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2,850,698
WATTMETER

George E. Pihl, Abington, Mass., assignor to Acton Lab-
oratories, [nc., Acton, Mass, -

Appiication February 8, 1955, Serial No. 486,868
4 Claims. (Cl. 324—142)

This invention relates to wattmeters, and more par-
ticularly to wattmeters usable at higher alternating cur-
rent irequencies.

It is an object of this invention tc provide a new and
mmproved wattmeter.

Another object of this invention is to provide a wati-
meter which is rugged, dependable and does not require
any rotating parts in the wattage sensing portion of the
device.

A still further object of this invention is to provide an
mproved multiplying device in combination with the
wattage determining portion of the device.

Other and further objects of the invention will be ap-
parent by reference to the following description taken in
conjunction with the accompanying drawing, wherein:

Figure 1 is a functional block diagram of the inven-
tion; and

Figure 2 is a cross-sectional view of the electrosiatic
multiplying device used in the wattmeter. |

Fig. 3 is a functional diagram showing how the voltage
and current components of the power transmitted from
an electricai source to a load are derived for application
to the wattmester of Fig. 1. L

- Referring now more particularly to Figure 1, there is
snown a wattmeter of this inventicn for measuring the
power ftransmitted {rom an electrical source to a load,
having two input voitages e, and e,. The immput voltage
e; 15 developed across a resistor 1§ and is proportional
to the current transmiited to the load whose POWEr Con-
sumption is to be determined. The input voltage e, is
proportional to the voitage applied to the load whose
power consumpticn is to be measured. |

The heart of the wattmeter is an electrostatic multi-
plying device 11. Referring moementarily to Figure 2
for a detailed showing of this device, it is seen that a
detlectable electrically conducting element or diaphragm
12, which may be made of a thin, metallic foil with vent
holes 13 piercing iis surface, has a pair of spaced insulat-
ing spacers 14 on one side adjacent its periphery and a
pair of spaced insulating spacers 15 on its other side
adjacent its periphery. These spacers 14 and 15 may be
made of any well-known insulating material, such as
fibre-board. An electrically conducting member or me-
tallic end plate 16 contacts the msulating spacers 14
on the side remote from the diaphragm i2. A second
electrically conducting member or metallic end plate 17
contacts the insulating spacers 15 on the side remote
from the diaphragm 2. A pair of bolts I8 and nuts
i® firmly hold together the layered structure consisting of
the end or charge plates 16 and i7, the spacers i4 and
15 and tne diaphragm 12. The bolts I8 and nuts 19 are
insulated from the end plates by washers 20. Provision
i1s made for applying input voltages to the diaphragm 12
and each of the end »lates i§ and 17. '

In order to clearly illustrate the manner in which this
structure performs the process of muitiplication, lat it
be assumed that a time-varying input signal 22y is applied
between the end plates 16 and 17 having instantancous
polarities as shown by the arrow heads in Sigure 2.
Let there further be applied a second time-varying input

signal e; between the diaphragm 12 and the neutra] of -

the first signal voltage 2¢;. The potential difference be-
tween the diaphragm 12 and the plate 16 produces g
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force on diaphragm 12 in an upward direction, i. e. to-
ward the plate 16, due to the difference between e,
and e;. This can be expressed as

f up=Fk;(e;—ey)? (1)

The potential difference between the diaphrgam 12 and
the lower plate 17 produces a downward force

f down=kz(e;+e2)2 (2)
The net downward force on the diaphragm is then
f=kg(erte3)2—ki(e1—eq)s (3)

where %; and k5 are constants determined by the geom-
etry of the physical structure. If, by reason of the
geometry of the system, k; is equal to ks, then

f=dkeye, (4)

Equation 4 shows that the force deflecting the dia-
phragm 12 is a function of the product of the voltages
and ey. Stating this differently, an instantaneous force
is preduced acting on the deflectable element or dia-
phragm 12 which is proportional to the product of the
instantaneous signal veltages e; and e,. Due to the
mass compliance and damping of the system, this force
1s integrated and produces an average deflection, depend-
ing upon the average value of the product of the two
signal voltages.

Since the deflection of the diaphragm 12 is a function
of the force applied to the diaphragm, either a mechanical
or electrical means for measuring or sensing the deflec-
tion of the diaphragm could be used. If a mechanical
sensing means is used, the deflection must of necessity
be relatively large. This would medify the geometry
of the system to the extent that k%, no longer equals ko
and errcrs are accordingly, introduced.

Therefore, in the preferred embodiment, an electrical
methoed of sensing is used in which the average force due
to e; and e, is opposed by a force 4kE;E; (where E,
is the value of the D. C. signal produced by the phase
sensitive detector and applied to the diaphragm 12 and
E; is the value of each of the balanced D. C. voltages
applied to the summing circuits 22 and 24). This force
is very nearly equal to the average value of the
dieieq, because of the feedback loop to be described
hereafter. As a result the deflection of the diaphragm 32
is very small, being only that necessary to produce the
required error voltage to excite the feedback locp.

In particular, a carrier source having two outputs of
equal amplitude but opposite polarities, both outputs be-
ing balanced to ground, has one of its output voltages
applied to the plate 17. The diaphragm 12 together with
the plates 16 and 17 forms a capacitive voltage divider
so that, if the diaphragm 12 is deflected from its center
position, the capacitive arms of the divider are unbal-
anced and the diaphragm will pick up one of the two
carrier output voltages. If the deflection of the diaphragm
12 is toward the plate 16, then the diaphragm will pick
up the carrier voltage applied to that plate, the other
carrier veltage being picked up if the deflection is in the
direction of the plate 17.

From the above discussion it is clear that the actual
physical defiection of the diaphragm is extremely small
(apprcaching zero), but that the tendency tc be deflected
as counteracted by the high-gain feedback loop can be ac-
curately observed from the magnitude of the feedback
lcop voltage providing this counteracting force.

- Referring now again to Figure 1, the output of the
summing amplifier 22 is applied through a lead 23 to
the plate 16 of the multiplving device 11. A summing
circuit 24 has its output connected through a lead 23

force

e ey

mg 1o the plate 17 of the multiplying device 1i. Each of

may have voltages applied (o them to

the summing networks 22 and 24 has three inputs which
ot summed py



. 22, the cther threugh a

- due to- the signal voltages.

L a combinafion of both.

. resistor 1.

thelr resper'tlve networks to be npphed to the1r respec-
tive plates 16 and 17. |
- A carrier source 26 prnv1d1ncr twc balanced phase
| -nppcsed output voltages on its output. leads 27 and 26

. has 1ts ou pnt voltaees applied, cne each, to an input
-~ of the summing network 22 and 24.
~ put voltages of the carrier source

. pround in the same- manner as-the output voltages from -
- "a balanced D. C. source 2% which appear on conductors

31 and 32. C@HdHCLOI’ 31-is connected to Lhe n;nn’f of

the- Suﬂlminﬂ' network 22, while cnndnctci 32 is con-

nected to an input of the summing - netwcrh 24, The

. _prcpcmcnnl wattmeter input vnltage €y 18 n;;:pned to
the input of a phase inverter 33. The two phase opposed.-
ontput voltages of the phase 1nverfer 33 are applied,

“The balanced. cut--
36 are balanced to
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tion in connection with certain SpeClﬁC embcdnnents 1t{'_. |

will, of cotirse, be understood that it is not intended nof

wished to be limited thereto since it is apparent that the - o
principles herein disclosed -are susceptible of numerous
other applications, and modifications may be made in

~ this circuit arrangement and in the instrumentalities em-

10

one through a- conductor. 34, -to the summing’ netﬂfc“.h_.-f

 work 24. The current proportional

a summing network 37. The output: nf thc SUMMIng

- network 37 is apphed to a wave frap 38 wlncn is tuned
 to the. frequency of the carrier source 26. The. cutput of

. the carrier amplifier 41 1s applied to the input of a phase
25

~output of which indicates by its amplitude and polarity

 sensitive detector 42, the constant or slowly varymg D. C.

cnndnctnr Be tc a summing net-
wattmeter- input volt--
age ey is applied to the 1npnt of an amplifier 36. The out-
~ put of the amplifier 36 is applied to one of the 1npnts of

3 ylcyed without departlng from the spirit and scnne cf t%ns o
- mvennen as sét forth in the appended c’anns o

T claim as my: 1nvenncn

1 A wattmeter for nleasnnng Lhe lagh frequency powerf o
transmitted from. an electrical source to a load having an
- input voltage and input current prcpcrnnnal tc the trans-
* mitted voltage and current comprising an electrostatic
- multiplying device having a diaphragm: dlspceed in nP&CEd |

-'_-rehnnn hetween two plates, a first summing. means hav-

ing is
| 'mmmlng means navnlg its outpnt connected to the other;j__;' o

gutput ccnnected to one of said plates, a ‘second

 of said plates, a carrier socurce having a pair of ‘balanced
. output voltages connected respectwely to the ‘inpufs of

20 s

aid -first and seccnd summing means,. sald first propor-
ncnal 1nput Voltage being applied to a balanced phase
inverter having a pair of balanced output voltages, said

- phase inverted output voltages being applied respecnvely}'

the amount of force necessary to ccnnterbnlance the

. force due to ihe pmdncL of ey and ey A power cali-

 brated volimeter 43 is connected to the cutput of the
~ detector 42. The

output of the detector 42 1s-also anphed

~threugh 2 lean £4 to thc second. inpnt c*’ tne 51.1nln1n:unr o

netwcrn 37.

- If the dzapnlegm 12 s 1n1tlally centered between the
. plates 16 and .17, no carrier voltage is applied to the
e; and -eq are’ NOW-
- eter, a deflection
- .. of the diephragm 12 takes place resulting in a D. C. volt-
o age out of the phasc detector 42 having a ‘magnitude and -
- polarity e‘Lependn:v:Jr upon the deﬂcctmn of the diaphragm . -
| If this D. C. vcltage is now applied with ‘proper
| polauty to the diaphragm 12 in the presence. of balanced

© carrier amplifier. ~If signal voltages e

apnlled to the two inputs of the watts

12.

' D..C. voltages cn the end plates as is dong through the

- the output of said detector being connected to the other
of the inputs of said third summing means, and a meter
connected  at the output of sald detectnr to gwe a. chrect' o

~ to the inputs of said first and secnnd summing means, a.

balanced voliage source hawng its output voltages applied .

to said first and second summing means respectively, said-
first prcpcmcnel input current being coupled to ¢ne of T
~ the inputs of a third summing means, the output ‘of said o
third summing means being fed to a carrier-tuned trap.cir- -

cuit, said carrier tuned ‘trap circuit being connected to -

said diaphragm- of said multiplying device, said-diaphragm o
being connected to the input of a carrier alnphﬁer, a de-

tector conmected to the output of said carrier amplifier,

reading. in units -of power.

2. A wattmeter - accordmg'tc clann 1 nl whlch S&Idj-_f..'._'_ o
40 ;balanced voltage source ocutput can be ad]usted to pm-i'-
“vide a number. of ranges of pcwer measurement: - - -

3. A wattmeter for measuring the power transmltted‘ o

 from an electrical source to a load hamng an input volt-

~--feedback loop :of conductor 44, a force is develcped due

‘to the D. C. product which opposes the average force
As'1s well nnown from feed-

| _back theory, a sufficiently la,rge lccp oain as prcv:tded by

 carrier amplifier 41 will minimize the error between these =

“. - products to-a.very small value. |
~balanced D..C. source 28 -and the size of the resistor 10

- are held fixed, the voltmeter reading of meter 43-be-

. .comes a direct measure ‘of ‘the average value of the in- -

._ A number of

.. POWET- scales for the meter 43 may be readily provided -

by adjnsnng the size.of resistor 18, by varying the nntpnt

) C. scnrce 29 or by varyinn_.

stantaneous signal product or tie power.’

- ‘voltage of the balanced

Fig. -3 illustrates - hcw tne 1nput mltages ey and 6’2

o apphed to amplifier 36 and phase inverter 33 respectively,

- are derived. In Fig. 3 a power source P-is connected in

60

- 'The secondary . of . transformer T1is- connected across

“The input voltage. e, is- developed across-
. . resistor 1Q and is proporncnal to the current i transmitted
" to load L. Connected in parallel with the load L is the

‘series with a lcad L and the primary of a transformer T1.

_._.-prlmary of a second transformer T2, The input voltage

- e9 18 aeveloped across the secondary. ‘coil of transformer

T2, one end of which 1s grnnnded and is prcncrtmnal o
-tc the voltage applied to load L. o .

- The output reading. obtained at Incter 43 is prc-por-—' '-

. tional to the average value of ejes and, therefore, is
| _jprcpcrncnal to the: averagc value.of power

It thc output from the

45
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If the meter -

43 is calibrated in terms -of pcwer the meter will pro- :

"-'_.-"'.ﬁvlde a - direct indication -of the average Valne cf thc;'- :

. power consumed by the load.

W]:ule there has been shcwn and descr;tbed an mvenQ;-; 75

age and input current pmpornonal to the transmitted.
~voltage and current comprising an electrostatic nlnlnply—:fj |
- ing dewce havmg a deflectable means positioned between
| _'twc plates, a first and second combining means- having -
 their cutputs connected respecnvely to one- of each ofi'_'_- o
said plates, a carrier source having a pair of. phase-opposed

"5'0: output voltages connected respectwel}r tc the inputs- of

said first ‘and second ‘combininig means, means for- de-

riving two phase—cpposed voltages from said proportional
input voltage, said two phase-opposed voltages being ap- - -

plied to said first and second combining means respec- .

- tively, said prcpcrtlcnal input current being: ccnpled 0
one of the inputs-of a third combining means, the output
~of said third- combining means ‘being fed to a carrier . |
| -blncklng circuit, said carrier -blocking circuit. bemg con-
‘nected to said: deflectable means- of -said multiplying de- =
 vice, said deflectable means-being connected to the input.
of a carrier amplifier, a detector connected to the cntpnt' o
~ of said carrier amplifier, the cutput of said detector-being
connected to the other of the inputs of said third-com-
~ bining means, and means to provide a wmble mdlcancn- o
of the amount of transmitted power. R

4, A wattmeter according to claim 3 inclnding rnennnf_ )

" fcr prcwdlng a. nnmber of ranﬂes cf pc'ner meaanrenlent

References Ciied in the ﬁle nf thlS paten;. | A

1950,'.

I UNID:D STATES P
1,755;739,.* Kcsnzky e Apr. '._2__2_,
2,092,762 Kroger e coemmeee Sept. 14;
. -2,524,702 ° - Hansell -_,.._,,___.____...,___.__..,,__c.,___qOc'_t. 3,
Y 2599287 < Rowell - __iiooeom—oi- Junz 3,
_2 603 704_ __,__Bcrnarde_ SR Inl}}_}_-_-l'S'; 1952

;1937




	Drawings
	Front Page
	Specification
	Claims

