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AUTOMATIC SPEED-CHANGE SENSING SYSTEM 
FOR USE WITH AUTOMATION EQUIPMENT 

FOR many years, electrical ta
chometer generators have been 

used to provide a signal for the in
dication and recording of speed. To 
meet the requirements of automa
tion, several methods were devel
oped for the use of this signal in 
automatic speed control. Most of 
the systems employing these meth
ods do not have many of the neces
sary qualities. Some are too costly 
or require expensive maintenance, 
especially where vacuum tubes are 
involved, and many are dispropor
tionately large. Others are so in
flexible in their adaptation that they 
must be specifically designed for 
each installation. The system de
scribed in this article offers advan-

installation (Figure 1), these com
ponents are, left to right: a 5 ma d-c, 
zero left, Weston Model 741 Tach
ometer Indicator; a Weston Model 
9906 Type 41A9R transformer box 
modified for this particular applica
tion; a 4.5 ua d-c, zero center, 
Weston Model 723 SENSITROL® 
Relay containing a special bridge 
type resistor network; and a Weston 
Model 758 Type ABF Tachometer 
Generator. 

Automatic Speed-Control Units 
This system has been designed for 

use by many speed-control manu
facturers as the basis of their auto
matic units. When used in a control 
unit, it can maintain the speed of 

Figure 1-The Compo nent Parts of the Automatic Speed-Cha nge Sensing System Dismounted Fro m Pa nel. 

tages which make it especially 
adaptable to automatic motor speed 
control. 

The system consists of four com
ponents; an a-c tachometer gener
a tor, a d-c indicator, a d-c relay in a 
differential circuit, and a frequency 
re ponsive transformer box which is 
the "brain" of the device. In an 

the controlled device to within ± 
Y-1' 0 of the maximum operating (or 
top) speed. In addition, visual in
dication of speed changes of as little 
as 2 rpm in 5,000 can be seen on the 
relay scale, and this value can be 
considered as the sensitivity of the 
arrangement. 

In order to give complete ftexi-
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bility of control, the system has 
been provided with three major ad
justments. The principal adjustment 
is used to choose the point of opera
tion at any desired speed between 
500 rpm and the top speed which 
has been set by the second adjust
ment. This second adjustment sets 
the top speed of the control system 
equal to the top speed of the ma
chine to be controlled, and it is 
continuously variable from 1,000 to 
5,000 rpm. This allows the control 
manufacturer to derive certain ad
vantages, which will be discussed 
later, by narrowing the control range 
of the system. It also establishes the 
machine speed required for full-scale 
deflection of the monitor speed in
dicator. The third adjustment is 
used to vary the span of control 
from± ~% to± 63 of top speed, 
and is also continuously variable. 

Schematic Circuit Diagram 
The circuit of this system is shown 

schematically in Figure 2. The 
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both transformers is a series of a-c 
pulses (pips). Each train of pulses 
is of constant amplitude; therefore, 
the average value of the currents 
caused to flow in the secondaries of 
T 1 and T 2 will depend only on the 
frequency of these pulses, higher 
frequency corresponding to higher 
average current. Voltage variations 
in either source will not disturb the 
frequency response by more than a 
negligible fraction of the practical 
precision of which the system is 
capable. Finally, both currents are 
rectified and applied to opposite 
sides of the relay bridge circuit. 
Note that full wave, half bridge, 
rectifiers are used. This is done both 
to protect the rectifier elements 
from any current surge which would 
result if one of the signal sources 
were disconnected, and to reduce 
temperature effects. Themain bridge 
circuit consists of three precision 
resistors and the relay moving coil. 
Since the function of this bridge re
quires that the resistance relation-

-------------- ~-------------~~ 
..... ~2J.;PAN ) T3 = I 

Figure 2-Schematic Cir
cuit Diagram of Speed 

Sensing System. 

I C1 
L---------

G-Model 758 Type ABF 
Tachometer Generator. 

B- Model 9906 Type 
41A9R Modified Trans-

l former Sox. 
I 

_______ _J M1- Model 741 Tachom-

-~+----+--<Q-soLENOID RESET eter Indicator. 

----+-+----+-t--tGcoNTROL CONTACTS K-Model 723 D-C Relay 

L _____ ...J 
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generator provides a signal at a 
voltage and frequency which are 
proportional to its speed. This signal 
is applied to the primary of T i (a 
saturable core transformer). A 110 
vac, 60 cps signal from any source 
is stepped down by T 3 and applied 
to the primary of T 2· This frequency 
need not be 60 cps (e.g., it could be 
50 cps or 400 cps), but it must be 
maintained within Y2 3 of its nomi
nal value. Since the transformer 
cores saturate early with respect to 
the applied voltages, the output of 
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in differential circuit. 

V-110 Volt A-C 60 Cycle. 

ships of its arms remain unaffected 
by variations in temperature, all 
elements are physically located with
in the relay. The relay makes con
tact when t he current to one side 
of the bridge exceeds that to the 
other by an amount established by 
the setting of R2. 

Mi is the moveable coil of the 
speed indicator and requires the 
passage of 5 ma d-c for full-scale 
deflection. The setting of Ri deter
mines at which actual tachometer 
generator speed this current will 
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flow. R2 is a ganged potentiometer 
with one section connected in series 
with the moveable coil of the relay 
and the other shunting it. Varying 
this control changes the amount of 
current required in this arm of the 
bridge to cause actuation of the 
relay. R3 is the "Zero" control. Once 
the operating speed has been chosen, 
R3 is adjusted until the current to 
its side of the bridge matches that 
being supplied to the generator side. 
At this point, no current will flow 
in the moveable coil arm of the 
bridge and the relay contact arm 
will be centered so that both control 
contacts are open. Any deviation 
from the speed thus established will 
cause the current from the gener
a tor side to be either greater or less 
than that from the 60-cycle source 
side. When this condition exists, 
current will flow through the arm 
of the bridge containing the relay 
moveable coil, causing deflection of 
the relay contact arm, so that one 
or the other control contact will 
close. 

System Operating Tables 
The tables in Figure 3 help to 

explain the operating parameters of 
the system. Since the system is 
sensitive to frequency, it is easily 
seen that a change in the frequency 
of the 60-cycle source can cause a 
deflection of the relay moveable 
contact similar to that caused by a 
change in speed. The higher the 
speed at the control point, the lower 
will be the percentage change in 
frequency necessary to actuate the 
relay, and consequently the greater 
effect such a change of line frequency 
will have. Let us assume that the 
frequency of the 60-cycle source 
could vary as much as 0.3 cps. (The 
short-term frequency variations in
volved are usually less than 0.25 cps 
and the long-term changes usually 
less than 0.1 cps.) Table A demon
strates that, at 5,000 rpm for top 
speed, minimum span, and 5,000 
rpm operating speed, the maximum 
percentage change in line frequency 
is twice that required to actuate the 
relay. At 2,500 rpm operating speed 
and with the same top speed and 
span conditions, the maximum line 
change is equal to the required per
centage change. Below this speed, 
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line frequency changes become es
sentially ineffectual. Table B shows 
the same conditions, except that the 
span has been set at four times the 
minimum. Under these conditions, 
line frequency variation is never 
more than half the required per
centage change and can be disre
garded. 

Note that the minimum span in 
C is 7.5 rpm, whereas in A it was 
12.5 rpm. It is the nature of this 
system that, as top speed is reduced, 
minimum span is reduced propor
tionately. At 1,000 rpm, which is 
the lowest point to which the top 
speed can be set, the minimum span 
is± 2.5 rpm. 

Table E shows the conditions of a 
system with a top speed of 3,000 
rpm, but with a span equal to that 
in A. The percentage change re
quired in both cases is equal. It can 
be seen that the percentage shift in 
speed required for actuation is de
pendent directly upon the span. 
However, the lowest possible span 
is dependent upon the top speed, 
and therefore the top speed in
directly affects the percentage devi
ation required for actuation of the 
relay. 
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Complete Interchangeability 

Basically, all components are com
pletely interchangeable with others 
similarly constructed. For given 
speeds, the frequency of the gener
ator output is dependent upon the 
number of its poles. The average 
value of the current from the sec
ondary of the saturable core trans
former is dependent upon the 
frequency of the generator. There
fore, generators with the same nomi
nal voltage output and number of 
poles can be interchanged with no 
loss in accuracy. The transformer 
box is completely adjustable, thus 
does not introduce inaccuracies 
when interchanged. The relay con
tains the balanced bridge. So long 
as a replacing relay contains an 
identical circuit, no inaccuracies 
will be caused by replacement. If, 
however, the resistance of the move
able coil of the replacing relay is not 
substantially equal to that of the 
original, there may be a slight 
change in bridge balance, causing an 
error in the indication of the speed 
indicator. This error will be small by 
comparison to the 1Yz % over-all 
accuracy of the indicator and can 

TABLE A 
Full Scale- 5,000 RPM 

Operating Generator Change in Gen. Max. Line 
Speed, Speed, Span, Frequency to Frequency 

rpm cps rpm Operate Relay, 3 Var., 3 
5,000 333.3 12.5 0.25 Yz 
2,500 166.7 12.5 0.50 Yz 

500 33.3 12.5 2.50 Yz 
TABLE B 

Full Scale- 5,000 RPM 
5,000 333.3 50 1.00 Yz 
2,500 166.7 50 2.00 Yz 

500 33.3 50 10.00 Yz 
TABLE C 

Full Scale- 3,000 RPM 
3,000 200.0 7.5 0.25 Yz 
1,500 100.0 7.5 0.50 Yz 

500 33.3 7.5 1.50 Yz 
TABLED 

Full Scale- 3,000 RPM 
3,000 200.0 30 1.00 Yz 
1,500 100.0 30 2.00 Yz 

500 33.3 30 6.00 Yz 
TABLE E 

Full Scale- 3,000 RPM 
3,000 200.0 12.5 0.42 Yz 
2,500 166.7 12.5 0.50 Yz 

500 33.3 12.5 2.50 Yz 

Figure 3- Typical Operating Parameters. 
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usually be disregarded. Any 5 ma 
d-c instrument can be substituted 
at M1(Figure2). Once installed and 
properly adjusted, its accuracy will 
be that of the instrument proper 
plus Yz % of top mark to allow for 
possible temperature and aging in
fluences on the rectifier bridge. It 
must be remembered, though, that 
the absolute accuracy of the indica
tions of this instrument will depend 
upon the accuracy of the adjust
ment of R1. This adjustment should 
be made against a reliable tachom
eter standard or with the generator 
driven by a synchronous motor of 
known speed. 

Because of the complete inter
changeability and adjustability of 
all components of the system, it is 
possible for the speed control system 
manufacturer to stock a quantity of 
identical relays, transformer boxes 
and generators plus a quantity of 
speed indicators calibrated to var
ious top marks, e.g., 0- 1,000, 
0- 2,000, 0- 3,000 etc., and still be 
able to supply each of his customer's 
individual requirements. If an ac
curacy of ± 2Yz% on the speed in
dicator is satisfactory, this program 
can be broadened by stocking a 
quantity of identical speed indi
cators together with a quantity of 
variously calibrated scale plates in
stead of the variety of indicators 
previously mentioned. The reduc
tions in cost and increased speed 
of delivery obtained by this ap
proach are readily apparent. From 
the manufacturer's viewpoint, such 
a program permits a certain degree 
of quantity production with advan
tage to himself and the customer in 
reduced costs and improved de
liveries. 

Since generator voltage errors do 
not affect the operation of the speed 
sensing system, it is possible to use 
bearingless tachometer generators 
such as the Weston Model 758 Type 
XF. Through the use of this type 
generator, the top speed at which 
the system can be operated can be 
extended up to 80,000 rpm. 

In the present design of the unit, 
R1 and R3 (Figure 2) are 10-turn 
rheostats with resistance values of 
6,000 and 2,000 ohms, respectively. 
This type of control must be used 
in order to obtain the resolution re-

May 195$ 
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quired in a system of such high 
accuracy. R2 has been designed so 
that control span variations leave 
the total resistance of this bridge 
arm unchanged. Condensers C1 and 
C2 reduce the d-c ripple component 
of the rectified current. The ger
manium rectifiers in the rectifier 
bridges are especially selected for 
their low temperature coefficients 
and exceptional linearity. The relay 
is of the Weston SENSITROL®type 
in which the contacts, once made, 
are held closed magnetically. The in
clusion of a reset solenoid in t he 
relay permits remote or automatic 
resetting. The latter is useful when 
the system is used for speed regula
tion and serves to center the relay 
contact arm once the correct speed 
has been re-attained. 

Typical Installation 

Figure 4 illustrates a typical in
stallation using this equipment. To 
adjust this system, the person in
stalling the speed control runs the 
generator at a speed equal to that 
required for full-scale deflection of 
the speed indicator. He then adjusts 
R1 (Figure 2) until the pointer of 
the indicator is at top mark. The 
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Figure 4-Block Diagram of a Typical Application . 

unit is then ready for installation. 
When in use, the operator runs the 
machine at the speed required for a 
particular operation and, maintain
ing this speed, adjusts R3, marked 
"Zero," until the relay indicates 
zero. He then sets R 2, "Span," to 
the required limits of control. 

The system will now attempt to 
maintain the motor at this preset 
speed within the established limits. 
Any change from this speed greater 
than t he span setting will cause the 
Model 723 Relay to make contact. 
This in turn actuates one of the 
Model 712 Power Relays. These 
relays are designed to perform a 
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dual function. One set of contacts 
resets the Model 723 Sensing Relay 
as soon as the latter is actuated by a 
change in speed. Since the power 
relay contacts are self-releasing, 
they will t herefore be closed only 
momentarily. The other set of con
tacts supplies a pulse of a-c current 
to the motor variac, changing its 
position, thus changing the voltage 
to the motor being controlled. This 
process will repeat until the correct 
speed is regained by the controlled 
motor. Under proper conditions, 
regulation can be achieved without 
hunting. 

From the above discussion, it 
can be seen that the equipment 
embodies the qualities considered 
desirable for a system of this na
ture, namely, accuracy, flexibility 
in use, economy both in initial and 
maintenance costs, complete inter
changeability of components, rug
gedness, long life and compact 
design. The Weston Speed-Change 
Sensing System should be of con
siderable value in meeting many of 
the problems faced in the field of 
automatic control. 

E. N.- No. 113 
- R. E. W eber and P.A. Panfile. 

DIFFERENTIAL SPEED INDICATOR 
EDITOR'S NOTE: This article is a reprint of a paper presented by Mr. A.H. Wolferz, D ivision Chief, A-C Develop
ment, of Weston Electrical Instrument Corporation, on February 1, 1956, in New York City, before a session on 
I nstruments and Measurements of the Winter General Meeting of the American I nstitute of Electrical Engineers. 
Applications of this system are in use in a number of industrial plants. 

ALONG with the measurement 
J-l. of speed, the measurement of 
speed difference is finding an im
portant place in industry. 

In the manufacture of paper, for 
example, the successive rolls are 
required to rotate at slightly dif
ferent and very definite peripheral 
speeds so as to provide the proper 
take-up and to avoid undue tension, 
and the same holds true in the roll
ing of metals. Some processes require 
the speeds to be kept equal, the 
difference, therefore, being zero. It 
is also desirable, on occasion, to use 
this difference of speeds as a means 
of control. 

Among the methods employed, 
the differential gear systems have 
been successfully used, but are 
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limited to the speed range of the 
gears and the proximity of the mem
bers whose speed difference is to be 
considered. 

For a more flexible system, d-c 
generators may be driven by the 
sources under consideration. These 
generators produce a voltage pro
portional to speed and, when con
nected in opposition, a current 
indicator in series will give a meas
ure of the difference in these speeds. 
This method, however, is dependent 
upon the voltage stability of the 
generators. Voltmeters are usually 
connected to the generators to show 
the actual speeds, and the readings 
of these indicators will be affected 
by the difference current between 
the generators. The speed range of 

these generators would also limit 
their usefulness. If one generator 
should fail, the indication of speed 
by the voltmeter connected to the 
other generator would be in con
siderable error. 

A-c genera tors in opposition would 
allow a wide range of speed, but 
cannot be used directly because of 
phase relation. If the outputs were 
rectified and compared, any non
linearity of the rectifiers and the 
stability of the generator voltages 
would also influence the measure
ment. 

Requirements for Satisfactory 
Differential Speed Indicator 

We may consider, at this point, 
t he several requirements for a satis-
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factory differential speed indicator: 

1. Responsive to the speed, but 
not influenced by the voltage change 
of the transducers. 

2. A wide range of speed. 
3. Good resolution. 
4. Readings concurrent with the 

speed. 
5. Measurement of each speed 

should not be influenced by the 
difference. 

6. Speed indications should be 
independent. 

7. Not affected by phase relation 
of generators. 

8. Not affected by ambient tem
perature. 

Basic Circuit 
A system which conforms to these 

requirements is shown by the sche
matic circuit diagram, Figure 1, the 

Figure 1-Schematic of Differential Speed Ta
chometer System. 

components of which system are 
described as follows: 

Generators A and B may be 
considered transducers of motion, 
whether angular or linear, into elec
trical energy. They are of the rotat
ing permanent magnet a-c type, and 
preferably produce a good sine wave. 
They should be of low impedance. 

Saturable core transformers Ti , 
T 2 are of the oriented nickel iron 
ribbon type having a rectangular 
hysteresis loop. 

Resistors R1 and R2 are non
inductive adjusting resistors. 

Rectifier bridges Di and D2 are 
composed of germanium diodes or 
equivalent. 

Speed indicators I1 and I2 are 
direct current milliammeters of the 
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permanent magnet movable coil 
type. 

Differential indicator M is a 
permanent magnet movable coil 
microammeter, as a part of the 
differential bridge. Each arm of this 
bridge is adjusted to an impedance 
equal to that of the microammeter 
movable coil at its mid-scale posi
tion. These bridge arms should be 
contained in the instrument. 

Principle of Operation 
Consider the system as divided 

into three parts: speed circuit for 
generator A, speed circuit for gener
ator B, and the differential circuit 
M. 

In speed circuit for generator A, 
the rotor of the generator is driven 
by one of the sources of speed under 
consideration. The voltage gener
ated will be nearly proportional to 
the speed at a frequency exactly 
proportional. 

GENERATOR 
(B)--i---:::rt-~r--..-q...-~....,,..._- voL~~ LOADED 

TRANSFORMER 
PRIMARY VOLTS 

TRANSFORMER 
CORE FLUX 

TRANSFORMER· 
SECONDARY E .M.F. 

TRANSFORMER 
SECONDARY VOLTS 
LOADED 

DIRECT CURRENT 
FOR INDICATING 
INSTRUMENT 

Figure 2-Graphic Analysis of Saturable Trans
former Operation . 
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From this output, t he core of 
transformer T1 is saturated. In this 
state, as shown by the waveform 
analysis, Figure 2, a secondary 
voltage is generated when the core 
flux swings from one maximum to 
the other, and is zero during these 
maximum periods. The average 
value of this secondary voltage is 
proportional to the frequency and 
only slightly affected by changes in 
the primary voltage. 

This voltage is applied to the re
mainder of the circuit, consisting of 
rectifier D1, speed indicator milli
ammeter I1 and the differential indi
cator bridge, resulting in a pulsating 
direct current whose magnitude is 
controlled by the resistor R1 and 
whose average value is proportional 
to the frequency. · 

The speed indicator milliammeter 
Ii being of the permanent magnet, 

PER CENT PRIMARY VOLTS 

Figure 3-Per Cent Indication of Instrument vs. 
Per Cent Primary Volts for Frequency Respon

sive Tachometer. 

movable coil type, will indicate in 
response to this average value and, 
thus, to the frequency of the gener
ator A voltage. This same action 
occurs in speed circuit for gener
a tor B. 

These pulsating direct currents 
will be present in the differential 
bridge M where circuit A is con
nected at E and G. Since t he bridge, 
including the movable coil of the 
instrument, is balanced, t he points 
F and H , with re pect to t his cur
rent, will have no potential difference 
and , t herefore, any circuit may be 
connected at t hese points and will 
not affect t hi current. Similarly, 
wi th circuit for generator B con-

Mciy 1956 
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nected at F and H, the points E and 
G will have no potential difference 
and any circuit connected here will 
not affect this current. 

When the direct currents of these 
speed circuits have the same average 
value, no difference of potential will 
exist between E and F. The movable 
coil of the differential microammeter 
connected between these points will 
receive no current and will therefore 
indicate zero. This is the condition 
when the speeds of generators A and 
Bare equal. 

This same condition will also ap
pear in the arm between H and G. 
When the speeds are not equal, t he 
currents through the milliammeters 
I1 and I2 are not equal, and the 
difference will appear in bridge arms 
E, F and H, G, causing the dif
ferential indicator to indicate in 
response to this difference. Since 
these direct currents are pulsating, 
all values referred to are average 
values. 

By these means, the currents for 
the speed indicators are independent 
of each other, are responsive to the 
speeds of their transducers, and are 
not influenced by the difference 
current. 

Accuracy of Indication 

Ambient temperatures will have 
very slight effect, if any, on the 
differential indicator because of the 
bridge composition, and the fact 
that these resistors are placed inside 
the instrument. Because of the rec
tifiers, the indications of the speed 
indicators I1 and I2 will be affected 
approximately 1 percent for 40° C 
change. 

The phase relation between gener
ator voltages has negligible effect 
because the indications of the dif
ferential indicator are proportional 
to the average value of the d-c 
pulses to the differential indicator 
bridge. 

While the waveform of the gener
ators is of no serious concern, any 
change in the wa veforrn over the 
speed range from that at which the 
adjustment is made would be re
flected in the indications. It is, 
therefore, most desirable that the 
waveform of the generator output 
be nearly sinusoidal and remain 
fixed over its entire speed range. 
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Figure 4- Typical Instruments Used for Development of Differential Speed Tachometer. 

The speed indicators 11 or I2 may 
show a slight effect if their cor
responding generator voltage should 
change as shown in Figure 3. This 
amounts to approximately 1 percent 
of full-scale value for a generator 
voltage change of 20 percent. These 
curves also show that less voltage is 
required to saturate the transformer 
as the frequency, speed of generator, 
becomes less. This generator, whose 
voltage is nearly proportional to 
speed, is ideally suited for this 
purpose. These curves also show 
that when the transformer is satu
rated at t he highest speed of the 
range, it will remain saturated for 
all speeds below. 

Changes in impedance of the 
movable coil of the differential 
microammeter alter the balance of 
the differential bridge to such a 
small amount t hat they may be con
sidered negligible with respect to 
the over-all requirements. 

Conclusion 

Returning to the original speci
fication, this system very closely 
meets the requirements. 

1. It is responsive to speeds and 
very slightly affected by the voltages 
of the generator transducers. 

2. A wide range of speeds may be 
covered. Speeds from 500 to 70,000 
rpm have been measured, with no 
upper limit found. 

3. Good resolution is possible 
since reliable instruments may be 
built to allow a differential indicator 
range of 5 percent of the top speed 
value: 

Figure 4 shows generators, instru
ments, and circuit network box used 
for this development. The speed 
range is 30 X 100 = 3,000 rpm and 
the differential range is 5 percent of 
this, or 150 rpm. 

4. The speed indications of the 
instruments will follow the speed of 
the generators for all speed changes 
usually met in ind us try. 

5. The indications of the speed in
dicators are not influenced by the 
difference in speeds. 

6. The indications of the speed 
indicators are independent of each 
other. 

7. The indications of the speed 
indicators, or the differential in
dicator, are not influenced by the 
phase relation of the generator 
outputs. 

8. The effect of ambient tem
peratures is small for the speed 
indicators and less for the differ
ential indicator. 
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WE WERE reviewing a t abulation of 
patents issued to Dr. Weston the 

other day and wonder if engineers gen
erally realized t hat t here were issued to 
him a total of 330 patents over a period of 
54 years. 

The first patent was in 1875, and cov
ered an anode for nickel-plating made of 
compacted powder and essentially follow
ing t he procedure of sintering used today. 
His last patent was issued in 1929, on t he 
Weston radio-phone plug. Between t hese 
extremes we find t he early patents cover
ing the art of electroplat ing, t hen veering 
into dynamo-electric machines, arc lights, 
incandescent lights, elect ric distribution 
systems, and t hen into instruments. 

The first instrument patent appears to 
have been in 1885, although t here had 
been previous patents issued to him on 
integrat ing or ampere-hour meters, and 
in 1883, he had obtained a patent on a 
speed indicator with a rotating magnet 
dragging around a disc-essentially t he 
basis for almost all automobile speed 
indicators up to t he present day. (Patent 
277,179.) Patent 334,145, issued in Jan
uary 1886, shows one of the first rec
tangular moving coils with a frame and a 
bi-filar suspension operating in t he field 
of an electro-magnet . Early in 1888, 
patent 381,304, reissued as Re 10,944, 
covered t he use of the alloy manganin 
along with its use in series 'with a copper 
coil for temperature compensation. Pat-
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ents on instruments followed thick and 
fast with 16 issued in 1888, on an enor
mous variety of instruments ranging from 
a modified tangent galvanometer to re
cording instruments. In 1890, patent 
427,022 covered such details as opposed 
spiral springs for control, their mountings, 
a mirror scale, and other items we take 
for granted today. 

The matter of compensation for the 
resistance variation of copper with tem
perature apparently took a great deal of 
t ime and many proposals were made and 
patented; patent 480,981, issued in 1892, 
showing a measuring instrument with a 
carbon negative coefficient resistor of a 
type frequently used today. 

We may t hink of adapters for vacuum 
t ube bases and test gear as something 
r ecent but patent 480,900, issued in 1892, 
showed an attachment plug with various 
adapters as required for the several types 
of lamp bases in use at the time. 

Patent 494,827, issued in 1893, seems 
to be t he first disclosure of the cadmium
mercury Standard Cell. The rights under 
this patent were dedicated to t he public 
by Dr. Weston in view of the acceptance 
of t his cell as a World Standard for 
volt age on t he part of the International 
Electro-Technical Commission in 1904. 
Patent 495,501, issued in 1893, covers his 
shunt. Just that. We may think of a 
shunt as an obvious device but the fact 
remains that a patent was issued on the 
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idea and apparently it had occurred to 
nobody previously. 

When the Weston Plant was built in 
its present location, a rather special type 
of saw-tooth roof was designed along with 
a particular way of hanging the line 
shafting. So patent applications on these 
items were made and they were issued 
in 1907. 

There is much present interest in solar 
energy and ways and means of storing it. 
It is of interest to note that patents 
389,124 and 389,125 were issued to Dr. 
Weston in 1888, these patents covering 
respectively, the apparatus for and the 
art of utilizing solar radiant energy . The 
apparatus consists of a bank of thermo
couples to be heated by the sun, with the 
rays coming through a lens to concentrate 
them. The output of the thermopile was 
arranged to charge a storage battery at 
such times as the generated potential was 
sufficiently high to actuate a charging 
relay. Essentially these patents contain 
all of the elements used in such systems 
today except for the photocells which are 
of relatively recent origin . 

As engineers we are continually amazed 
at the items covered by these patents and 
periodically, if t he subject matter of one 
of them is not being used continuously, 
some special application requires that the 
old art be reviewed and we find the 
answer in these old patent files. 

NEW PUBLICATIONS ON INSTRUMENTS AND MEASUREMENTS 

Two publications came off the 
press toward the end of 1955 

which should be of interest to every
one concerned with the making of 
electrical measurements. 

The American Standard for Elec
trical Indicating Instruments, identi
fied as document C39. l-1955 of the 
American Standards Association in 
its latest revision, now also is con
sidered as a Standard of the National 
Electrical Manufacturers Associa
tion, their publication number EL-
1-1955. This is a revision of the 
previous issue of 1951, with rather 
minor changes mainly consisting in 
explanatory notes, minor changes in 
procedure and changes in wording to 
make the context conform with the 
Standards terminology of N.E.M.A. 

No changes were made in any of 
the accuracy requirements or limits 
so that for the individual who has 
merely a casual interest in measure
ments the revised document will 
hardly be needed. But for those con
cerned with the purchase and use in 
quantity of electrical indicating in
struments, the latest issue should be 

used and it may be obtained from 
the American Standards Associa
tion, 70 East 45th Street, New York 
17, N. Y. , at a price of $2.00. 
Alternatively copies may be ob
tained from the National Electrical 
Manufacturers Association, 155 East 
44th Street, New York 17, N. Y. 

The second publication is the 
Master Test Code for Electrical Meas
urements in Power Circuits, identified 
as document number 552 of the 
American Institute of Electrical 
Engineers and dated N ovem her 
1955. It is also identified as Power 
Test Code 19.6 of the American 
Society of Mechanical Engineers, 
dated 1955. 

Although this Test Code was de
veloped at the request of the Power 
Group of the A.I.E.E., the A.S.M.E. 
Power Test Code supplement on 
Instruments and Apparatus of 1934 
served as the basis of the work. 
Much material was taken from other 
codes such as the A.I.E.E. Test Code 
502 on single phase motors. Through
out the development of the doc
ument there was close co-operation 

between experts of the A.S.M.E. 
and those of the A.I.E.E. 

It is to be noted that while the 
Standard mentioned above defines 
the instruments, this Test Code tells 
how they are to be used and as such 
is a valuable supplementary pub
lication. Accuracies are discussed 
and there are many suggestions as 
to methods of improving the over-all 
accuracy in making measurements 
of voltage, current and power. 

There are some nineteen dia
grams, mostly of the more elaborate 
types of connections in to polyphase 
power systems and ince the docu
ment is not propriety but rather 
carries the sponsorship of the Me
chanical and Electrical Engineering 
Societies, it is a valuable reference. 

This Master Test Code lists at 
$1.20 and may be obtained from the 
American Institute of Electrical 
Engineers at 33 West 39th Street, 
New York 18, N. Y., as document 
number 552, or from the American 
Society of Mechanical Engineers at 
29 West 39th Street, New York 18, 
N. Y., as document PTC-19.6. 
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• High speed inspection 
and classification 
of resistive elements 

• Continuously recording 
rate of temperature change 
in jet engine test stands 

• Precision control of minute 
potentials and currents 

• R .M.S. regulation of a-c 
oscillators and generators 

• High speed inspection 
of ferromagnetic materials 

• Multiplication of two 
a-c or d-c signals to provide 
a precision product 

• Production testing of 
cathode ray tube brightness • Precision low power factor 

measurements for 
production inspection • Recording extremely low 

temperature dif/erentials. of trans/ ormers and motors 

The . INDUCTRONIC® SYSTEM of 
low level MEASUREMENT ~and CONTROL 

Model 1475 Multi-Range lnductronic D-C Amplifier 
provides amplification of a complete span of direct cur· 
rent and voltage ranges of either polarity with no sacrifice 
in fundamenta l accuracy or speed. Has seven current 
ranges, from 10 to 1,000 microamperes - and ten voltage 
ranges, from 1 to 1,000 millivolts . All ranges immediately 
available by the turning of a switch; and an additional 
seventeen ranges become available by a knob adjustment 
which changes the instrument from zero left to zero center. 
Accuracy 1 %. Accessories such as recorders and addi · 
tional indicators can be inserted in the output to a total 
of 5,000 ohms without affecting accuracy or cal ibration. 
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Practical solutions to the above, and many other 
problems of low-level measurement and control 
have been supplied by the WESTON Inductronic 
System ... an entirely different method of d-c 
amplification. Utilizing the deflection of a perma
nent magnet moving coil system, it converts ex
tremely low-level d-c to a proportionate a-c signal 
and amplifies it to a usable degree . . . then recon
verts to a d-c level. The system operates at a fre
quency of 200 KC, and provides a high order of 
sensitivity, accuracy and speed. And because of 
circuit simplicity, the system is stable and virtually 
maintenance free. To learn how you can apply 
the lnductronic System in research or production, 
call your nearest Weston representative, or write 
direct for bulletin B-36-B. 
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