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ABSTRACT

This paper considered the maintenance of electrical installationé by
identifying the types, the components and the various possible schemes of
maintenance. It :bvent ahead to consider various aspects of the installation, various

faults and possible remedy. The paper did not however deal exhaustively ‘with

certain aspects of electrical installations ~ more especially special installations for -

power stations, closed systems/alarms, substations, earthling, instruments, safety
and meters. However, the paper adequately dealt with the fundamentals as a

springboard to h;andling such other systems.

INTRODUCTION

By electrical installation we mean the sum total of the wiring subsystem,

the various com'Ponents (switches, lamps, @ws, CBs, motors, poles, transformers,
generators) foria particular purpose. These can either be of the domestic or
industrial types and such other special ones like marine, aviation etc for the
purpose of providipg lighting and for power requirements. Irrespective of the
type common features abound. For the purpose of durability, reliability, safety
and cost effectiveness there is need to take proper care and pay adequate attention
to such installations. Also there is the need to protect the environment within
which these installations are provided. The aforementioned is the business of
maintenance so that the desired aims and objective of the installation would be
attained. Various practices exist for the maintenance of electrical installations
viz: breakdown (or corrective maintenance), preventive maintenance (scheduled,
cpndition monitor, condition based) and design-out (or improvement)
lﬁaintenance r);spectively. It is therefore of essence that the maintenance personal
must of necessity be adequately trained so that a thorough

understanding/knowledge of the system is at his/her disposal. This will guarantee
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effective maintenance practice and management of the system such that
availability will be guaranteed. Aside availability also, maintenance (which may
involve repair, replacement or renewal of the system) will ensure that the
installation functions at all times or most of the time as though it was new.
ELECTRICAL INSTALLATIONS

TYPES

They can generally be grouped as domestic,‘ industrial and special

installations respectrively. Also these can be of the temporary or permanent type

of installation. Irreispectiye of the type of installation the basic parts/components,‘

are about the same.;:
COMPONENTS |

The make ::up of any electrical installation will include the controls

(switches, sockets), the cables, the protective components (fuses, breakers),
meters (energy n)eters, voltmeters, ammeters as the case may be); other
accessories (saddles, clips, lamp holders) and the load points (lamps, cookers,
water heaters, airconditioners etc). Maintenance will therefore be a function of
what aspects are considered. However, the application of a certain maintenance
scheme often timqis will be a function of the overseer of the installation and/or the
corporate objective of the firm. Also for some heavy | installation,
transformers/substations will be involved.
MAINTENANCE SCHEMES

The name of the various schemes is a function of the desired goal and
include: breakdown or corrective; preventive (scheduled, condition: monitor,
condition based) and design-out or improvement maintenance scheme
respectively.
_QB_QAKDOWN‘ OR CORRECTIVE SCHEME

&

Here the system or component is allowed to fail before any attention is
given to it. Electric lamps, loosely suspending lamp holders etc suffer this fate.
PREVENTIVE SCHEME

d Irrespect’ve of the sub-type, the system/component is routinely checked

and any observed abnormalities are promptly attended to before failure dccurs

such as in the spring mechanisms of certain gear switches.

{
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DESIGN-OUT SCHEME
" This scheme aims to eliminate the cause of maintenance (whereas the

earlier schemes aim at minimizing the effect of failure). This scheme therefore
has a high scientific value and overall cost implications since it encourages the
elimination, modification or replacement of certain parts that hitherto were
problematic, : . !
MAINTENANCE OF ELECTRICAL INSTALLATIONS

It worthy to note here that natural aging, wear and tear beside
maloperation ofi electrical installations are responsible for all the possible
problems that may hereinafter be catalogued. Also how easy or difficult it is to
maintain the insta}lation is a function of how well or how bad the installation was
effected. This in turn will dictate the extent of maintenance (repair, replacement
or renewal) to be carried out. In very bad situations though, it will be very
necessary/econon?ical to replace the entire installation. ' ‘

Generally, to maintain the system/component, one may need to carry out
physical examination, tests (pr-repair/post repair) and take appropriate notes
before and after:each exercise. This will ensure continuity, and certainty and
efficiency.

MAIN !ENANq‘E OF LIGHTING INSTALLATIONS

These include fittings, fans and all low power appliance (shavers etc)
!

circuits. !

MAINTENANCE OF SWITCHES, CEILING ROSES AND LAMP
HOLDERS

SWITCHES

Common types include ON/OFF, push button, dimmer, rotary etc. The
basie requirements/component parts are the same. Its function is to open or close
the particular circuit. However they require infrequent checks/maintenance. The
commonest fault is loose connection due to improperly screwed screw which may
lead to sparking, interference, improper performance of lighting fitting
(scjmetunes leac’mg to burnout). The remedy is to fasten the screw and/or replace
the switch. Other faults include broken contact, broken ceramic casing, stxffness

etc. Note that the switch quality will necessitate some of these problems. Bad
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quality switches 'must be replaced with good ones. In switches with spring

~ controls (such as a tumbler switch), grease maybe applied from time to time in

order to enhance it operation.
LAMPHOLDERS

This holds the lamp in place properly such that the lamp experiences
uniform pressure and also makes the required contact. This guarantees some life
to the lamp. A lampholder that does not meet this standard must be replaced.

CEILING ROSI%/JUNCTION BOXES
Ceiling roFe serve as inter-links to lamps. Junction boxes serve as take-off
sources/continuity points for some circuits. In both units there maybe loose

connections resulting in sparking. This may burn the insulating ceramic casing.

In case of loose contact, rescrew and replace all burnt units.

MAINTENANCE OF LAMPS

Lamps include filament (tungsten filament type) and discharge

(fluorescent, high pressure mercury- vapor, sodium vapour) types respectively.

Other lamps incliade high voltage sign and tungsten-halogen lamps. The light
output from a lighting fitting is reduced by absorption by the fitting itself, by thé
wall and by the surface of the ceiling. Also, due to accumulation of dirt on
reflecting surfaces and aging of the lamps, the amount of useful light is redukced,
hence the need for maintenance. |
Maintenance is required when the lamp ceases to light. The cause(s) of
this is a function of the type of lamp and maybe due to the lamp itself and for
fluorescent fitting, it maybe due to a fault in the auxiliary equipment (choke,
starter, etc). Also, in large installations, fittings maybe installed at' not very
accessible positions. In such cases, group replacement of all lamps is
recommended at regular prescribed intervals. At such intervals also, cleaning of
fitting, is recommended. Failure in some lamps maybe due to an.open circuit
(high impedance across the choke) or short circuit (low impedance across the
choi(e). ‘ ’ - i
Tablel shows possible symptoms and possible causes of fault in

fluorescent lamp circuits. Discharge lamp circuits have cokes and capacitors and
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thus the fault symptoms, cause and recommendable cure may inadvertently be the
same. Appendix I details some common problems and remedies for fluorescent
Lamps.
MAINTENANCE OF POWER INSTALLATION
MAINTENANCE OF HEATING SYSTEM

These include:  °

1. Air Heaters

(1) | Storage or Indirect: Storage radiators, centrally stted

i

wdrm air units, and underfloor warming,.

heaters, oil-filled radiators, convector, fan, infra-red and

E

(iq‘ Direct Systems: Radiant fires, panel heaters, tubular
! ,
i

ceiling heaters respectively.
2. Water Heatin tems
(i)  Immersion Heaters
(ii) Electrode Heaters
3. Non-pressure storage Heaters .
4, In;stantaneous Water Heaters
GenerallyL heater installations may have the following components:
heating element L(heat source), heat exchanger, insulator, cables, switch control
etc. In some types heat control (thermostats etc) are included. Central heating
systems may incbrporate grill, pipework, valves etc. From the aforementioned,
maintenance of heating system will be a function of that component or subsystem
that is faulty. This range from a faulty' heating element, leakages due to break in
power cable/heating element, or the insulating or refractory material. Due to the
latter, excessive theat may be lost. Also, uneven heat distribution may be due to
localized heating (resulting from break in parts of the element, poor grill

orientation or faulty enhancement fan) in forced heating systems.

MAINTENANCE OF SWITCHGEARS, CHANGEOVER SWITCHES AND
ISOLATING s;wrrcm:s |

In the absence of factory problerﬁs during design, manufacturing and/or

assembly or transportation, these units hardly give problem. The same is true if
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they are properl)" installed. However, even with the abave such switches suffer

i

due mainly to improper handling and installation respectively.
IMPROPER HANDLING

This has fto do with the manner of switching itself. Most knife edge
switches require io be homed-in if the contacts are to carry their rated curréntg.
Most changeover switches and the like require to be homed-in after the handle has
been moved and ihe failure to do this has resulted in several burnout of terminals
especially in fu]i'ly loaded heavy duty industrial changeover switches usually
installed in very ia:ge establishments, factories etc. Note that inai)ility to home-in
proberly maybe &ue to stiff springing mechanism(s) or loose contacts.
IMPROPER INSTALLATIONS

Improper; terminations usually involving terminals that are not properly
tightened leads t? arcing. This results in excessive heating which finally fuses the
threads and ru'mf the terminal block. Also, unnecessary vibrations may resuit in
loose contacts.

DISTRIBUTION BOARDS

Various tiypes exist namely: MCB (Miniature Circuit Breaker) Boards and
fuse Boards. Ini choosing the appropriate MCB or fuse size overloads should be
avoided by using at all times the correct fuse and/or circuit breaker rating. With
additional loadsj expansion of the board/or circuit should be embarked upon.

From time to time, short circuits may occur within the board (just like in
junction boxes in lighting installation) due to an electrocution of a wall-gecko or
rat or coclcroact;i in the vicinity of the installation. To rectify such a fault may just
require the removal of the electrocuted prey replacing the fuse or resetting the CB
though if the board had been properly installed and the board cover securely in
place, this fault might have been avoided.

SOCKET OUTLETS

Many outlets abound in the installation ranging from 5A to 15A at homes,
offices and factories though the most common power socket outlet is rate 13A.
The most common fauit that can be experience is non-tightness of screw
terminals. This may result in excessive ‘voltage drop when supply is required of
the socket. Re-tightening of the screw may remedy the situation otherwise, the

entire socket unit maybe replaced. It is worthy to note that very bad quality units
6 .
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exist in the market today resulting in damage due to excessive heat on the
insulating casing ?and the contacts respectively. Such must be discarded and
replaced. i
MAINTENANCE OF CABLES

Cables aré,l suppose to deliver rated current at full-load and at all times
without overheati,ing and excessive voltage drop. Many types of cables abound
made up mainly of the conductor(s) and an insulating sheath(s) as the case maybe.
It is required at 411 times that the cable be properly sized and installed to avoid
over heating andi excessive volt drop. Overheating may damage the insulation
resulting in leakage of current to an otherwise dangerous area. This may also
result ina short/aén open in the conductor.
MAINTENANCE OF MOTORS

|
Motors have been used for various drive operations today and they form a

very vital basis for automation mass productivity in the industry. The importance
of motors cannot therefore be over emphasized whether of the a.c. or d.c. types,
single or three pléxase respectively. Their maintenance is a function of the compon-
ent 'that is faulty and the symptoms and remedies are as detailed in Appendix II.
CONCLUSION

Electricai installation is very extensive and more involving than has been

handled in this lecture. So too is the maintenance aspects. However, the paper
has adequately é:overed fundamentals on most issues as they concern eledtrical
installations. It is the view of the writer that proper training, installation and
operation of sxich installations will go a long way to preserve the system.
However, the undue presence of very inferior electrical components and
ascessories in the market has seriously affected on the practice and has even
complicated maintenance management. However, with new and adaptive trends,
there is some hope in the direction and business of equipmeht and infrastructure
maintenance and management.
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- ~ Fault Findiog in Flunrescent Lamp Fittiogs
1£ a fitting faifs to Operate correctly, check as follows :—
- Stepo. oL ‘.
No. l‘lxem Tests to be applied .
1. Supply and fuse Check supply voltage at input to buting, Check rolarily of
. incomning supply and ensure frame is carthed. [f (use has
blown, suspect circuit or components and find the fault'before i
replaciog luse,

2. Lamp Check lamp in a good fitting and if proved faulty replace with
a new l.\lvu_‘. Remember, never try a new lamp in a fitting ..
which has faulty components or cirguit,

3. Circuit Examine witing inside the fitting and if possible check against
the wiring diagram. Check insulation resistance between the
circuit and the metal frame of the fitting. The resistance
should be abuve 2 tnegohins,
1€ an earth fault is fuund, teace the cause, and replace the
component.

4. Ballasts (Chokes Examine lor signs ol overheating, if possible check continuity
of windings and insulation cesistance. Compare the imped-
ance or inductance against a good replica.

3. Cdpacitors Examine for lzakaye or damace. If possible check the capaci.

. - tance and check that the discharge resstor has a value
; ) between }~1 megohm,
: “The instulation resistance between case and teeminaly should
be above 2 megohms, ‘

6. Starter Switches Check operation of atarter in another good circuit and, it
found faulty, it a new replacement.

7. Ambient Conditions | Remember that norinal tluorescent tittings may overheat if

: the surenunding tempeeature is above 30-35°C,
| Lamp starting miav Le dulicult with svine types of circuit if
| the tenperature is pelow 5°C.

B 0
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Fault Fmdmg in awuth_ M pluorescem Lamp Circuits
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(d) Check that all holding-down bolis are tight; if direct coupled,
look for the cause s the Jriven~machine; uacouple the motor
2 < and check when running light.
dee-{e)  This trouble may be met with when replacement b'rmh.q are
fitted ; the whole contact area of the brush must * hed ' positively
* on the commutator. .
(f) This_is extrcmely unlikely to happen alter a motor has been
runaing satisfactorily ; after a re-skimn it may be discovered that
the commutator is not true, or the fault may be due to some form
of shrinkage due to faulty manufacture; in any case, the cume.
mutator must be turned true as a cure. .-
{2) The obvious correction is that the brush-racker must be rotated
to its correct position as previously described.
(k) This again is an unlikely oceurrence in the normal run :I:I' evenu,
but one which wonld cause permanently bad conunutation, The
T best way to tackle a job of this description is separately to excite
e the field systems, and then check the volt drop on each coi e
drop should be approximately the same, atl any serivus deviation,
i a low reading on one coil, will give an indication oi the faulty

:I his fault will give a very poor commutation on lnad and is rectis
tied by reconnection as given in a previous example,

\'arious yrades of brushes are fitted depending ovn the voliage,
cesign and aire af A achine,  Always tit the grade of brosh
recommended by the muker.

J-PHASE MACHINES, -

satl * The motor refuses 1o start.
iple Cawse {a) Open circuit in the line brought about by blownifuse-cleinents, ete.
Tk 8 QOpen cirzuit in the motor stator windiog, 4
¢)  Open circuit in the rotor winding with a slip-efng motor,
¢ n (a) Check line voltage with a voltmeter and examine for blown fuse-
. elements, . o s .
- (8)  Vest the stator circuit fue continnity by means of o * megger
ar test lamp, o . . L
(¢)  ‘l'est the eutor circuit fur continuity, inchiding the rotor winding

itsell.
! ) . -
atle The motar atternpts to start bot runs slowly and rapidly Sdideau.
ible use (a) One phase short gircuited or curthed. -
. : Overload at siarting. .
ificition . (a) Test for a short circuit or fur phases down to earth; these fauls
e can only be rentedied by windiug repair. o
{8) Examine the driven machinery with a view to finding out what
has brought about the increased startiog load.
catl On toad, the motor overheats. i
fble  ase  {a) O 1R )
8)  Eacussive amount o :
s ¢} Suatur ghoet ciccuit ¢ o '
HAcatlon . (a) (“eck over the exters \crease.
{6y ° "riv a very lik-'. o Wl e roare
W vaw anlly o A . .
Cn At the ot Yoven T C e
Lo chows up the ventddan e twe resnlt
tiae the motor overhicats: ‘. My dean-out for
the inotor, ve better still, insta tota clused motur.
(¢) . Test for a short circuit or earth as previously described.
"l * 'The mator starts with difficulty, and when load is applied there is an

excessive drop in speed,

Ble e Ve atur bore .
. S oacd MOIF THGE Funef Wiy Bae &t 05 e e
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ot ar loews

Rectification g-‘l)
)

5. ladlcation

Examine the rotor for cracks or {oose bars.

Test acroms all three slip-rings lor equal voltage drup; examine
the nictor starter for beeaks in the rotor circuit; examine
cheostats, etc. !

On closing the main switch, fuse-2bements ' i ' i
circuit-breaker trips. Do not i d i e main

y replace (use-c or

circuit-breaker, and try again. First look for a posmsibile cause, there is
a reason for everything. *

Possible Cause (a)
)

(c)
(d)

Rectification )

(<)

()

(o
(b) -

A short circuit between stator phases or an earth,

-A short circuit in the leads between the main switch and the
starter., .

The slip-rings of a slip-ring motor are short circuited,

Somne fool has le(t the starter handle tied over in the fuil *on*
position.

Test for a short circuit or earth as previously described,

Test (or a short circuit ia the coanecting leads.,

This can best be discovered by lifting the motor brushes and.'

applying & reduced voltage to the stator; il the motor rimg at
all then a short circuit exiats. -
Get lvlue under.voltage release coil repaired at once; this mal.
practice of locking the starter handic over should always be
stamped on, &g it cuts aut any vestige of under-voltage and over.
load protection to the matur.

APPer D w4

Common Faults ang Their Re"é.tliﬁi::a;t?on

The following notes are intended ¢
to _thc observation of the more ‘com
Bricfly, the observations fa]] into two
of new or repaired motors

(A) THE INSTALLATION oF

D.C MACHINES
L Indicating

Pousible Cause {a)
(4

2. ladication

Rectification

3. ladication
Possible Cause The load is
Rectification

¢ . sjon

At starting, ay the starte,

! ing, r ha
' one direction; then st ’
Possible Cause The compoundin, v

Re-connect and check polarit

On load, the motor overheads,

NEW OR REPAIRED MOTORs

UG, eveevive gt
: . MiY generate] 1 W
npanied by & euree i ' i atie
e "oostaet
the fuse-eleinens, ke on the L -

The starting eondition:
e ) 3 are 100 hea
Rectiteation - Ch,:g t:h: break in the field circuit
reduce the stanj
(8) Check for continetiy s
external wiring,

¢t stud hlli‘:h‘prubably bLlows

vy for the lur(!rr.
s . .. . :
tarting current, and cither install & larger starter or

uity of fi iccui i
y eld c.m:u:.l .bo(h in the motor and in the

ndle is moved
over, the motor ru
¢ as i
es directdn of rotation, ™

Ko reversed, oo

y of shunt and series windings,

S

Ry ‘o0 much for the motor.,
ead riotyr current Wi(h an
. ! . AMmmeter,
and either ingtall a bigger motor or redu

Sparking on load.

check with th ing.
ce the driven Io.n;.mn' place,

e - ;) Wrong voltage. T

2 Overload

()« analee e
) W gome, et

Tt Sian . i
LA I YUY (v v

@) With an ammeter, cheek 1 ¥
reduce the driven ioad« i ¢
(¢} Check connections and

lana vohmeier, Choca by :
with the motor rating-plate, ‘h‘vm' © €8N accordane,

¢ -al, and if in’
or instai} & larger motor, ifin exces,

test
compass nesgpions and the polarity of the compoles with 5

as the precediog mai It in i i
(d) Sce that the brulh::mar.:oilel (l.hlcen otenl phescti

attained when the white line o:em"l Pition:_this borition is

b the white line on the
o7 ariable-tpeed motons lheenw( “
-ecessity, be the actual neutral position

th - is coinpi
the brl.l'l.'vl .rochrvu coinpineqy
*"' M OG
PNy pe, Af

desired beush position is marked a3 above, but, never.. ~u the

11X




- -~ 3 PHASE.MACHINES.

T = - L —indication

T

1
|
|

|
|

10 b et f mang 10 of <

1 unTen (g —p—ry

i
| '
1

tod

2

Possible Cause

Rectification

indication

Possidle Cause

- - .
Rectification

3

3.

D.C.

1.

Iadication
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Possible Cause
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The motar refuses to start. - X
(a) Open circuit in one of the lines: resulting in single-phase con-

nection.

(#) Breaks in the rotor ciscu:it with slip-ring motors.

(6) Check line voltage with a voliumeter and examine foc blown
fuscclements.

(8) Sec thar rotor circuit is complete from brushes to starter.

The rheostatic starter of a siip-ring motor becomes excessively ha

during the starting period.

(a) - The rheostat is not largs enough for the stasting conditions.

(8) The stacter has not bez= ordered to suit the rotor volts and amps

() Oil has not been put ia an vil-immeried stacter.

(a) Measure the starting current, and either change lhe Mar®: oc
reduce the stactiag loas.

{5) Check that the rotor v>i 3nd amps. aze the same foc bozh maotor
and starter.

{c) Fill to the required §

evel with insulating oil. -

On load, thefiivtor ovesheas. - .
Tre load is too o motor.

Read motor curszac v ammeter, chsck with
either iastall a bigger inotar »r reduce the Criv

ich St

rating-piats and
1 joad,

Starting difficulty coupled with 2xcessive slip on load.

(2) Wrong voltage.

(4) Motor betag fun in th

{a) With a voiimetes, ¢
with the motor rati

{5 Make the necessarv 2l

< siar connection iastead of delta connection.
hat the‘suppiy voliage is ia accordance

sion to the mator coniections.

B) APPARENT FAULTS AFTER A PERIOD OF SATISFACTORY SERVICE

MACHINES
Indication
Possible Cause

Rzctification

Indication

Possible Cause

Rectification

The motor-refuses to stare. B
(a) More often than not lize x.—ouble, wually a blown f:se-element.
{8) Worn and sticking bru .

(c) Break in motor feld
(d} Bearing seized in d-
{a) Examine and replace
5) Clc:m. a:zd replace w
-botcs and

g machine.

1 ts where
> brushes. they shouid be a sh\_mzx
2 should be good commutator coniac:
or coatinuity—cda not forget to include me

e 1%
a.the :~aschine by hand.

seimy -

. .e.d circuit,

{8 7 ol - € motar or stactec.
{¢) [lhe br\uh-rockcc has moved [rom the correct position.
(a) Check the whole fsld cireuit for continuity.
(5) Duconn:ct the motor and starter. lift the brushes, and with a

memzcr test che arm . brushex, ficlds and stacter for eartn.
: should, by any chance, the mariking
have become oblirerated, ther verv

X ntace the commutator bar op, -

-u: prte; final adjusument by trial and error

can be resortea 0.
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lndkat‘ou Themrmﬁuawmon.heﬁntfewsumm then saddenly

- races away, Excessive burniog of the starter studs is observed.

Possible C.luu..Sene of the searter resistors are burnt out aad open- -circuited.

Rectification. &dter have the resiseors rewound or replace with 2 pew rha:;-/ufp

Indlcuion L“"ﬂne motor gives an erratic lurunq paforma.nce and ukq an excessive

Possible Cause
Rectijcation

Iadicatton——
Possible Cause
Rectification

ladication

Passible Cause
Rectification

Indication

Possible Cause

Indication

Possible Cause
Rectiiication

ladicatioa

Possible Cause

Rectific.”. -

curreat bath at starting and runniag.
‘The armature windiogs have dzvelopcd a short circuice,

* Repair is inevitable: a rough and ready check oa this state d.ﬁm

can be carried out as follaws: raise the beushes from the commutator
2ad move the starter handle right over, thus fully exciting the ne!d;
Remove belt 3ad rotate the armature by hand, and if the

short gircuited considerable resistance o rotation will be felr ac .‘..
or moce particular poinu oa the armature surface. ~
On load. thz motor overheats.

The toad is w00 much (or the motor.

Read motor current with an ammeter; should this be excessive,
then check over ths driven load and endeavour to End out what has

brought abour the atzassed load.

On load the motor takes excessive current, and it is observed thax
certaia armature ¢ails he2at up after a short rua.

Commutator bars are short circuited.

Examine the commutator foc a short circuit caused by .o-ez;n material
—should ali the bars be separated by ciean mica then the faultisinternal
acd the commutator and/or armature winding must be repaired.

The motor sparks ly with a *climbing® type of spark: the
mica between ceflain commuzator segmeats is bu.rut.

This is almost ceezaia iadication of an open circuit in the armarure.
Examine the armatire to commutator coanections for hreaks,
break cannot oe seea the the fault is ia the armature winding.

Or load, cer;ain drushes overheat and spark, whea others remaia
eormal.

Brushes of virving grade have beea fitted.
Replace the wrong brushes; for a given machine all thE brushes
should be of the same grade and quaiuy.
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On load, the motor spuh with t.he ruuh that the commutator is
blackened.

{a) Protruding comrautator bars of high micas.

(8) Incorrece spaciag of brushes.

() Brushes stickiag in beush-boxes.

YA

Vibration.
Brust -0t bedding properly.
: 2¢ out of truth
"'sphced. .
R T
i P
“ked. ig

T -ncil

ning.

A usually be detected by sound or by p.

T et
Oue. _ver the commutator surface when the machiae
{f the fault is a © high * mica, this can be cured by undeccutung;
oa the other hand should protruding commutator bars be the
trouble, thea the commutator will have to be re-skimmed.

(8) This may happen after a repair, the point to bear in miod s thae
the brushes on two adjacent brush-holder arms must be spaced
exact’~ a pole pich apact; a very smal! deviativa will result iz
PR PV I K

w; lhisean e «d by the climinadon of dirt, dv =~ ¢ - -
w..-"* a omiortable sliding fit in their boxes.
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