Progress in the art of Demsernd Mebaring

R.N, Hart

The art ef elecirical neasurements has made rapid advancemayt dur
ing past half century. As the vse of electrical energy became ngre
wide spread and industry moved into the more remote sections of the
country; reliable and exact metering of electric current has approa.
ched perfection,

A modern watt hour ucter is a miniature electric motor-genegrztor
set of highly refined characteristies,which ncasures energy. Power
is casier of ncasurement because it docs no% involve the time compo-
ntant; energy beiig power tiwes time. We have,therefore,clected to
treat power or denand measwements rather than energy.

It wes early noted,that the energy supplied to any current tén-
sumiing devitce was .attended by heating of the conductor supplying the
current. The greater the current the greater the heat, In direct
current this would be in accordancc with the fomula WelZR,in alter-
ing current circuits W=27 cos &, This principal was upplied in one
of tne first deumnd meters with which we had experiecnce., It wes
known as tne #Wright Demand Indicator® and was a maximum ~ ampere
deiwnd weter, It consisted of twe glass tubcs filled with air amd
connccted by a 1 tube filled with colored concentrated sulphurie
acid, & calibrated tube was tapped off at the top of one branch of
the T tube.wwirount the bulb at the top of the other “ranch Jf thu
¥ -tuba. .wes.h Reater unit which carried the current flowing to the
electrical device, This resulted in the heating of the air in the
bulb,the acid was pushed upward in the other urm of the 17 tube and
ran over into the calibrated tube which was scaled in amperes.

The meter or rather demand was reset o zero,alier re.ding,dby
tilting the weter so as to drain the acid from the index tube back
into the 11 tube, Iagging was obtained by capillary constrictions
in the tube., Altho this .ethod of wetering had a low degree of
accurracy,as coupared with present,it was quite widely applied
early in 1€00's,
nur Tirst contact with an electricel rate based on kilo volt ampere
demand was in the year 1913. The coupany, with whom we were con-
nected as operating engineer,delivered much of their eneryy to a
group of lead iiines alonmg the Idaho,Washington State line. oOur rate
department brought out a new rate based on X.7.A. demand and energy
in X7, as we recall the rate called for $3.00 per K.V.A. of demand
plus 6,5 ets. per K.W.H. At that time the meter manufactures 3jid
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not produce a meter taat would measure K,V.,Ai, as a unit for Reuwand
billing, '

In fact little was hnown of killo volt ampere metering. A time
periol or 5 minutes had been given as the demand period. That 1s
it wug to be a block interval demand.

As statcd no block type deniand meters were available especially for
K.V.s. demand,

our solution,though comnsidercd crude today,proved satisfactory
to both the custoner and our rate department.

Instantaneovs graphic voltmeters and ammetcrs wmere installed on
each customer. The graphs gave a very satisfactory record of the
deily load in amperes and the coircsponding voltage. Qur problem
was to determine the highest possible 5 mintcs demand in caperes
rocorded during the entire month. The denind in amperes,ns well as
the simultanecous voltage had to be multiplied by the ratic of trans-
foruution of both current and voltage.

The billing demand in X,V, A. was then determined by mmltiplying the
rceorded volioge ond current by the squarc root of three,

Inergy was recordced by an integrating waty hr, meter which was con-
nceteéd on the same instrument transformers es the graphic mcters,
This meter altho comsidered highly accuratc,lacked many of the re-
finements found in present day meters,

Je cre inclined to believe that this rate was aheud of ite time,
Toduy our solution would be considerced vwery crude and void of ac-
curcey. paragraph the inclusion of both X7 and KVA demands in the
rate structure forced the meter manufacturcs to devclop demand metaa
as well as cnergy mcters, Today there are many kinds of demand
meters available, Jostly for tne recording of K,7., dcomands but
X.V..\. demands Are becoming quite universally used for billing and
there arc sev.ral excellent K.V.'. demand .ieters on the market, They
all pocess a high degree of accuracy and require a minimun of main-
“tenance. We will not attempt to mention all types but rather some
of the more common types in use,

e guote the requirements of the *Code for Tlectricity meterse.
"A maximum demand of an installation or system is the greatest of
all déands which have occurred during the period. It is determined

by measurement over a prescribed time ifitecrval, In accordance with
" specifications a dumand may be measred by an instrument with a time
lag or an instrument integrating the load over the prescribed time
interval,or thc load may be determined from a sufficiont numbor of
rcadings of an indicating instrument,taken over the time interwal."

Nemmand interval is defaincd as,"The length of time ower which the
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demand i weasured, Jor exumple in a 15 min demand,the damend Anter.
val is l:) nming."

A survey made a few years age showed l5 minutes as most common
interval with 30 and 6C minute intervals next in arder,

There are 3 principal types of demand meter I - Recording, II -
Integrated, IIT - lmgged demand wmeters, We will skip the Recording
type as it was covered quite thoroughly in our description of the
mine metering above. The integrated dgmand meter is generally a deo-
vice used in conjunction with the watt hr, mcter so that a periodic
rccord is made of the X.7,H, c¢onsvmed during the demand intcrval.

In tricf it is a mechanical counter and rccorder of the number
of rcvolutions made by the watt hr, moter disc.

one of the morc generally employcd typcs has a two or three point
contact device mountcd on the rear of the intagrating wast hour meter
rcgistor. The contacts are motivated by an W point cam which is
usually mounted on the shaft of the lst'thul‘in the register mecha-
nism. These contacts arc permancntly wired to an clectro magnet in
the rccorder, The plunger of this magnet uadvanceg a large wheel
whicn carries nwabers,by means of u dog and ratchet,

it the end of the predetermined time period tine synchronous timer
energizes an electro nagnet which pulls a printing platen,and record-
ing apermanent record of the number of contacts und the exact time
they occured. Simultaneously o spring restores the large wheel to
the zero positiomn ready to repeat the operation. The number of con-
tacts when multiplied by the congant which is determined by the pri-
nary value of disc revolutions,the number of points on the cam and
the location of cam on the register,give a true value of the XKW demang
for the particular time period in use.

Other manufactures .ccomplisn the same result in a diiferent man-
ner,.und are able to mount the deuwand clmrt and mechanism in the same
cagsesas the intergrating watt hr. meter,

The lagged demand meters function on the basis of requiring a
certain time interval for the indication to reach a point corresponi -
ing to the value of the load., The indication lags tehind the ostwil
value of the loud in much the same way that the rising tempercoure
of the supply apparatus loage behind the load imposed upon it.

This class of instrument differs frow the other class in that tre
record begins when the load begins and not ut some fixed clock time.



There sie two forms of this class. In the first the rate at which
the pointer moves ovcr the scale is proporsional to dhe load at each
instant., It,therefore,moves up-scule at constant speed under constant
loud., The lagging is wechanical,

In the second frorm tue sp.ed of motion of the pointer dimmishes
even with constunt load,toward the end of the deflection integral,
Theorctically,it would require infinate time to reach the ultimate
deflection, This is compensated for by defining the time period as
thet requircd for the instrument te indicate 0 perecent of the full
scule valuc of a steady load,thrown on the systum suddenly without
previous loading, The lagging is theranl,

Foth forms of demand meters are employed in the Stutes. But since
our cxperience has been largely with the second Iorm we will attempt
to outline details of that forum.

It is usually a thermal meter aund the ligoing is accomplished by
thermal storage. It is radically different from the other meters in
th:t the deflection of the demand pointer is derived from the diffe-
rential uction of oppesed bimetallic springs which are heated by cur-
rents in resistors inscrted in an ingeniously arranged circuit., The
difference in deflecting torque of the opposed springs is proportional
to the loud watts., Heat devecloped in the resistors is applied to the
springs through the medium of masses of metel which aksorb und store
tae heat and thus introduce the desiroed demond interval.

The secondary of a small tr..nsforuer circulated through the two
heaters in series a current ie proportional to the voltace X, load
current L flows in opposite directionc through the two halves of
thig secondary. At any instant it igia same direction us ie in one
neater and opposite to ie in the other heater, Thus in Rl the heat-
ing effect at P,F, c0os 0 1isy

1: k.= {li +2']5L le Cos.80+(+L)? }”Rl
1,Re # the heatimg effect ;s
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Rt & R being cwval the deflection DisProportioal to the dific rence in heating
developed in the two TesSis*nrs.
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The deflection,withont heat storage,ia %ma praoporsiowmal 4q the
load in watts. : v

These meters are made to absorb and store the hneat that estallighes
the desired demand interval, Nost instruments with which we are
familiar give a 90 percent deflecticon in 15 minute a 99 percent del.se.

tion in 30 minute and therefore might %e described as having a 15 or
5C min demand interval.,

Most of these instruments are of the indicating type and the melhca
used to record the highest demand is of interest. The meter euploys
two pointers. OQne is called the pusher arm the cther is a pivoied
pointer with meohanical friction & that it will remain at' the highest
point to which it has been pushed by the pusher arm, The pusher arm
advances up scale so long as the load on the system excceds the KW
demand on the scale. When the pointer & pusher arm reach the positien
of maximum load they will hold until lcad drops off when the pusher
arm will remain at the point of maximum demand, Thus we have a pema
nent record of the maximum demand until such time asit is manually
reset by an 5perator by means ol ruvset device from outside the en-
closure, '

e had intended to describc what we consider a very satisfhctory
unit type K.V.A, watt hour demand meter but we have all ready ex=" “-
ceeded our alloted space so will defer fartvher effort,
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