Description

GENERAL

The Model 33A AC-DC Meter Calibrator is a compact and ac-
curate apparatus for the calibration of a wide range of AC and DC
current and voltage indicating instruments and fulfills all require-
ments of Spec, MIL-C-45662A, The unit is designed for operation
in a horizontal plane. The two TBS standard instruments, power
supplies, rectifiers, switches, controls, precision components and
safety interlocking circuitry are enclosed in an aluminum cabinet
12" high x 153" deep x 21" wide (excluding carrying handles).

The top control panel incorporates the AC and DC taut band
reference indicating instruments, coarse and fine amplitude con-
trols, range and function selectors, safety bar interlock, equip-
ment on-off switch, emf and cwrent output terminals, circuit
breakers and indicating lamps., An insulated work area measuring
6 inches by 11 inches is provided on the operating panel for place-
ment of the meter being calibrated.

All controls and terminals are clearly marked utilizing red mark-
ings for AC functions and black for DC, The cabinet andpanel are
painted a two-tone gray color selected for minimum operator eye
fatigue, A detachable aluminum cover provides storage area for
the removable line power cord and plug.

The Model 33A supplies emf's ranging from 0,2 millivolt DC
to 1000 volts DC in eighteen full scale ranges and from 2 milli-
volts AC to 1000 volts AC in nine full scale ranges, Current from
.02 milliampere DC to 10 amperes DC is covered by eighteen full
scale ranges, and nine full scale ranges provide ,02 ampere AC
to 10 amperes AC., Nominal accuracy of the equipmentis 0, 35%
of full scale and £0,45% of full scale at downscale points, DC and
AC at 50 - 400 Hz; within £0, 7% at full scale at 1000 Hz,

CALIBRATION DATA

The calibration data supplied with the Model 33A Meter Cali-
brator were determined using reference standards having an accuracy
of 0.06% traceable to the National Bureau of Standards, Each full
scale range is certified at full load and also under no-load condi-
tions where applicable, The scale tracking error of each meter is
determined and presented on the calibration data,

PROTECTIVE AND SAFETY FEATURES

The Model 33A incorporates a unique Safety Bar for the protec-
tion of operating personnel, The pressure sensitive bar is located
adjacent to the standard meters on the control panel of the equip-
ment, The bar must be depressed by the operator during calibra-
tion processes to obtain an output at the terminals, If the bar is
released at any time, the line voltage supply to the calibrator will
be automatically interrupted, and all circuits will be de-energized.
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Instruments under test are protected against accidental overload
by meansof interlocks which de-energize the calibrator if range or
function selectors are changed without first reducing the coarse
amplitude control to zero. After the interlocks have been tripped
it is necessary to return the coarse amplitude control to zero to re-
energize the calibrator,

A red indicator located near the potential and current terminals
and associated with the range and function selectors glows when
ranges and functions having possible dangerouspotentials are inuse,

Theory of Operation

AMPLITUDE CONTROL AND
PROTECTIVE INTERLOCK CIRCUITRY

See diagram on page 3. Line voltage is applied to the calibra-
tor through power cable and three conductor male plug (P1).
Voltage from the low or ground side of the power line 1s conducted
to the "common" side of all transformers, indicator lamps and
interlock circuitry by a common lead, The high side of the linc
connects to EQUIPMENT switch (S3) through thermal circuit
breakers CB1, Placing EQUIPMENT switch (S3) in ON position
applies line voltage to the amber indicator lamp (I2) and bridge
rectifier consisting of four diodes (CR1), (CR2), (CR3) and (CR4).

The rectifier energizes control relay (K1) when actuator switches
(S4) and(S5) or (S6) are closed, Switch (S4) is mechanically coupled
to the control arm of the COARSE AMPLITUDE control (T1),
Switches (S5) and (S6) operate when the SAFETY BAR is pressed.
With the SAFETY BAR actuated and COARSE AMPLITUDE control
turned fully counter-clockwise, the coil circuit of relay (K1) is
closed, and the relay becomes energized, The operating contacts
and holding contacts of the relay close and allow power to be ap-
plied to the amplitude control circuits, The COARSE control may
be operated ina clock-wise manner without losing relay energizing
current because the holding contacts are in parallel withthe COARSE
AMPLITUDE actuating switch, The SAFETY BAR must be depressed
throughout all calibration operations, since releasing the bar will
de-energize the relay and cause lossof power to the amplitude con-
trols, Both amplitude controls are 3-terminal variable transformers
connected across the line and feeding the appropriate power trans-
former depending on the function selected, The FINE control op-
erates through a step-down transformer (T3) and has a total emf
adjustment approximately one fifteenththat of the COARSE control,
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Gperator safety is enhanced by mandatory use of the SAFETY
BAR, The bar must be closed to allow operation of the equipment,
Releasing the bar resultsin de-energizationof the calibrator, When
calibrating thermocouple type instruments, the COARSE and FINE
AMPLITUDE controls should be returned to zero before releasing the
bar to prevent possible transient overloads from damaging the ther-
mocouple instrument under test. The red indicator lamp (I1) op-
erates in conjunction with deck (S21) of the RANGE SELECTOR and
deck (S1L) of the FUNCTION SELECTOR, The lamp glows when
ranges and functions having possible dangerous voltages are in op-
eratioii,

It positicu of the RANGE or FUNCTION SELECTOR is changed
while the calibrator 15 energized (standard meters showing voltage
or cwrent applied to the output terminals), the equipment will im-
mediately become dewenergized in the same manner as when the
SAFETY BAR is relcased. The COARSE AMPLITUDE control must
then be retwned to zero position to re-energize the calibrator,
Deck (S2A)of RANGE SELECTOR and deck (S1K) of the FUNCTION
SELECTOR serve as interlock comnnection for their respective
switches,

AC VOLTS AND AC MILLIVOLTS

The basic components used in AC voltage calibrations are the
power transformer, meter potential transformer, standard meter and
associated switches and amplitude controls, See diagram on page 5.
Power is fed from the amplitude controls to power transformer (T5)
through deck (S11) of the FUNCTION SELECTOR, Appropriate emf
is selected from the power transformer (TS5) by deck (S1D) of the
RANGE SELECTOR and fed to the special output terminals, An ex-
ception to this switching arrangement is the two-volt range which
is fed to the 2 VOLTS ONLY terminal on the panel through deck
(S2J) of the RANGE SELECTOR, The compensated meter potential
transformer (T6) measures the emf applied to the output terminals
through decks (S2E and S2G) of the RANGE SELECTOR, with the ex-
ception of the two-volt range which is connected directly to the
VOLTS ONLY terminal, The equipment standard meter is connected
directly to the 2 VOLTS ONLY terminal, The equipment standard
meter is connected across the meter winding of the potential trans-
former, Capacitor (C14) is a compensating component connected
across the meter winding of the potential transformer,

A network of resistors and capacitors associated with the meter
and an integral part of the meter assembly are used to match the
meter to the potential transformer, Variable resistor (R3) is used
to set the voltage sensitivity of the ieter to match the potential
transformer during final calibration,

The primary of the millivolt transformer (T8) is connected to
the appropriate taps on the power transformer (T4) and potential
transformer (T6) by means of decks (S1C,F,) of the FUNCTION
SELECTOR and decks (S2E, G, D, J) of the RANGE SELECTOR, The
output winding is connectedtothe AC MILLIVOLT'S terminals, The
ratio of the windings of the millivolt transformer is 1000 to 1; with
a medsured 1000 volts applied to the primary winding a potential
of 1000 millivolts (1 volt) will exist across the secondary winding.
Except fora 2-volt potential at the 2 VOLTS ONLY terminal, volt-
age tothe AC VOLTS terminals is disconnected whenthe FUNCTION
SELECTOR s in the AC MILLIVOLTS position,
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AC AMPERES

See diagram on page 6. The basic components of the AC am-
peres circuit are a power transformer, current transformer, standard
meter, range and function selectors, Controlled emf from the am-
plitude controls is applied tothe primary of power transformer (T5)
through deck (S11) of the FUNCTION SELECTOR. The appropriate
output from the power transformer is selected by deck (S2C) of the
RANGE SELECTOR and applied to the current transformer (T7).
Deck (S2B) of the RANGE SELECTOR is used to pick up the appro-
priate tap from the current transformer for the range in use, Cur-
rent is fed to the output terminals throughdeck (S1D) of the FUNC-
TION SELECTOR and from the commonterminal of the power trans-
former, The standard meter is connected to the meter winding of
the current transformer. Capacitor (Cl) is used as a frequency
compensating component, Variable resistor (R10) is used to match
the standard meter (M2) to the current transformer during final cali-
bration of the Model 33A,

DC VOLTS

The basic components of the DC voltage circuit consist of a
power transformer, rectifier and filter circuit, voltage divider, pre-
cision multiplier, standard meter, range and function selectors,
See diagram on page 8.

Power from the amplitude controls is applied to the power trans-
former (T4) through deck (S11)of the FUNCTION SELECTOR. The
output from the secondary winding is rectified and doubled by the
circuit consisting of rectifiers (CR7) and CRS8), filter capacitors
(CS5 through C11), filter resistor (R54) and equalizing resistors (R32
through R38). The filtered DC output is applied to the voltage
divider resistors (R56 and R11 through R18), The appropriate volt-
age from the divider is selected by deck (S2H) of the RANGE SE-
LECTOR and applied to the + output terminal through deck (S1B) of
the FUNCTION SELECTOR. The same emf as that applied to the
output terminals is also connected to the precision meter multiplier
through deck (S1H) of the RANGE SELECTOR, The precision mul-
tiplier resistors (R19 through R27) act to extend the basic range of
the standard meter (M1). The appropriate tap on the multiplier is
selected by deck (S2K) of the RANGE SELECTOR and is connected
to the meter through deck (S1]) of the FUNCTION SELECTOR, The
low or - side of the meter is connected to the negative output ter-
minal throughdeck (S1G)of the FUNCTION SELECTOR, A network
of precision resistors (R41 through R46) is a part of the meter assem-
bly. Variable resistor(R43) is adjusted to set the meter to required
milliampere sensitivity during final calibration of the Model 33A,

DC AMPERES AND DC MILLIVOLTS

The basic components for the DC cwrent circuit are a power
transformer, rectifier and filter network, precision shunt, standard
meter, range and function selectors and a 4-terminal precision re-
sistor for millivoltmeter calibrations, See diagram on page 9.

Power from the amplitude control circuit is applied to the pri-
mary of the power transformer (T4) through deck (S11) of the FUNC-
TION SELECTOR. The output from the transformer is rectified by
the full-wave rectifier (CR5 and CR6), The rectified emf is filtered
by the network consisting of filter capacitors (C3, 4 and C12, 13)
and filter choke L1. The negative side of the supply is connected

7
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directly to the - DC AMPERES terminal, and the positive side is
conuected to the appropriate tapon the precision shunt (R30)through
deck (5¢t) of the RANGE SELECTOR. Current flows through the
shunt, the 4-terminal millivolt resistor (R31) and to the positive
IDC AMPERES terminal through deck (S1A) of the FUNCTION SE-
LECTOR. The precision shunt is operated as a 4-terminal resistor
for any range, and the voltage drop across it isapplied to the stand-
ard meter (M1) through decks (S1C) and (S1])of the FUNCTION SE-
LECTOR, A network of precision resistors (R41 - R46) matches
the meter to the shunt, Variable resistor (R46) is used to set the
wicter to the precise parameters required during final calibration of
the Maodel 334,

When the equipment is set to operate in the DC millivolts posi-
tion, the function of the components is the same as that stated for
DC araperes operation, except that a short-circuit is connected
across the DC AMPERES terminals by action of deck (S1B) of the
FUNCTION SELECTOR. The millivolt shunt isa 4-terminal resistor
of known value. Applying a known current through it will result in a
knewn emf being across its potential terminals, The known emf is
applied to the DC MILLIVOLTS terminals of the Model 33A,

DC MILLIAMPERES

The basic circuit consists of a power transformer, voltage doubl-
ing and filter network, voltage divider, precision current divider,
standard meter and a meter multiplier precision resistor,

Power from the amplitude controls is applied to the primary of
the power transformer (T4) through deck (S11) of the FUNCTION
SEIECTOR. The output voltage from the transformer is rectified,
doubled and filtered by the network consisting of rectifiers (CR7
and CR8), filter capacitors (C5 through C11), filter resistor (R54)
and equalizing resistors (R32 through R38). The negative side of
the supply is connected to the - DC MILLIAMPERES terminal, The
positive side of the supply is connected to the top of the voltage
divider circuit, resistor (R56) and resistors (R11 through R18), A
tap is permanently connected to the 100-volt point on the divider
and applies emf to the standard meter (M1) through precision mul-
tiplier resistor (R39) and deck (S1]) of the FUNCTION SELECTOR,
A milliampere divider circuit consisting of precision resistors (R19
through R27) and (R40) is also connected tothe 100-volt tap through
deck (S1H) of the FUNCTION SELECTOR, Output to the positive
DC MILLIAMPERES is selected by deck(S2L)of the RANGE SELEC-
TOR, The negative side of the standard meter circuit is connected
to the supply through deck (S1G) of the FUNCTION SELECTOR, In
this inainer, a precise 100 volts are applied to the precision divider
string and the milliammeter under test in a series circuit,. Ohm's
Law, where a known emf across a known resistance results in a
kiown curient is applicable here, The proportion of the resistance
of the precision divider to the resistance of the meter under test is
great enough so that the resistance added by the meter under test
results in negligible error,

For exapple; assumme that a milliammeter having a full-scale
sensitivity of 1 milliampere and a resistance of 50 ohms is to be
calibrated, On this range, a circuit resistance of exactly 100,000
ohms is connected from the 100-volt tap, and the circuit is com-
pleted by the 50-ohm milliammeter being tested, By Ohm's Law,
4 cucrent of 1 milliampere will flow througha 100, 000-ohm resist-
ance connected across 100 volts, In this case however, 100,050
ohms will be across the 100-volt source (100,000 ohms inthe divider
and 50 olims in the meter). The computed current in thiscase will
be 0.9995 milliampere; an error of 0,05%.

10
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Maintenance

GENERAL PREVENTIVE MAINTENANCE

The only components requiring periodic inspection and care are
the function and range switches and the coarse and fine amplitude
controls, Dirty oroxidized switch contacts usually show up as erratic
motion of either standard meter pointer when brought to reading.
The switch contacts should be cleaned with a good grade of contact
cleaner and coated with a very light film of white petroleum jelly
as required, The elapsed time between cleaning periods will gen-
erally be one year, except where the instrument is used in an en-
vironment having some degree of sulphur or corrosive content in the
air, In this event, cleaning may be required on a six-month basis,
The contact area of the amplitude controls should be cleaned at
the same time the switches are serviced, In this case,a clean cloth
should be used to remove any corrosion from the area covered by
the rotation of the wiping contact, No solvents should be used for
cleaning the variable amplitude transformers,

ACCESS TO INTERIOR

The equipment wrap-around case is removed from the chassis
by unscrewing the twelve round-head #10 screws located, three to
a side, on the lower edge of the case, then lifting it straight up
and off the chassis, All switches and most electrical parts are
then accessible. In certain cases it may be necessary to remove
the recessed test meter area to facilitate service, The six round-
head #8 screws, three on each side of the meter test area, are
removed, and the test plate can be slid out of the panel, Meter
adjustments are located on the rear of the meters.

AC EMF DC mA
ADJ (R-3) ADJ (R-43)

AC CURRENT DCmV
ADJ (R-10) ADJ (R-46)

12
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