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PREFACE

In Januarj of 1951, thé wrlter was réquesﬁed by Professor Naéter,
heéd of the School of Eleetrical Engineeringldf the Okiahoma Institute
of Technology to work w1th Doctor Attie L. Betts on his thesis.

The Mater Testing Table was suggesbed by Professor Naeter, after
.having read an article that appeared’in the December 31, 1951, issue of

the Electrical World magazine, as a'poséible solution to reduce the

amount of time and energy lost in setting up equipment to calibrate
laboratory meters against standard meters.

The writer wishes to express his appreciation to the sta££ of the
School of Electrical Engineering of the Oklahoma Institute df Technology
for its cooperation and helpful advice and‘especially to Doctbr Attie L.
Betta, under whose sﬁpervision thé‘éonstructioﬁ and testing-were.carried

out.
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 CHAPTER I
INTRODUCTION

The Meter Testlng Table design was based on an articled thét appear-
ed in the December 31, 1951, issue of Elsctrical World magazine, which

~deacribed & portable tester menufactured by the Arthur E. Booth Company.
With this 1des in mind the Meter Testing Table was -designed and con-‘
‘,atructed to'fit the present needs of the college. - Allcwances were made,
' however, for the installation of equipmant to mset future requiremenbs.
-Based on meters that are used as standardn at the college, the fol=-
lowing,rénges of voltage and ampere were aeiécted} 0-750 volts‘A.d.,
0-750 volts D.C., 0-100 ampérés D.C., and 0-100 auperes 4.C. These were
arbitrary figures which would cover enough of the. range of the atandard :
vmeter to be able to calibrate. waever the ;anges.were exceeded in most
éases becauée the eqnipment-used'waé procured‘frdm“war supﬁlﬁs material
available at the 6ollege after World Wﬁr II;v The only exception was the
0-100 ampere direct current because it uas limited in ita output by the7
.rating of the seleniun: rectifier which was purchased from the Interna-
tional Rectifier Corporation, | |
Formerly direct current and voltage ﬁefewobtained from a motor-

generator sete In order to register individual values a repetituous

- . A Ersklne, WPower Supply Doubles Test Efflciency," Electrical
World, December 31, 1951, p. 7.



’ procedﬁ.ré that involved timé and excessive e:tpénditurel of  power had t0
, be £olloved. ridw‘ by the construction of the Meter Teaﬂng Table all
controls foi the variation of the source o’f. vﬁl’t;aga' and cufi'ent ‘of the
alterhat.:l.ng ourrent and d;l.recﬁ curraxit 6ifeu1te facilitate the chéoking
| of laboratory meters againpt aténdarde." o |



CHAPTER II
CONSTRUCTION, DESIGN, AND DESCRIPTION

The material used in the Meter Testing Table construction was oak
to match other equipment in the School of Electrieal Engineeringe The
dimensions of the table top éccommodate a standard meter and foﬁr labe
oratory meterse This and the height were the only factors taken into
conéideration in determining its sizee For further details as to the
dimensions of the table'seé Table Construction drawing 1 (pﬁge ls) and 2.‘
(page 5)s - |

The table was designed to test. only oné type of meter at a time,
either alternating or direct voltages (or alternating or direct current),
thus reducing the amount of eqﬁipmént necessarye Only'twatransférméfs
are réquired, one for the voltage ranges and one for the current rangds..

In tracing the circuit (dréwing 3, page 6).110 volt potentisl is
applied,thrbugh two 10 ampere fuses (11) to the power switch which is a
310 volt, 25 ampere switch (lh); The voltage is then appliéd to the
coarse control autotransformerb(ﬂ); The fine control autotransformer (10)
is connected across the output of thé.cqarse control aﬁtotransférmer (8)e
" The 115 volt secondary of the ti-ans:ormer (9) has the output of the fine
¢on£nol autotransformer (10) applied to it, with the 5 volt primary con-
nected in series with the oﬁtput of the eﬁarse contrél autotransformér.
This transformer is connected so that by varying the fine control auto-

transformer it adds to the 6utput of the coarse control autdtranéformer

3
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Table Drawing 1

Figure 1.



Note: Material used-~oak,
panels oak plywood, bs
natural osk. Table to be mounted
on (L) four rollers temporarily.
Boards "A & B® %o be screwed on s0
they can be removed for installa-
tion of eguipment.

doors and side
bable finish
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‘Figure 3. Circuit Diagram of Meter Testing Table



TABLE I
PARTS LIST OF BQUIPMENT USED IN CONSTRUCTION OF METER TESTING TABLE

: Nunber
Number  Required Description
1. 1 Filamant transformer, 110 to 5-0-5 volts, L amperes
(Standard Transformer Corporation) ‘
26 2 Reotifier tubes, SRY -
3. 2 Gapaeitcra, 1,000 volbs, 10 MeFo
bye 2 Inductance reactors, 1372 Henrys, «L4OO amperes
' 10,000 volt insulation, Kenyon Transformer Co.
CBe 2 Reslstor, bleeders, 11,500 ohms
be 1 Transformer, primary 115 volts, secondary 2,500

. volts, center tap, .300 amperes D. C., 550 volt
amperes, Thordarson Electric Manufaeturing Com-
pany, type T-19P59

Te 3 ‘Bwitch rotary gang operated--six switches aingle
- pole double throw

8e i Vbltage regulator-variac, maximum amperes 22.5,
£ix winding 115 volts, commutation range 0-130
volts maximum KVA 2,93, Transtat Manufacturing
Company, catalogue number TH 22 1/2 4

% 1 Transformer, 115-5 volts, 5. amperes, Thordarson
.~ Manufacturing Company '

10.

1 Variac, 5 amperes, 0-115 volts
11, 2 Fuses, 10 amperes
| 12.‘ 2 Fuses, .5 amperes
13, l Ammeter,metef 0=~200 ampéres
. 1 Transformer, 200 amperes, 115-5.5-0~5.5 volis
15. 1 Selenium rectifier, full ﬁave, 100 amperes, air
~ cooled ,
15, h Capacitor, 2000 M.F., 25 volts
17, 1 Switeh, 3 pple double throw
2 Resistor, 3/32" x 8 1/2" stainless steei welding

18,
‘ rodg ~0U3 ohms



Number

19
;20.1
21e
22,
23+
2k

Number
Hequired

L

I S T — B S R <

(TABIE I continued)

Description

Resistor, 3/329 x 8 1/2“ stainless ateel wellding
rod, +0L3 ohms

Swit@h, push bubion
Trangformer, 110-6.3 volts
Lights, pilob, 6.3 volts
Fan, 6" centrifugal fan

§witeh, 110 wolt, 25 amperas, @ingls pole, single
throw



. by five per cent, thus giving a varnier adjustment of voltage in the cire

-~ culte The output of the above circult is common 4o all circuite in the
. tables From here the potential is applied %0 a botary switch (7) where v-‘f

the individual oircuit- are selected. - o
, When testing an alternating current from 0-750 volta,'the'outpuﬁ is
then applied to the high voltage trﬁnsférmer (6) which in turn 1§‘con~ ,‘_. 
nected to another rotary switch (7) of the gang operhtad rotary switch -
and then applied to the test pluga on the front panel. "

The same high voltage tranaformer is employed in the direct current‘

, high voltage circuit. Instead of being eonnected to the teat plugs
through the rotary awitchns, it is connected to two SRl rectifier tubes
(2) which are connected in parallal. The output of the tubes is applied
vto a two section choke input filtgr, thevoutputvof which ;s'retufnéd to
‘the rotary‘switches and from there is reconﬁécted to the test plugé o

the panel, thereby utilizimg both the high valtage transformer and tha
sams test plugs for both circuits. The filament voltage for the SRh
tubes is obtainéd from a separate transformer‘(l)‘that is connected to
. the 110 volt line behind the power‘switch, thus ﬁliminating the poési— |
| bility of high voitages being applied to the plaﬁes‘of the tubes whén-nd
filament vbltage is present. | . | i

In selecting thé high alternating current’range_the rotary switch

'is turned so that the outpﬁt af the‘éontrol circuits is comnected to the
high current transformer (lh). The output of the transformer is then ap-é_
plied to a three pole double throw switeh (17) From the switch it ia..:‘
fgd to a resistance 1oad (19) which gives a fine control by limiting'the i
'current; This output is gpplied,to the test conneetionlon ihe cbntrol

-‘panel§



10
In endeavoring bto locate a resistance load that.would earry the
high current and have the approximate ﬁalue of résistance, a 3/32"% x
8 1/2" stainless steel welding rod was measured with a wheatstone bridge
and found to have & resistance of «0L3 ohms. One rod was not sufficient
to dissipate the heat which waa.generated, thus four rods were connected
in serieé pérallel and the ends weré silvai soldered in‘copper cbnnectors
to accomplish this task. Additionsl considerations were that these rods
wéuld not rust, had axéeptionaifdnrability,‘and would not detériorate
genorally. | | |
' To change from alternating current to direct current the three pols
.. double fhraw switch is used, Thgoutput of the high current transformer
- (1h) is swiiched from the éontﬁoi banellto'a full wave selenium rectifi-
;er.(15). The output of this rectifier is in twrn cOnmegted'to a two
section capacitor (16) resistor (18) filtaf circuit, and then to the |
test connectors on the control panels Here again the 3/32" x 8 1/2® |
stainless steel wélding.rods‘were nsed, but only two rods connected.iﬁ
parallel. 7 .
| ‘A set of pilot lights (22) were installed ﬁo indieate which circuit
is in operétion. Its voltage is obtained from a separate 110/6.3 voli
transformer (21) connected acibss £he 110 wolt input behind the power
switche A rotary swiich (7), one of the gang operated rotary switches, |
“is used to indicate when thé 0~1.00 ampere alternating'currént'or‘dirgct
current 1s on, but since the rotary switches are in the sams position |
" for 0-100 ampere altern#ting current and direct current; twé push button |
switches,(ZO) were installed on the threé pele double throw switch'to
indicate whether the 0-100 ampere alternating current Or the direct cur-

rent circuit is in operation.



1

In order to vedueo the size of the selenium rectifier (15) used im
the 0«100 smpere direct guwrrent circuit a forced siveceoled rectifisy
was useds To cool this vecitifer & six inch centrifugal fan (23) was
installed which also cooled both the load resistor and the resistor im
the eapacitor resistor filter clreuit in the high current @ir@ai%ég Th@
fan is turned on &utamati@ally'by'gﬁ@ of the r@%ary'aﬁiﬁ@hag'wh@n the
selector switch 48 turned on Lo the poaltion AG-DC current.

In the high eurrent @ircni£ number 1/0 rubber coverad wire was uveed
in eomneeting all the equipment.

| In compecting all other equipment mumber 1Ll rubber coversd switche
board wire was used except in the pilot light elrouib, where plastie
covered number 18 wag empléy@d® |

4 150 anpere connector was used on the ends of tha‘number /0 rub=
ber covered copper wire when they were terminated at the equipment op
test poles, No special comnectors were used in attaching the number 1k
rubber covered sﬁibcnbaard wirej it was oither s@i@&r&& divestly or fage
tened to the binding poste ,

Thus the basic wiring essential for tesﬁimé was completed.

In 1o§king at the drawing {(pags 12) and photograph (page 13) of the
‘control panel, one sees that the %witéh for the source of all the glag-
tricity is located at the extreme lefv. Next to this power switch are
four pilot lights which indicate ths circuit in operation@ Continuing
acrosc the panel from left to right there are at intervals 8 femsle test
Jacks for the altermating current and direct current high voltagse Beside
this 18 the selector switch which is'uaed.to choose the vol%age or cure
rent desireds The coarse control autotransformer is tc the right of the

selector switch and in the center of the contzol panel. This varles the
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Photograph of Control Panel

Plate I.




,n;

voltage from 0w120 voltse Next to this is the alternating currant -
meter which will‘give the approximate‘amperes that the high current
~ transformer is delivering to the 0~100 ampere, alternating current and
difeot'eurrent circuit, To the right of the alternating current ammeter
ia the fine control autotransformer used in varying the oubput voltage of
the control olrouit by 5 per cente At the extreme ?ight are the output
terminals of the O=100 ampere, alternating eurrent, and direct current
circult, . Between the two outpuf terminals ia a shorting bar, taken from
a wheatstone bridge, to shart out the alternating current or direct cure
rent so that the test metera can be diaconnected without interrupting
the aetting of the ecntrols or breaking a circuit when high current is
Llowinge This aleo eliminates the changing of the setting,and‘allows “
neters to be'inserted in the circuit to be tested at thé same current
sétting, Loca@ed at the ieft end of the cpntrol ﬁanel and connected in |
parallel with the negative pole is another negative pole which is ém;‘ |
 p1oyed to eliminate long test leads of large copper wire. .
The equipment located behind the control panel (see drawing page 15
and photograph page 16) from left to right includea two 10 amperes fuses :
| mounted on the vertical end of the table and connected to the llo.vplt, “
inpute On the top of the taﬁle behind the qontrol panel is a chassis up=
on which is mounted two 5RL tubes,‘one‘llO/Syvolt f£ilament t;aﬁsforﬁer
for the SRl bubes, two 1,000 volt 10 hicrofaréd capacitors, and two
| bleeder resistorse Next to the chassis are two choke coils which with
the equipment mounted on‘the chAssis comprise the high voltage direct
current'rectifier circuite. Bésidevthis is the high voltage 110/1250Av01t
‘transformer which is employed in the alternaﬁinglcurrent and direct cur=

fent high veltage circuits. There are two 5 amperes cartridge fuses
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next to the high voltage transformer and in the highrvwltaga leads to
protect the high voltage transformers Directly sbove the fuses are the
gang operated rqtary awitchasb‘ anh.switch is a four position double
break'contgcta The gang ewitch was taken from two SCR=193 Army trense
ritteres The original enly had three switches, 80 that two were cone
nected on the same shaft to make up the gix ewitohes necessary. To the
right is the coarse control autotraneformer which is mounted on the back
of'the'control panel, The autoﬁranaformar wag procured from the SCR=270
Army radar transmitter. Beside this is the 110/5 volt transformer, which
1e comnected in the control eircuit to give a_5 per cent vgriation in the
output of the control~ciréuit. ‘Next is the 5 ampere.fine control auto-
transformer which is also mounted on the back bf the control panels The .
final piece of equipment located behind the control panel is the 110/6.3
volt transformer which furnished the power for the pllot lights. .

Upon opening the right front door one finds one 3 pole double throw
knife switch (see drawing page 18 and photograph page 19). This-swiféh
was converted from a 2 pole double throw to # 3 pole double ihrOw by

' adding another knife switch, It is used to change the 0~100 ampere cire
cuit from‘ﬁlxernatiné current to direct: current or vice versa; At each
énd of the 3 pole double throw switch is a switch which is depressed with
the 3 pole switéh isvoperated. .These'push button switches are for the
pilot lights to indicate if the altefnating cﬁrrent ana direct current
circuit is in operatione Diréctlg'behihd this is the:six inch centri-
fugal fan which cools the selenium rectifiere A41s0 in line with the ree~
tifier and coocled by the fan 1s the resistar for the capacitbr“resistor’
Pilter circuit and the load resistor, which were made b£ the 3/32% x 8
1]?" stainless steel welding rods. Alsé situated on the first shelf are
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Plate III. Photograph of Equipment on First and Bottom Shelves
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20
- the four 2000 microfarad 25 valt{@apacit@r@ of the capacitor resistor
filtar of the 0=100 smpere direct curremt eircuitss The}only equipment
placed on the bottom shelf is the &iraceoled high current transformar
which uas taken from the transmitter of the oGR~27O whers 1t prowided
the fileament voltage for the transmitbter tubes. "It should be moted that
all the equipmnt located below the top of the tabls occupiéas iny t»m

right balf which leaves the left half of the teble for futurs installaw
tion of other equipments | |



CHAPTER IIT
| TESTING

The first test which was performed on the Meter Testing Table was
on the 0w100 ampere direct currént circuitg"The equiﬁment uséd-to check
this circuit was an Qscilloscope‘and a Hewlett Packard meter, model LOOC.
The oscilloscope and the yﬁwleht Packard meter were connected across a
150 ampers 50 millivolt ahunt@ For difﬁ@rent values of current the wave
" form was observed on the oécilloécop@ and the rms alternating current |
volts were récord@d and plotted on a graph on page 22. ‘From the wave
form it was observed that the direct current was nob a-pﬁre direct cur-
rent, which showed that the capacitor resistor filter cifcuit was not
filtering the direct current. The registance of the filter current wés
increased in slze to improve théffiltering of the direct current cire
cuite The resulits of thia'wére negligible, The increasing of the re-
sistancé oﬁiy resulted in decreasing the output of the OinD:ampare ciré
cuits, |

Another test was performed using different types of meter'movemembsu
and a'puré:&irect current. The two meters used were a Weston Electrical -
instrument--5 ampere alternaﬁing current ammeter--and afwestbn Electrical
 instrument~-direct.current ammeter, model 5. The Wéstéh alterpating
currentlammeﬁef has én electromagnet moving coii type aﬁd tﬁe'Wbstbﬁ
| direct current médel 45 has a permanent magnet noving é@il type movement.
The pure dirsct current was supplied by a 6 %olt storage battery which

21
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23
was conneched to a vafiable resistor in series with the two meters. A S
; ampere 50 millivolt shunt was used with the Weston model L5 ammeter. The
results, which are shown on the graph on page 2h, show that there was a
very Smal; difference ip the reading of the meters foﬁ a certain value
of current. |

The same two mebers weﬁe uged, but the direct current ﬁas éupplied .
by the Meter Testing Table. In this test the difference in the reading
of meters Wés much gréaterg.whicn'showed agaiﬁ that the direct current
from the Meter Test;ng Table is not a pure difaet surrent. From the
graphe on page éb it can pe seen that when there is a‘ripplemVoltage on
the direct current, the Weston Electrical Instrument--5 ampere alternat-
ing ewrrent maternwwould‘méasura both of these currents, which resulted -
~in a higher faadingvaf current than the Weston Electrical instrument-nv
direct current ammeter, model LS. -

‘The next test paerformed unsed a General Electric alternéting cur-
rent ammeter type P=3 and the WESton,direct.cﬁrrent ammeter, model hﬁ.
The Gereral Electric alternatihg current ammetef has a magnetic-vane
fype movement. The same procedure was followed as the above test; that
is, the pure direct current was supplied by a 6 volt storage.battery
which was connected to a variable resistor in series with the‘two,meters;
Then the direct curren£ source of the Meter Testing Table was used‘with
the same two meters. The vesult of both tests can bétcdmpared froﬁ the
graphs on page 25 and hereagain the presence of the alternating current
ripple on the direct current caused the difference in the readings of tbe
two metersa | |

From the proceeding tests it is apparent that to ﬁse the direct

current supply of the Meter Testing Table, meters with a different type
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Figure 9o Graph of Meter Testing Table Direct Current Versus Battery
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of movement than the standard should not be used. Caution should be
- baken in scalibrating diveot current metera againgt the standard to make
aure that they have the same type @flmavement.

The next test was performed on the direct euwrrent voltage circuit
of the Meter Testing Table and two meters with different types of move-
ments were used, a Ueneral Blectrie type P-3 with a alectrodynamic ﬁovem
ment and a Wesbon Electrical inatﬁumant with & permanent magnet moving
eoil type movement. The differencs in the readings on the voltmeters
 for different values of volbs was %00 small t; read, which indicated
that the small alt@rnatigg‘@urrant ripple volbage on the direct current
voltage was not enough to affect thalr@adings on two different types of
meter movements. & Hewleﬁt Packard model LOO € meter was ﬁsed to check
the amount éf rms alternating current ripple voltage on the direct cure
rent voltage. The results\of this test were plotted on a graph on page
27,

The only test performed on the alternating current and voltage éirn
cuibs'wes made with an oscilloscope. These appeared, from a visual bbe
servation of the wave forms, to be not distorted but approaching a sine v
wavee The output wave from was also compared to the input‘waye form on
both eifcuits and if there was any distortion it was not caused by the
Meter Testing Table bubt was ﬁresent in the inputo

To determine the amount of power needed by each éircuit of the
Meter Testing Table a watt meter was comnected in the input circﬁit.

The alternating voltage circuit consumgd more power than ﬁhe direct
ioltage circﬁit_due to the BRL rectifier tube filaments being:on éﬁy
time the table's input power switch is turned one Thé_maximum poﬁer 

consumed, by eaéh circuit was 73 watts for the direcﬁvvéltage.circuit and
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90 watts for the alternating voltage cireuits Other values of power con=
suned at different voltagas are plotted as a graph on page 29. In refer-
ence to the graph, the amount of powar; 2 watts, for zero output voltage
1s required by tha‘ﬁilamants of the BRL rectifier tubes, the coarse con-
trol variac, the pilot llght, and the pilot light transformer,

The power required for the 0-100 ampere alternating and,difect ﬁurn
rent éircuiﬁa i8 muoh larger than than of the voltage circuits for zero
outputs The main reason for this is that the additlonal power for the
six inch e@nhrifugal Fan is added o the amount of powsr regquired to
energlze the table for zero output of the volbage cireults.. This has to
bs true becauss both eircults, the volbage and current cirocuits, use the
same equipment except for the six inch centrifugel fan.

The mﬂximum power required for the Meter Testing Table was 890 watte
and this was consumed by the 0-100 ampere alternating current circuits.
Other values of power requirements for the 0-100 ampere alternating or

direct current civeuits are plobvted as a graph on page 30,
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CHAPITER IV
CONCLUSION AND SUGGESTED IMPROVEMENT

From the results of the tests that were performed, the only circuit
| that d;d'net come up té expectation waé the 0~100 ampere direct current -
circuit, The.capaditer resistor filter did not filter tbe rectified al~
ternating éurrent, and ﬁhen the value of resistor in the filter circuit
wﬁa increased,,the_outpué of the circuit decreased below 100 amperes.
If ﬁhe capacitors, which were unqbtainable,'had beean increééed it would
havé taken mére room than that available,under the tables The only sug~
gestion to improve this circuiﬁ would be to design an induction coil
‘which has an iron core thaﬁ would not be saturated when 100 émpe:as of
current flow through ite This induction coil along with appropriaté -
capacitérs could replace the present ¢apacitor resistor filter circuit |
in the 0~100 ampere direct current circuiﬁ. >If this were accompliShéd,
. the Meter Testing Table would meet all the reduirements for checking
stanﬁard meters with laboratory meters.

While performing the tests on the Meter Testing Table it was noted
" that the éupply voltage varied from time to time and feQuired a constént
recheck when_reading meters. To'eliminate this conditidn it is éuggested
that a voltage regulator be used to insure a constant ihput voltage.
This would eliminate all errorg in readings of the méters dﬁe;fo,ﬁhé
variation of input voltage. The voltage regulator could be mounted in

‘the bottom left side of the table and made a part thereof.

31
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The gang 6perated switoh, which was originally two switches and
- whose shaft is porqelain, was Joined togethér with piastic.‘ Since the
shaft was ohlyxdasighed for three switches by increasing its length it

was weakened. Also the shaft could not be made rigid with the plastic
| 80 that the connestion on the end of the shaft, over a period of time,
would gradually chip off. Ths shaft ooild be replaced With & new one
made of one pigce, thereby él;minating this future trouble.

- There are other 1mproveﬁen£s that could be made in the Meter Test~
ing fable which would not improve the output but would improve the op=
erating, such as installipg relays. One relay could be iﬁstalled‘in the
high voltage direct current circuit to eliminate the poasibility of high
voltage being applied to the plates of the 5SRL rectifier tubes when the
table is,firét turned on. These improvements were not incofporated in
the table bécause it was dééired to keep the circuits as simple as possi-.
ble and use parts that ﬁere available at the coliageo ' . |

The Meter Testing Table meets ail £he numerous requirements in a
standird iaboraiory for'checking'altgfnating current and direct current

laboratory meters against standards.
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