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‘.t I
: o el | If the two resistors R shown i Figure 10,51 are mhaddcdﬁ? fixed to two similar
. e kilowall BETT | as shown in Figure 10,51 A smay masses such as the bimetal spirals the instrument i) become a meger having a slow responding
| Thermal maxim 1 meter has a circutt coss the line and its secondary .;ham.:.:ens:;c thaL gwis rih: logarithmic IYErage of the energy tha has passed during a given
: d me sted across - s make ide: 7 YOS
.‘ ) 3] kilowaft 'meﬂ“.mjn'mr?- “ﬂ“numd; rLCSiSTHI'IEE at all lemperatures, one. ek i€ ISty tdeally suited for maximum demand Indication.
. The therm< e meter has 1= P/ heaters of equé: h both the current and voltage = El hanical . ‘
. transformer i :n o non-induere. © losure. Wil former. a current, E/2R, (€) cctromechanical maximm Kilowart demand e
= volage 1 jes with ™ yi-metaliic GHE pe trans v :
= pries . ~h bi-mc » yollage . nt i
connected 10 St -iated with cach ratio If the ¥ » heaters as Showmn. C.urn‘: LS . Fﬂrmerly the mosi
- -h is assoCid , 15 8 ' nrough the NE . and divides equally, The Tt s
Vi af which i | acsuming there 1 ircuiates [nroue <former E:C{:Gﬂdar} : ba e n‘n 'fﬂ'j""'r-: of an ﬂdd!“ﬂ'n 1o the kllﬂ“’
applied. a.n_t1 r the ling VOIaEE he voltage tran I:t‘ur’.'i‘l't!ﬁ can be shown o be proportignaj hours are integrated for 1
- proportiona. = ygh the mid-2p 10 he two resul@ani kW.h/time (in hours) — ;
= introduced thro! i,n*:r:ﬂ effects OF = 2
- ce in lh‘l neaul -'.'l-‘ the lpad . [ . :
L J:rt.:r.cﬂw - consumed by th A simplified dia 'S shown in Figure 10.52. The
: 10 the pawe bion pointer———— drive from the rotor is trang € Which moves a slave pointer
peflection poIf i . 3
Defiec across the dial. _ means of an electromagnet in
- _ ; . : motor starts the electromagnet
every 30 minutes allowing gear A from the sector B_ This in turn
allows the driving pointer IO return to n for imcgrating the units used in the
> next 30 minutes.
8 Oemand op
. slave pointep
: | ‘ Maximum demand pointer
e ] Driving pointer (slave pointer)
— B "t "'\
= """'_"_'__0— R :
) . T, — 1; R 2 Maximum demand
" e _ il iL R , W Eunr?c_t operated check register
IR : 7| by timing motor L (often omitted)
WL - &
. T -+ = __
-1 - :i“"r_:‘:r Voltage L 2 2 5 LoaH Electro magnet _ _
na ' 1 YYYL, Transformer Ratchet weel
- S '
ae o—e . O
3 Line 2 &
Meter rotor
sure 10.5]
: I, owall-demand circuil
Figure 10.52 |
Maximum-demand mechanism
tion |
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qualily (value) to a related electrical output
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Characteristic features of Instruments

absolute error

accuracy

(of a measuring instrument
or accessory)

accuracy ciass

class index

dial

effective range

elecirical zero

error as a percentage
of the fiducial value

fiducial value

tnaex

influence quantiry

intrinsic error

maximum curreni and
maximum vollage

measuring element

mechanical zero

the indicated vajye of a quantity, minys its true

s value, expressed
algebraically 4

15 cfeﬁ.ned by the limits of Intrinsic error and the limits of
variations due to influence quantities

a class of MeEasuring instruments (or accessories), the overall
accuracy of which can be designated by the same number

the nu1:nbcr which designates the accuracy class and is applicable 1o
ithe variation as well as to the intrinsic error: multi-range
Instruments may have more than one class index

a surface which carries the scale and other marks and symbols

that part of the scale where measurements can be made with the
stated accuracy

the equilibrium position which the index will approach when the
measured electrical quantity is zero; this may or may nol coincide
with either the mechanical Zero or the zero scale mark

one hundred times the quotient of the absolute error and the
fiducial value

a value characteristic of an instrument for the purpose of
specifying its accuracy; the value taken to be the fiducial value

for a particular instrument depends on the type of instrument — for
the simplest form of instrument the fiducial value is the upper
limit of the effective range: for further details refer

AS 1042-1973

the means, usually a pointer, which indicates the magnitude of the
quantity being measured '

a quantity which affects the indication of an instrument, but which
s not one measured by the instrument — it covers such quantities
as ambient (emperature, position., frequency, pressure, and external
magnetic induction; these quantities being independent of the
measured quantity

any error determined when the instrument and/or accessory is under
reference conditions, expressed as a percentage of the fiducial
value

values of current and voltage assigned by the manufacturer as
those which the instrument will withstand indefinitely without
damage

the parts of a measuring instrument, the interaction between which
actuates the moving element

the equilibrium position which the index will approach whfn the
measuring element (if mechanically controlled) is dctnﬂgpswi
this may or may not coincide with the zero scale m_arIE — in
mechanically suppressed-zero instruments the mechanical zero does
net correspond to a scale mark
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the vallu: of current on which the relevant performance of the
meter is based

the nominal speed of rotation of the rotor when a meter is at
reference conditions and carries basic current al unit power factor

the energy divided by the time in which it is produced or absorbed

the interval of time upon which the demand measurement 15 based —

standard values of the demand integration period are 10, 15. 30 and
60 minutes

a meter having its terminals arranged for connection 1o the circuit

being measured without the use of an external measurement
transformer

4 meter with a demand register in addition to the energy register
1o register both maximum demand and energy

a meter in which currents in fixed coils react with the currents

induced in the moving element, generally a disc or discs. causing
movement

Ehc highest value of the mean power during successive demand
Integration periods between one operation of the maximum demand
resefting mechanism and the next

a constant expressing the relationship between the energy
registered by a meter and the corresponding number of revolutions
of the rotor, either in revolutions per kilowatt hour (rev/kWhj or
as watt hours per revolution (Wh/rev) — no error is permitied in
the meter constant

the value given by the equation:
(energy registered — true energy)

% error = x 100
rue energy

For example, a meter which registers 99% of the true e¢nergy has an
error of — 1%

the highest value of current (/ L) at which the meier purports to
comply with the standard specification

the moving element of a meter upon which the magnetic fluxes of
fixed windings and of braking elements act. and which operates the
register

an integrating instrument which measures active energy in
watt-hours or multiples such as kWh and MWh
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10.1 INTRODUCT] —— ! Table 10,1
Typical ranges of commercial insrruments
10.1.1 Generd! electrical quantities such as voltage, current, Ammeters - full-scale value:
. o measure Elecitits he principal type of
sy I he vears, inc p P pe
el W II\ -:l" ”{ -t = ey % T P 1‘\- \-'!‘1 ‘I\(l I 5" EO‘ IE 2{} q 11
o -mn| though the CONSTELET "~ - or tvpe of deflecting instrument. In 100, 150, 200. 30{}04 0, 50, 60, 75,
gnd resistance and ,. aching | indicating Pol™ 7 function Of, and thus analogous, 1o , ‘ 00. 500, 600. 800.
| Ire e ey 15 4 he
instrament 15 S i ;ﬁ- ang angle o f the pointes name analogue instrument has been given to } Vol '
this construction the ( v measured. The : of the quantity is - LIIE(Er |
thi ical quantit which the value q
the -.~Im‘ ok 'hE tl“‘“ v i from digital instruments if i Full |
ne BT QM QIENR " & 4 :
vhis type, 10 diSUDERISH T [ e ﬂ;gﬂ':f ‘:ra"“" Normal circuil voliage '
s X d in N "H:‘:-ﬂlﬂ' . " . | 6 "" I
Genlaved in DUl - y
oo figital instruments there arc d|ﬂert‘ﬂllﬂ! mswum_epts, LR 24 V battery circui |
< well 25 the analogt ue and ‘t il S tation of knobs and dials until a condition : 70 V 50V ry circuils |
s M| il £ - I l‘-_r':"_ h1 f‘l '}L |:.|‘ - r-llre Ihe ' = I
r s the measurement IS S 5 galvanomete! Examples of this [ype ¢ 150 v 100-120 Vv t
10 Tt ARE : 4 ind -ated Dy a galvalls I |
4 halance is obtaingd and INCH N g[}[} U 200-250 v |
o rqone bridge and the d.c. poteatior | 0. ¥ 380-400 V ,
“ents for quanfilies such as wafts, reactive volt-amperes, pOwer . 600 v 415-460 V T
Modern analogue Instrun " transducers driving mOVIng coil movements. This type _ 800 V 550-660 V '
4 uency normally incorpor perseded some of the tvpes described in this unit. :
facior angd MYy F NS 1! ers 0 . . 4
\f inerrument has, for most appll o ~ﬁ--H e and therefore some understanding of their r Y 2.2 kV !
However, the earliel rypes are St II. : = 4 kV 3.3 kV f
oo and characteristics is nECcEssan 8 kV 6.6 kV !
' «  be covered in this unit are as follows: - '11?] E‘:’ 11 kv
The instrumenis and meters 10 D& CURRAEE 30 kV 29 KV
| 40 kV 33
ammeler \
NimeEic !
AR A . 10.1.3 Instrument torques t
|
requency mele ! i | l
ower factor meter " L - The action of most deflectional measuring instruments depends upon the attainment of '
evnchroscope .I equilibrium between rwo primary forces or torques. These are: r
FOEFTTY IME .
ul ] 1 I .
mavimum demand meter 2 an aciuating or deflecting iorgue dependent on the guantity to be measured
{
- o o this : 0 IS necessary 10 | : : : .
[o obtain a clear understanding of this segment of the course it CCESS ';_ a resioring or conlrol torgue dependent on the displacement of the moving pointer.
me familiar with some of the terms used in r’nc international language in the area o
nsrumentation and measurement. If you have not already LL_m: so, skim-read the glossary at The control torque may be one of the following types:
2 beginning of this unit and remember (0 T'Ef:‘l’ back to 11 if you encounter an unfamiliar |
erm later in your studies on instruments * [flai, spiral, conirol springs attached between the moving member and the
., instrument frame — spring control
10.1.2 Preferred values for instrumen! ranges
- : a weighted arm linked ro the movenieni — gravity control; this type of control is
Ihe upper measuning limit of the effective range of ammeters, voltmeters, watimeters || 3 not now used due to:
d varmeters should be chosen from the lollowing values: -
— the length of time required for adjustment
' 2 5 20 25 30 40 50 60 80 — its influence on scale shape
or thewr decimal multiples or submultiples. laut band construction, where the moving member is supported on a stretched band —
torsion control
The rated voltaze dron ehiinte e ’ -
e ~ Talca voitage drop of shunts is normally 75 mV but may be one of the following

. electrical control in which an electromagnetic or electrostatic element is
arranged so as to oppose the torque developed by the main element. It is
generally used in instruments of the quotient meter class, such as the ohmmeter.
and in certain power-factor meters and deflectional frequency meters. The o
forces are developed in the system and the deflection is measured whea equilibrium
is reached between them,

30 60 75 100 150 300 mV ”

A SUmmary ﬁH
ary ol ihe commonly used ¢ ranges for commercial instruments is given in |

Table 10.)
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taken to observe the reading
<ent onlv when the moving element is in

10.2 CLASSIFICATION OF INDICATING INSTRUMENTS
Generally, Indicating instruments 4re classified in two ways, according to their:
accuracy E!aj:s_ el iG Permanent-magnel moving-coil
10.2.1

Classification according to the method of operation

Indicating instruments may be divided into the following types:
permaneni-magner movire-coil
maoving iron

. elecirodynamic

Ihaiction

reclifier

analogue elecironic

digital

" §, ¥ .

Symbols have been adopted. on an international basis.
operation of the various types of instruments. These
instruments dealt with in this unit. AS 1042 requires

indicating the method of
symbols are shown later for those

that these symbols be marked:
(a) on the visible part of the case of portable instruments

(b) on the visible part of the case Or near the terminals of panel instruments.

The construction and theory of operation of most of these instruments have been dealt
with in subjects undertaken earlier in the course. The diagrams and comments in this unit will
serve as revision and will also supplement the earlier work.

10.2.2 Classification according to accuracy class
(a) General
Measuring instruments are classified according (o the following accuracy classes:

0.05 0.1 0.2 051 1.5 25 5

Interchangeable shunts, series resistors and impedances are classified according to
their accuracy in one of the following classes:

0.02 0,05 0.1 0.2 0.5 1.0

Distribution and utilisation (10)
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10.3 PER_I\-IANEI\'I'—MAGNET MOVING-COIL IN STRUMENT (PMMC)

Note: Before Proceeding with vour study of
seﬂionsb 10.3 1w 10.6, Pleaze refer back 1o
. the objectives for this unit. These indicate

N} the level at which You will be assessed in
these sections

| 10.3.1 General

B _' . This is probably
: an mstrument which depends for s o in @ movable

- call or coils and the field of 2 fixed permanen; Mmagnet. The standard symbol adopted to
| designate the PErmanent-magnet moving-coil instrument 1S shown in Figure 10,1,

INg instrument in yse today. It is defined as

I 1
. I-I .
o =
Figure 10.]
\ Symbol far permanen: magnel maving-coil instrument
=

10.3.2 Principle of operation and construction

The principle of aperation is that of a current-carryving conductor
field. The deflecting force is pProduced by the interaction of two magnetic fields: one
| |_I produced by the current flowing through the non-magnetic conductors (copper) wound on a
non-magnetic former — usually made of aluminium = and the other being that of a fixed permanent
magnet. The force exerted on the coil conductors causes the coil 1o romte about its
B suspension, against the action of the control torque.

in @ magnetic

The deflection angle of the pointer is directly propartional to the coil current and
. the scale graduations are uniformly spaced. gIVIng a linear scale.

Damping is produced by the action of eddy currents. The non-magnetic aluminium
- former may be regarded as a short-circuited conductor suspended in the field of the permanent
<3 magnel. As the deflecting force rotates the moving coil, the former cuts the magnetic field

and has an e.m.f. induced in it. This causes a current to flow (known as an eddy current)

. ) which produces a flux and. according to Lenz's Law, develops a force opposing the motion of the
el former. This force is present only when the former is in mofion.

l Figure 10.2 shows the construction of a permanent-magnet moving-coil instrument
e 3 llustrating the various components. The permanent magnet shown is of the type used on the
T earlier models of instrument. It is made of a tungsten-steel alloy which was quite widelv used
up until the introduction of superior magoetic alloys of the alnico series and alcomax types.

The superior alloys have a much higher coercive force than the older alloys and can

: : therefore resist demagnetising influences 1o a much grearer extent. For a gir_m application,
=" ¥ modern magnets are smaller and lighter. These are very important characteristics fnr tl!ou‘__
applications where economy of space and/or weight reduction is essential, such as in acrospace
. and control room equipment where many instruments are to be observed when mounted in a close
{45 array.
11 ¥
| ' 2
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the jewel ino s
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f‘!‘li‘uﬂ." IO..‘T
AN insirument jewel bearing and its
behaviour under adverse conditions

TIRR Lindseruin Paton Instromenis My Ll

10.3.3 Temperature errors and compensation

The permanent-magnet moving-coil ammeter is actuslly a millivoltmeter used in
ronjunction with an internal or external shunt accessory, The preferred rated voltage drop
across the potentlal terminals of the shunt, when the rated current is flowing. is 75 mV. The
electrical cireuit between the shunt potential rerminals is partly made up of (a) the
moving-coil copper winding, (b} two copper shu |
control springs. These components will increas

through them and/or the ambient lemperature increases.  All of these components have a positive

iEmperature coefficient of resistance; hence their resistance will increase moking the
'nsirument read low for a given current.

The temperature error may be reduced by connecting a *sw

with the moving coil circuit. The series resisior is made from a materi
lemperature coefficient of resistance

4 copper-nickel alloy.

amping’ resistor in series
al having a negligible
such as manganin, a copper-manganese alloy or constantin,

Distributian and utilisation (10)
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oving-<oil voltmeter, tcmpm:mure ""??ﬁ __
he measured being generally much in excess of the

he pﬁ.mu“cm..nmgnﬂ mm-ing:cml ammeter. 5
becomes the swamping resistor and
ade of material having a negligible

rnmnrnl-magl‘rﬂ m

tages O
us{‘& “i[h |

o ol 'h{' l‘l('

; y the W
more easily abtained due K & shun! | |
75 mV volage drop o ér..:a with the moving coil,
s : el in SErs e 1E T e M

. slier resistol. - eation 1 UK
voltage nmlllm 1 i remperature compens
atically piv M s
Az coefficient of resistance

In the <8

(a) Standard magney

des 8N

The standard design for man

m rature < Im“]enl Iha‘ Shl}wn iﬂ FIh H :‘r J"Cal‘s hl’i cxte|
ol ctics of the hemmnem-mugnﬂ moving-coil ins when maxiMUmj%l:::iLO;:é ;I‘hls design offers the |ﬂf“;:: :nnagne:r?a] Magnet of a design such as
5 “haraclensiin:s : . . | air : N a given space. an
(9 i - il current in one particular direction only; that possible power consumption amﬁgw cr:?r‘;ﬁ In order (o provide an insu"uru:: of lmﬂ ist o
The pointer deflects up scale 00 Lt-t . <pitable only for the measurement of direct or full-scale deflection.
!JT - - < 3 1!3‘[‘5:\1 n“"‘ ]h -1 2 i . g a & 1 fo cﬂnnmﬂu
< the instrument IS X ~d to identfy correct polanity tor n.
3 . 1The erminals are marked 1C : "
SUrrenis 1 . . o S
\ _« anolied to the moving coil, the pointer would
iernating current was apt : _ =
[f low frequency allernatiie f the cvele and down, or oft scale, for the other half
defiect up scale for one hal o the action of the damping system and the inertia of "8
of the eycle. 1 : i— tili::ulr aould quiver around the zero graduation seeking the
~ moving system, the pX : 1
the moving 2 [
average value !
‘ f uantities only if the -
ent may be used for the measurement Of &.& J y yare
The instrument ms - :
rectified -
T e . assing through the moving system, '
(b) It measures the avenage Waike of the current passing E . \_4—
There are wniformly spaced scale graguanions, that is, it is a linear reading d.c. —
ich el o —_
instrumeant Mag . + ngure fa_d'
; nenc circuil for movi il : 1=
v has comparaively low power consumplion = down to approximately 20 uW for design from ihe dfdj?o the :i-*ﬂ:':xm}mmmf - e i
{1 1 NAS COHTRA -.--.-*-l P -k : . P pe o= rdh' '
full-scale deflection ragner alloy
[t has hich current sensitivity— low current for full-scale deflection and high (b) Core magnet design
el L S . I et !
ohms/volt rating I
g N recent vears. with improved i :
ic & ; S magoetic materials, it b : .
_ : magnetic . . 1t has become feasi
0 It has very good immuniry from stray magnetic felds. ENCNC system in w . easible to design
the magnetic shunting effec Ination of
. i . I ur - » u
&) It has consistent high accunad) ‘ iron cases. (See Figﬁrc 10.5 S.T.d, m?ls and the need for magnetic shielding in the form of
i smaller in size :2.) This type of construction enables instruments fo be made
(h) It has good frequency response; with rectifiers, may be used at frequencies over thess i -

range from approximately 20 Hz 1o 100 kHz.

i Quter soft iron yoke |

Air gap ~\

Soft iron

(i) It is versazile — with the aid of internal and sometimes external accessories, il mays
around magnet

be used for the measurement of a wide range of a.c. and d.c. quantities, for t::ﬁif.ﬂ:
the multimetes :

The instrument is at a price dissdvantage when compared to, say, the moving- ron

\nstrument, but the price gap has narrowed due to increased demand, allowing it to b
produced In greater quantities e
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10.4

RUMENT

* JRON INST
MOVING-IRON IN

10.4.1

of ferromagne
. i1 n
piece of Ferromagnest

c TMIRE
designate the MOVIR

" . " | n
10.4.2 Principle of operalion and constructio
3 instruments may be divided broadly 1nto rwo types:
Moving 1ron msirument
the afraction mOving-1ron | o
he repulsion moving-iron, which 15 the type more commoniy .
ihe repuision moving |
Ll
= B
E 10.9 is an example of the attraction type while Figures 10.10 and 10,11 areuu
:--‘Lr!'i‘ PO ES all CAallpi A aliid 1 :
—amples of the repulsion moving-iron type
L..-‘.l.:._'-.\"'. i 150 L .

General

. trument
A MOVINg-1rod IBSITUTE
fc marenal
i

ated by a fixed coil carry!
which 12 aCtuaicy

et emenafised o )
rerial mas .« shown in Figure 10.8

crrument 1S s
iron 1Sy

e = s ST Imenn|
Svemho! for moving=1ron insiru L

The fixed coil of the instrument shown in Figure 10.9 has lower power consumption: than:

the repulsion type. and minimum seli-inductance

V- A damp wchanism
M - shaped moving «oh \ron
P DO e
> - b
S - sgals
¥ = Yane
W grav

]-l-'f :{_.;';_.l:- 1= DOo-=-Uniform f_]',,!f o thf

law of the deflecting torque
influence of the gravity control torque (not now used)

shape of the moving-iron

FIg!Jrg 10,9
: chboard movi
With gravity coniral

Aflracnion. i ]
On-rype  nwis Ng=Iron instrument

Distribution and wlilisation. (A0)

defined as an instrument comprising a '“m’llhlnr:' .:
3 -i”npl.\ l ing a current, or b‘_\,’ a ﬁ‘ed %
hy the current The standard symbaol adopted to
\ El‘t: L |

e e e T

\
i
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\
]
t
L]
i
\
1
|

P e il
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saturation,
coil,
of their pole strengths,
the ampere turns of (he
fixed value, the deflectin
the scale graduations of

's generally not satisfactory,
fixed iron, as shown in

required as no current flg

enclosed air chamber
chamber, alr is transferred from on

cause the pointer tip to vi
vibration of the movi

dc_nsin.- in the irons is kept low 1o avoid
be proportional (o the ampere turns of the

rons, at a given separation. is proporti
‘ 1 ! portional to the product
i:n TI:}n::: that this deflecting force js proportional to the squari of
rE fll'lﬂg coil. As the number of turns for a given Instrument is a

Igh orce j.aru':s as_lht Square of the current Hence (he spacing of

e n;:;n::rf-lmb: Instrument follow a Square law. The resultant Spacing

Y. £ ay be greatly improved (p-sca itably i
e p p-scale by suitably shaping the

The control lorque is provided by a flat spiral

: control spring. Only one sprin is
WS In the moving system. s e

Damping is obtained by aluminium vane. moving in a totally
on of the air as the vane moves in the
the other ar a rate proportional to

When used on the pulsating nature of the deflecting torque may
e relationship of the natural frequency of

10i ) \ ¥ of the current flowing through the coil. The
rigid, trussed design of the pointers shown in

vibrafion over a w
severe overloads.

(a)

characteristics, thereby opening the scale where needed.

: | Figures 10.10 and 10,11 eliminates this
ide frequency Fange as well as resisting mechanical damage when exposed 1o

Concentric vane mechanism (refer Figure 10.10)

The features of this type of instrument are:;

vanes slip laterally under repulsion
only moderately sensitive

Square-law scale characteristics

short magnetic vanes resulting in small direct-current reversal and

residual-magnetism errors (errors introduced when used on direct current with
change of polariry).

For greater strength, the construction provides:

s trussed shape at pointer
. thin aluminium damping vane having ribbed surface and returned edges.

With this mechanism it is also possible to shape the vanes to secure special

o —
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W
NS
q\_\\ Characteristics of the moving-iron instrument
NP :
1'.:\-.\:-{{‘
\ measurement,
m,ﬂlﬂng Iron vanc
'; _ Fxed iron vane = rectangular (h) It has comparati i
B. - fixed iron vane = shaped (0 B vely low current sensilivity.
= “l‘;rd an 5 |
: rove scale — 515{"'“"“?‘ d z e
C ;T.f:'cn! Carrving magnensing coil () The scale graduation spacing tends to follow a square law and hence is non-uniform !
- trr i ) r
E Enb'mr.:i control spring kel The iron vanes may be shaped 10 obtain special scale characteristics.
;_ = - dampl!‘lg vanc \
y - airype , Ternina (€) ;‘:‘1“!‘“*'-'? may be impaired when reading high and fow alternating current values. Should
v only one or the other of By and B, woul leads T‘t;mn:dbe working at a flux density near saturation, then the instrument will,_ if
i he used in (he instrument clement. EIL;L[ ;:xd&;ﬂéurgmt. rt;ad low when used on alternating current. At low
b X density, that is, low values of current, the peak a.c. value gives
greater deflection per unit of current than does the avm::a d.c. value 'lghis ;us:s
the instrument to read high an alternating current a1 the lower end of the scale
| (f) Losses due fo hysteresis of the iron vanes and eddy currents induced in the metal
Figure 10.10 o parts forming the framewark of the instrument affect the accuracy of mezasurement.
Repulsion-rype moving-iron instrument element - .
Lo e control. concentric vane rype (phantom view) - (g) T_hﬂ C:GII of a moving-iron instrument is comparatively large and possesses a relatively '
" ; high inductance. The inductive reactance of the coil will vary with a change of
. frequency and hence introduce an error in the measurement. Moving-iron instruments
: eodial vane mechanism (refer Figure 10.11) a':: usuall_)' deﬁl_gncd.fur use at power frequencies in the range of 20 1o 125 Hz but
- Rad 1 with special design may be used up to frequencies of approximately 2 kHz.
The features of this tvpe of instrument are! t - '
The features of this tvpe 0 (h) Ii; accuracy is consistent and its construction is rugged. making it capable of
R withstanding severe overloads.
:; ;;i'jn;:']::“it E (i) It is relatively inexpensive.
requires better design and better magnetic vanes for good grades of instrum ri'j-':i.-{_
!

\ _\:‘._F_mfe edge

R Figure 10.1)
with ?: Hon-Type moving-iron. instrument ¢lemen .
P coniral, radial vane type (phantom view) LU
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10.5 ELECTRU the current into and out of (he moving coil. ° flat spiral control "Prings which also conduct
Air-vane damping can be used 1o ¢
al However. eddyv-current damping is als B e o atong of (e sl 5 i
- ~eners
10.5.1 e

. a dyvnamometer [ype, makes use of the r'U'TCE
e f_t"'- “']:-L 1 L aiid

relermou b Tile
e -MIJ % ving currents, and does nol incorporate
=015 calt &

small fixed permanent magnet and a |

n dynamometer ype movements using a
the moving element, which rotat

€ aluminium disc artached to
This instrument

(=3 lhrnugh H;c air gap of th
& magnel
!'s { OC signate the ironless electrodynamic .
i hetaeen fixed and S IL1 rd \'.I.I"I["-."!i u-‘-'ﬁ{ i d{"}-l}.nﬁ[t 1hL 2l } nlie | | ThE fﬂmpiflt measurg l
CXETe i material. The standard symboi I oy ~UMINg element is protected from str | |
ferro-magnetic marena Figure 10.12 | puy magnetic shield P dy magnetic fields by a laminated
re chown In o A
truméent arc i

IS r
l- v . Figure 1013 illustrates the positionin

£ arrangement of the fixed and moving coils.

l I
. distaice apai 1o pral fa o) ected in series _and shown sectionalised. are spaced a small
! . *:in svl::m cfm Iu: ':__L‘?]Iﬂ:cc ﬁ?r th::. spindle to which the moving coil is atached. The
E i o), PIEIE With the pointer is Supported by pivots and jewelled bearings (not
- shown), |
r |
Figure | 0./2 |
e electrodynamic insirument :
Symbols for electrodynam L p—~ s ,.
I Leads |
™
: : is ably one of the most importan: - H\
fvnamic vpe of instrument movement is prob bly ! portan e - : |
The electrodynamic Ty ; arietv of applications, such as the precise L —-—-* : . N
% - LY n . . - ! |
movements devised. It may be uf»i_d for ;11 < and currents, and as a standard instrument for seesl. | 5 |
X o i1 of ¢l and altfrn.mng volEEges and s : | s : | . | =
et 9 Jrr:r‘ 1:: and a.c. instruments. For calibration “':"_1‘ L ALL 5313‘[; cr_ﬁ:ﬁ . F - fixed coils T B : |
| : N il -.I: 1:.:.. sl : i - - g . a u w = B : :
the calibranon ¢ 2 d.c. potentiometer using a standard cell as the n:rerencc standan e | M oS !
are determined by a d.c. polentiomeIeT & calibration of d.c. instruments and/or a5 a - :
ol vie instrument mav then be used for the cal r.._ 0 ) . : f P . polnier
oy -_"~k.~11.1~.'1.~ 4-\ direct current to alternating current — for the calibration of a.c, . S . 5pindlg
.’f'.'ir'._"-""' 'TL‘.I.:-.L‘.I':I'-_ — L”'L.I Ls.!. =y L = : _ | Jr
wo i
insiruments
L
Wil nor design alterations it may be used as a wattmeter, a reactive power melera s
I minor l.:{"".'-lz_. alicranons i d : ‘ I | I
factor meter or a frequency meter. although recently the moving coil type of instrument, T
A r-IaCior meel i d I UL LY | = - 2 . ) | | ‘ | .
compl ith appropnate transducer. has been preferred tor the measurement of these ] Single-clement Wl o o i I
COMpICIc Wikh appropni Fansuaucel’ . e
quanntines ) |
I ¥ x ] w [l . 2 : .
10.5.2 Principle of operation and construction I .Flgur: O T e dlalgmm I R m“ham!P " |
: . I a slight modification, for a voltmeter. Figures 10.15. 10.16. and 10.17, show a variety of
Ihe electrodynamic instrument is somewhat similar to the permanent-magnet moving-coil arrangements and connections for the electrodynamic instrument when used for other single-phase i
instroment in that it comprises a moving coil. car r_"-ing a current, suspcnded in a magnetic and ]}Olyphasc measurements.
ield. However the magnetic field is produced by the current flowing through the fixed coils

4nd 15 not provided by a permanent magnet. Since the flux path is through air, the magnetic
reiciance 1s high and the field strength is about one-fiftieth that of the permanent-magnet

instrument

-[-I"Il' detl =

Ung torque (1) is dependent on the Same quantities as those of the ' ‘Mh-&f
prmanent-n E:;{.(".' [?',.:1.'!-"‘5_‘-:.\_‘,” ”‘I:I:‘.'[runnﬂmﬂi —
M

the flux density (B) of the field coils. the current
). the area enclosed by the coil (A). and the number of turns on the

LTOUED 1he moving cail (1
b - |
MOYVINT o

E SOl (N). that iz

TT‘ = BI_‘ NA (Nm)

It is evident that the field flux

B B e et - =
e

the deflecting 10rque i1t propamiana SIEORUDIAL 1 the field current {If] and that ‘

: riopammional to the product of the two currents I and I that is:

Tr. - 4 !: 1 lt .

' Figure 10.14
VRE the two cury Elec ic milliammetcr-voltmerer )
g~ AN ents have the « : . . _ Elecirodvinam . mejes

Vltmetlers T = 12 € same valye, as 15 the f i d - :
linear scaje, I and the scale | Gase for milliammeters and

Distribution and udlisstion (10)
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L E'ﬂ? F ‘ connected BCross Jr- - Dg"bf"'fffo”’ e’:"{'c‘frad)-nam;f polyphase warimeier
series resistor (R), 15 connecic
<, - DUTCE" - I"'
b | A= Or SOurces
ne 103 Wi R
s includes the F - 10.5.3 Characteristjcs of the electrad_mamic mstrument I
» Across the load the reading includes t |
e e (@) The instrument is noy polarised and may be ysed for the measurement of both direct and
I, alternating current quantities. Due o ifs inherent accuracy it is commonly ysed as a
RAACIDSS TS PONIoE S (R AT transfer instrument from dc. 0 ac. 1o calibrate other Pes of instruments, |y js
the fixed-coil circuil power frcqucntly used as z secondary standard in the audio and power frcquenq_. range.
Fieure 10.16 (b) To obtain the required deflecting lorque a comparatively high current through the
= i le-element warmieter | | moving coil :s I:Cquil'ﬁd, resulting .in a rcl‘a!h_-cl;.- nigh power consumption and low
clecirogynamic | CUrrent sensitivity. For example, its Sensiuvity is of the order of 10 1o 30 21V as
compared to 20 k2/V for the Permanent-magney moving-coil instrymens.
|
. | (c) Its high circuit-loading effect makes it unsuitable for Mmeasurements on electronic
N circuits,
: (d) The large coil System gives the instrument a relatively high inductive reaciance which
| varies with frequency, and consequently its application is confined t0 measurements in
N - the lower frequency range,
1
| | (e) The scale graduation spacing is non-linear.
. (f) It is relatively expensive.
1
I
I )
J
|
Mo Ing coils ti' 2TE mounted on the came B

spindle

Figure 10.17
 Double-elemen; electrodynamic insirumeny,
":'J:Ir ﬂ'rrﬂfﬁ.;{-n-

ent used for polyphase Measuremenys.
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10.6 '

t is one in which all direct electrical Connection
am movemen! IS LNt 1 J c
. -1 the inductiol ~urrent being transferred from a fixed external
] waath e LU = b2 v ‘
ment 1% ,_‘,'-:;'\a"r‘--cfﬁ 5 '+ farm of 2 shaped aluminium disc. h} adB
¢ 1 A\ 3 costem |,_'F.,_'j]|.~__ in € K '1 -"I are Jfffd upon h\. one or more add"h"..l
N L 1 L i R -'-""--‘ .:::_f-:-:: 1;._ ':n_ l,:ll._c-'h __. .
\ectromagnetic induction. The cut jeflecting force

e g i el v 1 s 2 Ofl
electromag concnd &% CaUS

i to designate the induction instrument is as shown in
xdopted to designate

oy
]
i

F InSTriumeni

10.6.2 Principle of operation and construction

The induction type of instrument is suitable for the measurement of alternating
aiifies oaly, soch as voliage. current and power.. Tt does not Fave the high degree
| e m:mrﬂ =a moving-iron types but it has cr:hrr_ practical _f:atures
it e e g Figure 10.20 illustrates the constructional details of one

3 -
tvpe of design — the shaded-pole nvpe of induction ammeter.
LR L =2 ] e JHSULT LA A

.F.'._E'_'Irf rﬂ:f_}

Shaded-pole induction-rype ammeler

INDUCTI e

With reference 1o Fi vre 10.20 ; . - ;
the air gap of the laminated eltctfnmasnﬂ_o 't may be seen that the flar disc is free 1o revolve in

pointer indicates the quantiry bej
into the slot and around part

When the alternating flyx passing down

shading i opposi
15, it opposes the Increase in flux, fsnlif zlr;dr::: e v;
the shading ring opposes the decrease in flux
shaded portion of the pole with TEspect to that j
sweeping of the flux across the face of the po)
the disc. These currents react with the flux

eddy currents induced in the

A control SPTing is attached 1o the staff, and the

Ing flux decreaces. the induced current in
This retards the time phase of the flux in the
5 portion and results in 3

= : 10 produce a 1o : s 8
the direction in which the shading ring is di its pocet BE 10 drive the disc in

electromagnet pole.

current flowing through the fixed coil, and the scale grad
inherently non-linear, The control torgue is ]

Since no current flows into the maoving syste
produced by eddy currents being induced in the dise

permanent magnet.

0%

30%

20%

Shaped disc

Distribution and utilisation (18)

Scale

60 %
70%
{_
80%
O
90%
100%
Figure 10.2}

of induciion ammeter and the
resulting scale
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are given in Table 106

characteristic curves are shown in Figure 10 22

fable 10.6
Dionde CRIOC N Rs e

Hade up of germanivin or sitlcon diodes
characteristies of these diodes

ments normally wsed for

tes makes ther unsulmble for use on
v Permanent-magnet moving-coll
I conjunction wi & rectifier, Th

rectifier produces a serles of
ment then measures the average

1% normally osed. Typlcal

Typlcai solid siate rectifier

Charaoterisi Germamnium (Ge)

pre—

S l.ll'l.‘l“ ls.' )

Peak fnverse volage (V) 400

Cureent (ma) 1)

Forward voltage drop (V) 03
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| I|I= red | ince IIIIII llllll“”' reverse
i ;

ghould NavE B0 rve I Plgore 10,22 1 can be sean
EU

re I . The PMMC
(he ldeal 1€ characreristi . o ' 1 « mavement, becuys
Prom (he ourtt i -FEAINIATIES f gurrent thi reciifier |8 operating on a ci incal d.c. waveform, To obtaln the correct g « e of its inertla, measures the average value of the pulsating
" -."r.”“l. e ‘rl I“‘ .d”' 2 I'r I=|| afin : o 'I”. h e -Il-_lljlgl.f 1R ””IIhI. rli h-, '..1}{:1‘ k,"'“r 'hnrr nrr r"-{.mrtitjnﬂl rrln‘l{ """ vﬂ“ur "H" ‘m’t m‘U“ 'm ﬂ“‘lfl‘tfd In I':fm! D’ 1ht rm!
il this ¢ i vhere the sieey gradient e i .Inli.- Nl S vilues, The Torm lactor for an |-;"rl':'II:'I:h::'“wt::iwfﬂTht"ﬂ (R (of pe.w), s and bl
(U 1he s ) her VRIUES F 8 . . e YE N Ihe ratlo of the rms val f
TS stanoe with THET i value mnd for o sine wave equals |11 alue 1o the average
Loy oes of e | o Mg nel meving -t all movement {0 m
A wlih the eri I =
sctifler |y used Al : (} 22 imposes the (o nwinn The avern
Wl ihe | ! ‘IIIII.“I . erlstl il I ' e l | ’ i i _[l ﬂ'l:|I ‘r“l”tﬁ I'll'lll“[]”l!d '}}' I.I‘ ““' Ri'l,it Iht rmas '-'ﬂll.l'l.'.'.'! f{"- Ih: !oE.ﬂ]E
antitles, the CuEr niFERIREE graguation \¢ calculated rms values sre marked on the Instrument scale st place
" i Wi Is

it | corresponding 10 thelr nverage vinlues .
TG allable f‘-‘”-l"‘”””“l‘. o small values of _ wavelorm only and o different form fact

pRtriments m

Phe form factor of |11 applies 1o a sinusoidal
or would be required for non-sinusodial wavelorms.

| § 1I | . ™ "
jogrease In (he rANEE { visltmeter? < ' Hall-wave rectification circulls mav alsa be
] ' - ¥ L] . ‘.l
.HII_' ot guch A8 mic ainmeters ang v 3 : . voltage sed In voltmeters for the measurement of a.c
ol 3 .
woe vollmeters b Qe s ri.|1'|1|r1~1'| ot the lower end nflll‘ _I
(he scale shape of low T8 '. i In o separate callbrated scale bEINE Provicad O — Exampie.
[ Fail '
il whilch Tregin ity | .

L il ""””Ir FRNES .- & a »
e dinl for the Towest - . = '_»’;I"::Emﬂﬂ Instrument movement has an internal resistance (R )of 2 k2 and
it 1 commonly used for the mensurement of ag, 0 wuﬂ;!: vity o 4 VOO0 RIV when used as n d.c. voltmeter. A silicon diode. hrfdgt connected
(e full-wave bridge rectilier SHEECE Lo ion 1s arranged for voltage measursment b | nr_'z“mk o wsed for w.c. measurements, With the aid of the circuiy diagram in
s shown i the clreult of Jigure Filgure 10,23, determine the resistance of the multiplier resistor (R_) required for a FSD of
quantitl 100V rms, Assume the a.c. waveform © be sinusoidal. .
Hm -
O { j Solution
| U b 0.
‘ m B A For FSD, the average curren flowing through the PMMC movement is:
J J:‘_ = |
‘b m—— Re = I O T = 50 uA
k
1) (i ‘ - =
1 curren! IBTOuUEn IoYIng il . IJJ I - r} k sn
| oltage multiplier reslssnos H — Ji cakK current lp - —— 18 % LA,
||r fesivinnce O MOYInEg 4w i D.'EI]?
L)
CIICWN )
q | Ihere will be only two diodes conducting at the same time. that is, D1 and D4 or D2
Kiaure 10.31 . and DA, and (assuming the diodes have infinlte reverse resistance) we have:
| Wyl ) j i L =
Applied peak voltage = rectifier voltage drop
I the wavetorm o the 6.0, s0uUnee solthgt o sine wave, then the HI|||'Il|| 1“1"1 “lﬂ . | TD"" I.‘.irttlit r:!iﬂﬂl‘lf_t
e tdEn s 8 seles R EY PRSI hall=ovel 8 shown 1 | IP!II!" “] 24 =uj I .
(V2% 100 = 2x0.7)
(R, + R)
i -~ "
< |./ ,, ) sy / (1414 = 1.4)
:: III" / / x’ - . r - H:
: \/ i
e - 140
Ly =3 %10}
8.5 x 10
F Culiry .'.” ".] ] I.?sl Mn1
'I'""'r'r'-} WY [T . . v oy oy - {
| It is of interest to compare the sensitivity of the voltmeter for the d.c. and a.c.
Fnges,
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cictance and infinite reverse
in Figure 10.22 it can be seen

The PMM emen
d.c. waveform, Top ob.fg a | beeause of its iners

value, There are p :
roport
values. The form 3,

value and for a sine wave Mudsalmmng VAV is the ratio of

aance as compared 10 much

1=1

moving-coll movement 10 meagin
imposes the following I

net

The average val !
raduations 43 multipfied by . )
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The form facior of I‘“ﬁf:;?t scale a1 places
a m H -
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kle responding 10 small values of ~

' voltage.

brated scale being provided op Example.
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ree voltage is a sine wave, then the output from the
as shown in Figure 10.24,
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Total circuit resistance
y V2x100 — 2 x0.7)

P —_—
(K. + R)

(141.4— 1.4)
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Flgure 10.24
Hectified waveform

b
140
= - - 3 - 2 x 10: : . = A ),
78.5 % 107° A ol
= 1,781 M®Q. , z I g ) "'-|= :I |

Tt is of lﬂ!ﬂrﬂiwmmm:mmﬁmfm wllm:bﬂ: mm,-,, an

ranges.

. ey .'_-' o _db:_-_':_::":l_ -] |_ B

R i S ke R AT IS

3 _1 ] = F- i -
1n :.j LI -L.. _"_.‘_'. ‘r. B

i
100 -
= y L]
| |:.:, ||:. _..':,1.. |_:
= fo <11 1=
E w-{| LI

—p—

[ L=0h

- u -



for d ¢ ranges is, as smred, 20 000 @7V, and for the & € ranges-it '.t;_ 2
Sensitivity for s o .

T - current transformer
determined as follows:

C
L - current through preci “Tesiit
lr - PriMAary current i

!

- secondary current
R, - resistor of precise value.

The remaining Ymbols have the same

- n,'!’@i”F

IR%

= 0707 x 78.5

= 555 uA l meaning as in H’\u‘ 10,23 |
P N . 5
S = 0OV
Yene (FSD) » l. .
|0 3
reul ‘ 5 ' where N and N_ are the
Total a ¢ circuil resisfance _—“—"—'_" T

Numbers of secondary an
d -
match the curren muhrﬂmmmuihn%n:m i N, axa |

precise resistance value o

ment movemeny
= 1802k% range by rnnl:iT *::ldhlnn,al Frimacy winding ferminals 1.2 gnd 3
: L € DY \arying the sumber of tyens. - fef and 3 are provided 1o change the current .
s02 x|l :
et . 3 10.7.4 Wavelorm ervors l
a c sensitrviny " 100 .

It is clear from wWhat has bee
reading owing 1o the presence of hnrmnnlc::t?ht“;:zﬂ:l' Sepend o roduced nto o
hr:lrnrmnic; will nlrgr the ratio between the rmy and Average values of 01:‘““ eyt o which such
the form factor. Errors from ply 1es of the wave. tha i,
harmonic depending on R0 i o

= |8 020 Q/V
18 000 Q/V. a reduction of 10%.

!

10.7.3 Rectifier ammelters

The use of rectifier. instriments

Ammeters for bothd ¢ and a ¢ measurements must have & very low impednnce- n : . r::':rl;:“;::ch:l;‘ugntlllmn.g currents or currents ﬁf If:rm:bt::llfcum“:;&:':;mumtn' of
a low voltage drop, across the terminals, of approximately 75 to 100 mV. The v:?lplge drop - rregular is inadvisable, Ieh the waveform iy
across the diodes of a bridge rectifier assembly is typically 1.4 V and 0.6 V for silicon anﬂ._ ol
germanium diodes respectively. Consequeally, rectifiers cannot be connected directly to a PMME
;nﬁxcmrnl tor- alternating current measurements. An internal current transformer is used 1o give
the ammeter a low terminal impedance and a low voltage drop. The secondary voltage of the
current transformer is stepped up to operate the diode assembly. and the secondary current is
reduced to a suitable low value for use in the PMMC movement, Figure 10.25 shows a rypic: I:.
bridge rectifier arrangement for the measurement of a.c. currents
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10.8 FREQUENCY METERS
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POWER-FACTOR METERS

0.9 It will be seen that at unity power factor I, is in phase with fy56:0nil 1 sels

itself parallel to the fixed coils. At zerg power factor, 1. is in phase with I so coil 2 sets

jtself parallel to the fixed coils. The coils therefore set =5 i iti -
on the power factor of the circuit. el themselves in a position dependent

iven moving coil or digital
ing coil or muviﬂg il‘ﬂh.

sducer~dr
ransducer
Present day insiruments arc normally Tn- et
150 17 and 10.18). Earher [ypes We
ns i :
which are described helow.

(refer Sectio
gxamples of

In practice the phase difference between the cur ils i |
less than 90° and so the angles betw

splitter makes the instrument susceptible to changes in frequency. The scale markings on the |
: R instrument tend 1o be very open at power _NeEar uniry but close rapidly towards the lower

ement of a power-factor meter is free fru‘m controlfjny power factors.

the mmcmr *rage operating torque. This operation is

fore turns to the pesinf“'" ?th:ﬂ;jf;cm and voltage, but depends upon the phase
Iludh th;:cJ::-nibmn-:d in terms of either power factor m: phase
- .m:ﬂ deI'-f_E‘!'fi'tL'C between two Or monre Uf the fICiung
il .:;Iwﬁninr_- circuit is necessary. Polyphase

: ththf system voltages.

10.9.1 Principle of operation

As with frequency mefrers

forces and there _ .
hasically independent of the m:ij:rjl
angle berween them; hrncr. the sca
FIFI;::?{‘ The operation requires a .Iu o
currents. For single-phase working ’sp fti‘ e
instruments rely on the natural phase differences

(b) Three-phase movinig-coil power-facior meters

The “’l]’“'PhﬂSﬂ power factor meter does not need a phase splitting device. Either two
or three moving coils may be used, the two-coil version being shown in Figure 10.32.

s-iron principles are emploved in power-factor meters, by

g-C C .Iin 5 " .
Both moving-call x0C 100 ement | ee, and a circular scale
the moving-iron fype is the more common Since the movement is quite fr scale
€ MOVInE=1Tui VP& 12

I . ¥ e “ ﬂG"‘.‘.-
can be provided showing lag and lead for two Hirections G ORES

Moving-iron indicators have the general di:aradxantage that a ceriatrll E!mm?ﬂ! n;: cﬂ'ﬂE‘“
caused by the hysterises and eddy current effects in i‘i‘l:i'.lr(m. S'Hfh f;;gzor::s ﬂ: g‘ll::":;llu::d by
syitable design of the iron circuit and choice of magnetic materials for one o ity AR
of power-factor meters is in power circuits where the calibration 1S E : P d o
fredbencs I'-lcn'tng-fci:l pou:r_fﬁﬂ{.; meters have the dlsaq\ antage that ligaments .';ljra]reqml‘cd
0 Baernice: the moving system. These exert a littie constraint on the movement and also
restrict the scale angle to less than 360°. Usually the scale covers less thap two quadian(s
and represents a limited range of lag and lead power factors for only one direction of power

F - fixed coil

flow M, M,- moving coils
non-inductive resistors

10.9.2 Moving-coil power-factor meters

(a) Single-phase power-facior meier

Figure 10.32
Two-coil ihree-phase power-facior meter

This instrument (see Figure 10.31) has two intersecting coils with a physical
displacement between them of 90°. One coil carries a current I, amperes in phase with the

supply voltage, while the other has an equal current I lagging the supply voltage by 90°. The
fixed coil carries the line current ‘ N

If the angle between the two coils M1 and M, is made 120° as shown in Figure 10.32 the
instrument can be made to indicate three-phase power factor if the system load is balanced. Rh
and R, are non-inductive resistors connected in series with each of the moving coils M and M, .
The two series-connected fixed coils F are connected in one line of the three-phase system, and
the common terminal of the two moving coils connect (0 the same line. The other terminals of
each of the moving coils connect to each of the other two lines.

Lead The moving system. being free from any control. will set itself in time-phase

agreement with the field of the current coils. the position of the pointer indicating the power

Coil 2 - factor. If the system load is unbalanced. the reading has litlle significance.

oil 1 __
The indication of the three-phase instrument is fundamentally independent of :
frequency. because the method of deriving the phase displacements berween the moving-coil
: currents dtpg‘nds;unly on the balance of the three-phase voltages. '
Supply

Distribution and utilisation (18)




Moving-iron power-factor meters

10.9.3
(a) Single- and rhree-phase moving-iron power-factor Mmeters
. oil type if the moving coils
These may be compared with the moving-C o
es, as indicated earlier (refer to Figures
;-.{e}p;a;:ed :1.;}:& coils surrounding moving van AMeters such as resistance an
A3 an s e st TR BRI
However, with s '
the ﬁﬂpﬂj’ ‘authoril ' e
df the ﬂucl'aﬂ“ " ARl
Jsual “I;:'_I::-"" 1 "1..
= i - 1
. g

1 M r
i

damping vane to smooth out
movement oscillations

fixed field coils

magnetsing windings
pointer

moving iron vanes

Figure 10.33
Moving-iron single-phase power-facior meier

—— .

damping vane 10 smooth oyt
movement osciliations
fixed field pojjs | I

Magnetising wind;
pointer s Windings

'“m'il.lg iron vanes

Figure |
18-iron Ihr#,p&m,a 34
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ISTICS OF [NFTR[.?!\'H;?\TS

CHARACTER —
oaL AR —— ) . 10.12  SINGLE-PHASE A.C. ENERGY METER

. cludes a table summarising the characteristics'g Ypica
-'. - ™ l.. o - Ll z * - e F‘ d '.f i.l .:
1073 Appenait L '1* ceful for the celection of a suitable 'ﬂﬂrumbml
which may be U i

4§ 1042 —

10,12.1 Introduction

inctruments of vanows fype

: = [canon : A
for a given applic #toraments which may be used as ﬂmmﬁm

- meters, frequency meters and synchroscones o
0 L :

o ror
ble lists the vanous npe e
wave-form effect and burden,

er fact
rmelers, pow = i
ers, va es. scale shape, accuracy.

The ta
voltmeters. wanmet
provides d

etails of rvpical rang |

virtually unaffected by environmental
considerable reduction in the mass of 1

permanent-magnet bearing has substantially reduced the
longer maintenance free life.

10.12.2 Principle of operation and construction

The essential parts of a Kilowatt-hour meter are:

© @ main supporting frame or grid
. a voltage coil

a current coil

a rotor or disc

top and bottom bearings to support the disc, leaving it free to rotate

brake permanent MAgnets (o maintain the disc speed proportional to power
adjustments for heavy and light loads

a register 1o count and sum the disc revolutions and, by suitable gearing,
register the energy consumed

a dustproof base and cover to afford protection for the meter components.

Modern meters have rigid light-weight. stress-relieved, diecast aluminium alloy
mainframes which accommodate in special cavities the two, sintered, alnico brake permanent
magnets. The magnets have a very high coercive force and, consequently, resist to a very high
degree the effects of temperature change and the demagnetising influence of the alternating,
magnetic fields produced by voltage and current surges. They are diecast in the frame for
precise location on either side of the disc and give constant damping strength unaffected by
age. The mainframe is drilled to hold all components in exact alignment, and the bearing and
register mounts are precision machined.

To assist in understanding the principle of operation of the watt-hour meter, Figure
10.36 shows the magnetic fluxes produced by (a) the voltage electromagnet and (b) the current
electromagnet, and how these fluxes would interact with the disc (note that Figure 10.36
includes the flux paths through flux return plates which link the voltage and current

eletromagnets. For clarity. these plates are omitted on other diagrams).

Distribution and utilisation (10)
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~alaritv and direction of which are O

i
Relds. the - '
=d magneiic NC (i et of 3 feld SWeEPINE aCross “'It di.ﬂ:‘
Eody ¢k rens ik s . has the et L b la;
e aiad in the ditc  This he ™ 2 large number of 1yr - ;
- Suead in wire — ns of smalf gi
changing, are MMOUCHY | | copper wir iy ;}-pmall} 4200 turns. 0.2 mm dia rand a1 240V 5 dar:ctt:r insulated
Jucing it 1o foliow , > illustrate the arrg ent cp approximately 40 mA. The coj) s wound cent ; “ould draw a current of
oag | line dragrams 10 1 ngemﬁﬁ!’ - : . o0 the "-'-"*-'Snfaf i i
. s 1R are simple line GRAgTAL v demand me R electrical steel laminations which has two share o ormer of high qualiry
1y 2% and 10 38 ane S e And an fnfrg_ an mm-.' c : . short
Figures (Uo7 8t amentc of an energy Ml ' C in Figure 10.36. The air
ik "'l:'_ -i—_: L_'H-" 'L\' Fr et | 1

41T £3ps in the MAZALHC circuit. as show
: E2PS cause a high - : "nar_
circuit of Iht'cﬂ'll and to force aboy; |7 to Ig“{- f;;ump?llimmbcmmmu@ SRR magnetic
in close proximity to the coi] The highly inductive co; E;‘-i the disc. which is
the flux produced. 1o lag the applied voltage by aboy; §3- to §5° cotl current. and hence

Because the curren; Sing through the current coil i
produced by the coil is Proportional

the circuit. However, it is n

' it i a speed proportional 1o
the power. Therefore it is SO armanged thar, whilst the flux : g
preportional in strength to the current pacc: e oouced by the current coil is

or phase difference
- An analysis of the
ux:salmwi:hachangeof

—_—

Current coil y . L |
SRR I

9 To maximum demand mechanism

To kWh register

Phase compensation loop

|~ lInductive load adjustment)
-ight load adjustment

F 4
Induction disc —_— — = = Brake m ,L,'
! ~Ee

Current coil
p
° —l &

Load

. - I -1
Potential col — | P"Q:“

Figure .'G..?El'
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True power = 240 10%x 05 = 1200 W
Es '
1 The meter torque is Proportional s 240 | i » — Vi
" x 21.9% , which is beyond the range of adjusmen o the n?;ﬂjln 23° = 9377w EWVIng a loss of !
3 | i ) |
: The probl -
4 proviem has been Created the Muxes not : =
L Pl . 73° unify power factor. Correction for inducﬁ\:);agﬁ i il S i Jon angle of 90 at 'I
- IA | ; : S 1S essential and g Qrried out as
1o {m _ §3° 0% described in the next section
//-—-3:”7 c
c
_l_s_‘s_l__,;-:-'ls 05 lag pf £ - Supply voltage
- ls - Current in voltage coil
(b) .ws - Flux from "l"ﬂ“:ag!: |. e .
(al METER | - Load current in cu rent disc proportional to the power supplied o the mefer. The int £ “d;“ make the speed of the
NCOMPENSATED METER L b ; ol { nieraction of the Permanent-magnet 1
U & ¢, - Flux from current Coil Hux anq the rotating aluminium dise — EENCrator action — is 1o induce eddv currents in the
J < /IA - Interaction angle befwear disc which exert a retarding force on the disc Proportional 1o its speed i
E . |
LS fluxes.
For any driving force exerted by the clectromagner causi i ‘
| : : ’ , ) using the disc to rotate, there
l L I ts some definite speed at which the re@arding force caused by the p:nnfmem magnets exactly |
| j"/l equals it. This may be summed briefly up as follows:
PL Zi: 90° :.ﬁhﬁ' A = 30°
Lc_/_/.—-—.—-— the clectromagnet ional 10 the power in the circuit
909 8. & the damping magnets exert a retarding fi i i 1
A : nets NE force proportional to the speed of rotation
. Tl : 3 the resultant motion js 8 speed proportional 1o the power,
5 05 lag p
{ of . : Since the speed is proportional to the POwer. it follows that each revolution of the
COMPENSATED METER (0] disc represents a definite amount of energy known as the meter constany. For a rypical energy
(c) [ | meter. the meter constant is 400 r'kWh or, when Cxpressed as wan hours per revolution,
2.5 Whir. No error is permitted in the meter constant.
: t of compensation I 10.12.3 Meter adjustments
srtion of the current electromagnet flux. probably 80% . passesidirse Iy (a) Inductive load correciion
A large proporton of the cur magnetic circult. withoul passing through the S8 1\
from pole tif b r e et Eotien DHE T e electromagnet pole through the air - A quad band or phase-compensation loop is fitted fo the lower end of the middle limb
dise Ir{h"-'_ L b= pole tip — air gap — disc — air gap to the opposite cu L of the voltage-coil magnetic circuit, as shown in Figure 10.38. If the resistance of the band
e e BN [he air oan lensth i which (Fe dicc fotates 1& (BF the order of 4.76 mmj g | or loop is adjusted to the correct value, it modifies the Voltage electromagnet flux to lag the
eleciromagnet pol oD SN . supply voltage by exactly 0%,
Mhe maximum torque on the disc occurs when the angle between the t'ﬁllﬂgﬁ electram |
fAux and cur ] clectromagnet flux, known as the interaction angle, symbol . 15 90°, The MEter torque is now proportional to the true value of power. This adjustment is
:||I11= F ’.#;f Intera | the orger of B3°, maximum iorque 15 not dC"E]Upﬂd- It EE facmr}' preset but 15 accessible if mircd'
helphul 10 examine the effect of s condiion with the .'-'-5:.*_“'.'~=_n¢t‘ example., .
(b) Full load adjusiment
wsuming a resistive load of 10 A at 240 V the true power is e - . . .
El cosé = 240 % 10 24001 ' This is invariably made by means of a device operating on the brake magneis and
. shunting flux from the dise in varying degrees. Usually the adjusters are of the micrometer
lorque produced by the interaction of the « oltage and current eleciromagn screw type. nylon locked and adjusable from the meter front. Linear adjustment is
uxes deg PUNCEL Umes the sine of ine angle between the ﬂU‘.'-".."':. From Figurc ;[1%‘!- EPPI’UII"'IHIEI}’ 1% per ll.lm-_
the angl lha Hie meler 1orque is pry portional to: 24( ) I 3° = 2382 W.
1 10- 280 x 10 x sin 83 (c) Overload droop |
W4 A% PIduced 1s equivalent o a power of 2382 W o an the tru . : =
PIWEL. An error of thiy magnitude could be L"ﬂl['l"'ﬂt':r:-'# l-{ h.j d k -Dr 'Uniﬁ ::ssk'tha.r"& i * ' Earl;.' type meters were rated at either § or 10°A and the lﬂﬂ*ﬂi‘fﬁﬂlﬂ,ﬂﬂ“ﬁm Was:as
e permanent magnets 1o aljgw (he Meter 10 reyolve a i - ; cereasing the braking effedt shown in Figure 10.40, If the load on the meter was increased abave this rated current by even
ower. Howe he error inpreaces with I..-x-i:i|1|--;. . -It beed appropriate 1o the 'CI_I"I:I.II_I' 4 small amount, the rsely ‘was
b - 1eVing @ power factor less than unity. i
!'I,i,"__a'-' 11} 3 T |% *II * nhaen et _ . l’
2 th e 220 Y 5000l The volgge e 92 10 A, 035 lagging porwertraiil load
and the Inleractic -ldgC 1l

. “iTemains the same, the ' f'.n'
the fluxes is 21 - the current flux lags bj';_'x |

on angle Detween
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.4 in the voltage and current c_oil '-éi"i't--i-..;_-
= oportional 1o circuit power, ‘if.%- -1
R00% of its rated current, as

may be insel :
’ o the meter speed P!

y ¢ l'ﬂ':l -
retain 1S accuracy up o O -

‘Qaruralion bridges

. d) Light-load correcii 1
1o minimise these effects and help keep ( I'4 eclions

allows a modecn meter 10 A comparison of the load cur - I
: s A1 _ : 0ad curve of the - . e
illustrated by Figure 10 carly Jpe meter (Flgure 10MOTISE N mmkmh?ﬁ";mﬂ;ﬁ'iI-S“E."fF'-"“-"U— with the curve of an |
= a” : "3 Ination of IMprovements 1o meter mlr’ucﬁa light load. This has been
1 atloys in ¢ construction of electromagnets, the yse  of Tighto 'on including the use of modern _ .
meshing for registers, lightweight dise msﬁb:lif:s:and- m .__.lmi."_:ﬁ'g,:tm r:;?ah and precise gear ]
60 - ' " MAgNeuc suspe, 0n systems. :
Rated y i
. Figure 10.42 sho : L. '
Lo current L 2k shows 'hﬂ-ﬂfrﬂﬁgnmm of . = 1
‘Magnethrust® bearing. It employs two smal -_,L__h._!.l'q_u_ttr bearing design known as the
10 - steel, flux return cups and magh:};m ) Small ring-shaped as the -

10 repel each ulhcr baﬁ“'“ f'-‘-f"lﬂmagnm mm;ldad in

-10
E */, LOAD CURRENT
- b0 ]
-6 -
Figure 10.40 E
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_ Despite these improyements, losses
adjustment has to be provided. This consists

the voltage-coil leakage flux path. ei :

cut by the voltage flux. Whilst
directly under the voltage-coil pole
1ag in the yoltage flux. However.
part of the leakage flux from t
This causes one part of the
lhtplamiﬂ,lm 'TEC! ]

flux, which either a
10.44 lllum‘{g( :
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. created | A ‘f;i-.f:'_'
- {\\,;-1._7.’”1.'1!1&‘1?“ poes independent of load, then "._— B’
_\ T .! 1:'"!_| H‘ﬂl m ] ﬁ‘ x-ﬁ![ﬁ,f
As the fzm,,;h the plate. 4% © sd dependent
throu) O 1V

i .
e flux passiliE

voltag " load adjostment 1S
be :c:n thal the fight | ) Voltage element
_Plate for light
- load compensation
Disc
Eddy
currenfs |
.4
~mpensation plaie
Compensafed
- . 6 il B |
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Certain problems may arise by over-correction in the light-load plate (that is. moving

it 100 far in a given direction) and

This is Known as creep, wi
symmetry
CXLESSIVE vibration from external
close proximity to the m
piale not Deing s

Ymmetrical above
of “slop

15 provided. normally by
each other
Creep hole passes g
small retarding effect o

N the dige
methods

have been Employed 1 p

Disuibutmn and utilisatio

nich can also be

in the gap between curren

IEIEr, Or Incorrert adiust

: Lthe centre line

These have the effect of divid
der the oltage-coi

56 -

sv the light-load plate is due 1

| the meter can be made to run without load applied 10 " N
¢ created in a number of other ways such as aMacke
|'and voltage coils, shorted turns in the current coil. .-
sources which can reduce friction. fields from equipment in
ment of the quadrature loop resulting in 1';L_'
To prevent creeping of the disc, some form
Piacing two small holes in the diso diammetrically opposie
ing the eddy currents created in the dise as the 1
il pole. This division of the eddy currents results ina
Which is usually sufficient o arrest the creeping. Other
revent the disc from creeping but the above is the most.comm

n (10)

10.12.4 Register

moving disc I:; ri:fits:crust of su;rablgmn - which integrates
electrical energy. The EEar frain is dnigf;:;rig- Provides a visibj
in the case of current-ir

gear ratios up to the fir

of the particular meter. but from

reliability under field conditions

: the revolutions of the
: € display in terms of

EIVE accurate registration down 1o 1/10h (or
h. or even smaller) o

Fi 3
Igure 10.45 shows 2 range of typical meter dials together with 4 meter nameplate

Figure 10.45
Typical meter dials and nameplare

Source: Email Limited
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I == 10.12.8 Plug-in melering

Australian supply authorin

~o-wire wan-hour meters are shown e connecting meters. Installation

ements for SIREICPRT L eutral link has been dispensed

K 4 w e 2 Installation Costs are reduced and
Fiz E for the older rvpe of meters, This iz
: = e installations.
7
s CCT
L3 - ? _. . : il : Eacy disconnection. which can be done by
= ; j _- : ; : pars. A bridging tool is
. '!:' | ! ] . &
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P — \ | 10.12.9 Meter testing

l '_r : ~ H E }

- 00 Active
AA N actve | . >
artive [ 1 I 1 ey em— —_— = =
= '—-—-_"' | —_— - E‘ g 'E. N
= s = —— =
e = Active 5 ;
c/o0 switch meter and rotating standard, but a reduced voltage is used on the current circuit. The volage
: = 1 Phase . 2 Wire used is of the order of 8 V and is sufficient o pass the rated current through the meter
1 Fhese L <

. .o current coil. the rotating standard current coil. and the resistors. In this way the power
8.4 3 Termnal Base ) [ 2 Rate register )
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2813X DISTRIBUTION AND UTILISATION
AFPPENDIX TO UNIT 18

TRIAL EXAMINATION QUESTIONS

The following questions

and are included here for your guidance and practice. If you have any difficulty approaching

or working through any of them, use a Pink ‘Query Form’ to ask External Studies College for
advice on how to proceed. Where applicable, answers are given.

exercise only,

I. (@) To achieve a viable distribution Sysiem, economic consideration has to be given 1o the
components that help to provide its overall reliability. Indicate factors that system

planners may include in their consideration of this aspect and make brief comment on
the contribution of these factors.
—~

(b)) In relation to load determination of low voltage network, what is meant by ‘after
\ //diversity maximum demand’ (A.D.M.D.)?

Provision is being made for the establishment of an underground all electric housing
estate. What value of A.D.M.D. would you recommend?

(c) On oceasions it is required to lay supply cables or erect overhezd lines on private
property.

Indicate rhree conditions that could be included in the cable easement acquisition
documents that would ensure protection of the Supply Authority's equipment.

(d) In the preparation of specifications for large supply and erect projects. it is
necessary to include items relating to the general condition of the contract.

Nominate rhree (3) general condition items and indicate how they are of benefit to the
purchaser.

2. (a) A 40 kW 3-phase 415 V induction motor whose torque characteristics are such that 220% of
full load torque is available at starting and with increase in speed the torque reduces
linearly to 150% at 1200 r/min and continues to fall to zero torque at 1500 r/min. The
load torque is constant at 75% . Auto-transformer equipment mnnccmdzun the 80% mp
starts the motor and load whose combined momemt of inertia is 3 kg m” .

Determine the motor’s load speed and the accelerating time if the changeover occurs at
1200 r/min. (Answer: 1320 rpm, 3.4 s)

(b) If the above motor was to be started D.Q.L.. what starting current restriction would be
applied by the Supply Authority?

(c) Indicate the type of protection that can be used to prevent over-heating of the motor
‘when one phase of a 3-phase supply is lost.

Distribution and ufilisation (Appendix: Unit 18)
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