, the safety shuttars (26) of the
contacts which are not to be earthed must be padlocked closed (132),

The sarthing/testing device (136} can be supplisd equipped with additional interlocks to deter an
inexperienced operator from attempting to plug it into the fixed portion without mounting it on the
moving portion.

To Fit the earthing/testing device (13€) to the moving portion for Circuit Ezrthing: (Diagram *C')

{a) Stand at the left hand sids of the withdrawn mouing portion {1) and hold the device {136} with the
"CIRCUIT EARTHING" label uppermost and the contact clusters {137) towards the fixed portion. If
space is limited, hold the device vertically with the "CIRCUIT EARTHING" label towards you and tha
contact clusters (137) uppermost.

(b) Rotate the earthing device sscuring handle {139} anti-cleckwise (looking from tha left) against
its stop.

(c} Offer the devies (136) to the moving portion so that the horizontal operating shaft (140) passes
betwssn the upper and lowsr moving portion isolating contact sets (BB) and the insulated sarthing/
testing device spouts (13B) envelope the uppar moving portion contact clusters (88{a)). Drav the
device forwards until the 'U' shaped hrackats (141) at sach side angage the sarthing contacts
(142) on the moving pcrtion tank {1) sides.

(¢) Rotate the sarthing device securing handle (139) cln;kuiss (looking from the left) so that thas
claw cams (143) engaga the bosses (144) on the tank (1) to pull the device firmly into engagement
with the moving portion contact clusters (88).

Ta Fit the earthing/testing davice to the moving portion for Busbar Earthing: (diagram DY)

(a) Stand at the right hand side of the withdrawn moving portion (1) and hold the devica {136) with
tha "BUSBAR EARTHING" intsrlock flap (145} upparmost and ths contact rlusters (137) towards the
fixed portion. If space is limited, hold ths device vartically with the "BUSBAR EARTHING" label
towards you and the contact clusters uppermost.

(b) Rotats the earthing device securing handle (139) anmti-clockwise {locking from the right) against
its stop.



{c)

(d)

O0ffer the devica (136) ta thas moving partion so that the horizontal operating shaft (140) passes
Letueen the upper and lower moving porticn isolating contact sets (88) and the insulated earthing/
testing device spouts (138} envalopa the lower moving portion contact clusters (88(b}). It will
be necessary to lift the red interlock flap (145) carrying the "BUSBAR EARTHING" label in order

to clear the upper moving portion contact clusters (88(a)). ODraw the device forwards until ths
'U' shaped bracksts (141) at each side engage the eacthing contacts (142) on ths moving portion
tank (1) sides.

Rotate the sarthing device securing handls {139} clockwise {looking from the right) sa that the
claw cams {143) sngaga the bosses {144) on the tank (1) to pull the device firmly into engage-
mant with the moving portion contact clusters (B8).

6.75 With the service/interlock knob {18) set toc ISOLATE, push the moving portion back towards the Fixad

portion until tha contacts (137, 133)
lock knob (18) to SERVICE.

mata fully, when you will be able to set the service/isolate inter=-

Lock off the trip facility by rotating the sarthing devics interlock (44) on the tank lid (2) clock-

wise and depressing it so that it angages the trip tappet (43) and passes under the service/isolate

interlock lever {42).
interlock knob {(18).

This prevents the cperation of the trip lever (32) or ths service/isolate
Padlock the earthing device interlack (44) in this poaition. Chargs and close

the OCB in the normal way to apply the earth.
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6.8 Cable Testing via the DCB Earthino/Tssting Device

6.83

The sarthing/testing device (136) can also e used for the continuity or pressurs testing
circuit cable (127). The procedure is as follows:-

Earth tha circuit cable (127} via the OCB as descrided ebova (sections 6.73, 6.75, 6.76),
the earthing device interlock (44), pivot !t clear, and trip the OCB by pressing the trip
Set the servica/isolate interlock knob (18) to ISOLATE, but before withdrawing the moving

of the

then unlock
laver (32).
portionz-

flaise the earthing device securing handle (139) fully, FThe tank sacuring claw cams {146}

will clsear

their corresponding bosses (144) on the moving portion tank (1), and the fixed porticn securing hooks

(146) will angage with corresponding pins (147) on the fixed portien sidewalla (50).

Now withdrauw the moving portion {1 stc.), lesving the sarthing/testing device (136) plugged inta the

fixed portion,



6.85

6.86

€8 diagram'A’

The thres shrouded upper contacts (138) of the sarthing/testing device {136) now give electrical
cannection to thes individual cable terminations for testing purposes. Push-on tgst cormpectiona ars
available for this. The three lower star point contacts {7148) are sarthed via the sarth bars {143)
on the fixed portion sideawalls to provida a referenca earth.fqr{phasihg out, etc.

On completion of teating, plug in the moving portion {1 etc.) to the device (135) and pross down tha
serthing/tssting dsvice sscuring handle (135) so that the tank sscuring claw cams (143) again engage
their bosses {144} on the tank (1) and the fixed portion securing hooks (146) clear their pins {147}

on the fixed portion sidewalls (50).

) 50

=

. D 1 127

6.9

6.591

144 143\ 136
' 147

Removal of Earthing/Testing Davics

With the OCB moving portios {1 etc.) pluggsd into and secured to the earthing/tssting device (136},
remove the padlock from, and disengage the anti-tripping interlaock (44} by rotating it anti-clockwise,

wall clear of the tappet (43).
Press tha trip lever (32) to cpen the OCB.

Set the service/isolate interlock knob {18) to ISOLATE and withdraw the moving partion (1 etc.), bring-
ing the sarthing/test device {136) with it.

Operate the earthing devica securing handle (139) and remove the earthing/testimg device (135), than
(a) unlock the locked shutters {26,.132} (if the moving portion (1 etc.) is tao be pluggsd intao the
service location) or (b) lock the unlocked shutters (26, 132) (if the circuit is to remain isolated).



7. MAINTENANCE

7.1

7.1

7.12

T.13

7.15

7.16

Freguency of Maintenanca.

Wide variationa in operating duties make it impossible to spaecify a uniform freguency of maintenancs
for all switchgear installations,

Rs indicated in section 1.5 "Technical Specification", "SO-HI" has been successfully certified to
88116 and IECS6. 1In addition, tests involving repeatad interruptions at short intsrvals af various
fault currents have enabled us to produce the graph shown in diagram 'Af,

In the light of this, and after gaining suitabls operational experience on their own systems, users
_may dscide that OCB moving partion post-fault maintenance as such is unnecessary and only routine
‘moving portion maintenance is needed. Instructions for both are included in this manual.

However, all equipment should be inspected prior to commissioning and again during the initial 12 manthsg
guarantes period, particular attention being paid to the tightress of Fastenings and fixings. It should
then be possible to assess futurs maintenance reguirements.

Yhere equipment is employed on a particularly arducus duty, such as arc furnace control, which involues

multiple operations every day, an initial inspecticn during the first three months of operatian is
rscommended,

Users should conform te local practice and regulatinng; British users are particularly recommended to
consult “British Standard Code of Practice for the Maintsnance of Flectrical Switchgear, CP 1008" for
general guidanca.

The unique design of the moving portion, with its easily removable, interchangeable mechanism/arc trap
assembly means that, whers necessary, the complete assembly cen be remaved and resplaced by a spare in
minutes to permit the return of the unit to service. The original assembly can then be inspected and/or
serviced in a central workshep as time permits.

Where operation of a cireuit breaker is rare and maintenance requirements minimal, pericdic tripping
and reclosure between infrequent maintemance cutages may suffice to check For satisfactory operation.

fixed portion mainmtenance can be divided into two categories: routine maintenance, undertaken whenever

the OCB moving portion is maintained, and occasional maintenance, undertaken only at intervals of
several years and involving the making dead of the completa switchboard and associsted circuits.

5004
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7.2 Routine Maintenance of Fixed Portions

This consists only of that work which can safely be undertaken withk the busbars {24) and circuit cable
(127) LIVE and both sets of safety shutters (26) locked closed {132).

Inspect the general condition of the switchreom to see that it is clean, dry and adequately heated and
ventilated. Look for oil or compound leaks from cable boxes (17), listen for any audible dischargs,
note any unusual smells, Should anything be amiss, investigate the cause and arrange for its correction.

Clearn down the outside of the fixed porticn with cloths having no loose fibres or metallic threads. Do
not use synthetic cloths in conjunction with cleaning solvents.

Unscrew and temove the voltage transformer HV fuses cover (12) and examine the fuses. MNote that clean
oil drips from them es they are removed from tha tank. 5imilarly, check the LV fuses {13).

With all secondary circuits disceonnected, clean and examine the relays and protective sguipment in
accordance with the makers' instructions. MNote that current transformer terminations must not be open-
circuited, since this can give rise to dangeruvusly high voltages. As far as possible, check all
secondary wiring terminations. Exasmine and replace or rensew time limit fuses and other secondary circuit
fuses and links and inspect and clean their contacts. Clean the auxiliary switch contacts {bensath tha
drop-down front cover (10)) and smear with pstrolaum jelly ("vaseline"). Put all fuses back.



7.26

Clean and lubricate all thes moving parts of the mechanical intercennection systam (ses section 2.2 )
"Tappet Operation®) which are mounted on the fixsd portion. Manually operate the tappets of the trip and
close coils. See asection 7.8 "Lubricating 0il Specification".

1f possible, check the operation of the trip, clocss and auxiliary systems with a plugged-in maving portion.

72 diagram ‘A
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7.3 Oecasional Maintenance of Fixed Portions

7.31

7.32

This involvas the inspection, tleaning and malntsnance of squipment in the busbar chamber, cirecuit
conrections, current transfozmer chambar (19}, voltage transfarmsr tank (15) and the fixed isolating
contact system {21, 23, 133 etc.), in additisn to the work couered by routine maintenance.

UNTIL THE SWITCHBODARD BUSBARS (24) AND ASSOCIATED CIRCUIT CONNECTION (t27) OF ANY FIXED PORTION HAVE

BEEN MADE DEAD, ISOLATED AND LOCKED OFF AT Akl PQINTS OF SUPPLY AND EFFECTIVELY EARTHED, YOU MUST NOT
INSERT ANYTHING INTO THE RECEPTACLE INSUEATCRS OR INTO ANY CHAMBER WHICH HOUSES NORMALLY LIVE METAL PARTS,
NOR MUST YOU REMDVE ANY PART OF THE PROTECTIVE METAL CLADDING.

Padlock sach pair of shutters in tuzn (26, 132) and check that when the locking bar (132) is in ths
padlocked position, neither of the shutter halves (26) which it protects can be opened. Remove sach
padlock in turn and check that the locking bar (132} springs up or down as appropriate to clesar the
shuttsr halves {26)., Check that the shutters {26) can now be pushed opan, but spring back when rsleased.

7.3 diagram ‘A
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7.34 Remova the busbar chamber back plate (91) and the shutter assemblies mounting plate (92). Check that
the circuit and busbar resin mouldings (21, 23) are secura and that the busbars (26) are held firmly
in position. On high impulse level equipment with shrouds on the busbar/tee-off connection junctions,
check that all shrouds (100 etc.) are secursly in position.

Clean the busbare (26) and resin mouldings (21, 23) and clean and grease the isolating contacts {133)
as doscribed under 7.6 "Isolating Contact and Insulation Maintenance". Lubricate the shutter (26)
mechanisms. Replace the busbar chamber back plate (91} and the shuttar assembliss mounting plate {92).

7.35 If the unit has a voltagas transformer (VT) (15), check that the lid is fastenad down tight to evoid nil
spillage and remove the screws which sescure the VT housing to the top of the current transfarmer {CT)
champer (19). Remove the YT. If no VT is fitted, remove the CT chamber top cover. Check the CT
terminationa and genersl condition, clesn out the chamber using lint-free, non-matallie clotha. Check

_the insulating screens' condition and replace if necassary. Replace the cover or VT and fasten down.
Romove the access plate (104) immediately abave the busbar chamber back plate (21) to gain sccess to
the CT bushing (105) bottom connections (106). Check that the cannections are secure and clsan the
connecticn chamber end insulation as described under 7.6 YIsolating Contact and Insulation Maintenance".
Raplace the access plate {104}.

7.36 Wwhare a voltage transformer (UT) (15} is fitted 1t should be unlocked and opened and the genaral
conditian noted. Tap up the o0il if neceasary. Check the condiftion of fuses and contacts. Replace the

£aver.

7.37 UWhers a compound or oil insulated cable box {17) is fitted, check all round for signs af leakage. Should
any be avident the box may regquirs to be broken down and re-made.

In the case of an air insulated box, ramovs the back plate and check the tarminations. Clean the ceble
bax and insulation and reclaoss the box.

7.4 Routine Maintenance of Moving Portign

7.461 Isolate the moving portion as described in ssction 6.2 "To Isclate from Service Location". Clean down
the outside af tha tank {1) and clean and grease the isoclating contacts {88) es described in section
7.6 "lesolating Contact & Insulation Maintenance".

7.42 Remove the four hexagon-headed tank lid screws (87) and open the lid {2). Do not opsrats the spring
mechanism with the lid open and oil in the tank - oil will spill all over the floor and ycu! No nakad
light should be pasrmitted in the vicinity of open tanks or in any situation in which switch o6il is
directly exposed to the atmosphere, due to the risk of fire.

7.43 Remove the four hexagonal nuts {151} which hold the mechanism/arc trap mssambly in position and 1ift
the msssmbly out by means of the two handles {152) on the tap frame (48). Nots that if the springs
are cherged an interlock is held under the pratrusion on the tank front wail to prevent removal,

Reat the mechaniem on the support engles at tha top of the tank and allow the oil to drlp back into
the tank, then place the mechanism on e stand (aveilable fram Yorkshire Switchgear) or a bench or
other clean surface for examinstion. Check that all fastenings are secure and that no companent
gxhibite pigne of wear, slacknese ar distortion. Exemine the operating eprings for signs of damage.
Check the two taper pinms on the main shaft (56) and all other fastenings for tightness. NEVER operate
the mechanism in air with the springs fitted - you could ceusse irreparable damage.
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7.64

whilst the mechanism is out of tha tank, examine the fixed main contacts {77) and arcing electrodes (78)
in tha tank and sample and test the oil in accordance with section 7.7, "Switch 0il Sampling and Testing".
If the oil is clear, it is urlikely that the electrodes will have been pitted, and a visual inspection
through the o0il will suffice. Should the oil be murky or otherwise require to be changed, the apportunity
can be taken to examine the contacts and electrodes whilst the tank is empty. Due to the use of separate
main and arcing cantact systems, it is unlikely that the former (77) will be burned - simply check that
the screws are secure and the springs operative (see saction 3, "Detailed Descripticn of Arc Contral
System"), Unless tha OCB hss been severely and repeatedly averloaded it is unlikely that the arcing
electrodes (78) will require more than a rub with a fine file or fine glasspaper {do not use emery or
carborundum) .  Tn the 45 years or so that the Caton Arc Trap has been in service, the T number of elactrodes
requiring replacement has been negligible. If rgplacement is necessary we recommend that the mechanism/
aTc trap assembly (3) also be withdrawn from serwice and either returned to us or dismantled for the
fitting of new maving arcing contacts (79). Also, where a circuit breaker is required to perform a
particularly arduous duty or for repsated full load operations, we recommend that turgsten copper arcing
tips be specified for the electrodes (78) and contacts (79).

Wash the mechanism/arc trap assembly with clean switch ail before returning it to the tank. Since all
fixed contact assemblies are jig built to be completely interchangeable thers should newver be any
problems with contact aligrment. However, whenever the fixed contacts (?7) or arcing electrodes (78)
have been disturbed, the alignment must be checked as follows:

With the mechanism/arc trap assembly securely fastermad (151) in the tank, hook the ring of the knuckle
toggle coliapsing toel (167) over the pin on the left hand straight knuckle toggle link (63). Pull

upwards on the teol and press down on the horizontal end of the closing springs release cateh (70) to

pivot the arc trap sssemblies (6) towards the closed position. There will be resistance tc closure due

to contact spring pressure, but any untoward sticking or mis-alignment should bs readily discermiblas.

If seriouvs misaligrment is evident, adjust or replace the affected assemblies. With the alignment correct,
remove the tool (167}.

Should it sver prove necessary to replace a closing spring (59), remove ths split pins at each end of the
closing springs retaining bar (153) and raise tha closing spring assembly through 90" relieving the
residual spring pressure. The claosing spring block assemblies (154) can then be unhooked from the main
closing levers (72}, and removed from the spring shafts (157), fresing the closing springs {59); replace-
ment is the reverse of this procedure.

Should it ever prove necessary to realace am opsning spring (A0), remave ome of the split pins which
secure the opening springs pin {155} through the two lower {opening) sorings charging levers (58). Remoue
the pin (155), taking care to note the arrangement of blocks, washers etc. on it; this permits the removal
of the springs (60) and their shafts {156).
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7.46

Whilat the tank is open, clean the undsrside of the lid (2) and examine
(43, 49, 46, 47) in the 1lid for wear or damags {see section 2.2 "Tappet
(45, 468) ere securad by sockst hsaded scraws through their top collars,
47} simply by ths positioning of the operating levers abova them, Also

the bottom ands of the tappets
Operation™). Ths ON/DFF tappets
the TRIP and CLOSE tappets (a3,
check that tha gas vents {20)

are clear by blowing through them.

7.47 Uhen work in the tank ls completed, close tha lid and fastan it down. Check ali fastenings on tha

tank top linkages and controls for tightness end examine the componants faor wear or distortion, (ses

sections 1.7 "Interlocks and Padlocking" and 2.2 "Tappet Dpaeration"}. Lubricate all bsarings lightly
(ses sectlon 7.8 "Lubricating 0il Specification"). Charge, closa and trip the OCH several times (see
section 6 "Routine Circult Breaker Operation"} to cheack ths operation of controls and indicatison,

Should the DCB sprimgs fail to latch at tha end of ths charging stroke, withdraw the moving portion,
check that tha sarthing device interlock (44) is swung fully clear of the trip tappet (43) and inter-
lock lever {42). Plug the moving partion back in, sat ths interlock knob (18) to SERVICE and try

B again. If tha springa still fail to latch, the machanism/arc trap assembly must be removed and
replaced by a new unit. The faulty assembly must then be examined for worn, broken or distorted parts
which must be replacaed.

After an 0il change a moving portion should prefarably not be plugged into the fixed portion until the
eir bubbles have had time to rise, i.s. after an hour or sc. Howsver, this precaution is nat sssential
whara supplies must be quickly restored. If possible, operate the moving portion several times in the
plugoed-in service pesition to check the mechanicel interconnection betwssn fixed and moving paorticns
and, uwhere possible, employ any electrical clcse and trip circuits to check their operation.

7.5 Post-Fault Maintenance of Maving Portiaon

Due to the combinaticn of features discussed in section 3 "Dstailed Description of Arc Control System",
electrode and contact burning end oil deterioration are minimal, even aftar fault oparations. In
service, a variaty of factors will determins the necessity for post-fault maintsnance, not least the

magnitude of the fault or faults end the severity and numbar of normal opsretions since the lsst routine
maintenance.

T.51

7.52 Post-fault maintenance will normally be identical to routine maintenancs except that the cil will ba

changad and the contacts and tank linings will be more closely examined as @ matter af course, whethar
ar net there is ocbwvlous evidence of distreas.

No naked light should be permitted in the wvicinity of open tanks or in eny situation in whiech switch

oil is dirsctly expasad to the stmosphere, dus to tha risk of fire. This precaution is particularly
important during post fault maintenznce.

7.6 Isolating Contact & Insulation Maintenanca

7.61 Remember, no attempt should be mads ta service ths {male)} fixed isolating ccntacts of 2 fixed portion,

end no hand or tool should be inserted intoc the receptacle insulator orifices of a fixsd portien until
the associeted bushars snd feeder or feeders hava been msde DEAD, ISOLATED and locked from all points of
supply, and EARRTHED,

74 diagram'C’
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50-H1 SUPPLEMENT, MARCH 1983

YORKSHIRE SWITCHGEAR & ENGINEERING CO. LTD.

TYPE SO0-HI OIL CIRCUIT-BREAKER SWITCHGEAR EQUIPMENT

Recommended Maintenance Procedure for Isolating Contact Assemblies

This recommended action is not a comprehensive maintenance procedure for

Yorkshire Switchgear type S0-HI 0il Circuit-Breaker Equipment. Tt covers only
routine maintenance work to be performed on the isolating contact assemblies.

CIRCUIT-BREAKER MOVING PORTION

Moulding Stem

1.

Remove the isolating contact assemblies from the moulding by removal of the
single M6 screw inside the cluster as shown in Drg. No. 8303BR. (M8 for
800A and 1200A sizes).

Remove any old grease and loose dirt from the stem ends with a rag and
inspect. The radius at the end of the stem should be smooth and not suffer
from severe dents or irregularities.

Using 3M's “"Scotchbrite” very fine (red coloured) abrasive pad lightly
abrade the entire surface area of each stem removing any hard baked oxide
and corrosion deposits.

Apply an even layer of a recognised contact grease (e.g. Electrolube type
2G) over the radius at the end of the stem. The hole at the stem end
should be lightly greased.

Contact Assemblies

5.

Remove any old grease and loose dirt from either end of the contact
assembly with a rag, and imspect. The seating areas of the fingers should
be smooth and should not have dents or irregularities at either end of the
contact, otherwise the entire assembly should be replaced.

Using the abrasive pad lightly abrade the contact areas of the fingers at
both ends of the assembly.

Apply an even layer of the contact grease over the contact areas which have
been cleaned.

CIRCUIT-BREAKER FIXED PORTION

CAUTION: ENSURE THAT THE FIXED PORTION BUSBARSVAND FEEDER CABLE ARE DEAD,

ISOLATED AT EVERY POSSIBLE SOURCE OF SUPPLY AND SUITABLY EARTHED
BEFORE EXAMINING THE CONTACTS.

Isolating Contact Pluo

8.

Where corrosion is found on contact assemblies and moulding stems it 1is
likely that there will be deposits on the plug contact on the fixed portion
of a unit. Unless the deposits are heavy it 1Is unlikely that the
performance will be impaired.

Isolation and replacement of the moving portion several times during
maintenance will itself, to some extent, result in cleaning of the plug
contact. However, the contact system may be further improved by cleaning
the plug with "Scotchbrite” and smearing with contact grease.
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{c) Clean all accessible insulator surfaces, including fixed portion mouldings (21, 23) and busbars
{24) using inhibited 1.7.1 trichlorosthans and a lint-free, non-mstallic, non-synthetic cloth.
Pravidad that the insulator is dry and has been cleamed offectivaly, a surface resistivity of not
leas than 40,000 M-chms will ba obtained. Imspact tha insulatcrs for signs of damage {minor
sutfaca scratches are unimportant}.

7.62 NOTES: (a) Inhibited 1.1.1 trichloroethane may be obtained commercially as:

(i) Ganklens (made by I.C.I. Ltd.)
(ii} 1Inbibisel or (mada by tha Penetorme Co. Ltd.,
Chlorethene NU Bassington Industrial Estats,

Cramlington, Northumberland).

{b) Surface rmsistivity has dimensions of resistance only, It is the resistance across ths
opposite sides of a square of insulation surface of any size. For a typical receptacls
or bushing insulater, the surface circumference and length ate approximately sgqual. Hence
the resistance between the contact and a ring placed nesr the flange may be expectad to ke
of the order of 40,000 mesgobms.

(c) Should ipsulator damage ba found, remove unit from ssrvice and inform Yeorkshire Switchgsar.

7.53 AllL of the foregeing (sections 7,61 and 7.62) applies egually to the male and female contacts aof earthing
and tasgting devices.

7.7 Switch 011 Sampling and Testing

7.71 Useras are recammendsd to consult "British Standard Code of Practice CP1009, Maintenance of Insulating
Dil", for more deteiled information on this subject. The following procedures are besed on those
advocated in CP1009.

7.72 First, remove a sample of oil fopr tssting. Use a pipatte-typs 'thief' tube, keeping ths upper end
sealed until the lowsr end is about 100 mm (4 in.) from the bottom of tha tank. Relsase the upper end
and allow the oil to riss up the tubs. Re-seal the top, remove the tube and trensfar tha oil sample
to a clean, ground-glass-stoppered sample jar of about 1 litre (2 pints} capacity. Ths first two
samples should bs used to flush the thiaf tuwbe and sample Jer. Fill, seal and label the jar, giving
details of the timea and date, the location and the serial number of the OC8 moving portion. The oil
may be tested cn site if facilities are available, or at a central laboratory.

7.73 IFf it is not possible to carry out the detailed tests (described later in this section) on sits, examine
the oil by sight and smell. Moisture may be visible as droplsata, or as cloudiness in the oil. Cloudiness
can alsa be dus to suspendsd solids. Solid sludge or impurities will be readily visible. A dark brown
colour suggests the presence of dissolved asphalts. Gresn indicates the presence of copper scaps and
means that rapid deterioration is imminent. An acrid smell may indicate volatile acids liable to causs
corrosion, whilst an odour of petrol or acetylens may indicate a low flash point dus to the effacts of
a fault. If the oil exhibits any of these symptoms to a marked degrees it should be removed and re-
conditioned or discarded.

7.74 0il may be subjected to an electric strength test as follows.

A glass cell, minimum internal dimansions 55 mm (2.1/4 in.) x 90 mm (3.3/4 in.) x 100 mm (4 in.) high,
is placed on a thick porcelain gish or ather insulator.

Juo polished brass sphares of 12.7 ta 13 mm (0.5 to 0,511 in.) diameter are placed 4 *o.02 m (0.157
2 0.001 in.) apart in a herizental arrangement with their axis at least 40 mm (1.37/64 in,) abova the
bottom of the container, which must be scrupulously clean.

The cell is filled witin oil at room temparature (150-2508) and the voltage across the sphere electrodss
is gradually raised %o 30kV, 25-100 Hz, and maintainad at that value for one minute.

If a sustained arc does nat develop betwessn the electrodes, then tha o0il is satisfactory in respect of
electrie strength,

7.75 Suitable meisture tests are the gentle bolling of a small sampla aof oil ovar a bunsen flams, or tha
plunging of a dully red-hot steel rod into a guarter litre (1/2 pint) of eil. In sither test, a
crackling seund indicates the present of moisture and the failure of the sample. Two tests out of threa
should be successful if the oil is to bs passed as suiteble.

7.76 The prasanca of dissolved sludge can be detscted by diluting a sample of the oil with petroleum spirit
and filtering it to see if any sludge is precipitated.

Other tests are best performed only in the labaratory, undsr controlled conditiecns.

7.77 Should the oil nesd to ba replaced, clean tha tank and mecharism/arc trap asssmbly and refill with
clean oil, observing the precautions detailed under 5.3 "0il Filling of Switchgear™.

7.78 Whilst the tank is empty, check ths taack linings for signs of damp, delamination, burning or other
damage. Raplace if nacessary.

7.79 Top up the oil to the marked level with the mechanism in the tank, New oil may be added to old oil,
providad that both comply with the requirements of British Standard BS 148 and the cld oil is in
reasonably good condition.



7.8 Lubricating Bil Specifiration

7.81 The following lubricating oil specification has besn apecially developed to suit the reguiraments of

those machanical components of electrical switchgear which are not within the cil tank. Howsver, any
reputable make of ail having an approximately similar specification should be satisfactory. In case
of difficulty, consult gur Head Office.

7.82 Specific Gravity 0.B893
Pour Paint - 15%F (- 26°c)
Clased Flash Paint s00%F (260°C)
Viscosity Reduaod 1400 at 70°F (21%C)
. 172 at 140°F {60°C)
Viscosity Index 36
Additives 2% MoS, + tackiness agent.

'«9 Main Circuit Resistance Measursment and Opening & Closing Time Tolerances

W91

W92

.93

.94

.95

.96

Due to the use of ssparate main and arclng contact systems in Caton Arc Trap circuit breakers, any
contact erosion is eonfined to the arcing slectrodss and thus has a negligible effect on the overall,
clogsed-contact, circuit resistance.

A Toutine visual inspection (see Sections 7.4 "Routine Maintenanca of Moving Portion" and 7.5 "Post-
Fault Maintenance of Moving Portion") is af far more use in determining contact erosion which is
almost invariably so slight as to raquire nothing more serious than trimming with a file.

Howaver, if suitable equipment is available,a reasistance test may be applied across the uppsr and lower
moving main lsclating contacts: tha value should not exceed 150uMper phase.

Due to the design af the “S50-HI" moving portion, it is virtually impossible to determina the mechaniam
closing speed of an operational clrcuit breaker in the substation.

The determination of the opening time is also difficult without the use of sophisticated test devices
which are not normally available to maintenance teams.

For these reasons we do not recommend the measurement of operating speeds and times as a wssful or
significant part of routine teat procedures.

8. SPARES & TOOLS

8.1

B.11

8.12

B.13

a.14

8.15

Spare Parts

As discussed slsewhers in this manual, service experience with earlier designa of Arc Trap circuit
breaker, coupled with extensive certification and sndurance tests, have shown that the need for the
replacemant aof any part of a "S50-HI" circuit breaker will very rarsly arisse.

In view of this factor, of the wide variety of duties and environments to which units may be subjected
and of the detailed variations in squipment betwsen individual installations, it is our policy to
recommend spare parts om an individual contract basis rather than to issue a gensral list of recommended
spares.

Should any part be required which was not initially provided as a spare, thas enguiry should include ths
serial number of the unit, the information guoted on the data plate and, whers possible, the original
contract numbsr. UWhers relevant, references to illustrations and part key numbers used in this manual
may aasist in the identificatien of the componant ta be renswsd, e.g.:

50-HI 0C8 moving pertion, serial No. D700%4, 11000 ¥ insulation, 5.6/11kV service, 400A, 3ph., 50 Hz,
250/350 MyA,

Rotating interlock bolt, key No. 40, as illustrated in 1.7/2.2 diagram 'A',

Whilst not all of the information quoted will sluays be directly relsvant or essential, it may halp to
distinguish between designs having minor detail varistions.

Special Tools

The only special tocl reguired is the kruckle toggle cecllapsing tool (167) whose use is described in
paragraph 7.45.

8.22 At the time of writing this manual, the Company is involved in & programma of metrication of fasteners.

Both Imperial and Mstric Fastenar and spanner sizes are therefore quated.

8.23 Open-ended and ring spanrers:

Imperial: 484 28A OBA 1/4 in 5/15 in  3/8 in 1/2 in 5/8 in
Metric dia.: M4 Ms MG Ma ma M10 M2 Mme
Metric A/F: 7 mm B mm 10 mm 10 tm 13 mm 17 mm 19 mm 24 mm

“Allen key" -typa socket uwrenches: 3/32 in A/F or 2.55 A/F.

B8.25 Plus normal workshop tools such as screwdrivers, pliers, drifts, hammers, files etc.



9. KEY TO ILLUSTRATIGNS {SOU-HI Circuit Breaker Unit)

1. 0il circuit breaker tank
2. Hinged DOCH tanmk lid
3. Removable mechanism/0CB moving contacts assambly
4. Charging handle socket
5. Removable OCB charging handle
6. Catonm arc traps (moving centact systems)
7. OCB fixed main and arcing contact carriers
8, Cast resin tank bushing moulding
9. Foot operated service lock treadles
10, Hinged cover over operating coils and suxiliary switches
11. Control, metering and indication fuses
12. Handles for withdrawal of voltage transformer primary. fuses
13. Covar for voltage transfarmer secondary fuses
14, Panel for elsctrical meters and controls
15. \Voltage transformer housing
i6. Relay cabinet door
47. Cable box
18. Interlack knob
19. Current transformer chamber
20. 0C8 tank vent tubes
27, Cast resin circuit insuvlator and support
22. Earth bar
23. Cast rasin busbar inaulator and support
24. Insulation coated busbars
25. Busbar chamber
26. Automatic safety shutters (shown cpen), {a) feeder, {b)} busbars
27. Meving porticn in partially withdrawn position
28. Multicore cable fittings
29. Internally mountad relays
30, Pouwer mgchanism accommodation
31, Manual close laver
32. Manual trip lever
33, {a) ON/OFF and (b) SPRINGS CHARGED indication
34, Closing spring release coil
35. Trip coil
36. Interlock rod
37. ON/OFF indicator drive rockar
38, Interlock plate
39. Interlock knob shaft
40. Rotating interlock boit
41, Interlock projection on (33)
42, Interlock lever
43. D0CB trip tappst
44. FEarthing device anti-tripping interlock
45, "N indication tappet
46, MOFF" indication tappet
47, 0CB clase tappet
49. Mechanism/arc trap assembly main frame
49, Fixad portion master plate
50, Fixed portion busbar chamber with extendec sidewalls
51. Chsrging handle socket shaft
52. Crank pin on {51)
53. Transmission lever on cam assembly
54. Welded drive block on (53)
55, Driven lever at right hand end of (56)
56. Mechanism main shaft
57. Upper (clasing) springs charging lever
58, Lowsr (opening) springs charging levsrs
59. Closing springs
60. DOpening springs
61. Mechanism main catch
62. Main catch roller
63. Nudging plate (on cam assembly)
64. Pin mounted on (65)
65. Knuckle toggle roller lever
66. Caem rollar on (6%)
67. Charging mechanism cam
668. Knuckle tcggle shaft
69. Knuckla toggles
70. Closing springs releass catch
71. Mechanism hold back catch
72. Main closing levars
73. Arc trap operating links
74, Stop limiting travel of (53}
75. Clasing lever stop pads
76. Mechanism trip lever
77. 0CB fixed main contacts
78, 0OCB fixed arcing slectrodes
79. Arc trap moving arcing contact
80. Are trap vulcanized fibre laminations
B1. Arc trap synthetic resin bonded papsr side ualls
82. Arc trap carrier arms
B3. Arc trap moving main cantacts
84, Mouldsd arc trap/carrisr arm (half)
85, Arc trap bottom clamps
B8, Arc trap top clamps
87. Tank 1lid securing screws
88. Moving isolating contacts (a) feader, (b) busbars
89, Fixad portion floor plate
0. Fixed portion earthing device locating angles



91.
92.
93.
94.
as,
a6,
97.
98,

10C.
101.

102.
103.
104.
105,
106,
107.
108,
109,
110.
11M1.
112.
113.
114.
115,
116,
1i7.
‘118,
119.
1z20.
121,
122.
123.
124,
125.
126.
127,
128.
129.
130,
131.
132,
133,
134,
135,
138,
137.
134.
139,
140.
141,
142,
143,
144.
145,
146,
147.
148.
149.
150,
151,
152.
153.
154,
156.
156.
157,
158.
159,
160.
161.
162,
163.
164,
165,
166.
167.
169.
170.
171.
172.
173,
174.
175.
176,
177.
17B.

Fixed portion bushar chembar backplate
Fixed portion front shutter assemblies mounting plate
Faundation anchor bolts.

Fixed portion floor plate sidewall sacuring studs
Anti-vermin sealing strips

Busbar end plate

Busbar securing studs

Busbar tee-off connection pletes

Busbar fishplate spacera

Busbar Joinmt box

Busbar joint box neoprens end pieca
101{a) Singla typs for BOCA busbars
101(b) Double type for 12508 busbars
101(z) Double type far 20008 busbars
101(d} Single blank typs Far end panel
Busbar packer far use en snd pansls
Busbar joint box covar

Bushing connection chamber plats

Current transformer bushings

Metal contact pads for (105)

Motor coupling drive disc

Spacing washer

Motor coupling floating drive arm

Cable channsl

Switch mounting plate

Teppet suitch operated by (47)

Rocker awitch operated by (37)

Motor switch opsrated by (407)

Motor contral relay

Rectifier in motocr supply

Spring charging moter

Jumper sackst mounting bracket on {49}
Jumpar socket on (18B)

Jumpsr plug for (199}

Pilot cable

Main cable box back plate on (17)

Cabls sockats in (17}

Cabls box bottom platse an (17)

Gaskat for {126)

Gland for main cabla (127)

Main cabla

Filler aperture caovar on (122)

Compound filler (optional extra)

Filler apertures in (122)

Filler aperture gasket

Lpeking bar for (26)

Fixed isolating econtacts (a) feeder, (b) busbar
Forked mechanical interconnection lever
Anti-jump stops

Earthing/tasting device

Contact clusters on (136)

Insulated spouts and contacts on (136)
Securing handls en (136)

Horizontal cperating shaft on (135}
"U"-shaped brackets on (136)

Earthing contacts on OCB tenk (1} sides
Tank securing claw cams en (136)
Earthing/testing device bosses on (1)
"BUSBAR EARTHING" interleck flap on {136)
Fixed portion securing haoks aon (136)
Earthing/testing device pins on fixed portion sidewalls (50)
Star point contacte on {138)

Farth bars on fixed portion sidewalls
Auxiliary switches

Mechanism securing nuts

Mechanism lifting handles

Clesing springs retaining bar

Closing spring block assemblies

Opening springs pin

Opening epraing shafts

Clasing spring shafts

Motor/gear box unit final driva shaft
Mator drive arm

Motor drive link

Handle secket drive arm

cut out on (58)

Welded driva pin on (72) .
7mm (9/32 in.) dia. holes in flxed portion side sheet front adgs
11mm (7/16 in.) die. hole in fixed partion side sheat
Protrusion for contact making/breaking on (B9}
Knuckle toggle collapsing tool

Terminal block

Motor coupling driven arm or disc
Charging motor mounting studs

Charging motor packing strips

Motor unit baseplate

Driva crank on {S1) inside tank

Spacing washer

Bearings for (51}

Unit-to-unit busbar cover plate

Motar unit elactrical compenents mounting plate

175,
180.
181.
182.
183,
184.
185,
186,

f
Circuit bresker fixed portion Mk I1I baseplate
Removable front apron in front of (179)
Unistrut channels, section P3200
Floar chasas to take (181}
Sprung nuts engaged in (181)
Tie bar jigs for (181)
Hex-headed screus toc engage (183)
Wood screw to hold down (180)



S0-HI RECOMMENDED SPARES -~ 400 AMP

One or more, 3 phase set of fixed and moving arcing contacts, I.M. No. 78 and
79.
Code No. 510613900

Price f.o.b. U.K. Port.

One or more, 3 phase set of fixed and moving main contacts, I.M. No. 77 and
83.
Code No. 510613600

Price f.o.b. U.K. Port.

One or more, 3 phase set of arc traps, I.M. No. 6.
Code No. 510613000

Price f.oc.b. U.K. Port.

ALTERNATIVELY
Cne or more, 3 phase set of arc traps and mechanism complete assy, I.M. No.
3.

Code No. 510615700
Price f.o.b. U.K. Port.

One or more, 0.C.B. 6 pole moulding, I.M. No. 8.
Code No. 111060100

Price f.o.b. U.K. Port.

One or more, flexible isolating plug cluster, I.M. No. 88.
Code No. 1PS02108S01A0.

Price f.o.b. U.K. Port.
(ne or more, trip and closing coils, I.M. No. 34 and 3 .
Trip Coil Code No.
Closing Coil Code No.
Price f.o0.b. U.K. Port.

One or more, 3 phase resin circuit moulding, T.M. No. 21.
Code No. 112063500

Price f.o.b. U.K. Port.

One or more, 3 phase resin busbar moulding, I.M. No. 23.
Code No. 112060100

Price f.o.b. U.K. Port.



SO0-HI RECOMMENDED SPARES - 800 AMP

One or more, 3 phase set of fixed and moving arcing contacts, I.M. No. 78 and
79.
Code No. 510613900

Price f.o.b. U.K. Port.

One or more, 3 phase set of fixed and moving main contacts, I.M. No. 77 and
83.
Code No. 510613600

Price f.o.b. U.X. Port.

One or more, 3 phase set of arc traps, I.M. No. 6.
Code No. 5110613000

Price f.o.b. U.K. Port.

ALTERNATIVELY
One or more, 3 phase set of arc traps and mechanism complete assy, I.M. No.
3.

Code No. 510615700
Price f.o.b. U.K. Port.

One or more, 0.C.B. 6 pole moulding, I.M. No. 8.
Code No. 111060200

Price f.o.b. U.K. Port.

One or more, flexible isolating plug cluster, I.M. No. 88.
’gode No. 1P502108S502A0.

Price f.o.b. U.K. Port.

One or more, trip and closing coils, I.M. No. 34 and 3 .
Trip Coil Code No.
Closing Coil Code No.

Price f.o.b. U.K. Port.

One  or more, 3 phase resin circuit moulding, I.M. No. 21.
Code No. 112063600

Price f.o.b. U.K. Port.

One or more, 3 phase resin busbar moulding, I.M. No. 23.
Code No. 112060200

Price f.o.b. U.K. Port.



