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MEATEST M-140 Multifunction Calibrator

Basic Information

M-140 Multifunction Calibrator is a multifunctionatibrator-tester, to be used primarily as a stashdar
for calibration laboratories. It can be used fdibration of any measuring instrument which measuwreltage,
current, resistance, capacitance and frequencgerierates fixed non-harmonic signals to allow catibn
of measuring instruments using signals with norzermonic distortion. Frequency, amplitude and/ dytle
of output signal can be adjusted. M-140 Multifuonti Calibrator is also suitable for basic calibmatio
of oscilloscopes.

The calibrator includes a function which simulatesistance and thermocouple temperature sensors
and a built-in multimeter, which can be used siandtusly. Transducers of various types, regulaaoi
sensing units can be therefore checked withouhdéeel for additional measuring instruments.

Programmable functions of the calibrator, when uaeda tester, include programming of a 10-stepntpst
procedure, which completes automatically and digpka PASS/FAIL information in the end. This featise
linked to an independent relay output, which alldles control of other equipment.

Basic features of the calibrator include: generatb calibrated DC and AC voltage in the range of O
MV to 1000 V, DC and AC current in the range ofi@ to 20 A (50pA to 1000 A when using a 50-turn coil).
Maximum precision of the calibrator is 0.0035 % fa€ voltage, 0.03 % for AC voltage, 0.013 % for DC
current and 0.055 % for AC current. Maximum freqierange is 20 Hz to 50 kHz. The calibrator canegate
periodic non-harmonic signal with defined duty &cThis facilitates especially the checks of mudtiers and
their accuracy when measuring non-harmonic DC $$gna

The calibrator can also simulate a resistance padtance. Resistance range i20to 50 MQ;
capacitance range is 1 nF to b, the accuracy suits the calibration of commontimetters. Basic accuracy
of resistance ranges is 0.03 %. Basic accuracyphatance ranges is 0.5 %. The resistance casdibwith
AC signals up to 300 Hz to 1 kHz, depending onugetalue.

Frequency ranges of the calibrator can generatparewave signal with definable and calibrated duty
cycle and amplitude in the 1 mV to 10 V range artd Q0 kHz frequency range. Moreover, squarewagpasi
with very steep rising edge can be generated upOtd/iHz. Frequency ranges can be used to caliblege t
corresponding frequency ranges of multimeters, el @ to calibrate the input sensitivity and titreses of
oscilloscopes.

Powermeter mode can be used to calibrate DC andiAgle phase powermeters and energy meters.
Voltage range is up to 240 V and current rangeitoul0 A, power factor range is -1 to +1 and #eolution is
1 % in the 40 Hz to 400 Hz frequency range. Théaga output can supply loads up to 30 mA, whicbwvedl the
calibration of mechanical powermeters.

Simulation of temperature sensors is yet anothaiufe which can be used to calibrate thermometers
and heat sensing units. The calibrator allows ifmellation of all common Pt and Ni resistance sessod R, S,

B, J, T, E, K, N type thermocouples. Compensatibonadd junction of thermocouple is achieved by einig
the respective temperature using the calibratoegbkard. The accuracy of simulated temperatureosgns

depends on the value and type of sensor and rdng@s0.049C to 0.5°C for resistance sensors and from

0.49C to 4.39C for thermocouples.

Internal multimeter with 20 mA, 20 mV, 200 mV af@ V basic ranges and 0.01 % accuracy can be
used to measure normalized signals coming fronsthacers, external thermocouples or resistance ieas®0
measure pressure and force using strain gaugersenso

The calibrator includes many other features whatilitate easy use. For example relative deviaffom set
value of the output, currently displayed uncertaiot the output signal, calibration and testingqadures etc.
The concept of calibrator control and indicationtefstatus is based on flat luminiscent displalyichv provides
all necessary information. The calibrator is colfeb by opening menus on the display and selectiom
menus. Frequently used functions are assignedtdioadrol keys. The calibrator comes with standaRiB bus
and RS-232 serial line, which allow the calibratobe controlled from a PC.

The calibrator can easily fit within calibrationssgms featuring MBASE/WinQbase software support.
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ATTENTION !
The calibrator generates life-threatening high vafje.

The calibrator can only be used in line with this
Manual.
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Preparation for operation

Inspecting package contents, selecting the insttdia location

Basic package includes the following items:

*  Multifunction calibrator

» Power cord

e Spare fuse T4L250/T, T8L250/T
e Operation manual.

e Testreport

e Testcable 1000V/20 A 2 pcs

e Cable adapter Option 40

e Cable adapter Option 60

e Cable adapter Option 70

* RS 232 cable

The calibrator should be powered by 230/115 V -680Hz mains. It is a laboratory instrument whose
parameters are guaranteed at23C. Before powering on the instruments, place itadevel surface. Do not
cover the vents at the bottom side and the faniogeat the rear panel.

Power-on
» Before connecting the calibrator to the mains, khbke position of the mains voltage selector lodatethe
rear panel.

¢ Plug one end of the power cord into the connectcaited at the rear panel and connect the otheofethe
power cord into a wall outlet.

«  Switch on the mains switch located at the rear p&itat display is lit.

e The calibrator performs internal hardware check&feeconds.
» After the tests conclude, the calibrator reseitstoeference state, i.e. the following parameteesset:

Function DC voltage
Range 20V
Set value 0oV
Output terminals OFF

GPIB address of the calibrator is factory-presei.t®his value is valid until the user changes it.

Note.The calibrator resets to its reference status $e cd power switching off and reconnection.

Warm-up time

The calibrator works after it is switched on ane@ fhitial checks complete. Specified parameters canrly
guaranteed after the instrument warms up for 6Qutes During this period, the instrument cannotdlérated.
The display shows “cannot access the calibratioe$gage if calibration is attempted during thisqaeri
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Replacement of fuse

The calibrator includes a fuse located in the maarmector at the rear panel. Replace the fusellasv:
»  Switch off the calibrator
* Remove the end of power cord from the mains conexdtthe rear panel.

» Insert the blade of a flat screwdriver into theripg cut in the mains voltage selector and pulltbatfuse
holder.

 Remove the fuse and replace it with new fuse oktrae rating.

Safety precautions

The instrument has been designed in Safety Claascbrding to EN 61010-1. The design reflects the
requirements of A2 amendment of the standard.

Safety is ensured by the design and by the uspezific component types.

The manufacturer is not liable for the damage chbsemodification of the construction or replacetafparts
with non-original ones.

Safety symbols used on the equipment

Warning, reference to the documentation

Warning - risk of electric shock

% Danger - high voltage
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Description of controls

Front panel

The front panel of the calibrator includes a flatniniscent display, control buttons and output feais. The
following picture shows the control part of therft@anel.

M-140 Multifunction Calibrg

08 - ISR

t ;

1 Display buttons

There are five buttons below the display, whose mmgachanges depending on the contents of theadispl
These buttons usually call-up the MENU, allow ranbange, step, logging of values etc.

2 Cursor buttons

Using these buttons, the cursor can be controllgkirwallowed limits on the display. The keyboantludes
two buttons (<, >) which allow the cursor to be sethe required position at the display. The curksn be
moved to the left or right. These buttons are ugused to step through the options and to movenfome
option to another or between the menu levels. Nimvalues can be set in some control modes as lwethese
cases, the buttons marked [J) allow the user to increase or decrease the nuattibe cursor button.

The central button is used to confirm the selectlNTER), or to SELECT from the menu.

3 Potentiometer

The potentiometer integrates several functionstuBying the knob to the left or right, the user:can
e step through the options

e enter numeric values
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MEATEST

The function of the potentiometer can usually bdggmed by the cursor buttons. The central buttonsed to

confirm the selection (ENTER).

4  Numeric keyboard

The keyboard allows the entry of numeric valuesttom display. The central button is used to conftha

selection (ENTER). CANCEL button can be used taceathe entry.

5 Function buttons

Function buttons can be used to call-up the funstiof the calibrator directly. The following but®rare

provided:
function button
DC voltage u/DC
AC voltage U/AC
DC current I/ DC
AC current I/AC
resistance / capacitance R-C
power / energy P-E
frequency F
internal multimeter METER
simulation of temperature sensors T

After the function mode is changed, the paramedérthe respective function are restored. If thepeesive
function was never used, the calibrator resets$stoeference values. Reference values for indivifluactions

are listed below.

function value parameters
DC voltage 10V --

AC voltage 10V f=1000 Hz
DC current 100 mA - -

AC current 100 mA f=1000 Hz
resistance 100 KQ

capacitance 1pF

power 100 W f=100 HZ
energy

frequency 1000 Hz U=1Vsym
multimeter 10V DC voltage
simulation of temperature sensors £a0 Pt 100/1.385, ITS90
cold junction temperature of TC sensors| °@3 R

*1

U=100V,I|=1A, PF(power factor) = 1 LA, actipewer is displayed in Watts
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6 Output/ input terminals buttons

OUTPUT button is used to connect the output sigihahe calibrator to the output terminals. The caetion is
confirmed by red LED and a symbol at the display.

METER button can be used to connect the input teaisito the internal multimeter. The connection is
confirmed by green LED.

7 Output/ input terminals

Output signal of the calibrator is connected to ¢liput terminals. Current ranges are connectedl tb-I
terminals, frequency output is connected RREQ terminal. All other functions (voltage, resistance
capacitance) are connectecHi/ Lo terminals.

GND terminal is connected to the chassis of the cdbiprdt is connected to the ground terminal of thains
plug. Using the SETUP MENU of the calibrator, theput terminals of the calibrator can be groundeadvall.
Grounding is done internally by connecting Lo and5terminals using a relay. This circuit desigrsistable
for most calibrations, when the object (multimetag)ng calibrated is floating.

AUXILIARY connector creates input of internal multimeteintfudes a limited range of output signals of the
calibrator as well. The layout of individual pinsdatheir meanings are listed in the following table

Auxiliary connector can be used with one of cabiiapers Opt. 40, 60, 70, Opt. 140-41. Calibratar ca
recognize which type of adapter is connected asplals the information on front panel display.
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pin label signal Limitation
1 OV5MER common terminal of multimetr power suppburce
2 GND ground (protection earth)
3 SIMLI RC simulator output, current terminal Li W= 10Vpp, Imax.=40mA
4 SIMLU RC simulator output, voltage terminal Lu Er= 10Vpp, Imax.=40mA
5 GND ground (protection earth)
6 L common terminal of multimeter input
7 -U low output terminal for DC voltage range
8 -l low output terminal for DC current range
9 NG2 sort function output, contact 2 of sort relay Umax.=50Vpp, Imax.=100 mA
10 PTLI resistance temperature sensor input tedrhina Umax.= 10Vpp. R<2®
11 PTLU resistance temperature sensor input tetrhina Umax.= 10Vpp. R<2®
input terminal L on ranges 20, 200, 2000 mV
12 TEST1 identification terminal of actually usethpter
13 TEST3 identification terminal of actually usethpter
14 OV5MER common terminal of multimeter power sypgburce
15 NC not used
16 SIMHI RC simulator output, current terminal Hi max.= 10Vpp, Imax.=40mA
17 SIMHU RC simulator output, voltage terminal Hu mbx.= 10Vpp, Imax.=40mA
18 NC not used
19 INP multimeter input terminal for voltage/curteanges Umax.=25 Vpp, Imax.=25 mA
20 +U high output terminal for DC voltage range &0F20 Vss
21 + high output terminal for DC current range abrF25 mA
22 NG1 sort function output, contact 1 of relay &0F50Vpp, Imax.=100 mA
23 PTHI resistance temperature sensor input tetrhina Umax.= 10Vpp. R<2®
24 PTHU resistance temperature sensor input tefriina Umax.= 10Vpp. R<2®
input terminal H on ranges 20, 200, 2000 mV
25 TEST2 identification terminal of actually usethpter TEST1

Functional inputs and outputs present at the cdonean be best utilized using supplied cable aztapt

LCD display shows all information provided by thaibrator, e.g. set parameters of the signal, anmessages,
setup information. The display is divided to sel/@rformation sections.
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8 Display
i OUTFJT 16.18. 2888 12: 16| [OFF
- Local
—> Erndl
10.00000 U A~ | —
> A o= HE,BHARY S = 1HAA.BA Hz
Shape 8ine
ACcuracy | €——
. H.H35%
ITHFPUT
mA I <+
» 10.0000 nA
| =18 | : 18 | Shape | £ Setup |
la 1b1c 1d le 2a 3 2b 1g 1f

The display is divided to three horizontal sections
1. OUTPUT section

This section displays the set-up values of genérsignals and the data related to the calibratiust The
section includes the following types of data:

a) Information line

« designation of display section: OUTPUT

e error messages. The messages appear when an attematle to set up an invalid state of the
calibrator, if analogue circuits of the calibratoe overloaded or if a communication error occurs
when the calibrator is controlled using GPIB bus.

« real date and time, if its display is set-up in$leéup menu.

b) Auxiliary data
This line displays the total value of output sigifi@ non-zero relative deviation is set.

¢) Main data
This line displays the main data of the output aigand the unit of measurement (using double size
signs). The line also includes two symbo® &) to define the actual position of the cursor dgrin
adjustment of the value. <, > buttons can be usetidve the cursor and, [J buttons to change the
value. (The value can be also changed using thenpoineter).

d) Monitoring line
This line displays the numbers entered using theanic keyboard when the main data are set using the
numeric keyboard. The information allows the erdardormation to be checked.

e) Minor data
There are two lines displaying the minor data efdhtput signal, especially:

» set relative deviation from main set value in %

« frequency (for DC voltage, current, power, enengyctions)

* set value of current, voltage or power factor (ghdsr power, energy functions
» value of RO resistance and the type of resistagropeérature sensor
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e cold junction temperature of TC sensors and thecsaed type of TC sensor
» value of amplitude and shape type for frequencgtion

f) Information section
The information section located in the right pdrthee display displays additional information reléto
the selected function:
* symbol of connectegm] or disconnectad] output terminals.

At the same time, a LED located above the OUTPUTobus lit.

» information about remote/local control of the ceditor. If the calibrator is controlled remotely,
REM is displayed. If the calibrator is controllextally using the keyboard, LOCAL is displayed.

» information about the use of 50-turn coil (COIL 350 the current output of the calibrator, if this
feature is turned on using the SETUP menu.

« information about the type of connected cable afaftused

« information about the grounding method of outpuiieals: GND I, GND U as set up using the
setup menu.

g) Information about the uncertainty of the outpuinsi
This section displays the maximum error of the mailue of the output signal. The value is calcdate
using the main specification listed in the User'arial and it is displayed in %.

2. INPUT section

This section displays the values measured by tHeémater. The section includes following data:

a) Main value of measured signal
This line displays the measured value and the afineasurement. If the input signals exceed the
permitted range, OVERFLOW is displayed.

b) Designation of selected function of the multimeter
Symbolic display of selected function of the mukter: V DC, mA DC, mV DC, R 4W, Freq, TTC, T
RTD, SGS, ACAL.

3. Display buttons section

This line displays the symbolic descriptions whidfine the meaning of four related display buttdrse
respective meanings are as follows:

symbol button function note

x 10 increase set value 10 x

10 decrease set value 10 x

Shape selection of signal shape only for U, lkctions
+/- reversed polarity of output voltage and current only for DC U, DC | function
EXIT move up one level only for F, P-E functions
Calib. enter the calibration menu

SETUP enter the setup menu

TC type selection of thermocouple sensor type &yl function

RTD type selection of resistance temperature sayper only for T function

f enter the frequency of the signal only for Uuhétion
MODE select the unit of measurement only for AC Riiction
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Rear panel

The rear panel of the calibrator inclucventilation holes, power cord socket with fuse, msaroltage selecto
mains switch, IEEE 488 connectors for connecti@PIB bus and type plate with serial num

A\
7]

5 1 2

EI ( ] | )

air inlet -forced ventilatio

air outlet forced ventilatio

GPIB, RS-232 camector:

power cord socket with fuse, mains voltage selectains switc
type plate

gabhwnN B
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Control of the calibrator

Selection of function

After the power is switched on and the initial dkecomplete, the calibrator resets to its referestatis, i.e. DC
voltage output with set value of 10 V and outputri@als disconnected. Internal multimeter is swéitioff. The
status of the calibrator can be changed using utterts located at the front panel in one of théofeing ways:

1. Change of function by pressing one of direct funmti buttons

After pressing one of the U, I, DC-AC, R-C, P-E,T;,METER buttons, the calibrator switches to tlesiced
function mode and resets to the reference or tonth& recently used parameter setting.

2. Connection /disconnection of output terminals

After pressing the OUTPUT button, the output terasrof the calibrator are connected/disconnected.

3. Connection /disconnection of multimeter

After pressing the INPUT button, the multimetertstaneasuring the value present at the input teaisiin
depending on the function mode of the multimetdre Theasurement is only possible when any of Ofit:xk4
adapters is connected to the AUXILIARY connector.

4. Entry to the setup menu

After pressing the SETUP button, options of th@8E MENU appear on the display and the displaydmstt
allow the entry to the calibration mode (CALIB) entry to the mode when the calibrator is used #=sger
(TESTER). Previous function is restored by presshBXIT display button.

Setting the value of output signal

All function modes allow several methods of setting main value of the output signal:

Entry of the value using numeric keyboard

» use the numeric keyboard to select the desirecevalfier the first digit is entered, symbols of uni
of measurements are displayed above the displdgrisutThe monitor line displays the symbols

» the same entry can be started by pressing theatennsor button

« after the entry is complete (the value is displagedthe monitor line), press the display button
below the desired unit of measurement (V, m\1¥grin the example below)

» the value is copied to the main display and theitootine disappears.
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OUTRJT 16.168, 2888 12:19| [OFF
Local
Gndl
10.00000 U “
LS. B3R _______ ]
& o= BE.BBAAE “ = 1AAA.AA Hz
Shape fine
Accuracy
A.835%
IMPUT
ACAL
L owr 1 omy | u ] Exit |

Entry of the value using cursor buttons
e press<, >, Oor Obutton. The display now includes cursor marks Wwhoint to the active digit.

e [OandO buttons can be used to change the active digit: buttons can be used to change the
position of the cursor marks

e to get to the default screen, press EXIT buttokemp pressing the center cursor button until there
isno | ] under any value. All valgas be set using the buttons or the potentiometer.

Entry of the value using the potentiometer

e press the potentiometer knob. The display now gesticursor marks which point to the active
digit

e turn the knob to change the active digit

« press the potentiometer knob to change to the mditeh allows to change the value of the active
digit. < and — symbols are displayed above the active digit. Vectiligit can be changed by
turning the knob.

« turn the knob to change back to the mode whichwallto change the position of the active digit.

e to get to the default screen, keep pressing th&ecearsor button until thereisno[ 1 _
under any value, or press EXIT button. All valuas be set using the buttons or the potentiometer.

Reverse polarity

In DC voltage and DC current modes, the polarityhaf output value can be reversed by pressingisplay/
button. ,, - “ symbol appears in front of the mamia value.
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Setting relative deviation

All function modes of the calibrator except freqogmode allow a relative deviation of output vaftem the
main data to be set using a separate display.iReldéviation is displayed in the “minoata” section of the
display and is designated withA%= 00.0000 % “ symbol. The relative deviation candmtered using one
the methods described above, e.g. using the nuikeylmoard, cursor keys or the potentiom:

Setting relative deviation usingumeric keyboari

keep pressing the center cursor button until [_ _ ] symbols appear under the rele
deviation value in the “minor data” section of ttisplay

enter the desired deviation and confirm the valpgiessing “ % “ display bton or by pressing
ENTER on the numeric keybos

the auxiliary line below the main data on the digptisplays the total value of output sig
including the unit of measurem

the value of the signal at output terminals ishe value indicated kthe main display +A %.

OUTPJT 1A.18.288A 12:19| [OFF
Local
Gndll
10.00000 U “
&7 = BE,BAAAY “ = 1HAA.AA Hz
[ A. 15 ________
Shape Sine
Accuracy
A.A35%
INFUT
ACAL
| F | | Exit |

Maximum relative deviation which can be enterex 30.000 %.

The deviation can be positive or negative. If negatleviation is desired, press the display bulheled +-. If
positive deviation is then desired, pres+/- “ button again. The polarity of the relative deigat can be
reversed using the cursor buttons or the potentiemas well

Setting relative deviation using cursor ke

16

keep pressing the center cursor button until [_ _ ] symbols appeunder the relative
deviation value

press<, >, Jor Obutton. The display now includes cursor marks wipiolnt to the active dic

0 and O buttons can be used to change the active <, > buttons can be used to change
position of the cursor mar

to get to the default screen, keep pressing theecearsor button until thereisno[ _ 1
under any value, or press EXIT button. All valuesncbe set using the buttons or
potentiometer..
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Setting relative deviation using potentiometer

e keep pressing the center cursor button until [~~~
deviation value in the “minor data” section of tisplay

] symbols appear under the relative

e press the potentiometer knob. The display now getucursor marks which point to the active
digit. Turn the knob to change the value of thévaatligit

« press the potentiometer knob to change to the mddeh allows to change the position of the
active digit.«<— and— symbols are displayed above the active digit. fbstion of the active digit
can be changed by turning the knob.

e turn the knob to change back to the mode whichwallm change the value of the active digit

* to get to the default screen, keep pressing theecearsor button until thereisno [ _ _ _ _ _ 1_
under any value, or press EXIT button. All valuas be set using the buttons or the potentiometer.

If a non-zero relative deviation is set, the maitadcan be changed as well. The value of the ogipaal is
always recalculated. If a zero relative deviati®set, the “minor data” section is not displayed.

Change of value by factor of ten

All functions of the calibrator allow the increaskthe output value by 10 or reduction of the otiyalue by 10.
Such operation is equivalent to the change of falerange only in U, |, P-E modes. If the changsuits in
overflow or underflow of calibrator’s range, an@rmessage appears:

Value too large ! if the resulting value is tooga

Value too small ! if the resulting value is taoal

Range change

e Press the display button labeled “ x10 “ if you wamincrease the range, “ :10 “ to decrease the
range.

e The main value shown on the display is increased(ftluced 10x)

P-E function changes the current, not voltage, whemange is changed.
R-C function changes the set value 10x. The praeedbowever, cannot be used to step the internal
resistance/capacitance ranges, which are not decima

T function also has other than decimal ranges bhadcthange of set value 10x therefore does not sjorel to
internal range change. Internal range change is thise depends on the temperature sensitivity @f th
resistance/capacitance.

Connection / disconnection of output terminals

After switching on the output terminals are discected in all modes. Press the OUTPUT button to ecntne
output signal to the terminals. Red LED above tHRéTOUT button is lit and the information field ohet
display shows the following=m]  symbol

Press the OUTPUT button again to disconnect theubtiérminals. Red LED goes off and the informafieid
on the display shows the followingerr] symbol .

During mode change, output terminals are alwaysodisected. Output terminals are disconnected alEnw
changing between voltage and current ranges or whanging between AC and DC ranges is performed.
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If voltage over 100 V is set in the voltage modeeaal algorithm must be followed to connect thépati
terminals. The algattim is described in the ,Generation of calibratettage” chapter of this Manu

Setting the frequency

Frequency can only be selected in AC voltaACV) mode, AC current (ACI) mode , power-E) mode and
frequency (f) mode. In each mode the frequ: has a slightly different meaning and the frequeiscjherefore
set in a different manner.

AC voltage (ACV), AC current (ACI)

Set value of frequency is included in the “minotadaection of the display iIACV, ACI, P-E modes

Frequency change

» Firstselect the AC voltage or AC current mode by pres&in(l), AC buttons or selecting the-E
mode using the display. Frequency value ,f = xxxH&' appears in the “minor data” section
the display. “ f “ symbol is displayed above onelad display butins.

o After “ f “ display button is pressed, [ _ _ _] symbols appear below the frequency ve
Numeric keyboard can be used to enter the desambevPress “ Hz “ or “ kHz “ to confirm tt
value. The value can be set using the buttonseopdtentiometer.

OUTPJT 1@.168.2888 12:21| |OFF
13.68868688
Local
Gndll
10.00000 U %
&= 3E.BEARE - = 1HAA.BA HZ
2803 ______
Shape  §ine
Accuracy
B.833%
INFPUT
ACAL
I Hz | kHz | I Exit |

If too large or too small value is entered, theébrator displays the maximum (minimum) value whiskallowed
for the selected function.

Frequency (F)

Set value of frequency is the main data on thelalyspnd the main parameter of thgnal. Main data can be ¢
by direct entry using the numeric keyboard, potenéter or by changing the digit at the current cupsition.
The setting procedure is described in the “Settiregvalue of output signa
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OUTFJT 1@.1\. 2888 12:23| [OFF

1.000000 kHz ™

& o= BE.BBEAAX = 16.888 U

PUM= SEX Shape  PWUM POS
Accuracy
B. AES8E
IHFUT
ACAL
| w18 | : 18 | shape | Setup |

If frequency larger or small¢han the calibrator’s range is entered, the cdlibbrdisplays an error messa
.value is too large (small)".

Generation of calibrated voltag

The multifunction calibrator provides calibrated @2@d AC voltage. Output terminals for voltage range
labeled “ Hi “ and “ Lo “ at the front panel. Deping on the setting of the calibrator, voltage ad 000 Vel
can be present at the terminals .

DC voltage range is 0 to 1000
AC voltage range is 100V to 1000 V

Output voltage up to 20 V is availie at AUXILIARY connector. It can be used only withble adapter Op
140-41.

Control in the voltage moc

* Press “U” button on the calibrator and then sels€t or DC mode by pressing “C-AC” button. The
display shows the following da

main data oket voltag

relative deviation

uncertainty of output voltay

frequency (when AC voltage is genera

total value of output voltage when r-zero relative deviation is set

* % F % X

* Set the desired value of voltage, including pojanihen necessary, frequency and relative devialibe
signal is yet not connected to the output termiriBte information section of the display showsgihmbol
which informs about the disconnection of outpuirtieals.
* Press OUTPUT button.

* Red LED is lit above the OUTPUT terminals to sigtie connection of the signal to the output tertsir
the informaion section of the display shows the symbsm]

* Calibrated voltage corresponding to set paramétgreesent at the output termin
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Control sequence when output voltage over 100 gakected

When output voltage over 100 V is selected, therinftion section of the display shows the symisl which
informs that a life-threatening voltage will be geat at the output terminals. If the output terrisirgaie currently
connected, they will be disconnected when outplitage over 100 V is selected. OUTPUT button must be
pressed to reconnect the output signal to the ougmminals. After the OUTPUT button is pressed, an
interrupted beep is sound, OUTPUT LED is lit and thformation section of the display shows the syimb
notifying the user about the connection of the @aags output signal to the output terminals.

Voltage, polarity, frequency, absolute and relatiexiation can be set without the outputs beingatisected.
The output terminals are automatically disconneatdrn changing between AC and DC ranges or when
changing the function mode.

Using AUTOCAL function

To remove the effect of short-term drift and tenapere dependency of small DC voltages, AUTOCAL fiorc
can be used. It can only be activated in the catiiton mode. “Calibration mode” lists the respectivecedure.

Overloading of terminals

If the output terminals are overloaded or shorttgied in the voltage mode, the calibrator discatméhe signal
from the output terminals and reports ,,Overloadutpat” error.

ATTENTION DANGEROUS VOLTAGE

Never touch the measurement circuit when voltagens0 V is set and
output terminals are connected!

When working with voltages over 50 V, rules for vikowith dangerous
voltage must be adhered to.

ATTENTION DANGEROUS VOLTAGE

When the calibrator is controlled remotely, it ishpossible to disconnect
the output voltage using the buttons located at fhent panel!

The calibrator must be first switched to local cook mode by pressing theg
LOCAL button and then the output terminals can besdonnected or the
mains switch must be switched off !
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Generation of calibrated current

The multifunction calibrator provides calibrated 2@d AC current. Output terminals for voltage rangee
labeled “ +I “and “ -1 “ at the front panel. Therminals can carry high current and are the osfgninals to
which the calibrated object can be connected. Ddipgron the setting of the calibrator, current 020 Ay can
be driven by the terminals.

DC current range is 0 to 20 A
AC current range isgA to 20 A

When 50-turn coil (option 140-50) is used, AC catreange is 50A to 1000 A. Output current up to 20 mA is
available at AUXILIARY connector and it is accedsilia cable adapter Opt. 41-41 only.

Control in the current mode

* Press “I” button on the calibrator and then sefgctor DC mode by pressing “DC-AC” button. The despl
shows the following data:

main data of set current

relative deviation

uncertainty of output current

frequency (when AC current is generated)

total value of output current when non-zero dbgoor relative deviation is set

time after which the output terminals will be discected when the output current over 10 A is
selected.

EE .

* Set the desired value of voltage, including pojawhen necessary, frequency and relative deviafitie.
signal is yet not connected to the output termiriBiie information section of the display shows [%
symbol which informs about the disconnection ofpotiterminals.

* Connect the load or short the output terminalslé&bel, -I.
* Press OUTPUT button.

* Red LED is lit above the OUTPUT terminals to sigtie@ connection of the signal to the output terisina
the information section of the display shows thelgy| (=]

e Calibrated current corresponding to set paraméeaisven by the output terminals.

* |If COILX50 function is activated (see below - Setumctions menu), the optional 50-turn coil must be
connected to output terminals. The calibrator canubed to calibrate 5@A to 1000 A ammeters. The
calibrator generates AC and DC current within @agge up to 20 A.

CAUTION

If GND terminal is connected to Lo, -I terminalst is prohibited to connec
external load to GND / Hi or GND / +I terminals. Sih connection can
damage the calibrator.
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Overloading the terminals

When external circuit connected to current outputninals is disconnected or there is higher vol@ghe load
than permitted, the calibrator disconnects the wtutprminals and displays ,Overload | output* megsarhe
same message can be displayed when 50-turn agsleid for AC current output at frequencies abovéd80It

depends on the set current and the type of ammets&ected.

If the output terminals are disconnected due te timitation of output current over 10 A, the caditor displays
»current timeout ! message.

Generation of non-harmonic shapes

The multifunction calibrator can generate non-harimgeriodic signals with predefined shape. Tovalthe
setting of a non-harmonic output shape, the cdbibraust be switched to AC U or AC | mode. In bod#ises, an
indication of the type of output shape (Shape xjigxdisplayed under the frequency value. Pressesigective
display button to change the shape of the outmiadi

The calibrator can generate the following shapes:

+ SINE harmonic

« PWMPOS squarewave - positive, with adjustablg dytle

« PWMSYM squarewave - symmetrical, with adjustahiéy cycle
* PWMNEG squarewave - negative, with adjustable dytle

* RAMPA ramp, symmetrical positive

 RAMPB ramp, symmetrical negative

* TRIANGLE triangular, symmetrical

« LIMSINE harmonic with amplitude limitation (truated sin)

Generation of non-harmonic signals has some lifaitat

* non-harmonic voltages can be generated in the 8t 000 Hz frequency range

e non-harmonic currents can be generated in the 8.tb H20 Hz frequency range

e generation of these signals is limited to the \gdteange up to 200 V and current range up to 2 A
e non-harmonic signals cannot be generated in thefa®er-energy) mode.

Control in the non-harmonic mode
¢ Select AC voltage or AC current mode. The mainisaaif the display shows the following data:

main data of set current or voltage, unit of measient
relative deviation

frequency

selected SHAPE of the output signal

* ok ok

¢ Keep pressing SHAPE display button to select ttsireléd shape of the output signal:

The output terminals are automatically disconneatd@n changing the shape of the output signal cenwh
changing the relative deviatiat®o, if a non-zero relative deviation is set.

Displayed information
When non-harmonic output shape is selected, thdagishows additional information:

* Dbesides the main amplitude data, ,pk" index is ldiged, notifying that the displayed main valuehis peak
value. Symbol which displays the shape of the dugfgnal is displayed too.
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« below the main data, anformation about the shape type ,Shape xxxxx" spliiyed
* below the main data, calculated effective valuthefoutput signal is displaye

« for squarewave signals, set value of duty cycle \P¥\kx %" is displayed

OUTFUT 18.18.2F@8@ 12:23| [OFF
Local

030.0000 Ua ™=

&= B3.68084% f = lBBE.BA Hz

PLM= 53% Shape PLM POS
Ue= @15.@ees v |ACCLracy
a.3a%
INPLT
I oc
| w18 | =18 | Shape | f Setup |

Simulation of resistance and capdance

The multifunction calibrator can simulate an exsatue of resistance or capacitance. The outputthe
simulator are connected to HiLe terminals and to AUXILIARY connector (pins 201,22, 23). 4W resistan(
is accessible only via cabéelapter Opt. 7

Only two-wire connection is available on the front panelmieals H-Lo. Both twc-wire and four-wire
connection is possible only through AUXILIARY coruter. The terminals SIMHI- SIMLI are current
terminals and SIMHU SIMLU are voltag sensing terminals. Cable adapter Option 70 or catiégter Optiol
140-41 must be used for fowire connection. Type of cable adapter currentlgrnarted to the AUXILIARY
connector, is displayed on the display. If Opfti@nis connected, label CA 1-70is displayed in the right sid
If Option 14041 is connected, label CA 1-41 is displayed.

Cable adapter Option 70 can be used for-wire connecting of simulated resistance only. Impare with
direct twowire connection through output terminals— Lo, accuracy of resistance is better with Options&®
Technical data. If Cable adapter Option 70 is coteteto the AUXILIARY connector, only resistance abax
and resistance temperature simulation mode cahdsea.

The resolution of resist@e and capacitance depends on the set value am$mponds to 0.01 % of set vali
Minimum set value is 0.0Q

Resistance simulation range iQ to 50 MQ.
Capacitance simulation range is 0.9 nF tquF.

Control in the resistance and capacitance m
* press RE button on the calibrator. The display shows #teasistanc
* |f you want to simulate a capacitance, pre-C button again. The display shows the set capaa

* The display shows the following de

main data of set resistan(capacitance)

relative deviation of resistance (capacita

uncertainty of set resistance (capacita

total value of resistance (capacitance) if-zero deviation is set

* Ok F X
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Set desired valuef resistance (capacitance) or relative deviatibme value can be set using nume
keyboard, potentiometer or cursor buttons. Simdlagsistance (capacitance) is not yet connectdtie
output terminals. The information section of theptthy showshe symbol whicher] informs — about  the
disconnection of output terminals.

Connect the object to be calibrated to the ouguminals labeled F- Lo.
Press OUTPUT button.

Red LED is lit above the OUTPUT terminals to indé&athe connection of simulated resista
(capacitance) to the output terminals. The inforomatsection of the disple mm) shows the symbol

Simulated resistangeapacitance) is connected to output termi

OUTPUT 8. BE.2808 12:26| [OFF

Local
1.0000 wF
& = BH.BABRY

Accuracy
1.8%

IMNFUT
ACAL

[ 18 [ =18 ] Setup |

Setting relative deviation

Keep pressing the center cursor buttonuntil [~ ] symbols appear under the relativaéatien
value (\% = XX.XXXX %).

The value can be set using numeric keyb, potentiometer or cursor buttons. Confirm the gahy
pressing “%” display button or by pressing ENT

Limitations resulting from electronic simulatio

Electronic simulation of resistance and capacitaalt@wvs setting of a wide range of values witlcuracy
sufficient for calibration of common multimeterdeEtronic simulation has the following limitatio

24

measurement current supplied by the multimetertadiibrated must not exceed the value specifiethé
calibrator's documentation. If the cent is exceeded, the accuracy of simulated valoetiguarantee

maximum peak voltage at Hil-o terminals supplied by the multimeter to be aatbd must not exces
specified limits. If the test voltage is exceedealibrator disconnects output teinals. Overload message
displayed on the display.
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Frequency dependence of resistance and capacitance

Electronic simulator of resistance can be used Withand AC test signal. Electronic simulator of acipance
can be used in AC range from 20 Hz to 1000 Hz.
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Generation of electric power and enei

The multifunction calibrator can generate exactigadf electric power and energy-E function provides outpt
voltage at Hi L0 terminals and output current at- - terminals. Lo and -l terminalre electrically connecte

Power setting range: 0.0 VA to 2400 V¢
Voltage setting range: 0.2V to 240\
Current setting range: 0.01 Ato 10/

Power factor setting range:

-1 to +1 (phase —90 to +90 °)

Frequency setting range: DC, 40 Hz to 400

Control in power generation mot

Press “PE” button on the calibrator and then select AC @ Bode by pressing “C-AC” button. The
display shows set power value.

The display shows the following dai

*

*

* % F X

main value of set power in selected unit of meement VA, W, VAr

power factor value PF in negative polarity LA orsftive polarity LE or the phase shift between
voltage and current in °.

frequency, if AC power is select

voltage at Hi - Lo terminals

current through +I -I-terminals

uncertainty of set power

Set desired value of power using numeric keybopodentiometer or cursor buttons. Output power is
yet connected to the output terminals. The inforomasection of the isplay shows the symb[orr] which
informs about the disconnection of output termin

Connect the instrument to be calibrated t¢- Lo and +I - -I terminals or short the +lI-terminals

Press OUTPUT button.

Red LED is lit above the OUTPUT terminals to indéecthe connection of simulatelectrical powe to the
output terminals; the information section of thepday shows the symbol (g

OUTPJT 1@a.1@. 2888 12:34/| [OFF
Local
GndlI

1.150000 kb %

PF = +1.088 .= 58,688 Hz

= 23E.0888 1 [ = B5.668688 A
Accuracy
A, 7%

IHNPUT
I

| 18 | 18 | Mode | f Setup |

Desired power is connected to output termii

Display modes

26
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The calibrator can display AC power in one of thnegys:

* apparent power in VA
* active power in W
* reactive power in VAr

Keep pressing MODE display button to change thetian mode. Along with mode change, the power digpl
(depending on set power factor) and unit of measarg change as well. If DC power is generated; élvays
displayed in Watts.

The calibrator can display the phase relation ¢pwivoltage and current as power factor (—1 tooflas phase
shift in degrees (0 to 360 °). SETUP setup memusésl to change the method of displaying the phelatan.

Power setting modes
The calibrator allows several ways of setting thkig of generated power.
1. Setting the main power value

e The main value can be changed using numeric kegbchanging the digit at the cursor position
after selecting the cursor position with <, > buo#, by range change using ,x10% ,:10" display
buttons, or using the potentiometer.

e Output power is changed by changing the value tdudicurrent.

OUTEJT 1@.18. 2888 12:37| [OFF
- Local
GndllI
0.330000 kW "
Phase = g.a° So= SH.688 Hz
Il = 23E.6888 U [ = B4.084348 H
Accuracy
B..8%
IMFUT
LI Ic
| f Exit |
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2. Setting the voltage
» The main power value can be changed by changingaitege.
JUTRPUT 18.18. 2888 12:38| [OFF
Local
GndUI
1.150000 kv
Phase = B.@" f = oM. 888 Hz
U= 236.8888 U I = B5.06BE8 A
[ 280 ] Accuracy
H.174
INPUT
I oG
[ wu [ wy T w7 Exit |
» Select P-E mode and then keep pressing the camsorcbutton until [~~~ ] symbols

appear under the voltage (U = xxx.xxxx V).

* The value can be set using numeric keyboard anfirew@d by pressinglvV, mV, V display button.
The value can be set using cursor buttons or potaater as well.

* Main power value is recalculated using new setagmtand existing setting of current and power

factor.

3. Setting the current

* The main power value can be changed by changinguirent..

» Select P-E mode and then keep pressing the camtsorcbutton until [
appear under the current (I = xx.xxxx A).

] symbols

» The value can be set using numeric keyboard anfirew@d by pressingtA, mA, A display button.
The value can be set using cursor buttons or potaster as well..

* Main power value is recalculated using new setenirand existing setting of voltage and power

factor.

UTPUT 18.168. 28608 12:39]| [OFF
Local
Ghdll
1.150000 kb v
Phase = H@.8* f = 5H.E88 Hz
U = 236.868688 U [ = @5,08688 A
L1981 Accuracy
B.17%
ITHNPUT
U oC
[ wA T mwA ] A ] Exit |

28

Operation manual v43




MEATEST M-140 Multifunction Calibrator

4, Setting the power factor (AC power only)

 If W or Var is indicated, the main power value daam changed by changing the power factor.
Change of power factor does not change the oufpdrant power.

e Select P-E mode and then keep pressing the camgorcoutton until [~~~ ] symbols

appear under the power factor symbols (PF = x. XXX ILE) or Phase = xxx.x).

e The value can be set using numeric keyboard anfiremd by pressing LA/LE (°) button or by
pressing ENTER.

e Main power value is recalculated using new set pdaetor and existing setting of current and
voltage. The calculation is only made if activer@aictive power is displayed.

UTPUT 18.1A8. 2868 12:39]| [OFF
Local
GrdlI
1.150000 kW "
?FB=5+1.BBB f = 5B.888 Hz
0 ="23@.8888 U [ = B5.000088 A
Accuracy
B.17s
THPUT
U IC
[ A T 1E ] I Exit |

In the power generation mode, relative déuiacannot be set.

If the power factor is set to define the phasetia@iaof voltage and current, confirmation of entere
value by pressing LA button means positive phageprleans negative phase.

Setting the energy

Keep pressing the P-E button to switch to the gneneration mode. Auxiliary data display area
shows the time in seconds and the energy deliveremlitput terminals after pressing the OUTPUT
button given the existing setting of voltage, catrdrequency and power factor. Time setting raisge
1.1sto 1999s.

UTPUT 18.1A8. 20608 12:4A@]| [OFF
Local
GrdlI
1.150000 kW "
PF = +1.388 f = 5B.888 Hz
U= 230.8088 U [ = B5.0Q088 A
t = BA.A s E = BE3.@EEAKYs |HCCUracy
B.17s
THPUT
U IC
[ w18 [ 18 [ HMode | ¢ Setup |
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The energy value can be set in two ways:
Direct setting of energy

* Select the energy mode and then keep pressingetiter cursor button until [
appear under the time value (E = xxx.xxxx) supplet®e with indication of the set mode.

e The value can be set using numeric keyboard, clrmsttons or potentiometer and confirmed by pressing
Ws/kWs/MWs, VAs/kVAS/MVAs or VArs/kVArs/IMVArs dis@y buttons depending on the set mode. The
value can also be confirmed by pressing ENTER.

e Time value is recalculated using new set energy.
Setting the time

* Select the energy mode and then keep pressingetiter cursor button until [
appear under the time value (t = XxX.X S).

OUTPUT 18.18. 2868 12:41| [OFF
Local
GndlI
1. 150000 kW v
PF = +1.HEA f = SH.ABH H=z
I = 238.68688 1 I = B5.HHABH A
1 = GH.A = E = BE9.HHABKLS Accuracy
[ 128 __________ 1 A.17%
ITHNPUT
]
S Exit |

» The value can be set using numeric keyboard, clrsttons or potentiometer and confirmed by pressing
“s” display button depending on the set mode. Tdleescan also be confirmed by pressing ENTER.

» Energy value is recalculated using new set time.

Grounding of the calibrator and the instrument to be calibrated in the P-E mode

When calibrating the power and energy meters vagagate voltage and current circuits, it is adisap
to selectGND U ON andGND | ON (both grounding methods on) on the M-140 calibratdis
setting will ground both the current and voltagépot of the calibrator.

If the instrument to be calibratéxds electrically connected and not grounded cuaedtvoltage
inputs, GND U ON andGND | OFF should be selected on the M-140 calibrator

\1-4

If Lo and -l terminals on the calibrator are cortedcAND the same terminals are connected at th
instrument to be calibrated, resulting voltage dabthe current cables can damage the relay whid
interconnects Lo and -l terminals with GND termiirathe calibrator.

-

“Operating examples* chapter provides more infoiaratoncerning correct connection of powermeters an
energy meters to the calibrator.
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Uncertainty calculation of set power

Uncertainty of set power displayed on the Accurirng of the display is calculated according to tbkowing
formula:

for active power dP ¥ (dU? +dP + dPE+0.03) [%)]
for reactive power d P =/ (dU? +dFP + dPF?+ 0.03) [%]
for apparent power dP# (dU +dF +0.03) [%]
where dP is the uncertainty of set power [%0]

dU is the uncertainty of set voltage [%0]

dl is the uncertainty of set current [%]

dPF is the uncertainty of set PF (¢ps [%0]

dPF* is the uncertainty of set $in [%0]

Generation of frequency

The multifunction calibrator can generate seveitiéint voltage shapes with exact frequency, amgé and
duty cycle. The output signal is present at BNCx@adaconnector FREQ located at the front panel. Sigaal is
not present at any other output terminal.

There are two frequency generation modes. Therfigle (PWM) allows the generation of squarewavedut
signal with calibrated amplitude, frequency andyduycle. Frequency range is up to 10 kHz. The sgcoade
(HF) also provides squarewave output signal witty wéeep rising edge, typically less than 3 ns.

PWM mode

Frequency range: 0.1 Hz to 100 kHz

Voltage range: 1 mV to 10 Vpp

Signal shapes: squarewave, negative PWM NEG - symcadePWM SYM — positive
PWM POS

HF mode

Frequency range: 0.1 Hz to 20 MHz

Voltage range: 5 M.k 0, -10, -20, -30 dB

Signal shapes: symmetrical squarewave

PWM mode can be used to calibrate the input seitgitf oscilloscopes at frequencies up to 10 kHE. mode
can be used to calibrate the time base of osciljuss.

To switch between the modes, keep pressing “F’ctlirrode button. The display includes the symbots fo
currently selected mode (PWM or HF).

Control in the frequency mode

* Press F direct mode button. The calibrator switdtbeBWM mode. If HF mode is desired, press F button
once more. The main data on the display is thaufreqy.

* The display shows the following data:

set frequency

relative deviation of frequency

signal amplitude (PWM mode ) or attenuation (iMbde)
duty cycle (PWM mode only)

signal shape: PWM NEG / POS / SYM (PWM mode nly

L . A
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¢ Set the frequency using numeric keyboard, curstiobs or potentiometer. Output signal is not yet
connected to the output terminals. The informasiection of the display shows the symbol  [or
which informs about the disconnection of outpuirieals...

¢ Connect the object to be calibrated to FREQ termina

* Press OUTPUT button.

* Red LED is lit above the OUTPUT terminals to ind&cthe connection of signal to the output connector

OUTPUT 18, 18,2688 12:41| ]

1.000000 kHz ™

& = BB, BBBEE = 16,888 U

PlIM= 583 Shape PWM POS
Accuracy
A.aasay

THPUT
TINITS

[ w18 [ : 18 [ Shape | Setup |

¢ Qutput signal with set frequency is present attigut connector.

Note

. “FREQ” connector must not be overloaded. In 100 1\ 0V voltage range, maximum load is 5 mA.
In other voltage ranges, maximum load is 0.1mAthE output is overloaded, the set value is not
guaranteed.

. The output is short-circuit proof.

. The outer casing of the connector is electricadigrected to the chassis of the calibrator.

Setting relative deviation

» Keep pressing the center cursor button until [~~~ ] symbols appear under the relativeadien
valueA% = XX.XxXxx %.

* The value can be set using numeric keyboard, dotaester or cursor buttons. Confirm the value by
pressing “%” display button or by pressing ENTER.

Setting the amplitude

Signal amplitude in Volts can only be set in PWMdao
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e Select the frequency mode and keep pressing thercaursor button until |
under the amplitude value (U = x.xxx V).

] symbafmpear

« Set the value using numeric keyboard and confirmpregsing “V” display button or by pressing ENTER.

OUTPUT 18,18, 2688 12:42| [m]
Local
n
1.000000 kHz
A¥ = BA.AREEY U= 18,888 U
[ 5.88%_ " ___
PlM= 5@} Shape PHA"FOS
Accuracy
8. 88say
THPUT
U IC
| T Exit |

Setting the attenuation
Signal attenuation in dB can only be set in HF md@d&=nuation can be set in steps of (0, -10, -20) dB.

* Select the frequency mode and keep pressing ttierogursor button until [
under the attenuation value (a = x.xxx dB).

] symbafmpear

e Set the value using numeric keyboard and confirrpi@gsing dB display button or by pressing ENTER. |
other than permitted value is set, the closest feminvalue is used.
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Setting the duty cycle
Duty cycle can only be set in PWM mode.

* Select the frequency mode and keep pressing ttierogursor button until [
under the duty cycle value (PWM = xx %).

] symbafpear

» Set the value using numeric keyboard, cursor bstmnpotentiometer and confirm by pressing % displa
button or by pressing ENTER.

Setting the signal shape
Signal shape can only be set in PWM mode.

» Keep pressing SHAPE display button to select déssignal shape NEG — negative, SYM — symmetrical,
POS - positive.

» Output signal of desired shape is connected tottgut connector.

Simulation of temperature sensors

The multifunction calibrator can simulate resisertemperature sensors and thermocouples. Wheraresss
temperature sensors are simulated, a simulatedtanse corresponding to set temperature, senser agd
temperature scale is connected to Hi - Lo terminaleen thermocouples are simulated, a simulatethgel
corresponding to set temperature, sensor typeeangdrature of cold end of thermocouple is connettiddi -

Lo terminals.

Simulated values of temperature sensors are akitable at the AUXILIARY connector. Thermocoupleltage
is available at +U, -U terminals. Four-wire conmattof resistance temperature sensors is provigeculrent
terminals PTLI, PTHI and voltage terminals PTLU,HRT. 140-41 cable adapter is recommended.

Temperature setting range: -250 to +182@lepending on simulated sensor type
Sensor types: resistance temperature senso3®%, Pt 1.392, Ni
thermocouple K, N, R, S, B, J, T, E
Temperature scale: ITS 90, PTS 68 for resistamupéerature sensors and thermocouples

Switching between resistance temperature sensows twermocouples

* Press T button on the calibrator. The main valuéherdisplay is set temperature. The calibratoukites a
resistance temperature sensor.

* Press T button on the calibrator once again. Thierator simulates a thermocouple.

Setting the temperature
* Press T button on the calibrator. The main valutherdisplay is set temperature.

* The display shows the following data:

* main data of temperature i€ or K
*  sensor type thermocouples: K,N,R, S, B,k
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resistance temperature sensors: Pt 1.385392,INi
resistance at 8C labeled RO (resistance temperature sensors only)
*  cold junction temperature of thermocouple sessabeled RJ
*  set value of relate deviation in %, labelsd = xxxx.x °C (K)

the information section shows:

*  temperature scale type
* uncertainty of simulated temperature value désted temperature sensor type

Set the main value of temperature using numeribéagd, cursor buttons or potentiometer. Output
terminals are disconnected, the information seatfathe display shows the symbol which shows that
output terminals are disconnected.

Connect the object to be calibrated to Hi - Lo tieats.
Press OUTPUT button.

Red LED is lit above the OUTPUT terminal to indeahat the output signal is connected to output
terminals. The display shows the symbol of conribotgput terminals.

OUTFUT 8. E.28AB8 12:44| [OFF
Local

0100.0 °C e

&HT = BAERE.AC EJ = BA23.E@°C

TC tupe T
= +3.3672 ml Accuracy
A.4°C
THNFUT
oG
[TC tupe | Setup |

Note

Load of output terminals is limited similarly torcesponding voltage or current ranges.

Output signals provided at Hi - Lo terminals and>dUIARY connector are short-circuit proof.

Switching between temperature sensor types

Keep pressing “TC type” or “RTD type” display buitto select desired sensor type.

If resistance temperature sensors are selecteti, mass of the button selects Pt1.385, Pt1.392 ior N
resistance thermometer. The display shows cursdtihg as Pt385 / Pt392 / Ni.

If thermocouples are selected, each press of thierbsgelects K, N, R, S, B, J, T, E types. The ldigp
shows current setting as TC TYPE x, where x igype of the thermocouple
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Entry of RO coefficient for resistance temperatusensors

For resistance temperature sensors, resistancéQiabeled RO can be set. The range i<2® 2kQ for all
types of resistance temperature sensors.

» Select the resistance temperature sensor modeespdpkessing the center cursor button until
[ . ] symbols appear under the Rfictent value (RO = xxxxXQ).

e Set the value using numeric keyboard and confirmregsing ‘Q” or “k Q " display button or
by pressing ENTER.

OUTFUT 8. 5.2880 12:45| [OFF
Local

0100.0 °C e

4T = BEER.A°C Fa = 188 i

Pt385
Accuracy
B.11°C
INFUT
I Ic
[ETD tupe] Setup |

Note

After the calibrator is switched on or before tivstfchange of the coefficient, RO is set to ID0This setting
corresponds to Pt 100 resistance thermal sensor.

Entry of cold junction temperature

For thermocouples, the temperature of cold junctian be entered. The entry is performed by settiegRJ
field in the auxiliary data section of the display.

» Select the thermocouple mode and keep pressincgetiiter cursor buttonuntil [ _ ]
symbols appear under the (RJ = xxxX3} value, if°C unit of measurement is used, or under
(RJ = xxxx.x K) value, if K unit of measurementised.

»  Set the value using numeric keyboard.

« Confirm the value by pressiffig or K display button or by pressing ENTER.
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JUTPUT 8. E.2888 12:46| [OFF
Local
0 IT594
0100.0 °C
&T = HEAB.B°C E1 = BEZ3.8°C
[ 28.5_________
TC tupe T
Accuracy
A.4°0
INFUT
IS
[ ec ] Exit |

Automatic compensation of cold junction temperature

Automatic cold junction TC sensors compensationlmamperformed, when cable adapter Option 140-Qkés!

for simulating. Ambient temperature measured bycable adapter mounted Pt1000 sensor is taken as
temperature of cold junction. This automatic congagion is performed always, when measuring of antbie
temperature is activated on display (push buttoRUN ON, green led lights). When temperature meagus

not activated or cable adapter Option 140-01 iscnonhected, manual compensation only is availd&se value

of RJ on the display to the appropriate ambienptnetture to compensate manually influence of aohdton.

Use of AUTOCAL function

To remove the effects of short-term drift and thalrsiependency of the simulation, AUTOCAL functicandbe
used. It can only be activated in the calibraticodm Procedure is following:

« Use a display button to enter the calibration mefnter the calibration code and confirm by pressing
ENTER.

* Use the cursor buttons or potentiometer to seleetNUTOCAL function from the calibration menu. Afte
the function is activated, only one option - OFFS&ETAL - is provided. Press SELECT display button to
confirm the option.

« Proceed according to the instructions providedhendisplay. Automatic calibration takes ca 8-10 utes
and prompts the user to short Hi-Lo circuits arehtto disconnect them.

e After the calibration, the calibrator remains i tbalibration mode. Press EXIT display button tminre to
normal display.

Do not connect anything to any terminals during diédomatic calibration, with the exception of thempt to
short the Hi-Lo terminals. The procedure is desatim “Calibration mode” chapter.
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Multimeter

The calibrator includes a built-in multimeter whiclan measure many electrical and non-electricalegl
Besides DC voltage and current, it can measuraiénecy, temperature and when external strain gaeiggoss is
connected, even other non-electrical values caméasured. The multimeter can only be connectedugftro
AUXILIARY connector. ,Description of controls” chagr lists the pins of the connector.

The manufacturer recommends 140-41 cable adapt@ption 40 cable terminal to connect the multimetd-
41 cable adapter includes a fuse which protecteniémeter from current overload.

The manufacturer does not recommend connection afltimeter inputs to
calibrator outputs.

Such connection can result in presence of high \age at multimeter inputs,
which can damage the multimeter.

Basic menu

»  Multimeter setting menu can be opened by pressiedMETER direct control button. After the button is
pressed, SETUP METER menu opens, which allowsttag¢he multimeter. Press EXIT display button to
return to previous menu.

e Presd]or[Ocursor button to browse the menu options. Actipiom is always inverted.

* The parameters of the active option can be charfigled respective function is allowed to be chandése
UP, DOWN, CLR, NEXT and display buttons to change parameters of the active option.

* Multimeter parameters can also be set using thengiometer. The potentiometer can be used either to
browse the menu options or to change the valubeohttive option. Press the knob to switch betvirese
modes.

» Keep pressing EXIT display button to return to nakdisplay when you are finished setting up the
parameters.

8. B.2888 12:47
SETUP METER

Function ......... oG
Fange ............ 18 1
Unit voiinnneennnnn 1)

ad ...... A. HERAAAE+AAA
al ...... 1. BHBAAAE+RAR
32 c.a... A. HERAABE +AAR

[ Exit |
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When the multimeter is being set-up, measurememniatdbe initiated. Measurement can only be initieéer
the menu is left using the INPUT button.

Function selection

e Press METER direct control button and select FUNGN loption from the menu using cursor buttons.
* Press UP, DOWN display buttons or use the potemtiento select one of the following functions:

*  basic DC voltage range VDC 10 V

*  DC current mA DC 20 mA

*  small DC voltage range mV DCupto2V

four-wire resistance measuring range up t@2 k

frequency up to 15 kHz

temperature measurement using thermocouples T TC
temperature measurement using resistance tempessnsors T RTD
measurement of strain gauges (pressure, force) SGS

EE I

* By selection of the measurement function, someedlaptions are automatically changed as well
(measuring range, unit of measurement).

e Press EXIT display button the close the functidec®n menu and to return to the basic display.

Setting the measurement range

* Press METER direct control button and select RAN§pEon from the menu using cursor buttons.

« Press UP, DOWN display buttons or use the potemtiento select the measurement range for selected
function. Ranges of individual functions can berded:

small DC voltages mV DC ranges: 20, 200, 2080 m
temperature measurement using thermocouples Typ€st K, N,R,S,B,J, T, E
temperature measurement using RTD sensors, types: Pt 1.385, Pt 1.392
setting of sensitivity of strain gauge sensorsqguee, force) SGS

* % F X

e After setting the range, uséor O cursor buttons to switch to the previous or neghmoption. The same
can be achieved using the potentiometer after imge#ise knob. Press EXIT display button the cldee t
range selection menu and to return to the basptajis

Units of measurement

Unit of measurement can be set for each measurdomaiton. The unit of measurement is displayechglwith
the measured value on the display. The descriptidhe unit of measurement can consist of up thatacters.

e Press METER direct control button and select UNbtian from the menu using cursor buttons.
< Press the knob of the potentiometer to displand] symbols above the active character.
« Press UP, DOWN display buttons or use the potemtiento select desired character at the activeiposi

e Press NEXT display button to move onto next charact
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» Press the knob of the potentiometer to completeéiting.

» After the unit of measurement is selected, Use (] cursor buttons to move onto the next menu opfitie.
same can be achieved using the potentiometerpatesing the knob. Press EXIT display button theec

the range selection menu and to return to the lolisjday.

3. G.268H 12:48
SETUP METER
Function ........ T ETO
Tupe BRTD ........ P+392
m
ad ...... H. HEEAHAE +HAR
al ...... 1.HAHARAE+AEA
a2 ...... H. BAEAEAE +HAER
2 1688 %
| up | Down | HMext [ cir | |

If you want to reset the unit of measurement tgioél setting, press CLR display button. Origirettiags are

listed below:
*  basic DC voltage range VDC \%
*  DC current mA DC 20 mA mA
*  small DC voltages mV DC up to 100 mV
*  four-wire resistance measurement Q
frequency up to 15 kHz Hz

*

temperature measurement using

thermocouples °C

*  temperature measurement using resistive
temperature sensors
*  measurement of strain gauge sensors

Use of calculation formula

Each function of the multimeter can display recktad measured value. The value shown on the ¢ispla

always calculated according to the formula:
Y = A0 + AL*X + A2 * X?

where X is the value measured by the multimeter
Y is the value shown on the display

Default setting of the coefficients is AO = 0, Al1x A2 = 0. This means that directly measured vatue
displayed on the display. If any other recalculaii® required, enter the desired parameters. Péesai® must

be of the same dimension as is in row UNIT.

 Press METER direct control button and select AQ, (A2) option from the menu using cursor buttons.

« Enter new value using numeric keyboard.

» Confirm the value by pressing ENTER.
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« After setting the coefficients, uséor [ cursor buttons to switch to the previous or neghmoption. The
same can be achieved using the potentiometerftesing the knob. Press EXIT display button theec
the range selection menu and to return to the lukstay.

If you want to reset a coefficient to original g&ft press CLR display button.

Each measurement function of the multimeter hagvits independent set of coefficients.

Setting function parameters

Some measurement functions have additional parasn&éhen measuring the temperature using RTD sgnhsor
RO (resistance at fC) can be set, when measuring the temperature dsingensors, the temperature of cold
junction can be set and when measuring using S88sg supply voltage of the bridge can be set.

Original settings are listed below:

TRTD RO =10M
TTC RJ =23 °C
SGS Voltage =5V

The parameters can be changed as follows:

* Press METER direct control button and select atfancthen use cursor buttons to select the linekwh
includes the function parameter.

e Enter new value using numeric keyboard.
e Confirm the value by pressing ENTER.

« After setting the coefficients, uséor [ cursor buttons to switch to the previous or negnhmoption. The
same can be achieved using the potentiometer@issing the knob. Press EXIT display button theec
the range selection menu and to return to the lostay.
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Start of measurement

To start a measurement:
* Press INPUT direct control button in the basicest#tthe calibrator.

« INPUT field on the display shows the measured valie measurement is indicated by a green LED above
the INPUT button.

» Press INPUT button again to stop the measureméstLED goes off and the input connectors are
disconnected.

OUTPUT 18,18, 2868 12:48| [OFF
Local
05.00000 U = ™
A¥ o= BH,BEEEY
Accuracuy
H.HASAEY
INFUT
mA I
10.0003 mA
[ w18 | : 18 | | +/- Setup |

The multimeter does not display uncertainty of meiag. If the input range is exceeded, OVERFLOW sage
is displayed.

140-41 Cable adapter must be used to connectghalsi

Zero function

The multimeter has a zeroing function. It can btvated after the measurement was activated bysjmgs
INPUT direct control button. Zeroing is performeg firessing METER direct control button. After thatton is
pressed, most recent value is stored and subtr&ci@dall ongoing measured values. A “Zero” messaggears
on the right side of the display, indicating thaistfunction is active. Press METER a second timmddactivate
the Zeroing function.

Multimeter’s menu can be entered only after theguszment is terminated by pressing INPUT button.
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OUTPUT 18,18, 2868 12:48| [OFF
Local
05.00000 U =
A% o= BE.BEEEY
Accuracuy
H.HASAEY
INFUT
mA I
- 0.0002 nA
[ w18 [ 18 ] [ +/- Setup |

Zeroing function can be used e.g. to compensatedh&ge drops at the cables, to suppress any remh&alue
of the signal etc.

Overloading can damage the multimeter.

Notes:

The current inputs of the multimeter are protedtech current overloading by a fuse located in 140-4
cable adapter. The fuse can be replaced aftengithe cap of the fuse holder. The procedure is
described in the adapter’'s manual.

*  The multimeter can be used as a DC milivoltmetéh ®D mV, 200 mV, 2 V, 10 V ranges. The
appropriate input terminals are PTHU and PTLU.

Maximum allowed voltage on the input terminals agaground terminal is 20 V.

Frequency measurement is possible up to 15 kHut kignal must be within 0.2 to 5 V range.
squarewave or pulse shape of the input signalpse®d.
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Simultaneous functions

The multifunction calibrator allows simultaneousggation of calibrated signal along with measurenoén
another signal using the built-in multimeter. Te b®th parts of the calibrator simultaneously, eatlapters
supplied by the manufacturer are necessary.

When using the calibrator, the following statesawssible; each state has its limitation, listethitable.

Method of use Limitation of output signals | Limitation of multimeter’s | Method of connection
function

1 | No cable adapter is used. Calibrator's outputagyare not | The multimeter cannot be

limited in any way and can be fullyused.
used.

If the multimeter is activated,
Calibrator’s output signals are FAIL error message appears|
available only at the terminals
located at the front panel.

2 | The calibrator is used with | Calibrator’s output signals are not The multimeter can only be | 140-01 cable adapter

140-01 cable adapter. limited in any way and can be fullyused to measure the external connected onto calibrator’q
used. temperature using a Pt100 | terminals.
sensor built into the adapter.
Calibrator’s output signals are
available only at the terminals
located at the cable adapter.

3 | The calibrator is used with | Calibrator’s output signals are The multimeter can be used | 140-41 cable adapter
140-41 designed for available only at the terminals without limitations and in full | connected onto calibrator’q
simultaneous measurement. | located at the cable adapter; rangeanges. terminals.

are limited to:
OUTPUT 140-41 function is | - DC voltage up to 20 V SGS sensors can be OUTPUT 140-41 AUX
set to AUX - DC current up to 20 mA connected.

- four-wire resistance

measurement.

4 | The calibrator is used with | Calibrator’s output signals are onllylhe multimeter can be used | 140-41 cable adapter
140-41 designed for available at the terminals located| atithout limitations and in full | connected onto calibrator’q
simultaneous measurement. | the front panel in full ranges and | ranges. terminals.

can be fully used.
OUTPUT 140-41 function is SGS sensors cannot be OUTPUT 140-41 PANEL
set to PANEL. Calibrator’s output signals are not connected

available at the terminals of the

cable adapter.

5 | The calibrator is used with | Calibrator’s output signals are not The multimeter can be used [nOption 40 Cable, connecte]
Option 40 Canon — 2 banang limited in any way and can be fullythe following ranges: onto calibrator’s
cable end. used. - DC voltage up to 12 V AUXILIARY connector.

- DC voltage up to 25 mA
Callibrator’s output signals are onfly frequency up to 15 kHz.
available on the terminals locateq
at the front panel.

6 | The calibrator is used with | Calibrator’s output signals are not The multimeter can only be | Option 60 cable end ,
Option 60 Canon — 4 banang limited in any way and can be fullyused in the following ranges:| connected onto calibrator’'g
cable end.. used. - temperature using TC AUXILIARY connector

sensors

Calibrator’s output signals are onfly temperature using RTD

available at the terminals located| &ensors

the front panel. - resistance up to 2 kOhm
SGS sensors cannot be
connected.

7 | The calibrator is used with | Following output signals can be gdtlultimeter cannot be used. | Cable adapter Option 70,
Option 70 Canon -4 only: installed on AUXILIARY
terminals. - resistance in four-wire If the multimeter is activated,| connector.

connection FAIL error message appears
— resistance temperature sensor
simulation in four-wire connectiof
Output signals are available on
adapter Option 70 only.
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If current is drawn from +I and —I output terminédsated at 140-41 cable adapter, +I and —I ougratinals
located at calibrator’s front panel must not benmated simultaneously.

“Operating examples” chapter provides examplesafect connection during simultaneous measurements.
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Tester

The calibrator includes an application SW, whichilfeates automated testing of regulators and ttaosrs.
Tester function combines the use of the calibramithe source of precision signal with automatiange of
output signal, while the response of the unit bégxjed is measured by the calibrator’s built-iltrmeter. The
calibrator is capable of subsequent processingeafsured values, providing PASS/FAIL indication.

Tester function comprises of performance of a @ogned sequence of up to 10 steps. For each seepypé
and value of output signal and the type and tolsrawf input signal can be defined. If the inputnsigis not
within the tolerance limit, the respective steptbé& test program is considered failed. The timewnbenh
individual steps can be set as well.

Basic menu

» Press SETUP display button to enter the Tester misitier the button is pressed, the bottom linehef t
display shows TESTER option. Press the respectsmay button to open the menu of test programs.

» The menu includes a sequence number of the tegtgom date of creation and program name.

1¥. 7.268AA8 13:86
SETUR TESTER

HE. TDATE FEOGRAM HAME

. 2AAA Frogram number 81
. 2888 Program number B2
. 2888 Program number B3
. 2AAA Frogram number B4
. 2AAA Frogram number B5

Lo B S N
R N S N
I RN RN RN I

. 2HAH Program number HE

[ select | [Execute | | Exit |

* Use the cursor buttons or the knob of the potergtemto select the desired test program. Press EXEC
display button to execute the program or SELEC&dib the program.

Execution of test program

After EXECUTE display button is pressed to exedbe=test program, the calibrator displays a sceiém set
parameters of output signal and set configuratibrthe multimeter. The calibrator displays PROGRAM
NUMBER and STEP information above the main outpatadwhen the test program runs. PROGRAM
NUMBER xx, where xx can be 00 to 09, designatest#st program which currently runs. STEP (max. 10)
designates current step of the program.
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After the test program concludes, the calibrat@pldiys a table showing the results. The table deduthe
sequence number of each step, set output valusedfdlibrator, the value measured by the multimater the

result of the respective test step (PASS/FAIL).

TESTER RESULTS

Program number B1

STEP 0OUTPUT L[WI

=
H

(ay
(a

(Al la (mp iy FON TR ]
(sl i lu gy M RN R
EE R S E D
(s e e lnn i fonlaw s Ty
S S E )
L —_—_—
D o 0 D 5 )
T e o o S0

—_

INPUT [W]

9 errars

RESUL

2 o D S ) e
0D

oD o o D T T D
P LA e L

T

EXIT |

Total number of failed steps is displayed abovetdhée (xx ERRORS) along with the designation afqened

test.

After reviewing the results of the test, press EXi3play button to return to the previous leveleTbst can be

interrupted by pressing CANCEL button.

Programming the test

Test procedures can be programmed after you sel@eicedure in the basic Tester menu and press SELE
display button. The calibrator displays a prograngtable.

SETUP TESTER
Qutput WA
Input LI OC
Frogaram number B1 Steps 18
STEF  OUTPUT [WI LOW CW] HIGH [U1] TIHE
B[ 16.88AAAA ]1.99999 2.81884 2.a
1 "ZH.BEEEEE  1.998G68 2.82004 2.8
2  ZP.PPBARAR 2.97888 3.A3A6A 2.4
3 48.BB808H 3.96888 4. 84884 2.8
4  5H.BBBAAA 4956888 5.A5A8A84 2.a
[ Output | Input | Steps | [ Exit |

Two basic test parameters can be set:

« definition of the type of input and output signafed the number of steps

e numeric values for each step
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Setting the type of signals and the number of steps

Type of output signalcan be set using OUTPUT display button. Press titte repeatedly to select the signal
which will be generated at the output terminalsratite test program is executed. The followingaygiare
available:

VDC - VAC — ADC - AAC-WDC -WAC-R-C—-TRTBT TC - F PWM - F HF

Selected type of output signal is displayed inlthader of the programming table, “Output” columheWValues
in the table change when the type of the outputadits changed.

Type of measured signal (input)can be set using INPUT display button. Press thobuepeatedly to select
the signal which will be measured at the input feais by the built-in multimeter after the test gram is
executed. The following options are available:

VDC-mADC-mVDC-R4W -Freq —TTC-TRTD
Explanation of symbols:

V DC DC voltage measurement in 12 V range

mA DC DC current measurement in 25 mA range

mV DC DC voltage measurement in 20 mV to 2 V rgagematic range switching)
R 4W four-wire measurement of resistance

Freq measurement of frequency up to 15 kHz

TTC measurement of temperature using thermocouple

T RTD measurement of temperature using resistemperature sensor

If T TC or T RTD functions are used, the paramesetsfor the multimeter mode apply. The settingduide the
type of unit of measurement (K — °C), temperatwales (ITS68 — PTS90), sensor type, temperatureolf c
junction of thermocouple (RJ) and resistance a& .0 °

Selected type of input signal is displayed in thader of the programming table, “Input” column. Madues in
the table change when the type of the input signethanged.

Number of test stepscan be set by pressing STEPS display button imahge 1 to 10. Set number of steps is
displayed in the header of the programming tatf¢eps” column. The number of the rows in the tablenges
when the number of steps is changed. You can dshledines in the table by pressinigd] buttons or by turning
the knob of the potentiometer.

Setting the numeric values of the test

After the type of output signal is selected, numeralues of individual steps can be set. The falhow

parameters can be set for each step:

1. Value of OUTPUT signal. The range valid for thep@stive output signal can be used.
If DC voltage or DC current are programmed, onky Woltage or current can be set, not the frequeniog.
calibrator uses the frequency which has been puslyicset for the respective output function.
If PWM or HF frequency output is selected, only fhequency can be set. The calibrator uses theubutp
voltage and duty cycle which has been previoudlyasehe respective output function.
If power output (W AC, W DC) is selected, only Wnche selected. The calibrator uses constant vgltage
power factor (phase) and frequency which have Ipeewiously set in power generation mode. Change of
power set in the programming table is achievediange of output current during the test.

2. Lower tolerance limit of input value (LOW). The lincan be set within the selected range of the
multimeter.

3. Upper tolerance limit of input value (HIGH). Thenit can be set within the selected range of the
multimeter.

4. Duration of each program step in seconds (TIME}til®erange is 0.5 to 100 s.
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Programming of values is done as follows:

e Select the value to be changed by cursor buttotisedknob of the potentiometer.

« Enter the numeric value using the units of measarg¢misplayed in the header of the table.

e Confirm the entry by pressing ENTER. New entryapied to the respective position.

SETUP_TESTER
Qutput LI AG
Input ml TG
Frogram number B1 Steps g
STEFP  OUTPUT [UI LOW CmW] HIGH [mU1 TIME
B[ 192988999 ] A.9964 2.8184 A.5
1 5R.BEEAAA" " 1.9%688 2.82a8 2.8
2  JB.BBBAAA 2.9v8A 3.8384 2.a
3 4B.POBAAA 3.9684 4. 8484 2.8
4  5P.PBBAAA 4.9544 5.A5AA 2.4
[ output [ Input [ Steps | [ Exit |

e This way, all numeric entries in the table can banged.
e Press EXIT display button to return to the previtavel when the programming is complete.

Note:

When the test program is executed, all steps aferpeed.
Within one test program, only one type of inputnsilgand output signal can be used. It is impossdkwitch to
other function of the calibrator in the middle gbrgram.

Setting the relays
SWITCH POLARITY and SWITCH ACTIVITY items of SETURMENU are used to set-up the relay. The

following table lists the states of the relay deting on the values of SWITCH POLARITY, SWITCH
ACTIVITY and the test result.

SETUP MENU RELAY BEFORE TEST| TEST RESULT RELYA AER TEST
Switch polarity OFF disconnected FAIL disconnected
Switch activity PASS PASS connected
Switch polarity ON connected FAIL connected
Switch activity PASS PASS disconnected
Switch polarity OFF disconnected FAIL connected
Switch activity FAIL PASS disconnected
Switch polarity ON connected FAIL disconnected
Switch activity FAIL PASS connected
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Setup menu

The multifunction calibrator allows many other,ddsequently used parameters to be set. Setup marsed to
set these parameters. Setup menu is opened byingeSETUP display button. If output terminals are
connected, they will be disconnected and the fahgvdisplay appears:

18,18, 2AAA 12:52

SETUFP MEMNU
Coil #9598 ....eeennn 0OFF

| Ghnd UL LFF ]
=1 1T H
Temp. scale ..... 17390
Temp. unit ......... 0
Phase unit ........ Ccos
Qutput 148-41 ..... AL

[ on [ off ] I [ Exit |

Use O or O cursor button or the knob of the potentiometebrmvse the menu options. Active option is always
inverted and when changed, the descriptions oflalisputtons change as well. Display buttons show tte
respective parameter can be set. Each parametdrecahanged after the knob of the potentiometerassed.
Press EXIT display button twice to save the paramewhen the setting is completed. New settingsetegned
when the calibrator is switched off. Setup menesfthe following options:

1. Coil x50 .... xx ON/OFF

This parameter can be set on when 50-turn curi@htscgoing to be used for clamp ammeter caliloratiThe
coil multiplies the output current. OFF is set hg manufacturer.

2. GNDU .... xx ON/OFF

This parameter connects Lo terminal to GND. In ficacthis means that Lo terminal is grounded. Bgsping
the display buttons, the terminal can be groundadhgrounded. ON is set by the manufacturer, ougnminal
is grounded.

3. GNDI.... xx ON/OFF

This parameter connects -l to GND. In practice theans that -l terminal is grounded. By pressimgdisplay
buttons, the terminal can be grounded or ungroun@&dF is set by the manufacturer, output termiaaésnot
grounded.

It is recommended to ground only the voltage chbi@¥D U ON, GND | OFF, for all ranges except the
generation of power or energy. If the meter to hlbcated has Lo terminal grounded, it is recomnaeghtb
unground both outputs of the calibrator, GND U OERND | OFF to exclude ground loops.

Note
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If neither the calibrator's output, nor the meteirputs are grounded, signal/noise ratio can aasé¢he
calibrator’s output.

4. Temp.scale .... xx  ITS90/PTS68

This parameter allows the temperature scale fdmpia resistance temperature sensors to be seld@tessing
the display buttons allows to switch between ITS8@ PTS68 temperature scales. ITS90 is set by the
manufacturer.

5. Temp.unit.... xx  °C/K

This parameter allows the temperature unit for atien of temperature sensors to be selected. iRgedse
display buttons allows to switch between °C and&is set by the manufacturer.

6. Phase.unit.... xx  °/cos

This parameter allows the unit of phase shift betwéhe voltage and current output to be selectethén
power/energy generation mode. Pressing the didpi&tpns allows to switch between ° and COS (degaeels
power factor).

7. Output 140-41 .... xx AUX/PANEL

This parameter allows the output terminals to becsed. AUX means that the output signals are pitesely at
the cable adapter’s terminals, PANEL means thabthput signals are present only at the front panel

8. Meter average .... XX UP/DOWN

Displays the number of measurements taken befaeatlerage value of build-in multimeter is displayed
(integration constant). UP, DOWN display buttons ¢te used to select a value in the range of 1 toThe
higher the value, the longer the calibrator needsi¢asure a value, but displayed value is mordestHtR0 is
set, one measurement takes approximately 2.5 s.

9. Interface .... xx GPIB/RS232

Displays the type of interface used to control¢hibrator from a PC. By pressing GPIB or RS232dnd, the
respective type can be selected. The calibratobearemotely controlled only using the selectedriiace.

10. GPIB address .... xx UP/DOWN

Displays the calibrator’'s address at the GPIB kB, DOWN display buttons can be used to selectvatig
GBIP address in the range of 00 to 30. The add2ss set by the manufacturer.

11. RS232 baud rate .... xx UP/DOWN

Indicates the communication speed of RS232 busDOWN display buttons can be used to select 150, 300
600, 1200, 2400, 4800, 9600, 19200. Perfect comeatioh with the PC requires equal values set aPthexind
the calibrator.

12. Handshake .... xx OFF/Xon-Xoff

Indicates the communication handshake. Displayobsttcan be used to select OFF or Xon/Xoff. Perfect
communication with the PC requires equal valuesiséte PC and the calibrator.
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13. Keyb.beep .... xx ON/OFF

This parameter allows the acoustic indication @&fsged buttons to be switched off or on. ON and @iBplay
buttons can be used to switch the indication offrmrON is set by the manufacturer.

This parameter does not control the acoustic itidicaof output voltages over 100 V and identificatiof
errors.

14. Keyb.volume .... xx  UP/DOWN

This parameter allows the volume of acoustic intiicato be set. UP and DOWN display buttons allovsét
the value in the range of 00 to 15. The biggenvtilee, the louder sound. This parameter contra@s/tiume of
keyboard beep (if switched on), indication of outpoltages over 100 V and identification of erravhen
controlling the calibrator.

15. Brightness .... xx UP/DOWN

This parameter sets the contrast of the displayaPDOWN display buttons allow to set the valu¢éhmrange
of 00 to 15.

16. Rotary change .... xx ON/OFF

This parameter controls the range of functiondefgotentiometer. If ON is set, the potentiometer move the
cursor both to the left and right-(and - symbols) and up and dowil @nd 0 symbols). If OFF is set, the
potentiometer can move the cursor up and down @hgnd] symbols).

17. Switch polarity .... xx ON/OFF

This parameter controls the function of the builrélay. If ON is set, the relay is closes beftetest. If OFF is
set, the relay is opens before the test.

18. Switch activity .... xx PASS/FAIL

This parameter controls the function of the builir¢lay. If PASS is set, the relay is active (clemnigs status) if
the test results in PASS status. If FAIL is seg thlay is active (changes its status) if the testilts in FAIL
status.

19. Cal.code .... 00000

Entry of calibration code. Calibration code is\gefdigit number, which must be entered to accessalibration
mode. If the calibration code is set to “00000%stimformation is displayed in the Setup menu. l@alion code
can be changed. New calibration code can be djrentered using numeric keyboard and confirmedregging
ENTER. If non-zero calibration code is set, correglibration code must be entered to access tlieraibn
mode. Non-zero calibration code is not displayathir on the display.
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The purpose of the calibration code is to prevemauthorized users from changing the calibrationthef

18.18. 2868 12:56

SETUP MENU
Kedb. wolume ....... A2
Brightness ......... A3
Rotary change ...... aH
Switch polaritu ... Off
Switch activity .. Pass

| | | | [ Exit |

instrument.

Note

It is advisable to write down actual calibratiordeaf changed. If you forget the calibration cogey have to
send the calibrator to the manufacturer.

20. Cal.date .... xx.yyyy

Displays the date of last calibration of the cadtbr (month/year). The parameter cannot be charaged, is
automatically recorded when leaving the calibratimde.

21. Serial NO .... XXXXXX

Displays the serial number of the calibrator. Theameter cannot be changed.

22. Time .... xxyy

Displays real time. The parameter can be changed) #4$OUR UP, HOUR DO, MIN UP, MIN DO. display
buttons.

23. Date .... xx.yy.zzzz

Displays real time. The parameter can be changed @AY UP, MONTH UP, YEAR UP, YEAR DO display
buttons.

24. Time on display .... xx ON/OFF

If set to ON, time and date are displayed in theengart of the display. If OFF is set, time antedae not
displayed. ON is set by the manufacturer.
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Calibration mode

The multifunction calibrator includes a calibratiprocedure, which allows calibration of the caltbra Zero

point and slope of the characteristics of individganeration and measurement ranges are set dtiveng
calibration in predefined order. The calibratiomaanly be controlled using the buttons and menuthan

calibrator.

The calibration mode includes AUTOCAL autocaliboatifunction. This function can automatically cotrédee
short-term instability of zero point for voltagenges up to 20 V. This function is not a part of tdwmplete
calibration procedure, but it can be used to redoedime and temperature dependent drift of zeiatpvhen
calibrating using small DC voltages and when sittiggthe thermocouples.

Calibration principles

The calibrator can be calibrated:

¢ completely, i.e. all functions are calibrated ihracommended points
e partially, i.e. only selected functions are caltbrhin all recommended points
e partially, i.e. only selected functions are caltbrhin selected points

Complete calibration consists of all partial cadittons performed in the order defined by the catibn menu. If
an item of the calibration menu, e.g. “WVOLTAGE D@’ selected, it is not necessary to calibrate aliges
defined by the calibration algorithm. If new caéibion of all ranges is not possible (e.g. the negfistandard is
not available), old calibration data can be conéidmi.e. current step of the calibration can bpsd.

Calibration interruption can be performed in any jpat of the calibration
procedure. However this particular calibration infences parameters of the
calibrator.

Accuracy of the calibrator is guaranteed when fudalibration was done.

DC voltage calibration is performed by setting the zero amapslof the scale in all ranges and in both signal
polarities (+ and -) (except the 1000 V range, \lmero correction is not necessary).

AC voltage calibration is performed by setting the zero ampslof the scale in all ranges at 1000 Hz (except
the 1000 V range, where the calibration is perfat@e500 Hz).

DC current calibration is performed by setting the zero arupslof the scale in all ranges and in both signal
polarities (+ and -).

AC current calibration is performed by setting the zero amgbslof the scale in all ranges at 1000 Hz (except
the 20 A, where the calibration is performed at H29.

AC and DC power calibration is performed by calibration of DC aA& current. The phase relationship of
voltage and current (power factor) is defined difyt and cannot be calibrated. It can only be ckdckrhe
respective check is not included in the calibrapoocedure.

Resistancecalibration is performed by setting the zero ampslof the scale in all ranges. Slope of each ramge
calibrated twice. In practice, 9 internal rangdstasices must be measured and the measured vagredimto
the calibrator; then the zero point of the scaledmisted for each range. Calibration of resistannges must be
performed through AUXILIARY connector using Optidg® adapter in resistance range bellow 1@0&dnd
without the adapter directly from front panel temads Hi — Lo in range above 10Qk

Capacitancecalibration is performed by setting the zero amgslof the scale in all ranges. Slope of each range
is calibrated twice. In practice, 9 internal capaute ranges (1 nF to L&) must be measured and the measured
value entered into the calibrator; then zero pofrihe scale is adjusted for each range.
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Frequency function calibration is performed by calibratiofi BC voltage range and zero point check. DC
voltage levels are checked, between which the redbb switches when generating the signal. The racguof
PWM of the squarewave output signal depends offiréligiency accuracy and cannot be calibrated, itordy

be checked. The respective check is not includédarcalibration procedure.

Multimeter is calibrated on voltage ranges 20mV, 200mV, 2nd 40 VDC voltage ranges, current range 20
mADC and on resistance range 2A@D0For calibration cable adapters Option 40 (voltagerent), Option 60 (
voltage, resistance) and Option 70 (resistance} brigsed.

Access to the calibration procedure

Calibration code is required to access the caldmgirocedure.
e Press SETUP to open the setup menu.

e Press CALIB display button.

» Concerning cable adapters, access to the calibratiode is permitted without connected any of cable
adapters or with connected cable adapter OptioiOgtion 60 and Option 70. If cable adapter Optid0-
01 or Option 140-41is connected to the AUXILIARYnt®ctor, access to calibration mode is not perdhitte
Calibrator will display message:

Err9
Bad cable adapter !

« If an attempt is made to access the calibratiomguore within 60 minutes after the calibrator wagched
on, the calibrator does not open the respectiveuraed displays the following message instead:

Err 21
Time warm up !
XX minutes remain

< If the calibrator is already on for at least 60 at@s, it requests the entry of the calibration caftier CAL.
MODE display button is pressed.

0OFF
CHLIBRATIOW MEMU
et calibration code
[ BHBEE ]
[ SELECT | | | Exit |

< Enter the correct calibration code using numerigbkard and press ENTER.

< If incorrect calibration code is entered, an ernoessage appears on the display for approximately 3
seconds:

Err 20
Bad calib. code!
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» If correct calibration code is entered, calibratioenu appears:

CHLIBERTION MEMLU

Uoltage DIC
oltage AC
Current DG
Current AC
Power DG

Power AC

Resistance

18.18. 20868 13:06

| gelect |

Exit

» UseOandOcursor buttons to move the cursor through the list

VOLTAGE DC
VOLTAGE AC
CURRENT DC
CURRENT AC
POWER DC
POWER AC
RESISTANCE
CAPACITANCE
FREQUENCY
ANALOG INPUT
AUTOCAL

RRooNoO~LDE

=o

Selection of calibration type

All DC voltage ranges calibration
All AC voltage ranges calibration
All DC current ranges calibration
All AC current ranges calibration
DC power calibration
AC power calibration
Resistance calibration
Capacitance calibration
Amplitude in frequency mode calioat
Multimeter calibration
DC voltage offset correction

After the calibration menu is displayed, one oftigacalibrations can be selected. Usand[l cursor buttons to
move the cursor through the list. Having selectedirequired function to be calibrated, press SELEGpPlay

button. The following data are shown (the followgample is valid for VOLTAGE DC range):

OFF
CALIBRATIOW MEMU
Uoltage IC

—-Amll +Z2Aml -28aml
+Bnl -@ml +28800  -288ml
+B 1 -6 U +2 1 -2
+8 U -8y +28 U -28 U
+8 1 - U +288 U -288 U

+208 || -288 U +1kU -1kl

[ SELECT | I | Exit |

The table lists recommended calibration points. ibf@selected the required calibration point usifg . S5CT

display button, the following data are shown.
56
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OFF
CALIBERTION MEMU
Uoltage IIC
Eange Zdml Ualue  +Aml
b4
+00321679
AAAAALAATI1I1111111111111
[ URITE ] [ skIP ] Exit |
Display buttons have the following meaning:
WRITE new calibration value is entered into themory, old value is irreversibly lost
SKIP current calibration step is skipped, olduesis retained in the memory
EXIT current calibration is terminated. After gHbutton is pressed, the calibration memory

hold all data (old or new entered) and thebcator returns to the calibration
menu. It is not necessary to calibrate all rapgalibration of only selected ranges
is possible by skipping the ranges which doread to be calibrated.

Moreover, the display shows the range which is dpaialibrated (RANGE), and the value to be set at th
external standard multimeter (VALUE).

Setting the new calibration data

Use[, [, <, > cursor buttons to set such main data on the displaen the output signal measured by external
standard multimeter reaches the required calibrgtioint. When the standard output value is reacpegss
“WRITE” to write new calibration value to the caldiion memory. If you press “SKIP” button, the baditor
ignores the new value and old value is retaineterAfou press “WRITE” (or “SKIP”), the calibratorawes on

to the next calibration point.

The procedure is repeated for all calibration powitthe selected function. If you press “EXIT” taut before
completing the calibration, the calibrator retutmshe calibration menu.

Termination of calibration
The calibration can be terminated in the followaages:

e complete calibration has been performed, new litim data have been entered, the program haseetur
to the calibration menu,

e calibration of selected function has been perfornmedv calibration data have been entered, the anogr
has returned to the calibration menu,

« calibration of selected range(s) of selected famcthas been performed, new calibration data haea be
entered, the program has returned to the calibratienu,

« the calibration has been started but no calibradiata have been entered, the program has retuonie t
calibration menu after “EXIT” display button hasgnepressed,

Operation manual v43 57




M-140 Multifunction Calibrator MEATEST

Press “EXIT” display button to terminate the cadition. After the button is pressed, the calibratiate is saved
internally and the calibrator returns to the sthteas in before the calibration has been started.

Calibration points

Each function of the calibrator has assigned figalibration points which have to be set during ¢a&bration.
For VOLTAGE DC, VOLTAGE AC, CURRENT DC, CURRENT A@OWER AC, POWER DC, F functions,
the signal value is set using the keyboard. For Rui@tions and partially also during the calibratiof the
multimeter, calibration data of the range resistsnmust be entered. T function does not requirecaligration,
as the output voltage or resistance is based a@hnaetic interpolation using standard tables of terajure
sensor values.

The calibrator needs no calibration of the follogvjparameters:
« frequency

» phase relationship (power factor) of output voltagel frequency in AC power/energy generation
mode

» DC and AC power (except DC and AC current in thade)
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VOLTAGE DC function

nominal value [V] set limits [V] range [V] note
0.0 2u 20m zero calibration
0.0 2u -20m zero calibration
19m 4u 20m slope calibration
-19m 4u -20m slope calibration
0.0 2u 200 m zero calibration
0.0 2u -200m zero calibration
190 m 6u 200 m slope calibration
-190 m 6u -200m slope calibration
0.0 5u 2 zero calibration
0.0 5u -2 zero calibration
1.9 12 u 2 slope calibration
-1.9 12 u -2 slope calibration
0.0 20u 20 zero calibration
0.0 20u -20 zero calibration
19 100 u 20 slope calibration
-19 100 u -20 slope calibration
0.0 200 u 200 zero calibration
0.0 200 u -200 zero calibration
190 600 u 200 slope calibration
-190 600 u -200 slope calibration
1000 20m 1000 slope calibration
-1000 20m -1000 slope calibration

Table DC VOLTAGE

VOLTAGE AC function

nominal value [V] set limits [V] range [V] | recommended frequency[HE]
1.9m 5u 20m 1000
19m 10u 20m 1000
19m 15u 200 m 1000
190 m 40 u 200 m 1000
190 m 30u 2 1000
1.9 100 u 2 1000
1.9 200 u 20 1000
19 1m 20 1000
19 5m 200 1000
190 10m 200 1000
190 50 m 1000 1000
750 50 m 1000 500
Table AC VOLTAGE

Other then recommended frequencies can be usechlibration. Specification of the calibrator is idalvhen
recommended frequency is used.
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CURRENT DC function

nominal value [A] set limits [A] range [A] note
0.0 3n 200 u zero calibration
0.0 3n -200 u zero calibration
190 u 5n 200 u slope calibration
190 u 5n -200 u slope calibration
0.0 20n 2m zero calibration
0.0 20n -2m zero calibration
19m 50n 2m slope calibration
19m 50n -2m slope calibration
0.0 100 n 20 m zero calibration
0.0 100 n -20m zero calibration
19m 200 n 20m slope calibration
-19m 200 n -20m slope calibration
0.0 lu 200 m zero calibration
0.0 lu -200 m zero calibration
190 m 2u 200 m slope calibration
-190 m 2u -200 m slope calibration
0.0 20u 2 zero calibration
0.0 20u -2 zero calibration
1.9 50u 2 slope calibration
-1.9 50u -2 slope calibration
0.0 300 u 20 zero calibration
0.0 300 u -20 zero calibration
10 600 u 20 slope calibration
-10 600 u -20 slope calibration

Table DC CURRENT

CURRENT AC function
nominal value [A] set limits [A] range [A] | recommended frequency[Hg]
19u 5n 200 u 1000
190 u 50 n 200 u 1000
190u 40 n 2m 1000
19m 200 n 2m 1000
19m 200 n 20m 1000
19m 2u 20m 1000
19m 2u 200 m 1000
190 m 20 u 200 m 1000
190 m 20 u 2 500
1.9 200 u 2 500
1.9 Im 20 120
10 3m 20 120

Table AC CURRENT

Other then recommended frequency can be used htratéon. Specification of the calibrator is valghen
recommended frequency is used.
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POWER DC function DC current calibration
nominal value [A] set limits [A] range [A] note
0.0 400 n 20m zero calibration
0.0 400 n -20m zero calibration
19m 2u 20m slope calibration
-19m 2u -20m slope calibration
0.0 2u 200 m zero calibration
0.0 2u -200m zero calibration
190 m 20u 200 m slope calibration
-190 m 20u -200 m slope calibration
0.0 50 u 2 zero calibration
0.0 50 u -2 zero calibration
1.9 200 u 2 slope calibration
-1.9 200 u -2 slope calibration
0.0 200 u 10 zero calibration
0.0 200 u -10 zero calibration
10 1m 10 slope calibration
-10 1m -10 slope calibration

Table DC POWER

POWER AC function

AC current calibration

—_—

nominal value [A] set limits [A] range [A] | recommended frequency[Hf
1.9m 400 n 20m 120
19m 2u 20m 120
19m 2u 200 m 120
190 m 20 u 200 m 120
190 m 20 u 2 120
1.9 200u 2 120
1.9 200u 10 120
10 1m 10 120

Table AC POWER

Other then recommended frequency can be used htwratéon. Specification of the calibrator is valwhen
recommended frequency is used.
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RESISTANCE function

nominal value 7] set limits [ range [
10 0.01 10-50
0 0.005 10-50
20 0.005 10-50
50 0.005 50 - 100
20 0.005 50 - 100
100 0.01 50 - 100
200 0.01 100 - 400
100 0.01 100 - 400
400 0.03 100 - 400
1k 0.02 400 - 2 k
400 0.02 400 -2k
2k 0.06 400 - 2 k
5k 0.1 2k-10k
2k 0.1 2k-10k
10k 0.3 2k-10k
20 k 1 10 k- 40k
10k 1 10 k- 40k
40 k 3 10 k- 40k
100 k 3 40 k — 200 k
40 k 3 40 k — 200 k
200 k 10 40 k — 200 k
500 k 20 200k-1M
200 k 20 200k — 1M
1M 100 200 k — 1M
2M 200 IM-4M
1M 200 IM-4M
4 M 1k IM-4M
10 M 2k 4M-20M
4 M 2k 4M-20M
20M 10k 4M-20M
20M 20 k 20M -50 M
50 M 50 k 20M - 50 M

Table R

Calibration in resistance range of calibration p@fnom 0 to 100 K2 must be done using Option 70 cable
adapter (four-terminal connection). Four-wire outrasistance is defined at the test leads of théecdapter.

Calibration in resistance range of calibration p®fnom 100 K2 to 1 @2 must be done without Option 70 cable
adapter application (two-terminal connection). ffsat panel terminals Hi-Lo for connection of standl

ohmmeter.

62
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CAPACITANCE function

nominal value [F] set limits [F] range [F]
1n 5p 900p-25n
900 p 5p 900p-25n
25n 5p 900p-25n
5n 5p 5n-10n
25n 5p 5n-10n
10 n 10p 5n-10n
20n 10p 10n-50n
10 n 10p 10n-50n
50n 50p 10n-50n
100 n 50p 50n-250n
50n 50 p 50n-250n
250 n 250 p 50n-250n
500 n 250 p 250n-1u
250 n 250 p 250n-1u
lu 1n 250n-1u
2u 2n lu-25u
lu 2n lu-25u
25u 5n lu-25u
5u 5n 25u-10u
25u 5n 25u-10u
10u 20n 25u-10u
20u 20n 10u-50u
10u 20n 10u-50u
50 u 200 n 10u—-50u
Table C
FREQUENCY function amplitude calibration
nominal value [V] set limits [V] range [V] note
0.0 10u -- zero calibration
10 1m 10 slope calibratior]

Table F

ANALOG INPUT multimeter function

voltage, current, resistance calibration

nominal value [-] set limits [-] range [-] note
oV 50u 10V zero calibration
0oV 200 u 10V slope calibratio
0 mA 50 nA 20 mA Zero calibration:[
19 mA 500 nA 20 mA slope calibratio
0Q 5m 200Q zero calibration
100Q 5m 200Q slope calibration
0Q 50 m2 2000Q zero calibration
1000Q 50 M 2 kQ slope calibration
0mv 2u 20 mV zero calibration
19 mv 2u 20 mv slope calibration
0omv 7u 200 mV zero calibration
190 mV 7u 200 mV| slope calibratiof
0omv 50u 2V zero calibration
1.9V 50 u 2V slope calibratior

Table Multimetr

For calibration of ranges 2, 10 V and 20 mA caldleper Option 40 must be used. For calibratioresistance
ranges cable adapter Option 60 is necessary.
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Full calibration procedure

Following pages describe procedure of the fullbzation.

Required instruments:

Following instruments are required for calibration:

81/2 digit multimeter type Agilent HP3458A or FIuRBO8A or other type with accuracy 0.001 % on DC

voltage

Resistance shunt 10¢n 100 2 Burster 1280, or other type with accuracy 0.01%

Resistance standard 100 1000Q Burster 1228, 1229, or other type with accura®p8%

RLC meter BM 595, HP 4263A, HP4278A, ESI 2150, itveo with accuracy 0.1 %

Counter HP 53181A, HO 53130, BM 642 or other withwacy 0,001 %

Powermeter 0.02- 0.05 %

HP8903A Distortion analyzer and scope with bandwitin. 20 MHz are recommended for THD measuring of

AC signals.

Calibration procedure

1.

64

Connect the calibrator and the multimeter to thénmand let them switched on for at least threa$iou
in a laboratory at 281 °C.

Press SETUP display button to call up the setupunaard then CALIB display button to call up the
calibration menu.

Enter the calibration code and press ENTER (detalibration code is “00000").

DC voltage ranges calibration

a)

b)

c)

d)

e)

Connect the voltage input terminals of the multienéd the Hi - Lo output terminals of the
calibrator.

Select VOLTAGE DC from the calibration menu and fawm by pressing SELECT button.
Switch M-140 output terminals ON.

Follow the instructions provided on the calibrasodisplay and the DCV table to adjust the
calibrator’s output in the calibration points.

To adjust the calibrator’s output in the calibratipoints, press SELECT button and sse,

0, O cursor buttons or potentiometer to adjust outmitage. Confirm correctly set value by
pressing WRITE display button. If you want to skie calibration point whose calibration you
have already entered, press SKIP display button.

Switch output terminals OFF

AC voltage ranges calibration

a)

b)

Select VOLTAGE AC from the calibration menu and faon by pressing SELECT button.
Switch M-140 output terminals ON.

Follow the instructions provided on the calibrasodisplay and the ACV table to adjust the
calibrator’s output in the calibration points.
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c) To adjust the calibrator's output in the calibratjpoints, press SELECT button and sse,
00, O cursor buttons or potentiometer to adjust the wtipltage. Confirm correctly set value
by pressing WRITE display button. If you want tapsthe calibration point whose calibration
you have already entered, press SKIP display button
d) Switch output terminals OFF. Disconnect multimeted calibrator.
6. DC current ranges calibration
a) Connect current input terminals of the multimetethte +1 - -I output terminals of the
calibrator. Select CURRENT DC from the calibratioenu.
b) Select DC current measurement range on externaimater. Switch output terminals ON
C) Follow the instructions provided on the calibrasodisplay and the DCI table to adjust the
calibrator’s output in the calibration points.
d) To adjust the calibrator’s output in the calibratjpoints, press SELECT button and sse,
0, O cursor buttons or potentiometer to adjust the wutpirrent. Confirm correctly set value
by pressing WRITE display button. If you want tapsthe calibration point whose calibration
you have already entered, press SKIP display button
e) Resistance shunt should be used on 2A, 20 A raifgigandard multimeter does not cover this
range.
7. AC current ranges calibration
a) Select CURRENT AC from the calibration menu. Setshme function on external
multimeter.
b) Follow the instructions provided on the calibrasodisplay and the ACI table to adjust the
calibrator’s output in the calibration points.
c) To adjust the calibrator's output in the calibratjpoints, press SELECT button and sse,
0, O cursor buttons or potentiometer to adjust the wutpirrent. Confirm correctly set value
by pressing WRITE display button. If you want tapsthe calibration point whose calibration
you have already entered, press SKIP display button
d) Resistance shunt should be used on 2A, 20 A raifgggandard multimeter does not cover this
range.
8. DC power ranges calibration
a) DC power ranges calibration is performed by catihgp20 mA, 200 mA, 2 A, 10 ADC
current ranges. There is no need to calibrate geltanges.
b) Select POWER DC from the calibration menu.
c) Connect a standard ammeter to calibrator’s ougratinals +l - -I.

ATTENTION

Calibrator’s Lo and -I terminals are electrically connected.
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d) Follow the instructions provided on the calibrasadisplay and the POWER DC table to adjust
the calibrator’s output in the calibration points.

e) To adjust the calibrator’s output in the calibratjpoints, press SELECT button and sse,
0, O cursor buttons or potentiometer to adjust the uitpltage. Confirm correctly set value
by pressing WRITE display button.

f) Shunt should be used on 2A, 10 A ranges.

AC power ranges calibration

a) DC power ranges calibration is performed by catibgp20 mA, 200 mA, 2 A, 10 A AC
current ranges. There is no need to calibrate dltage ranges.
b) Select POWER DC from the calibration menu.
C) Connect a standard ammeter to calibrator’s ougpatinals +l - -I
d) Follow the instructions provided on the calibrasadisplay and the POWER AC table to adjust

the calibrator’s output in the calibration points.

e) To adjust the calibrator’s output in the calibratjpoints, press SELECT button and sse,
O, O cursor buttons or potentiometer to adjust the uitpltage. Confirm correctly set value
by pressing WRITE display button..

f) Shunt should be used in 2A, 20 A ranges.

Resistance ranges calibration

Resistance ranges calibration is performed by batibration methods, i.e. setting the checked value
and measuring this value with the standard instnima&s well as setting the nominal value of the
calibrator's measurement range on the externalimedéer by adjusting the calibrator’s output. If the
entry of measured value to the calibrator is regyiV ALUE METER is displayed at the respective
calibration point. The value on the calibrator'sglay has the same format as the nominal valubeof t
respective calibration point on the display. If, e other hand, the user is requested to adjest th
calibrator's output to set the nominal value of taibrator's measurement range on the external
multimeter, VALUE is displayed at the respectivdilmation point. The value on the calibrator’s
display has general format.

a) The calibrator has to be calibrated using adappio® 70, in four-wire connection in
resistance range bellow 10@kConnect adapter to the AUXILIARY connector. Sélec
RESISTANCE from the calibration menu

b) Select four-wire resistance measurement functiotherexternal multimeter. Adjust the zero
value of the external multimeter including the eshlif necessary.

C) Connect all four wires of adapter Option 70 to itigut terminals of external multimeter. Use
four wire technique. Connect correct terminals aires.

d) Measure the resistance in the recommended cabibratints using the multimeter and write
the values into the calibrator. Use numeric keybppotentiometer or cursor buttons to enter
the value.

e) Perform the adjustment for all calibration points wsual. Press WRITE display button to
confirm correct values.

f) Disconnect adapter Option 70 from AUXILIARY connect

o)) Connect standard multimeter directly to Hi - Lo mutt terminals. Repeat steps d) to f) for

resistance calibration points above 1@ k
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OFF
CALIBERTION MEML
Resistance
Range 18 i Ualue Meter
010.0244 R
[ WRITE ] [ _SKIP ] Exit |

11. Capacitance ranges calibration

Capacitance ranges calibration is performed by balibration methods, i.e. setting the checked evalu
and measuring this value with the standard instima&s well as setting the nominal value of the
calibrator’'s measurement range on the externalimedér by adjusting the calibrator’'s output. If the
entry of measured value to the calibrator is resjiVALUE METER is displayed at the respective
calibration point. The value on the calibrator’'spglay has the same format as the nominal valubeof t
respective calibration point. If, on the other hatim user is requested to adjust the calibratmrtput

to set the nominal value of the calibrator's meas@nt range on the external multimeter, VALUE is
displayed at the respective calibration point. Valkeie on the calibrator’s display has general farma

a) Select CAPACITANCE from the calibration menu. SelédND U OFF and GND | OFF from
the setup menu.

b) Adjust the values of shorted and open terminalthefexternal RLC meter, set the frequency
used during the measurement (1000 Hz for 1 nF taA.@Gange, 100 Hz for 10 nF to 10 uF
ranges). Connect Hi, Hu terminals to calibratorssdutput and Li, Lu terminals to calibrator’s
Hi output.

c) Measure the capacitance of internal range capadaising the RLC meter and write the values
into the calibrator. The procedure is the samelawvealibrating the resistance ranges.

d) Perform the adjustment for all calibration points wsual. Press WRITE display button to
confirm correct values.

OFF
CALTIBERTION MEML
Capacitance
Fange 28nF Ualue 18nF
+00025335
[ WRITE ] [ _SKIF | Exit |
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Amplitude calibration in frequency mode
a) Select FREQUENCY in the calibration menu.

b) Connect the external multimeter with DC voltage sugament range selected to calibrator’s
Hi - Lo output terminals.

C) Follow the instructions provided on the calibrasodisplay and the F table to adjust the
calibrator’s output in the calibration points. Tdjust the calibrator’'s output in the calibration
points, use<, >, [J, 0 cursor buttons to adjust the output value. Confiorrectly set value by
pressing WRITE display button.

d) When calibrating the amplitude of the frequency egation function, DC voltage
corresponding to the amplitude of output squareveiyeal is set.

Built-in multimeter calibration

Built-in multimeter calibration consists of the itation of 20 mV, 200 mV, 2V and 10 V voltage
ranges, one 20 mA current range and 0énd 2 K2 resistance ranges.

Cable adapters Option 40 Two-wire adapter and @@ Four-wire adapter are necessary to connect
the multimeter.

Due to the fact that the precision of the builtAnultimeter is comparable to the precision of the
calibrator in resistance, small voltage and curranges, external calibrator of higher precisicassl
should be used to calibrate the built-in multimeteexternal calibrator is not available, the baditor
can be used to calibrate the built-in multimetart ib has to be taken into account the fact that th
precision of the calibration can be insufficientn 81/2 digit multimeter is recommended for
calibration.

a) 10 V DC voltage range calibration

» Connect adapter Option 40 to the AUXILIARY conneata the front panel.

e Select ANALOG INPUT from the calibration menu. BR&ELECT display button to select
the first calibration point, 0 mV.

« Make short on adapter Option 40.
» After the value stabilizes, press WRITE displayttwitto write new calibration value.

» Connect input voltage terminals of external multieneo Hi — Lo output terminals of the
calibrator. You can use test wires, which are pabtasic delivery. Connect Option 40 H input
wire of adapter Option 40 to the Hi output or tladilirator and L input wire of adapter Option
40 to the Lo output on the calibrator. If necessadjust the zero point of the external
multimeter before connecting the cables (internal external multimeters are in parallel).

» Press SELECT display button to select 10 V calibrapoint. Red light is lighting, all
terminals on calibrator are automatically ON.

e “Output = xx.xxxxxx V “ is displayed in the bottopart of the display, showing the set value
of output voltage. This value can be changed ugiagpotentiometer or cursor button.

* Adjust the calibrator’s output voltage so that éxéernal multimeter shows 10.0000 V

« After the value stabilizes, press WRITE displaytbuitto write new calibration value. If
calibration in this point is not required, pressIBKTerminals of multimeter will switch OFF.

» Disconnect both the external and built-in multimete
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b)

c)

d)

20 mA DC current range calibration

Leave input terminals of Option 40 adapter OPEN.

Make short on calibrator output terminals +I1- -

Press SELECT display button to select the firgbeation point, 0 mA.

After the value stabilizes, press WRITE displaytito write new calibration zero value.

Disconnect short on +1 - -l terminals. Connedhjput wire of adapter Option 40 to the -I
output on the calibrator, H input wire of adaptethe minus current input on standard
multimeter and +l output terminal of the calibratoithe positive current input of standard
multimeter. Calibrator current output, input of théernal multimeter and current input of
standard multimeter are connected in series. éssary, adjust the zero point of the external
multimeter before calibrating current range.

Press SELECT display button to select calibratioimp 19 mA. Red LED is lit above
OUTPUT button.

Note: It can occur, that calibrator beeps and dégperror message. In this case push the
button OUTPUT ON to switch calibrator output mariyal

Adjust the calibrator’s output current so that ¢éxéernal multimeter shows 19.0000 mA. After
the value stabilizes, press WRITE display buttowtibe new calibration value. Terminals of
multimeter will switch OFF.

Disconnect both the external and built-in multimeRisconnect cable adapter Option 40 from
the AUXILIARY connector.

100Q resistance range calibration

Calibration of both resistance points 1Q@nd 100 consists of following steps:

« 0Q calibration
« Range resistance calibration

For calibration of resistance ranges external stech@i00Q and 100 are required.
Connect to the AUXILIARY connector cable adaptettiop 60.

0 Q calibration

Make short of all four Option 60 input wires.
Press SELECT display button to select the firsbeation point, 0Q.

After the value stabilizes, press WRITE displaytbuitto write new calibration value.

100 Q2 calibration

Connect resistance standard IDQo the input terminals. Use four-wire technique.
Press SELECT display button to select the secoliloragon point, 10(Q.

After the value stabilizes, write calibration valoeresistance standard to the lower line and
confirm by pressing WRITE.

10009 resistance range calibration

Make short of all four Option 60 input wires.
Press SELECT display button to select the firgbeation point, 0Q.

After the value stabilizes, press WRITE displaytbitto write new calibration value.

1000 calibration

Connect resistance standard 1@0o the input terminals. Use four-wire technique.

Press SELECT display button to select the secolilorgion point, 100Q2.
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After the value stabilizes, write calibration valferesistance standard to the lower line and
confirm by pressing WRITE.

20 mV voltage range calibration

Make short of test wires of Option 60 adapter.
Press SELECT display button to select the firgbeafion point of 20 mV range, 0 mV.
After the value stabilizes, press WRITE displaytbito write new calibration value.

Connect external standard multimeter set to the @¥inction to the Hi — Lo output

terminals. Use test wires from basic delivery. GanirHU test wire of cable adapter to the Hi
terminal on the calibrator and LU test wire of leadapter to the Lo terminal on the
calibrator. Both build-in meter and external mukiier are in parallel. If necessary, adjust zero
of standard multimeter before calibration.

Press SELECT display button to select 19 mV cdiibngpoint. Red LED is lit above
OUTPUT button.

Set such output voltage on the calibrator, thatdsied multimeter indicates 19.000 mV

After the value stabilizes, press WRITE displaytbito write new calibration value.
Terminals of the calibrator will switch OFF automatly.

Disconnect input wires of Option 60.

200 mV voltage range calibration

Make short of test wires of Option 60 adapter.
Press SELECT display button to select the firdbeafion point of 200 mV range, 0 mV.
After the value stabilizes, press WRITE displaytbito write new calibration value.

Connect external standard multimeter set to the @¥inction to the Hi — Lo output

terminals. Use test wires from basic delivery. GaoirHU test wire of cable adapter to the Hi
terminal on the calibrator and LU test wire of leadapter to the Lo terminal on the
calibrator. Both build-in meter and external mukiler are in parallel. If necessary, adjust zero
of standard multimeter before calibration.

Press SELECT display button to select 190 mV catibn point. Red LED is lit above
OUTPUT button.

Set such output voltage on the calibrator, thatdsied multimeter indicates 190.00 mV

After the value stabilizes, press WRITE displaytito write new calibration value.
Terminals of the calibrator will switch OFF automatly.

Disconnect input wires of Option 60.

2000 mV voltage range calibration

Make short of test wires of Option 60 adapter.
Press SELECT display button to select the firsbeation point of 2000 mV range, 0 mV.
After the value stabilizes, press WRITE displaytbito write new calibration value.

Connect external standard multimeter set to the @¥inction to the Hi — Lo output

terminals. Use test wires from basic delivery. GanirHU test wire of cable adapter to the Hi
terminal on the calibrator and LU test wire of leadapter to the Lo terminal on the
calibrator. Both build-in meter and external mukiler are in parallel. If necessary, adjust zero
of standard multimeter before calibration.

Press SELECT display button to select 1900 mV catiibn point. Red LED is lit above
OUTPUT button.
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e Set such output voltage on the calibrator, thatdsied multimeter indicates 1900.0 mV

« After the value stabilizes, press WRITE displayttuitto write new calibration value.
Terminals of the calibrator will switch OFF automatly.

« Disconnect input wires of Option 60.

i) Exit the calibration mode.

AUTOCAL function

To remove the effects of short-term drift and thalrsependency of the simulation, AUTOCAL functicandbe
used. It can only be activated in the calibraticodm

Use of AUTOCAL function influences the zero valueRC voltage generated by the calibrator. Use @f th
function is recommended only after the calibragaches the operating temperature.

Procedure:

« Use a display button to enter the calibration mdgeter the calibration code and confirm by pressing
ENTER.

e Use the cursor buttons or potentiometer to seleetNUTOCAL function from the calibration menu. Afte
the function is activated, only one option - OFFS&TAL - is provided. Press SELECT display button to
confirm the option.

e The calibration includes two steps. During thetfatep, Hi-Lo terminals must be shorted. Use atstaisle
to connect the terminals. During the second sthp, dalibrator requests the disconnection of Hi-Lo
terminals. Follow the instructions provided on thigplay:

- when requested to do so, short calibrator’s Hidrmninals. Press NEXT display button.

- the calibrator performs internal measurement dar 30 seconds. During this period, progress
information is displayed in the bottom part of thsplay.

- after the measurement completes, the calibragquests the disconnection of Hi-Lo terminals.
Disconnect the cable and confirm by pressing NEXpldy button.

- the calibrator performs internal measurementaifage ranges for ca 8 minutes. During this period,
progress information is displayed in the bottont pathe display.

- after the measurement completes, the calibratarns to the calibration mode.
- press EXIT display button to return to normatesta

« Do not connect any terminals during the calibrapoocedure, with the exception of requested shotti-o
Lo terminals.
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Error messages

If an error occurs during the calibrator's opematdy control, error message is displayed on thelals Errors
can be caused by:

» incorrect control using the front panel, i.e. afpésnto force a prohibited mode, e.g. setting arofuiange
value, overloading of output terminals etc.,

» fault of the calibrator, e.g. internal communicati&rror during the communication between individual
functional blocks,

e incorrect control using the GPIB or RS-232 bus.

Below you can see a sample error message whictaeppéen too large value is attempted to set upemrdr
messages are displayed in the center of the display

LUTPUT aOFF

Local

05.00000 U DC ™™

Error 4H
Jalue too large !
Accuracy
H.BBE5EY
INFUT
mA DG
[ = 1A | &1\ | [ +/- Setup |

The following table lists all error messages, time@&aning and simple troubleshooting.
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No label description troubleshooting
error
01 | Overload 2V'! 2V range overloaded Outpurtent is too high. Increase load resistance.
02 | Overload 20V'! 20 V range overloaded Quturrent is too high. Increase load resistance.
03 | Overload 200V! | 200, 1000 V ranges Output current is too high. Increase load resigtanc
overloaded
04 | Overload | output | Current output overloaded Voltage on the load ishigh. Decrease load resistance.
05 | High temperature | Too high internal Output stages are overloaded. Do not use rangas, 2000V or
temperature 20 A for at least 10 minutes. Check if the venitilatholes are
free.
06 | Overload RC! RC simulator overloaded Test curretdashigh. Use lower range of tested Ohmmete
07 | FBK error! Internal error Turn off the iathtor and turn on it again.
08 | OUTPUT must be| Cable adapter tried to be | Switch off output terminals with button OUTPUT, ciug the
in OFF state ! exchanged while output | adapter, and switch output terminals on.
terminals was ON
10 | Interface error! GPIB communication erf@vrong data format on GPIB.
11 | Bad command ! Bad command of GPIB Not known comn@nGPIB.
12 |Bad GPIB communication errdrListener not connected to the GPIB. Check correcheotion of
communication ! GPIB cable.
13 | Over range ! Overcrossing the range yidalue out of range was set via GPIB. Set correcte/al
GPIB
20 | Bad calib. code! Bad calibration code Wrong catibracode was entered, calibration cannot start.
Enter correct calibration code.
21 | Time warm up ! Attempt to start calibratigrAttempt to start calibration before 60 minutes wanprperiod.
before warm up Let the calibrator turned on for at least 60 misute
24 | Cable adapter mugtAdapter isn’'t allowed for | Use another cable adapter or perform autocalibratiocedure
be off ! autocalibration without cable adapter.
25 | Use cable adapter|!Attempt to start calibration) Calibration of resistance ranges can be performéd adapter
without cable adapter. Option 70. Calibration of internal multimeter cangegformed
with cable adapters Option 40 and Option 60.
30 [ Internal RxD Internal error Internal error of the calibrator.rifdhe calibrator off and after §
timeout ! s turn on. If the error will appear again, contaenufacturer.
31 | Internal Internal error Internal error of the calibrator.rifuhe calibrator off and after §
communication ! s turn on. If the error will appear again, contaenufacturer.
37 | Calibrator is not | Internal error Internal error of the calibrator.rifahe calibrator off and after §
ready ! s turn on. If the error will appear again, contaetnufacturer.
40 | Value too large ! Maximum value is out off Attempt to set value over possible range. Set couaue.
limit
41 | Value too small ! Minimum value is out of | Attempt to set value under possible range. Seecbualue.
limit
42 | Deviation too largg Deviation is too high Set deviation is out of lim30% to +30%. Set correct value.
!
44 | Unable +/-! Change of polarity is not| Attempt to change polarity, where it is not allowe@oncerned
allowed modes F, P-E, R-C, ACV, ACI.
45 | Unable — polarity !| Negative polarity is not | Attempt to set negative polarity, where it is niib\aed..
allowed. Concerned modes F, P-E, R-C, ACV, ACI.
46 | Unable DC/AC! DC/AC conversion is not| Attempt to change parameter AC/DC where it is norsens
possible where it is not allowed.
47 | Current timeout | Time limit for current over| Long-term loading current terminals with outputremt over A.
| 10 A exceeded
48 | Not allowed on Function cannot be used pBo not use this setting in combination with conedatable

AUX output !

output AUXILIARY

adapter.
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Functional description of the calibrator

Basic blocks
Basic functional blocks are:

» front panel keyboard

» LCD display

* output terminals

* output voltage amplifier 200 V
e output voltage amplifier 20 A
e main board

e voltage amplifier 2 V

» voltage amplifier 20 V

» DC reference voltage with DAC
e generator

» feedback circuits

» phase shift circuits

e current ranges generator

* multimeter

e power line transformer

e power supply board

* interface GPIB and RS232

74
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2, 20 V DC voltage ranges

The functional scheme is shown in the picture below

DA carvertar h 4 O
20 annplifier

Hi

Lo

There is a DC reference voltage source integratédnithe 22bit measurement converter. Its outpdéd to the
output stage for 2 and 20 V range. Output voltagesent at Hi and Lo terminals is sensed by sensings.

Feedback eliminates the influence of amplifier'spott impedance and of the resistance of wires withe
calibrator.

200 V DC voltage range

The block diagram functional scheme is shown ingilceure below.

T—

Dy corveertor

—
200 arnplifier 2000 arnplifier !
| .

La

The scheme is similar to 2 and 20 V ranges. A 24fowWer amplifier with electronic fuses is connectedhe
output of 20 V amplifier.

2 to 200 V AC voltage ranges

The functional scheme is shown in the picture below

DA | Emor Feedback
convertar 7| amplifier amplifier

L
# tal ¥|

[aenerataor o0 A

r amplifier amnplifier ]
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The calibrator's built-in generator generatesree svave with voltage-controlled amplitude. The trexcy is
derived from microprocessor control circuit’s cglsbscillator. The signal is fed to 20 V or 200 Mglifier and
then to output terminals. Feedback circuits sehesesbltage present at the output terminals, nommats value
and detects it. This results in a signal correspuntb average value of the output voltage. Thiwail is further
filtered and compared to the set value of outpltage. The error value controls the amplitude efdlenerator’s

output.

20mV and 200 mV voltage ranges

20 mV and 200 mV voltage ranges are derived fram@ 20 V voltage ranges.

Dy corveertar

| ==

200 arnplifier

| E—

I~

The output of the amplifier is fed to an invertiagentuator with 1:100 nominal division ratio. T¢ignal is then
led to the output terminals, sensed via local feellbThis connection allows to load the calibraiotput with

output current of several mA without losing accyrac

1000 V AC, DC voltage range

The highest voltage range of the calibrator us@\2@mplifier. It is connected to a pair of transfers with ca
1:6 transformation ratio.

D&y corevertor o Errar amplifier
L )
5 -t Generator

Feedback,

amplifier

200 arnplifier

200
amplifier

<[5
4ﬁ “

nS

In 1000 V AC mode, the output of 200 V amplifiertiansformed and led to the output terminals. Tt
voltage is sensed, rectified and compared to referddC voltage provided by the DA converter. eralue
controls the amplitude of the generator’s outpuths there is correct voltage at the output teatsin

In 1000 V DC mode, 12 kHz signal is transformedtified, filtered and led to the output terminal$ie output
voltage is sensed equally to 1000 V AC mode.
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Current converter

The current converter and current amplifier forreparate design block based on a transconductivityerter
with 10° S nominal conversion ratio.

R
10R

oS
input T

U1 R

; u
% power stage
10R
R6 R4 R3 R2 R1

oo

T T o +

—

Its input is fitted with overload protection andeparate circuit which measures the shift betwespub voltage
and current in 2 and 20 A current ranges. The dautage is pus-pull in B class.

Resistance and capacitance simula

Resistance anchpacitance are simulated using electronic simu

A
L R2
- R3
R
- BB
> 1
- 2
i | §3
U2 Lo
Oi:% > DA converto power stage
U1 >
v
© sLo
sHi

The Hi and Lo terminalare calibrator’s output terminals. The stage inclgdJ1 operating amplifier conver
voltage to current. U2 is a separation amplilR1 to R5 and C1 to C3 are range impedance. DA cteneas (
to +1 and 0 tok conversion ration and allows the simulation gis&ance and capacitance values different 1
the range impedances. The output stage increasgethitted current load che output.

ATTENTION

The simulator’s output voltage (H- Lo terminals) is limited to 8 Vpl
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Frequency synthesizer

Frequency synthesis circuitry allows fine settinigfequency in the whole calibrator's range. Fratme
synthesis uses DSP circuits with basic frequencWPia.

Power and energy mode

In the power/energy mode, the calibrator supphesset voltage to Hi-Lo terminals and the set curtierough

+| — -l terminals. Both signals have defined phsisi& according to the set power factor, if AC masiset.
| chanmel : Current
generator »| FPhaseshit 1y amplifier o
F 3 P
Digital phase
comparatar
L o Hi
5. bl |1 channel
generator 20 amplifier || 200%
amplifier L
' [ I
Feedback. -
arnplifier

Output voltage is obtained from 200 V AC voltagege. Output current is obtained from 2 or 20 A entr
range. The output current generator is independénhe output voltage generator and synchronizedhiey
microprocessor’s crystal oscillator. There is agghshift between the signals of the output curgenerator and
output voltage generator according to the set pdaetor. The phase of output current and voltagsmpared
by a phase comparator and compared to a referetge xepresenting the set power factor; the oudpues a
voltage-controlled phase shift element, which aalstthe phase of output current.
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Calibrator’'s maintenance

The multifunction calibrator is electronic instruntevith microprocessor control. All blocks whichedneavily
loaded during the operation are cooled by a fan.

Rules for correct operation

Especially the following rules should be adhereduarantee correct operation of the calibrator:

» The calibrator can only be switched on and off byepsing the mains switch located at the rear panel.
« Do not connect the calibrator to other voltage thaet by the voltage selector.

» Do not block the vent openings located at the rganel and bottom panel.

» The calibrator must not be operated in dusty enviment. It was designed to be used in a laboratory.
» No liquid or small objects can be permitted to entiee calibrator through the vent openings..

» Do not switch the calibrator outside its operatimgmperature range.

e Connect the instruments to be calibrated to propmrtput terminals. There is no way of protecting the
calibrator from the damage caused by some impropennections.

» Do not damage the output terminals by plugging ib&nanas” thicker than the terminals were designed
for.

* Whenever possible, use the setup menu to grounautput terminal (GND U ON setup function).

« Do not overload the power stages by leaving thebrator switched on with the load connected for @nlg
time, especially on 20 A current range and 200V aheDO0 V voltage ranges.

» If the instruments to be calibrated are not connedtto calibrator’'s output terminals using originalables,
ensure that cables suitable for the calibration tenje and current are used. Maximum output voltagenc
reach 1000 V AC and the maximum output current cesach 20 A AC.

Regular maintenance

The calibrator does not require any special maarea of electrical or mechanical parts. If is gbtsy, the case
and the display can be cleaned by a wool rag mustavith alcohol.

The calibrator should be calibrated in the reconuheenl2-month intervals. A calibration center shquadform
the calibration.

What to do in case of failure

If an obvious failure occurs during the operation (e.g. the displayoislit, the fan is not turning), the calibrator
must be switched off immediately. First, check thee located in the power cord receptacle. Proeedkir
following:

* Remove the end of power cord from the mains conexdtthe rear panel.

* Insert the blade of a flat screwdriver into theipg cut in the mains voltage selector and prytbetfuse
holder.

* Remove the fuse. Replace it with new fuse of tleeseating if the fuse was broken.
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« Replace the fuse holder, reconnect the power coddsavitch on the calibrator. If the problem pessist
contact the manufacturer.

If an obvious fault is evidenced, e.g. a measureémage or an operating mode is not functional uber cannot
correct the fault. Contact the manufacturer.

Hidden faults can cause different symptoms and be caused ®reiiff causes. Usually, they cause instability of
some parameter. Hidden defects can be caused logeptable distortion, degraded insulation etchis tase
contact the manufacturer.

Sometimes it seems that the calibrator has hidéé&ct when the rules for correct operation areaalhiered to.
In this case, the fault is caused by the operdost frequent cases of false “hidden defects”:

* mains voltage out of tolerance limits or unstable

e wrong grounding of the measurement circuit (badneation of the ground terminal of the mains outtet,
several ground connection when grounding loop$araed)

* proximity to sources of intensive influence, wh@seducts are spread through the mains or propadmted
the electromagnetic field

« strong electrostatic or electromagnetic field whigim cause major instability during calibrationngshigher
impedance.
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Verification test

Procedure recommended for verifying parametersi®fcalibrator is described in this chapter. Dutieg}s it is
not necessary access to the interior of the ingnim

Required equipment
Following instruments are required for performawegfication test:

e 81/2 digit multimeter type Agilent HP3458A or FIuRBO8A or other type with accuracy 0.001 % on DC
voltage

e resistance shunt 10®n 100 nQ) Burster 1280, or other type with accuracy 0.01%
* RLC meter BM 595, HP 4263A, HP4278A, ESI 2150, teeo with accuracy 0.1 %
» counter HP 53181A, HO 53130, BM 642 or other withwgacy 0,001 %

e powermeter 0.02- 0.05 % like Zimmer LMG95, Yokogawa

e resistance standard 100 Ohm, 1000 Ohm with accr&85%

HP8903A Distortion analyzer and scope with bandwitin. 20 MHz are recommended for THD measuring of
AC signals.

Configuration of the calibrator

Calibrator should be tested directly from the frpahel terminals and without use of terminal adap#®-01 or
140-41. For build-in multimeter testing cable adaptOption 40 and Option 60 are recommended. Tpresp
influence of noise or interference with power liinequency in measuring circuit it is recommendeltbfaing
setting of the calibrator (in SETUP MENU):

* Caoil x50 OFF
« GNDU ON (in capacitance test OFF)
 GNDI ON (in capacitance test OFF)
Note: It is recommended to ground only the voltage cha@&ND U ON, GND | OFF, for all ranges

except the generation of power or energy. If theeméo be calibrated has Lo terminal
grounded, it is recommended to un-ground both dstpiithe calibrator, GND U OFF, GND |
OFF to exclude ground loops.

If it is grounded neither calibrator nor standardten, higher level can occur on the output
terminals.

In general, when calibrator is connected to tlenddrd meter, ground loops can be arise
through power line connection. Ground loops canltespparently worse noise, short term
stability or non-harmonic distortion of output sidnlIf necessary use toroidal chokes to
suppress this products.

* Meter average 05
In all other items in SETUP MENU the setting of gaeters don't influence accuracy of the calibrator.
Use sin waveform of the output signal on all AGges

Performance verification may be performed aftermap period i.e. 1 hour after switching on. Caltbrehave
to be in temperature stabilize condition at minim8ifmours before performance verification testastet.
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Basic steps of the performance verification test

Verification procedure consists of following steps:

e 20V DC voltagetestwith linearity check

» DC voltageinternal ranges 20 mV, 200 mV, 2 V, 240V, 100¢e%t

e 20V AC voltagetest with linearity check

« AC voltageinternal ranges 20 mV, 200 mV, 2 V, 20V, 240 V, Q00test

e 200 mA DC currenttest with linearity check

e DC current internal ranges 200 uA, 2 mA, 20 mA test

e AC current internal ranges 200 uA, 2 mA, 20 mA, 200 mA test

e AC/DC high current ranges 2 A, 20 A test

e AC/DC power 480VA 2400VA (AC power with PF 0, +0.5, -0.5) test

* Resistancetest in points 10, 100, 1k, 10k, 100k, 1M, 10M, 5G¥m on DC
« Capacitancetest in points 1n, 10n, 100n, 1u, 10u, 50u F ogueacy 1000 Hz
e Frequencynominal value 1 kHz test

e Multimeter internal ranges 20 mVDC, 200 mVDC, 2 VDC, 10VDGnNADC, 200 Ohm, 2 kOhm,
frequency 1 kHz test

« Distortion checking of AC voltage, range 20 V.

Procedure

Following part describes procedure of performanegfication test. Recommended measuring pointstlage
same as the points in table of limits (see tabédlow).

1. Connect the calibrator to the mains and let theitceed on for at least one hour in a laboratorg3tl °C.
2. Perform ACAL procedure (see chapter Calibration @)od

3. Connect voltage input of the standard multimeteth® voltage output terminals of the calibratort Se
appropriate parameters on the standard multimetachieve its best accuracy.

4. Perform 20 VDC linearity, DC voltage, 20 VAC limég, AC voltage tests according to the tabled,l]ll,
IV. Deviations should not exceed specified limits.

5. Connect current input of standard multimeter to therent output terminals of the calibrator. Set
appropriate parameters on the standard multimetereet its best accuracy.

6. Perform 200 mADC linearity, DC current, AC currdéests according to the tables V, VI, VII. Deviatso
should not exceed specified limits.

7. Connect current output terminals of the calibrdatthe current terminals of resistance shunt 100hmO
Connect voltage input of standard multimeter \hltage terminals of the resistance shunt. Sefed 00
(200)mV on standard multimeter.

8. Perform AC/DC high current test on range 2 A acowgdo the table VIII. Deviation should not exceed
specified limit.

9. Connect current output terminals of the calibratothe current terminals of resistance shunt 10 mOh
Connect voltage input of standard multimeter ®\hltage terminals of the resistance shunt. Seferd 00
(200)mV on standard multimeter.
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10.

11.
12.
13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
84

Perform AC/DC high current test on range 20 A adtwy to the table VIII. Deviation should not exceed
specified limit.

Connect standard powermeter to the appropriateubatpd current terminals of the calibrator.
Perform AC/DC power test according to the tableD¢viations should not exceed specified limits.

Connect voltage terminals of the calibrator to Hié.o and Sense H/L terminals respectively of the
standard multimeter. Set resistance mode on mukinand calibrator as well. Use four-wire technidoe
connection of multimeter for testing on nominalued bellow 10 kOhm. Use autozero function of steshda
multimeter to eliminate thermoelectric voltages ardidual resistances of multimeter and cablesrbefo
measuring.

Connect adapter Option 70 to the AUXILIARY connect®erform resistance test according to the table X
Deviations should not exceed specified limits.

Connect voltage terminals of the calibrator to R@L meter. Switch GND U and GND | OFF in SETUP
MENU (In common RCL meters measuring circuit must Ime grounded). Connect source terminal of RCL
meter to the Lo output terminal of the calibrator.

Perform capacitance test according to the tablédXliations should not exceed specified limits.

Connect output voltage terminals of the calibratothe counter. Set output voltage 1 VAC, frequeficy
kHz.

Perform frequency test according to the table RBviation should not exceed specified limit.

Connect Option 40 cable adapter to the auxiliamyneator on the front panel. Connect Lo banana ef th
adapter to the Lo output terminal on the calibraonnect Hi banana of the adapter to the Hi output
terminal on the calibrator. Set appropriate valti¢regquency and DC voltage range 20V on the caldyra
(frequency and 10 V DC range on build in meter)oading to the table XIlI.

Perform multimeter test in points FREQUENCY 1000&d 10 VDCV. Deviations should not exceed
limits in the tables bellow.

Note : Because accuracy of calibrator output is not ateusmough in all points, use external
standard counter (frequency) or multimeter (DC agdf) connected in parallel to the output
terminals to obtain exact value on the output.

Connect Option 40 cable adapter to the +I, -I outptminals of the calibrator. Set appropriateueabf
output DC current.

Perform multimeter test on range 25 mA DC, i.enp@® mA DC (see table of limits) according to thble
XIll. Deviation should not exceed specified limit.

Connect Option 60 cable adapter to the auxiliamneator on the front panel. Set in SETUP MENU of
build-in meter function DC voltage, range 2V. Cocinéogether Hu and Lu terminals (banana) of the
adapter to make short and use ZERO function ofrteger to reset zero point of the meter.

Connect terminal Hu of the adapter with output feah Hi on calibrator. Connect terminal Lu of the
adapter with output terminal Li on the calibrator.

Set appropriate values of DC voltage on the cdlilbraccording to the table Xl and perform testnodter
DC voltage ranges 20mV, 200mV and 2V. Deviationuthmot exceed specified limit.

Note : Because accuracy of calibrator output is not ad¢eusmough in all points, use external
standard multimeter connected in parallel to thipet terminals to obtain exact value of DC
voltage on the output terminals.

Disconnect Option 60 from output terminals Hi, Bet resistance function in SETUP MENU of build-in
meter. Make four-wire short on the Option 60 bannainals. Use ZERO function of the build-in meter
exclude parameters of the adapter. Connect stamdaistor 100 Ohm to the adapter. Use four-terminal
technique.

Perform multimeter test on resistance range 200 @boording to the table XIlll. Deviation should not
exceed specified limit.

Use the same procedure to test resistance ran@eCiod.
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29. Disconnect cable adapter Option 60 and connecortitsh meter to the voltage output terminals of the
calibrator. Set output voltage 10 VAC, frequenc@Q®z and sin waveform.

30. Check harmonic distortion of output signal. It skiboiot exceed 0.05%.

If calibrator is out of limits is in some points tfis test, appropriate function and range shoeldealibrated. It
is not necessary to recalibrate all functions, dnly this one, which does not meet specificatiope $hapter
Calibration mode, where recalibration procedureiscribed.
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Tables of limits

20 V DC Basic range with linearity test

Function Range Value (V) Frequency (Hz) Deviation
allowed(%value)

V-DC 20.0 V 2.0 0.008

V-DC 20.0 V 4.0 0.006

V-DC 20.0 V 6.0 0.005

V-DC 20.0 V 8.0 0.004

V-DC 20.0 V 10.0 0.004

V-DC 20.0 V 12.0 0.004

V-DC 20.0 V 14.0 0.004

V-DC 20.0 V 16.0 0.004

V-DC 20.0 V 18.0 0.004

V-DC 20.0 V 19.0 0.004

V-DC 20.0 V -2.0 0.008

V-DC 20.0 V -4.0 0.006

V-DC 20.0 V -6.0 0.005

V-DC 20.0 V -8.0 0.004

V-DC 20.0 V -10.0 0.004

V-DC 20.0 V -12.0 0.004

V-DC 20.0 V -14.0 0.004

V-DC 20.0 V -16.0 0.004

V-DC 20.0 V -18.0 0.004

V-DC 20.0 V -19.0 0.004

Table |

DC voltage test

Function Range Value (V) Frequency (Hz) Deviation
allowed(%value)

V-DC 20V 1.9 0.004

V-DC 20V -1.9 0.004

V-DC 240.0 V 190.0 0.004

V-DC 240.0 V 240.0 0.003

V-DC 240.0 V -190.0 0.004

V-DC 240.0 V -240.0 0.003

V-DC 1000.0 V 1000.0 0.010

V-DC 1000.0 V -1000.0 0.010

Table Il

20 V AC Basic range with linearity test

Function Range Value (V) Frequéency (Hz) Deviation
allowed(%value)

V-AC 20.0 V 2.0 1000 0.075

V-AC 20.0 V 4.0 1000 0.050

V-AC 20.0 V 6.0 1000 0.042

V-AC 20.0 V 8.0 1000 0.037

V-AC 20.0 V 10.0 1000 0.035

V-AC 20.0 V 12.0 1000 0.033

V-AC 20.0 V 14.0 1000 0.032

V-AC 20.0 V 16.0 1000 0.031

V-AC 20.0 V 18.0 1000 0.031

V-AC 20.0 V 19.0 1000 0.030

Table 11l
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AC voltage test

Function Range Value (V) Frequency (Hz) Deviation
allowed(%value)
V-AC 20 mV 0.019 1000 0.358
V-AC 200 mV 0.19 1000 0.142
V-AC 20V 1.9 1000 0.030
V-AC 20.0 V 19.0 50 0.030
V-AC 20.0 V 19.0 120 0.030
V-AC 20.0 V 19.0 10000 0.030
V-AC 20.0 V 19.0 20000 0.082
V-AC 20.0 V 19.0 50000 0.082
V-AC 240.0 V 190.0 1000 0.036
V-AC 1000 V 750.0 120 0.057
Table IV
200 mA DC Basic range with linearity test
Function Range Value (A) Frequéency (Hz) Deviation
allowed(%value)
A-DC 200.0 mA 0.02 0.040
A-DC 200.0 mA 0.04 0.025
A-DC 200.0 mA 0.06 0.020
A-DC 200.0 mA 0.08 0.018
A-DC 200.0 mA 0.10 0.016
A-DC 200.0 mA 0.12 0.015
A-DC 200.0 mA 0.14 0.014
A-DC 200.0 mA 0.16 0.014
A-DC 200.0 mA 0.18 0.013
A-DC 200.0 mA 0.19 0.013
A-DC 200.0 mA -0.02 0.040
A-DC 200.0 mA -0.04 0.025
A-DC 200.0 mA -0.06 0.020
A-DC 200.0 mA -0.08 0.018
A-DC 200.0 mA -0.10 0.016
A-DC 200.0 mA -0.12 0.015
A-DC 200.0 mA -0.14 0.014
A-DC 200.0 mA -0.16 0.014
A-DC 200.0 mA -0.18 0.013
A-DC 200.0 mA -0.19 0.013
Table V
DC current test
Function Range Value (A) Frequéency (Hz) Deviation
allowed(%value)
A-DC 200.0 uA 0.00019 0.061
A-DC 200.0 uA -0.00019 0.061
A-DC 2.0 mA 0.0019 0.025
A-DC 2.0 mA -0.0019 0.025
A-DC 20.0 mA 0.019 0.013
A-DC 20.0 mA 10.019 0.013
Table VI
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AC current test

Function Range Value (A) Frequency (Hz) Deviation
allowed(%value)
A-AC 200.0 UA 0.00019 60 0.161
A-AC 2.0 mA 0.0019 60 0.081
A-AC 20.0 mA 0.019 60 0.055
A-AC 20.0 mA 0.019 120 0.055
A-AC 20.0 mA 0.019 1000 0.055
A-AC 20.0 mA 0.019 1000 0.055
A-AC 200.0 mA 0.19 60 0.055
Table VII
AC/DC high current test
Function Range Value (A) Frequency (Hz) Deviation
allowed(%value)
A-DC 20 A 1.0 0.025
A-DC 20 A 1.0 0.025
A-AC 20 A 1.0 60 0.060
A-DC 10.0 A 10.0 0.040
A-DC 10.0 A -10.0 0.040
A-AC 10.0 A 10.0 60 0.160
Table VIII
AC/DC power test
Function Range Value (VA) Frequency (Hz) Deviation
allowed(%value)
P1 480W 480 60 0.07
P 0,5LA 480W 240 60 0.4p
P 0,5LE 480W 240 60 0.4p
P1 2400W 2400 60 0.14
P 0,5LA 2400W 1200 60 0.7y
P 0,5LE 2400W 1200 60 0.7
Table IX Voltage = 240V
Resistance test
Function Range Value (Ohm) Frequency (Hz) Deviation
allowed(%value)
O-4W 100.0 Ohm 10.0 DC 0.130
O-4W 100.0 Ohm 100.0 DC 0.015
O-4W 1000 Ohm 1000.0 DC 0.015
O-4W 10k Ohm 1(0000.0000 DC 0.015
O-4W 100k Ohm 1(00000.0000 DC 0.015
O-4W 1M Ohm 1.000000e+6 DC 0.050
O-4W 10M Ohm 1,000000e+7 DC 0.20(
O-4W 50M Ohm 5)000000e+7 DC 0.50(
Table X
Capacitance test
Function Range Value (F) Frequency (Hz) Deviation
allowed(%value)
CAP 1nF 1.00000e-09 1000 2.000
CAP 10 nF 1.00p000e-8 1000 0.500
CAP 100 nF 1.000000e-7 1000 0.500
CAP 1 uF 1.000000e-6 500 0.500
CAP 10 uF 1.000000e-5 300 1.500
CAP 50 uF 5.000000e-5 300 2.000
Table XI
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Frequency test

Function Range Value (Hz) Frequency (Hz) Deviation

allowed(%value)
FREQ 1 kHz 1000.0 0.005
Table Xl

Multimeter test

Function Range Value (Hz) Frequency (Hz) Deviation
allowed(%value)

FREQ 1 kHz 1000.0 Hz 0.005

V-DC 10V 10.0V 0.013

V-DC 0V -10.0V 0.013

A-DC 25 mA 0.019 A 0.017

A-DC 25 mA 0.019 A 0.017

V-DC 20 mV 0.019 vV 0.057

V-DC 20 mV 0.019 V 0.057

V-DC 200 mV 0.19V 0.024

V-DC 200 mV -0.19V 0.024

V-DC 2V 19V 0.020

V-DC 2V -119 vV 0.020

0-4W 200 Ohm 100.0 Ohm 0.030

O-4W 2 kOhm 1000.0 Ohm 0.021

Table XIII
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System control

The calibrator includes standardized 1E-488 bus and RS232 serial line. System conneare located at the
rear panel. For the remote control to work propdslys parameters must be set in the system menuEE&-
488 bus, address is important (0 to 30 settingeprigor RS232 bus, communication speed can bel56tt6
19200 Bd) and softare handshake XON/XOFF can be set. The calibrador ke only controlled by or
interface at a time. It is therefore necessaretecs one of the interfaces (GPIB/RS232) usingstistem men

IEEE-488 bus properties

The instrument performs the folling functions based on GPIB bus comma

SH1, AH1, T5, L3, RL1, DC1, SR1

oor I or0s The instrument also recognizes the following gelnaenmands
Dio2 14 Dlog
15 .
oios [T s DCL  Device Clear
o | somwerwoa SDC  Selected Device Clear
NDAC GND (W PAIR WINDAC) EOI End or Identify Message Terminator
£ | SemeeE GTL Go To Local
ATS 1 GND (TW PAIR W/ATN) 0 o Loca
SHIELD [[12 SIGNAL GROUND LLO Local Lock Out
? SPD  Serial Poll Disable
\ J SPE  Serial Poll Enable

RS232 bus properties

To transfer the data using RS232 bus, 8N1 datadbisnused, i.e. each data word includes 8 bitpardy anc
one stop bit. The communication speed can be g&j tise systermenu. Available values: 150, 300, 600, 12
2400, 4800, 9600 and 19200 Bd. Software handshaarunication control) XON/XOFF can be set to col
the transfer of the data through the t

RS-232connector layout

; " Pin Label Direction Note
Q0000 2 TXD output transmitte
o000 - -
5 5 3 RXD input receive
5 GND - grounc

9-pin connector D-SUB FEMALE

Cable between the calibrator and PC (configuratidy)

PC D-Sub 1| D-Sub 2 M- 14C
Receiver 2 2 Transmitter
Transmitter 3 3 Receiver
Ground 5 5 Ground
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Command syntax
The commands described in this chapter can beddbueugh both buses (IEEE-488 and RS232).

All commands listed in this chapter are explainetivo columns:
KEYWORD and PARAMETERS.

KEYWORD column includes the name of the commanahEmmmand includes one or more keywords. If a
keyword is in brackets ([]), it is not mandatoon-mandatory commands are used only to achieve
compatibility with language standard SCPI.

Capitals designate the abbreviated form of the cantts; extended form is written in lowercase.

Command parameters are in brackets (<>); each gaeais separated using a comma. Parameters ikebsac
[1) are not mandatory. Line ( | ) means “or” asdised to separate several alternative parameters.

Semicolon ;" is used to separate more commandgemron one line.
E.g. VOLT 2.5 ; OUTP ON

Note:

Each command must end in <cr> or <If>. Both coda#f>can be used at the same time. The calibrator
performs all commands written on one line of thegoam after it receives <cr>, <If> or <crlf> cod#ithout
this code, the program line is ignored.

Description of abbreviations

<DNPD> = Decimal Numeric Program Data, this forisatsed to express decimal number with or withbet
exponent.

<CPD> = Character Program Data. Usually, it reprssa group of alternative character parameters. E.
{ON | OFF | 0 | 1}.

?= A flag indicating a request for the value of fmarameter specified by the command. No other
parameter than the question mark can be used.

(?) = A flag indicating a request for the parameeecified by the command. This command permits a
value to be set as well as requested.

<cr> = carriage return. ASCII code 13. This codeceres the program line.

<If> = line feed. ASCII code 10. This code executesprogram line.

OUTPut subsystem

This subsystem allows to control the output terisimd M140 calibrator, to activate the four-wiretput or to
switch the calibrator to x50 current coil (optioB0t50, 140-50).

Keyword Parameters
OUTPut
[[STATe] (?) <CPD>{ON|OFF |01}

. ISELection (?) <CPD> { HIGHi | HI50turn }

OUTP [:STAT] (?) <CPD>{ ON | OFF | 0| 1}

This command activates or deactivates the outpM1efO calibrator.

« ON or 1 - activates the output

e OFF or 0 - deactivates the output

If query is sent, M140 returns ON if the outpuaddive or OFF if it is inactive
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Example:

OUTP 1 <cr> - activates the output

OUTP ? <cr> - the calibrator returns ON or OFF

OUTP :ISEL (?) <CPD> { HIGH | HI50 }

This command activates or deactivates the 1000fentirange (using a 50-turn coil).
* HIGH - deactivates the 50-turn coil

e HI50 - activates the 50-turn coil (up to 1000Agah
If query is sent, M140 returns HIGH if the 50-tuwil is deactivated or HI5O0 if it is activated.

Example:

OUTP :ISEL HI50 <cr> activates the 5(ataoil

OUTP :ISEL ? <cr> the calibrator returns HIGHHIBE0

SOURCce subsystem

This subsystem allows to control the individualdtions of M140 calibrator.

Keyword

[SOURCce]
: FUNCtion
[: SHAPe] (?)

:VOLTage
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)

: CURRent
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)

: RESistance
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)

: CAPacitance
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)

: POWETr
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)
: PHASe
UNITS (?)
[: ADJust] (?)
:VOLTage
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)
: CURRent
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?)

92

Parameters

<CPD> { DC | SINusoid | PULPositi| PULSymmetrical |
PULNegative | RMPA | RMPB | TRlangle MSinusoid |
PWMPositive | PWMSymmetrical | PWMNegat|v.

SQUare }

<DNPD>

<DNPD>

<DNPD>

<DNPD>

<DNPD>

<CPD> { DEG | COS }
<DNPD>

<DNPD>

<DNPD>
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: EARTh
: VOLTage (?) <CPD>{ON|OFF|0|1}
: CURRent (?) <CPD>{ON|OFF |01}
: AUXiliary (?) <CPD>{ON|OFF |01}
: ADAPter (?)
: FREQuency
[[CW](?) <DNPD>
: DUTY (?) <DNPD>
: VOLT (?) <DNPD>
CATTE (?) <DNPD>
: TEMPerature
:UNITs (?) <CPD>{C|CEL|K}
: SCALe (?) <CPD> { TS68 | TS90 }
: THERmocouple
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?) <DNPD>
: RJUNction (?) <DNPD>
: TYPE (?) <CPD>{B|E|J|K|N]|R|B}
:PRT
[: LEVEI]
[: IMMediate]
[: AMPLitude] (?) <DNPD>
:TYPE (?) <CPD>{PT385|PT392 | NI}
: NRESistance (?) <DNPD>

[SOUR] :FUNC [:SHAP] (?) <CPD>{ DC | SIN | PULP | PULS | PULN | RMPA | RMPB |
TRI | LIMS | PWMP | PWMS | PWMN | SQU }

This command sets the shape of the output signaheéAsame time, the respective function must heksg. for
:VOLT or :CURR function, FUNC DC, FUNC SIN, or othsignal shape must be set. Some functions (:RES,
:CAP) do not require any other settings.

. DC sets a DC output signal for voltage, currenp@wer modes.

. SINusoid sets AC output signal for voltage, curi@mpower modes.

. PULPositive sets AC squarewave signal for voltageurrent modes. The amplitude and duty cyclebman
set. The rectangles are positive, i.e. switchirtgvben 0 and +amplitude.

. PULSymmetrical sets AC squarewave signal for gatar current modes. The amplitude and duty cycle
can be set. The rectangles are symmetrical, i.iécling between -amplitude and +amplitude.

. PULNegative sets AC squarewave signal for volageurrent modes. The amplitude and duty cycle can
be set. The rectangles are negative, i.e. switdhétgyeen —amplitude and 0.

. RMPA sets AC output signal - ramp shape - foragtor current modes. The amplitude can be se¢. -Th
output switches between -amplitude a +amplitude.

. RMPB sets AC output signal - ramp shape - foragdtor current modes. The amplitude can be set. -Th
output switches between -amplitude a +amplitude.

«  TRIangel sets AC output signal - triangular shafoe voltage or current modes. The amplitude causét.
-The output switches between -amplitude a +ampitud

. LIMSinusoid sets AC output signal - sinus shapehWwimitation of amplitude- for voltage or current
modes. The amplitude can be set. -The output sestbletween -amplitude a +amplitude.

. PWMPaositive sets POS type output signal - digitdse width modulation.

. PWMSymmetrical sets SYM type output signal - digfiulse width modulation.

. PWMNegative sets NEG type output signal - digitallse width modulation.

. SQUare sets HSO type output signal - digital polsgput.
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If query is sent, M140 returns a string contairfigC | SIN | PULP | PULS | PULN | RMPA | RMPB | TRI
LIMS | PWMP | PWMS | PWMN | SQU } depending on therent setting. If impedance or temperature sensor
simulation is set, NONE is returned.

[SOUR] :VOLT [:LEVE] [:IMM] [:AMPL] (?) <DNPD>

This command activates the generation of DC or ACage (depending on the DC or SIN parameter of the
FUNC command).

<DNPD>
Represents the value of DC or AC voltage expressedolts. Negative value is accepted for DC voltage
“Technical Data” chapter lists the acceptable range

If query is sent, M140 returns the set value of@ntrusing standard exponential format. Exampleb£0mYV is
returned as -2.054700e-002. Positive numbers arpraoeded with “+” sign.

[SOUR] :CURR [:LEVE] [:IMM] [:AMPL] (?) <DNPD>

This command activates the generation of DC or A@ent (depending on the DC or SIN parameter of the
FUNC command).

<DNPD>
Represents the value of DC or AC current expressedimperes. Negative value is accepted for DC aurre
“Technical Data” chapter lists the acceptable range

If query is sent, M140 returns the set value ofentrusing standard exponential format. Example520mA is
returned as -2.054700e-002. Positive numbers d@rpraoeded with “+” sign.

[SOUR] :RES [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command activates the generation of a resistan

<DNPD>
Represents the value of the resistance in Ohmghfiieal Data” chapter lists the acceptable ranges.

If query is sent, M140 returns the set value ofstagce using standard exponential format. ExangexQ is
returned as 2.050000e+001.

[SOUR] :CAP [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command activates the generation of a capasta

<DNPD>
Represents the value of the capacitance in OhneHffical Data” chapter lists the acceptable ranges.

If query is sent, M140 returns the set value ofacifance using standard exponential format. Exan®flénF is
returned as 2.050000e-008.

[SOUR] :POWE :PHAS :UNIT (?) <CPD> { DEG | COS }
This command sets the method used to specify tasegpshift between the output voltage and current.

. DEG activates a mode where all entries are doimg tise angle, ¢, in the range of 0.0 — 36C°.0

. COS activates a mode where all entries are ddng tige power factor in the range of 1.000 to —@,00
LAG or LEAD ( LAG = 0-180, LEAD = 180-360)

The unit of measurement remains valid even afectiibrator is switched off and back on.
If query is sent, M140 returns the set unit of nueasent { DEG | COS }.

Example: PHAS :UNIT DEG <cr> - sets the angle asuthit of measurement
PHAS :UNIT ? <cr> - the calibrator returns DEG
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[SOUR] :POWE :PHAS (?) <DNPD> [, { LEAD | LAG } ]

This command sets the phase shift between the butgtage and current. At the same time, the power
generation mode is set.

<DNPD>
Represents the phase shift between the outputgeoliad current in degrees (DEG setting), or speetidis a
value of the power factor (COS setting). “TechniData” chapter lists the acceptable ranges.

J{LEAD|LAG}
This parameter is entered only when specifyinguhieie of the power factor. If the value is omittédG is
used.

If query is sent, M140 returns the set value of phase shift between the output voltage and cumsintg
standard exponential format. Example: 156i8returned as 1.563000e+002.

Example: POWE :PHAS 250.2 <cr> - activates the payemeration mode and sets 25(phase shift
between the output voltage and current
POWE :PHAS ? <cr> - the calibrator returns 2.5@D02

Example: POWE :PHAS 0.554 ,LAG <cr> - activatespb&er generation mode and sets 0.554 LAG
power factor
POWE :PHAS ? <cr> - the calibrator returns 5.545001,LAG

[SOUR] :POWE :VOLT [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command sets the amplitude of the voltagepfiwer generation. At the same time, the power geioer
mode is set.

<DNPD>
Represents the voltage, expressed in Volts, usegeterate the power. “Technical Data” chapter libis
acceptable ranges.

If query is sent, M140 returns the set value ofwtbkkage using standard exponential format. Exan€.3V is
returned as 1.003000e+002.

[SOUR] :POWE :CURR [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command sets the amplitude of the currenpforer generation. At the same time, the power gdioer
mode is set..

<DNPD>
Represents the current, expressed in Amperes, tosgdnerate the power. “Technical Data” chaptds ltke
acceptable ranges.

If query is sent, M140 returns the set value ofdhaent using standard exponential format. Exampi@A is
returned as 1.300000e+000.

[SOUR] :EART :VOLT (?) <CPD>{ ON | OFF [0 | 1}

This command connects or disconnects the voltagedminal to/from GND terminal.

« ON or 1 grounds the voltage output

e OFF or 0 ungrounds the voltage output

If query is sent, M140 returns ON when the outgudrounded or OFF when ungrounded.

Example: EART : VOLT 1 <cr> - grounds the voltagdput terminals
EART : VOLT ? <cr> - the calibrator returns ON@FF

[SOUR] :EART :CURR (?) <CPD>{ ON | OFF [0 | 1}
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This command connects or disconnects the currete¢dminal to/from GND terminal.

* ON or 1 grounds the current output

» OFF or 0 ungrounds the current output

If query is sent, M140 returns ON if the curremtals are gronded or OFF if ungrounded.

Example: EART : CURR 1 <cr> - grounds the currautpat terminals
EART : CURR ? <cr> - the calibrator returns ONJ-F

[SOUR] :AUX (?) <CPD>{ ON | OFF [0 | 1}

This command connects or disconnects the outpoakido AUXILIARY connector.

 ON or 1 - output signals are connected to AUXILMRonnector, front panel terminals are disconnected
* OFF or 0 - output signals are connected to framtehterminals, AUXILIARY connector is disconnected
If query is sent, M140 returns ON when the sigaaésconnected to AUXILIARY connector or OFF whea th
signals are connected front panel terminals.

Example: AUX 1 <cr> - output signals are conned¢teAUXILIARY connector
AUX ? <cr> the calibrator returns ON or OFF

[SOUR] :AUX :ADAP (?)

This command can be used to find out what typeabfecadapter is connected to AUXILIARY connector.
If query is sent, M140 returns the type of cablepdr connected to AUXILIARY connector{ NONE |
CA14001 | CA14041 | CA14040 | CA14060 | CAS | CABV }.

Example: AUX :ADAP ? <cr> - the calibrator retutd®NE, when no cable adapter is connected,
or the type of cable adapter connected to AWLXRY connector

[SOUR] :FREQ [:CW] (?) <DNPD>
This command sets the frequency being generated.
Examples:

AC voltage frequency :
FUNC :SIN ; :VOLT <DNPD>;FREQ <DNPD> <cr>

AC current frequency :
FUNC :SIN ; :CURR <DNPD>FREQ <DNPD> <cr>

Digital frequency :
FUNC :SQU ;FREQ <DNPD> <cr>

<DNPD>
Represents the frequency in Hz. . “Technical Dafaépter lists the acceptable ranges which depenthen
selected function mode.

If query is sent, M140 returns the set value ofdheent using standard exponential format. Exanf@e5kHz
is returned as 2.050000e+004.

[SOUR] :FREQ :DUTY (?) <DNPD>
This command sets the duty cycle of PULP, PULS, RURWMP, PWMS, PWMN function modes.

Examples:
To set symmetrical squarewave voltage signal, 1aW defined duty cycle:
VOLT 10.0; FUNC :PULS FREQ :DUTY <DNPD> <cr>

To set digital frequency POS signal with definetlydycle :
FUNC :PWMP ;FREQ :DUTY <DNPD> <cr>
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<DNPD>
Represents the duty cycle in percent. 0 to 100%beaset.

If query is sent, M140 returns the set value ofdhgy cycle using standard exponential format. Epl@m?25% is
returned as 2.50000e+001.

[SOUR] :FREQ :VOLT (?) <DNPD>
This command sets the amplitude of PWMP, PWMS, PWsigdals.

Examples:
To set the amplitude of PWMP digital frequency sign
FUNC :PWMP ; FREQ :VOLT <DNPD> <cr>

<DNPD>
Represents the voltage in Volts. 0.000 to 10.0QN be set.

If query is sent, M140 returns the set value ofah®plitude using standard exponential format. EXanth05V
is returned as 2.05000e+000.

[SOUR] :FREQ :ATTE (?) <DNPD>
This command sets the attenuation of digital SQ@ddency signal.

Examples:
To set the attenuation of high frequency signal:
FUNC :SQU ;FREQ :ATTE <DNPD> <cr>

<DNPD>
Represents the attenuation in decibels. 0 to -36aiBbe set in 10 dB increments.

If query is sent, M140 returns the set value ofdtienuation using standard exponential format.nipta: -20
dB is returned as -2.00000e+001.

[SOUR] :TEMP :UNIT (?) <CPD>{C|CEL | K}
This command sets the unit of measurement of tesyer.

e Cor CEL sets ,Centigrade”
« Ksets Kelvin*

The unit of measurement remains valid after thibr is switched off.

If query is sent, M140 returns the set unit of nneaent{ C | K }.

[SOUR] :TEMP :SCAL (?) <CPD>{ TS68 | TS90 }

This command sets one of temperature scales. Tthiegsenfluences the simulation of resistance terapee
sensors and thermocouples.

e TS68 sets IPTS-68 temperature scale
e TS90 sets ITS-90 temperature scale

The temperature scale remains valid after the i@bb is switched off.

If query is sent, M140 returns the set temperagaoede { TS68 | TS90 }.

[SOUR] :TEMP :THER [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command activates the simulation of thermotesifDC voltage generation).

Operation manual v43 97




M-140 Multifunction Calibrator MEATEST

<DNPD>
Represents the temperature expressed in the enity she ‘UNIT' command. “Technical Data” chaplists the
acceptable ranges.

If query is sent, M140 returns the set temperatwsimg standard exponential format. Example: 20.%s
returned as 2.050000e+001.

[SOUR] :TEMP :THER :RJUN (?) <DNPD>
This command sets the temperature of cold endeofrtbcouple.

<DNPD>
Represents the temperature expressed in the ebity she ‘UNIT’ command. “Technical Data” chaplists the
acceptable ranges.

Example: to set the temperature of cold end ofnioeouple to 2%C:
‘TEMP :THER :RJUN 25 <cr>

If query is sent, M140 returns the set temperatusimg standard exponential format. Example: 20D.%s
returned as 2.050000e+001.

[SOUR] :TEMP :THER :TYPE (?) <CPD>{B |E|J|K|N]|R|S|T}
This command sets the type of thermocouple tornelsied.

Example: to activate the simulation of S type thecouple at 35TC:
:TEMP :THER 350; :TEMP :THER :TYPE S <cr>

If query is sent, M140 returns the set type thermapte {B|E |J|K|N|R|S|T}

[SOUR] :TEMP :PRT [:LEVE] [:IMM] [:AMPL] (?) <DNPD>
This command activates the simulation of resistden®erature sensors (resistance generation).

<DNPD>
Represents the temperature expressed in the enity she ‘UNIT' command. “Technical Data” chaplists the
acceptable ranges.

If query is sent, M140 returns the set temperatusimg standard exponential format. Example: 20D.%s
returned as 2.050000e+001.

[SOUR] :TEMP :PRT :TYPE (?) <CPD>{ PT385|PT392 | NI}
This command sets the type of resistance temperaaumsor to be simulated.

Example: to activate the simulation of platinumisesce temperature sensor at 35@pproximated using
PT385 table (Europe):
:.TEMP :PRT 350; :TEMP :PRT :TYPE PT385 <cr>

If query is sent, M140 returns the set type of agjpnation table { PT385 | PT392 | NI }.

[SOUR] :TEMP :PRT :NRESistance (?) <DNPD>
This command sets the nominal resistance of thstaese temperature sensor a&E01M to 2kQ can be set.

<DNPD>
Represents the nominal resistance in Ohms.

If query is sent, M140 returns the set value of madnresistance using standard exponential forEBgample:
20.5Q2 is returned as 2.050000e+001.
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MEASure subsystem

This subsystem allows to control the internal nmdtier of M140 calibrator. It sets the multimetdtiactions
and reads measured values.

Keyword Parameters
MEASure
?
: CONFigure
:VOLTage
: CURRent
: MVOLTage
: RESistance
: FREQuency
: TEMPerature
:RTD
: TYPE (?) <CPD>{ PT385| PT392}
: NRESistance (?) <DNPD>
: THERmocouple
: TYPE (?) <CPD>{B|E|J|K|N|R|B}
: RJUNction (?) <DNPD>
: SGS
: VOLTage (?) <DNPD>
: OFF
MEAS ?

This command returns the measured value.
Example:20.8 is returned as 2.050000e+001.

MEAS :CONF ?

M140 returns the set measurement mode { VOLT | CURRVOLT | RES | FREQ | TEMPerature:RTD |
TEMPerature:THERmocouple | SGS | OFF }.

MEAS :CONF :VOLT
This command selects the function VOLT (rangeX2V) of internal multimeter and switches it on.

Example: to set the multimeter to DC voltage 10\am@ement mode:
MEAS :CONF :VOLT <cr>

MEAS :CONF :CURR
This command selects the function CURR (range28mA) of internal multimeter and switches it on.
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Example: to set the multimeter to DC current 20mé@asurement mode:
MEAS :CONF :CURR <cr>

MEAS :CONF :MVOLT
This command selects the function MVOLT (range ZD00mV) of internal multimeter and switches it on.

Example: to set the multimeter to DC voltage 2000m&asurement mode:
MEAS :CONF :MVOLT <cr>

MEAS :CONF :RES
This command selects the function RES (range 000Q) of internal multimeter and switches it on.

Example: to set the multimeter to resistance measeint mode:
MEAS :CONF :RES <cr>

MEAS :CONF :FREQ
This command selects the function FREQ of intermaltimeter and switches it on.

Example: to set the multimeter to frequency measarg mode:
MEAS :CONF :FREQ <cr>

MEAS :CONF :TEMP :RTD :TYPE (?) <CPD> { PT385 | PT392 }

This command selects the function RTD of internaltimeter, sets the type of resistance temperataresor
and switches the multimeter on.

Example: to set the multimeter to resistance teatpez sensor type PT385 measurement mode:
MEAS :CONF :TEMP : RTD :TYPE PT385 <cr>

If query is sent, M140 returns the set type of agpnation table { PT385 | PT392 }.

MEAS :CONF :TEMP :RTD :NRESistance (?) <DNPD>

This command selects the function RTD of internailtrmeter, sets the nominal resistance of the t&@sie
temperature sensor t6@ and switches the multimeter on. (1@ 2kQ can be set.

<DNPD>
Represents the nominal resistance in Ohms.

Example: to set the multimeter to resistance teatpeg sensor Pt100 measurement mode:
MEAS :CONF :TEMP : RTD :NRES 100 <cr>

If query is sent, M140 returns the set value of mafresistance using standard exponential forEeample:
20.5Q is returned as 2.050000e+001.

MEAS :CONF :TEMP :THER :TYPE (?) <CPD>{B |E|J|K|N|R|S|T}

This command selects the function TC of internaltimeter, sets the type of thermocouple and swicthe
multimeter on.

Example: to set the multimeter to thermocouple Rsaeement mode:
MEAS :CONF :TEMP : THER :TYPE R <cr>
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If query is sent, M140 returns the set type ofriecouple { B|E |J|K|N|R|S|T}

MEAS :CONF :TEMP :THER :RJUNCction (?) <DNPD>
This command selects the function TC of internaltimeter, sets the temperature of cold junctiorseliected
thermocouple and switches the multimeter on.

<DNPD>
Represents the temperature expressed in the titiy $be ‘UNIT’ command. In “Technical Data” chapthere
is list of acceptable ranges.

Example: to set the temperature of cold end oftioepuple to 25C:
MEAS :CONF :TEMP :THER :RJUN 25 <cr>

If query is sent, M140 returns the set temperausiimg standard exponential format. Example: 2D.%s
returned as 2.050000e+001.

MEAS :CONF :SGS :VOLT (?) <DNPD>

This command selects the function SGS of internaltimeter, sets the supply voltage of sensor anitcbes
the multimeter on.

<DNPD>
Represents the supply voltage in V. OV to 20V carsét.

Example: to set the multimeter to SGS measuremederand power supply of sensor to 10V:
‘MEAS :CONF :SGS :VOLT 10 <cr>

If query is sent, M140 returns the supply voltade&S6@S using standard exponential format. Exampié/ 5
returned as 1.500000e+001.

MEAS :CONF :OFF

This command switches the multimeter off.

TESTer subsystem

This subsystem allows to control features of M1dlibcator when used as tester. It starts seleetgtdprocedure
and reads its result.

Keyword Parameters
TESTer

:RUN <DNPD>

: RESUIt ?

TEST :RUN <DNPD>
This command starts selected procedure. Numbed Q@ t@an be set.

<DNPD>
Represents number of procedure.

Example: to run test procedure 3 :
TEST :RUN 3 <cr>
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TEST :RESU ?
M140 returns the result of selected procedure { BASAIL | RUN }.

String ,RUN" is returned if selected procedure idimiished.

I/D (instrument identification)
*|IDN?
This command returns the identification of the nfanturer, model, serial number and firmware revisio

The reply is formatted as follows:
MEATEST,M-140,412341,4.6

Operation complete
*OPC <cr>
This command sets the OPC bit in the ESR (EvertiStegister) when all pending operations are cetapl

Operation complete?
*OPC? <cr>

This command returns “1” to the output queue adtepending operations are complete.

Operation complete?
*OPC? <cr>

This command returns “1” to the output queue atbpending operations are complete.

Wait-to-Continue command
*WAI <cr>

Prevents the instrument from executing any furdt@mmands or queries until all previous remote contdsa
have been executed.

Reset
*RST <cr>

This command resets the calibrator to its initiatiss.

Test operation
*TST? <cr>
This command executes an internal self-test. Reheself-test result (“0” for pass or “1” for fail
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Status byte reading (IEEE488 only)
*STB? <cr>

This query returns the Status Byte Register inclgdhe MSS bit.

Service Request Enable setting (IEEE488 only)
*SRE <value> <cr>

This command sets condition of the Service Redtrable register. Since bit 6 is not used, the mawrinentry
is 191.

Service Request Enable reading (IEEE488 only)
*SRE? <cr>

This query returns the Service Request Enable Regis

Event Status Register reading (IEEE488 only)
*ESR? <cr>

This query returns the contents of the Event SRegister and clears the register.

Event Status Enable setting (IEEE488 only)
*ESE <value> <cr>

This command programs the Event Status Enableteedigs. If one or more of the enabled eventsefEvent
Status Enable register is set, the ESB of Stattis Bggister is set too.

Event Status Enable reading (IEEE488 only)
*ESE? <cr>

This query returns the Event Status Enable register

Clear status (IEEE488 only)
*CLS <cr>

This command clears the Event Status Register lamdStatus Byte Register except the MAV bit and outp
queue.

Remote control
*REM <cr>

This command activates the remote control. Wherc#tierator is controlled by GPIB bus, it goeshe temote
control mode automatically. When remote controhdsive, the calibrator ignores all controls frone thont
panel, except LOCAL button.
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Local control
*LOC <cr>

This command activates the local control (usingtfimanel buttons). When the calibrator is contoblby GPIB
bus, it goes to the local control mode automatcall

Local control lock
*LLO <cr>

This command locks out the local control; the aalibr cannot be returned to local control by pregsiOCAL
button. Return to local control can only be perfediby a command sent through the bus, or by swidctiie
calibrator off and on.

Local control unlock
*UNL <cr>

This command cancels the ,*LLO" command. Unlockeditorator can be returned to local control mode by
pressing LOCAL button.
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Standard Status Data Structures

All status registers are defined by the IEEE-48&#hdard. The programmer has access to Statustétegis
Enable Register and Output Queue in the M140 Gabilor

|PON|UF€O|CME|EXElDDElg\(El 0 |OPC|

ESR Event Status Register

* Read using "ESR?
PR Output Queue
h 4o v
ISR S Ao v
O e e Ao .
(I [P IS R R Ao v
o e Ao .
e oo e o Lo Ao v
SPUSSSTN SNSURURNS SSNURUOURN SNOURUUON ISRUETS ASSTURNNS VRO SO Reed using "ESE?
* Wirte using "ESR v
[ 7 | 6 [ s | 4] s [z ] 1] o | ESE EventsStatus Enable Register :
' 4 Read by Serial Poll
Service RQS ¥ hd PaepyeeneTe .
Recuest |4—<| 0 ess mav| o | o | o | 0o | STB Status Byte Register
Generation WSS
Y 44— Read ubng *STE?
A
................ ‘
< v
. T
< A
% PP PPN FRPTPIORO SSTRO v
“ e v
P SIUOIIR SSSOUUNTUUNTPUTN SIS ISOROOO SRTRUTY SO v
B S T A Read using *SRE?
% Whte udng "SRE

SRE Service Request Enable Register

Status Register Overview

Status data structure of M140 Calibrator contaifiewWving registers:

STB - Status Byte Register

SRE - Service Request Enable Register
ESR — Event Status Register

ESE — Event Status Enable Register
Output Queue

STB Status Byte Register

The summary messages from the Event Status RegisieDutput Queue are used to set or clear the@ppate
bits (B4 and B5) of the Status Byte Register. Thiete do not latch, and their states (0 or 1) aelg
dependent on the summary messages (0 or 1). Forpéxaif the Standard Event Register is read,dtfister
will clear. As a result, its summary message vaflat to 0, which in turn will clear the ESB bitthe Status Byte

Register.

Bit configuration of Status Byte Register :
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RQS

MSS

ESB

MAV

Request Service, bit 6. The RQS bit is setwdénever bits ESB or MAV change from 0 to 1 anel ar
enabled (1) in the SRE. When RQS is 1, the Ml14@rtsshe SRQ control line on the IEEE-488
interface. You can do a serial poll to read thtgdisee if the M140 is the source of an SRQ.

Master Summary Status, bit 6. The MSS bit igséd whenever bits ESB or MAV are 1 and enabled
(1) in the SRE. This bit can be read using the *3EBmmand in serial remote control in place of doin
a serial poll.

Event Summary Bit, bit 5. The ESB bit is setltavhen one or more enabled ESR bits are set to 1.
Conversely, the ESB bit is set to 0 when no enaBeg bits are set to 1.

Message Available, bit 4. The MAV bit is set fowhenever data is available in the M140 IEEE488
Output Queue. This message is used to synchronipemation exchange with the controller. The

controller can, for example, send a query commanthé M140 and then wait for MAV to become

TRUE. The IEC 625-1 bus is available for other uggle an application program is waiting for a

device to respond. If an application program begimead operation of the Output Queue without first
checking for MAV, all system bus activity is held until the M140 responds.

SRE Service Request Enable Register

The Service Request Enable Register is an 8-bistexgthat enables corresponding summary messagibe i
Status Byte Register. Thus the application programran select reason for a device (M140) to issserace
request by altering the contents of the SRE. Thei@e Request Enable Register is read with the *&RE
common query. The response message to this quprgsents the sum of the binary-weighted valueshef t
SRE. The value of unused bit 6 shall always be.ZEhe Service Request Enable Register is writteth thie
*SRE common command followed by an integer value—(@91). Sending the *SRE common command
followed by a zero clears the SRE. A cleared regidbes not allow status information to generatsvaocal
message and thus, no service request are issue&erllice Request Enable Register is cleared uparrpon.

ESR Event Status Register

The Event Status Register is a two-byte registevtiich the higher eight bits are always 0, andltheer eight
bits represent various conditions of the M140 calilr. The ESR is cleared when the power is tuomgdand
every time it is read.

Bit configuration of Event Status Register :

PON

URQ

CME

EXE

DDE

QYE

OPC

106

Power On, bit 7. This event bit indicates #maff-to-on transition has occurred in the dedgeower
supply.

User Request, bit 6. This event bit indicatseahnecting or connecting of any cable adaptehé¢o
auxiliary connector on the front panel.

Command Error, bit 5. This event bit indicatleat an incorrectly formed command or query hasibee
detected by the M140.

Execution Error, bit 4. This event bit indicatdat the received command cannot be executedgawi
the device state or the command parameter beingfdagtunds.

Device Dependent Error, bit 3. This event biicates that an error has occurred which is neithe
Command Error, a Query Error, nor an Execution iE#oDevice-specific Error is any executed device
operation that did not properly complete due tos@ondition, such as overload.

Query Error, bit 2. This event bit indicateattlkither:

1. an attempt is being made to read data from titpu® Queue when no output is either present or
pending

2. or data in the Output Queue has been lost

Operation Complete, bit 0. This event bit inggated in response to the *OPC command. It indicat
that the device has completed all selected permjiegations.
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ESE Event Status Enable Register

The Event Status Enable Register allows one or raeeats in the Event Status Register to be refleictehe
ESB summary-message bit. This register is defioed thits, each corresponding to the bits in theriEBtatus
Register. The Event Status Enable Register is wéthdthe common query *ESE?. Data is returned bsary-
weighted value. The Event Status Enable Registaritten to by the common command, *ESE. Sendirg th
*ESE common command followed by a zero clears t8&.EThe Event Status Enable Register is cleared upo
power-on.

Output Queue

The Output Queue stores response messages ugththeead. The availability of output is summadiby the
MAV (message available) summary message. The MAYnsary message is used to synchronize information
exchange with the controller. The Output Queuel dfeah first in, first out (FIFO) Queue. The Outgutieue is
cleared upon power-on.
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Examples of use

Calibration of measurement instruments

The calibrator can be used for direct calibratidrvarious instruments which measure electrical @aluOpt.
140-01 cable adapter is recommended. The cabletexdagrludes a temperature sensor which allows the
measurement of external temperature. Measured alube displayed by pressing INPUT button.

Multimeters

The calibrator can be used for calibration of @iand analogue multimeters (DCV, ACV, DCI, ACI,
resistance, capacitance, temperature, frequencgatgdycle.

Voltage ranges

Thanks to low output impedance and high outputenirrthe calibrator can be used for calibratiommdlogue
voltmeters and milivoltmeters having low input inda@ce. Voltage output is connected to Hi/Lo terisindhe
calibrator does not allow the four-wire connectadrthe instrument to be calibrated.

It is not recommended to connect non-standard fodde voltage output. The calibrator is desigredé¢ used
for calibration of voltmeters. Output terminals sltbbe loaded with high and real impedance. Althotige

output is fitted with fast electronic and micropessor protection, high capacitance or inductanadde@an lead
to oscillations of output amplifiers and resuldamage.

The instrument to be calibrated can be connectbdredirectly to the front panel terminals, or thgb Opt.140-

01 cable adapter. If L terminal of the instrumenbe calibrated is not grounded, then calibratbgsterminal
should be grounded (GND U ON, see ,Setup menu“ &nap

Connection of a multimeter to be calibrated (vodtagnge) to calibrator’s output terminals

MEATEST
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Truncated waveform with defined distortion can Bedifor testing of multimeters
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Connection of a multimeter to be calibrated (vadtagnge) to the terminals of 140-01 cable adapter

MEATEST

Wwnmeatest.cz

Current ranges

All DC and AC current ranges are connected to catlty’s +I/-1 terminals.

If current is drawn from calibrator’s +1 and —I out put terminals, +I and —I output terminals located &
140-41 cable adapter must not be connected simultaously!

When using the current output under heavy loadt¢1®0 A), the runtime is limited to O to 60 s. Thmtime
depends on the set current and it is controlledhigymicroprocessor. The user cannot extend thermanif
longer runtime is required, the output terminalsstrioe unloaded, some time must elapse (for examplal
and the load can then be connected again.

When feeding 2 to 20 A current to the output teafsnthe output voltage must not exceed approxVef If
the current induces higher voltage on the load,ctidéorator disconnects the output terminals argpldiys an
error message.

When ammeters are being calibrated using currerds b A, it is important to connect the terminatsperly,
paying attention both to the calibrator's outputrtmals and the instrument’s input terminals. Exoes contact
resistance can heat up the terminals and caudwatadn errors. Excessive and unstable contacsteegie has
non-linear characteristic and can distort the oufgTi current.

It is not recommended to connect non-standard foalle current output. The calibrator is desigrethe used
for calibration of ammeters. Output terminals skobk loaded with low and real impedance. Althouigé t
output is fitted with fast electronic and micropessor protection, high capacitance or inductancelead to

oscillations of output amplifiers and result in daga.

The instrument to be calibrated can be connectibgredirectly to the front panel terminals, or tptQ40-01
cable adapter. If L terminal of the instrument #dalibrated is not grounded, then calibrator'yHYterminal
should be grounded (GND U ON, GND | ON, see ,Sehgnu”“ chapter).
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Connection of a multimeter to be calibrated (currange) to calibrator’s output terminals

MEATEST

weennmcatest oz

Optional current coil can extend the calibratotsrent range to 1000 A. The coil can be used fbbicion of
both DC and AC ammeters. The clamps of the ammnetist be positioned in angle 9® the coil. When using

the current coil, no steel or other magnetic olgjeatist be present in the vicinity (50 cm) of therent coil, as
they would deform the magnetic field and causechigration error.

Connection of current coil:

M-140 Multifunction Callbrator
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Current coil
130-50, 140-50

Powermeters

The calibrator can be used for calibration of D@ &€ digital and analogue powermeters and energgnse

The following limitations apply:  voltage 0.2VHIOV
current 2mAto 10 A
frequency DC, 40 Hz to 400 Hz
time 1.1st01999 s
phase shift -180 to +180°

The display can show active, reactive and appgmaner and energy values. The phase shift betweeautput

voltage and current can be set and displayed dseitbler as the power factor (PF, @gsor as the phase shift in
degrees.

In the P-E mode, the permitted load of the voltageé current outputs is the same as in the voltagecarrent
modes. If the output is overloaded, the calibrdtsconnects the output terminals and displays ar eressage.
For calibration of tong powermeters, current caihde used. Power factor meters can be calibrateckh
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Basic connection of a powermeter to the calibrator

M-140 Multifunction Callbrator .,..:E,.;“
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Possible methods of grounding of the measurement it

To prevent the creation of ground loops and to enthe guaranteed precision of the calibratorptheermeter
to be calibrated as well as the calibrator mugtrioperly grounded.

Depending on the nature of the measurement instrutoée calibrated, the following situations cacwr:

Device under test GND U GND |

U input floating ON ON
| input floating

U and | inputs galvanically
disconnected, not grounded

U input floating ON OFF
| input floating

galvanically connected terminals L. (OFF) (ON)
both U and | inputs, not grounded
voltage input grounded OFF ON
current input floating
voltage input floating ON OFF
current input grounded
both voltage and current inputs OFF OFF
grounded

ATTENTION

The voltage between calibrator’'s —I and Lo outputsnust not exceed 10 V.
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Counters and oscilloscopes

The calibrator can be used for basic calibratiotheffrequency ranges of multimeters and simplentwe. The
calibrator provides the following functions:

calibration of frequency functions up to 20 MHz ngsisquarewave signal. The function is activated by
pressing F direct mode button and selecting HF mbregjuency can be set.

check of input sensitivity from 1 mV to 10 Vin tHeequency range up to 100 kHz. The function is
activated by pressing F direct mode button andcae PWM mode. Frequency, amplitude and duty cycle
can be set.

calibration of time period using squarewave sigmabse period can be set up to 10 s, with selectitle
cycle. The function is activated by pressing F ainmode button and selecting PWM mode. Frequency,
amplitude and duty cycle can be set.

The instrument to be calibrated connects to FRE@ector using BNC/banana cable.

Connection of the frequency output

Counter to be calibrat

MEATEST
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The calibrator can be used for basic calibrationswflloscopes. The calibrator provides the follogvfunctions.

check of time base up to 20 MHz using squarewageasi The function is activated by pressing F direc
mode button and selecting HF mode. Frequency caete

check of vertical channel input sensitivity fronndy to 10 V in the frequency range up to 10 kHz. The
function is activated by pressing F direct moddadsuaind selecting PWM mode. Frequency, amplitude an
duty cycle can be set.

check of bandwidth using a signal up to 20 MHz wiehy steep rising edge (less than 5 ns). Calitomadif
time period using squarewave signal whose periadbgaset up to 10 s, with selectable duty cyclee Th
function is activated by pressing F direct modedrutind selecting PWM mode. Frequency can be bet. T
delay of the signal displayed on the oscilloscopeteen is checked.

The oscilloscope to be calibrated connects to FR&Wector using a coaxial cable.

Thermometers

The calibrator can be used for calibration of ttare®rs used in thermometers and heat meters, wisieha

thermocouple or Pt or Ni sensor. The block conmbttethe sensor is checked, as it is disconnectad the

transducer and the calibrator’s output is connetdete transducer’s input instead. Simulationhefrinal sensor
is activated by pressing T direct mode button.rfet Idi resistance temperature sensors as well & R, S, B,

J, T, E thermocouples can be simulated.

The calibrator can be connected to transduceristimpone of the following ways:

» without the cable adapter, directly to Hi/Lo terail® Temperature of cold junction must be compeshy
manual setting of RJ value. The connection is sini voltmeter connection.

with cable adapter Option 140-01 to the terminald.¢d Automatic compensation of TC sensors cold
junction can be used here. The cable adapter ip@egh with build-in Pt1000 temperature, which measu
ambient temperature. After build-in meter switchorg (button INPUT ON) and with cable adapter 140-01
connected, automatic compensation of TC cold jonctiemperature is performed. When meter is
deactivated (INPUT OFF), cold junction temperat(Rd) can be set manually only. Connection of device
under test is similar to the voltmeter connection.
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e using 140-01 cable adapter and OUTPUT terminalmpegature of cold junction must be compensated by

manual setting of RJ value.

Connection of the transducer to be checked usifg4ldcable adapter

DUT
M-140 Multifunction Callbrator
@ mmEm
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Measurement

Thanks to built-in multimeter, the calibrator camised for basic calibration of some sources afiébal
signals. The table lists the type of adapter wigalecessary for a particular measurement.

Applications and desired options

DC voltage to 12 V Opt. 40 or Opt 140-41
DC current to 25 mA Opt. 40 or Opt 140-41
Impulse frequency to 15 kHz Opt. 40 or Opt 140-41
Temperature through external TC sensor Opt.140-41
Temperature through external RTD sensor Opt. 60pirl40-41

Non-electric quantities with strain gauge sensfms€, pressure, Opt.140-41
torque, etc.)

Resistance to 2( Opt. 60 or Opt. 140-41

Voltage, current and frequency

10 V voltage range, 20 mA current range and frequeip to 15 kHz can be measured using Opt. 40 cabke
connection simple. The cable is connected to catlilnis AUXILIARY connector, the other end has baasn
which connect calibrator to the measured objecteiiimaking the connection, observe the polarity @mhect
the calibrator’s L terminal to the L (common) oognded terminal of the measurement instrument. clivade
the measurement, select the respective functioreraad press INPUT to measure the input value.

ATTENTION
The input terminals of the built-in multimeter are floating. Maximum voltage between
the input terminals and the chassis is 15 Vpk. Ifftis value is exceeded, the multimeter
can be damaged.

If the measurement range is exceeded, the calibdéplays an error message; input terminals aeotinected
only in the voltage and current measurement mode-@main connected in all other modes.

If 140-41 cable adapter is used, the signal to basured is connected to U/l — COM terminals. CONhés
common terminal of the multimeter.

Connection of the multimeter when measuring théaga, current and frequency using Opt. 140-41 cable
adapter
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The multimeter allows the measurement of small @@ages in the range of 0 to 2 V. 140-41 cable batap
required. The signal to be measured connects ta-riN/and Lu/-mV terminals. Lu/-mV is the common
terminal of the multimeter. To activate the measwest, select mVDC function mode using METER butiton
the function menu and press INPUT to measure at ivalue.

Measurement of resistance or temperature using resiance temperature sensors

Resistance can only be measured using four-wiraextion using Opt. 60 or Opt. 140-41 cable ada@pt. 60
cable ends with four bananas, labeled Hi, Hu, liuTheir meaning is as follows:

e Hi current terminal H
e Hu voltage terminal H
e Lu voltage terminal L
e Li current terminal L

During the measurement of resistance or temperaisirey resistance temperature sensors, the rupcape
to the four-wire connection must be observed.

Connection of Pt100 sensor using Opt. 60 cable:

Pt10(

Hi
= O AEC Hu
www.meatest.cz T O ey -

= —

el RS
EEEEm | Y &g <O 6- .
Li

Connection of Pt100 sensor using 140-41 cable adapt
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Measurement of temperature using thermocouples

The built-in multimeter allows the measurementeshperature using external thermocouple. 140-4éqaired.
The thermocouple connects to Hu/+mV and Lu/-mV fesis. Temperature of cold junction must be set
manually.

To activate the measurement, select T TC functioderusing METER button in the function menu andsgre
INPUT to measure the input value.

Connection of thermocouple to 140-41 cable adapter:

MEATEST

www.meatest.cz

Strain gauge sensors for non-electrical values

The calibrator can be used to measure non-electridaes using bridge-connected strain gauges.britge is
supplied with DC voltage up to 15 V while measurahf small DC voltages between the other two ooft
the bridge is measured. Each sensor is charadebigealibrated sensitivity of output voltage degemcy on
the measured non-electrical value.
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140-41 cable adapter fitted with separate 7pin eotur labeled SENSOR is required. The picture shihes
connection of the sensor to the calibrator.

@ mmam gw
www.meatest.cz ———! ii
A 'DEoo om
JdED> ODEEE !!
EEEEN v @E
SGS sensor
Connection of the sensor to SENSOR connector
SENSOR connector ! J_ J_ i
: — i SGS sensor
‘ 1
i ] P A
I G
Meaning of pins of SENSOR connector:
1 Voltage signal output of the bridge
2 Power supply + power to the bridge
3 Not connected
4 Not connected
5 Voltage signal output of the bridge
6 Power supply - power to the bridge

7 Shielding
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Testing of regulation and measurement sets and aa#ibn units

The calibrator can be used for calibration andrigsif various instruments and regulators which tnwasfed by
precise signal and whose response (electrical Bign@ be measured.

Two methods of connection can be used, each of theming different function and generation and
measurement ranges.

Simultaneous mode can only be used if Opt 40, 8014®-41 cable adapter is connected to AUXILIARY
terminal. When no adapter is connected, simultaneoade cannot be activated.

Use of Opt. 140-41 cable adapter

This adapter allows full utilization of the feataref the built-in multimeter. It can be used durthg calibration
of objects which require the simulation of temperator other non-electrical sensor signals, omgémeeration of
small DC voltages at the input side, and the megsent of standard outputs (current loop, standaltage) at
the output side.

When using 140-41 cable adapter, OUTPUT 140-4looptiust be set in the setup menu. This functioacsel
the calibrator’s output terminals. If OUTPUT 140-dftion is set to PANEL, calibrator’'s output is cected to
front panel terminals (not to the cable adaptérhis option is set to AUX, output signals are nected to the
cable adapter (not to the front panel terminalsultimeter/Simultaneous function” chapter definks timits of
functions and ranges.

If 140-41 cable adapter is used for simultaneouibregion and OUTPUT 140-41 option is set to AUXet
following generation/measurement ranges can be set:

Generator

DCV 0-20V

DCI 0-20mA
Resistance 0-50 M2

RTD sensor simulation Pt 1.385, Pt 1.392, Ni
TC sensor simulation K.N,R,S,B,J, T,E
Meter

DCV 0-12V

mVDC 0-2V

DCI 0-25mA
Resistance 0-21Q
Frequency 1 — 15kHz
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If 140-41 cable adapter is used for simultaneolibragion and OUTPUT 140-41 option is set to PANEie
following generation/measurement ranges can be set:

Generator

DC/AC V 0-1000V

DC/ AC | 0-20A

Resistance 0-50 M2

RTD sensor simulation Pt 1.385, Pt 1.392, Ni
TC sensor simulation K,N,R,S,B,J, T,E
Fequency 0.1 — 20 MHz
Power/Energy 0.2-240V/0.2-20A
Meter

DCV 0-12V

MVDC 0-2V

DCI 0-25mA

Resistance 0-2KQ

Frequency 1-15kHz

When 140-41 cable adapter is connected, only hamsignals are generated (SHAPE function is inagtiv

Use of Option 40/60 cable adapter

Opt. 40 cable supports simultaneous mode - measuntesi voltage up to 12 V, current up to 25 mA and
frequency up to 15 kHz. Opt. 60 cable is desigreddur-wire measurement of resistance or tempsgaising
resistance temperature sensors. The generatioagang the same as when 140-41 cable adapterdis use

Use of Option 70

Adapter is aimed for four-wire generation of remiste values and for four-wire resistance tempezaensor
simulation. Re-calibration of resistance functidrihe calibrator can be performed only with thisyper.
Resistance ranges are the same as two-wire regstanges with output on Hi — Lo terminals on frpanel.
When adapter Option 60 is used, resistance owmurily on output terminals on this adapter. Framtgh Hi —
Lo terminals are switched off.

When adapter Option 60 is used, set resistance ¥&konnected to the adapter output terminals peemtly.
Status of button ON/OFF doesn’t influence resistatunnecting or disconnecting.

Examples of tests
Examples of applications

Generation Measurement Application

Pt 100 10 V/20 mA/f| Calibration of temperatenaluation units, setting of
temperature regulators

TC 10V /20 mA/f | Calibration of temperature ayation units, setting of
temperature regulators

Frequency 10 V/20 mA Setting/calibration of enengeters

Resistance 10V /20 mA Measurement of resistaridgds

1. Calibration of industrial thermometers with Rd€ensor and 20 mA / 10 V output:
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Function setup: Calibrator T RTD function
OUTPUT 140-41 ON
Multimeter DCV or DCI depending on the outpursl type of the unit
being tested
Adapter Opt. 140-41

2. Calibration of industrial thermometers with tm@icouple sensor and frequency output:

DUT
© |Gumm us cons
www.meatest.cz ‘ ---! !-
ODOEE OE
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pEEEE Y == —
Function setup: Calibrator T TC function
OUTPUT 140-41 ON
Multimeter F
Adapter Opt. 140-41

3. Calibration of a single phase “electrical powerfent loop” transducer

DUT - power transduc

BRI R DALE INPUT OUTPUT

www.meatest.cz

HU LU HI L +o-l

| ©. 000 99

Function setup:
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Ont. 40 adant:

Calibrator
Multimeter
Adapter

DCI
Opt. 40

~

P function (voltagereat, power factor, frequency)
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Testing

When the calibrator is used as a tester, the seelilhe tests (PASS/FAIL) can be used to sorptioelucts etc.
Contacts of the relay are connected to 140-41 cadgter’s front panel using black terminglsAmm. Basic
definition of the status of the relay is performesing SETUP MENU and is valid for all test programs

Table bellow shows measurement capability of diffieicable adapters connected to the auxiliary atone

No. function Option 140-41  Option 40 Option 60 Option 70 Option140-01
1 V DC Y Y N N N
2 mA DC Y Y N N N
3 mV DC Y N Y N N
4 R 4W Y N Y N N
5 Freq Y Y N N N
6 TTC Y N N N N
7 TRTD Y N Y N Y

Tab.20 overview of cable adapters
Note:  Option 140-70 is applicable only for fourrgvsimulation of resistance

Option 140-41 belongs to M-140 model accessorydwaivmeasurement part of the option can be
applied for M-142 model as well.
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Specification

Uncertainties include long-term stability, temparat coefficient, linearity, load and line regulati@and the
traceability of factory and National calibratiomstlards. Specified accuracy is valid after one earm up in

temperature range 23 £@Q. Specifi

Calibrator
Voltage

summary range DCV:
summary range ACV:
internal ranges:
voltage resolution:
frequency resolution:
frequency accuracy:
frequency range:

ed accuracy is one year accuracy.

Qv — 1000 V

0.1 mV - 1000 V

20 mV, 200 mV, 2V, 20 V, 2401000 V
61/2 digit

6 digit, minimum step 0.0@1H

0.005 %

20 Hz to 100 kHz bellow 20 V

20 Hz to 10 kHz bellow 200 V
20 Hz to 1000 Hz bellow 1000 V

DCV uncertainty

range

% value + % range

max. current mA

O pv —20.00000 mV
20.00001 mV —200.0000 mV
0.200001 mV - 2.000000 V
2.00001 V - 20.00000 V
20.0001 V — 240.0000 V
240.001 V —1000.000 V

0.03 +0.0 + LV

0.01 + 0.0 +1b
0.003 + 0.0008
0.003 + 0.0005
0.003 + 0.0005
0.005 + 0.005

30
30
30

*2yvalue of the range for uncertainty calcul

ACV uncertainty

atiog@9 Vv

range

% value + % range

max. current mA|

0.10000 mV — 20.00000 mV
20.0001 mV - 200.0000 mV
0.200001 mV - 2.000000 V
2.00001 V - 20.00000 V
20.0001 V — 240.0000 \?*

240.001 V —1000.000 V

% value + % range | max. current mA
20 Hz - 10 kHz 20 Hz - 10 kHz
0.2 + 0.05 +120 5

0.1 + 0.03+120 5
0.025 + 0.005 30
0.025 + 0.005 30

0.025 + 0.010 30
0.03+0.02 * 2

10 kHz - 50 kHz

0.20 + 0.10 + 2@V

0.15 + 0.05 + 2Qv
56:0.01
G:@03

K9z - 50 kHz

5
5
10
10

*1yvalid for f < 1000 Hz
*2 yalue of the range for uncertainty calcul

atio209 V, in the range 200 to 240 V is frequency ledito 1000 Hz.

range % value+ % range max. current mA
50 kHz - 100 kHz 50 kHz - 100 kHz
0.10000 mV — 20.00000 mV 1.0 + 0.10 +| A0 3
20.0001 mV — 200.0000 mV 0.3 + 0.05 +120 3
0.200001 mV — 2.000000 V 0.2 +0.05 5
2.00001 Vv - 20.00000 V 0.2 +0.05 5
20.0001 V — 240.0000 V2* --
240.001 V — 1000.000 V - -
Auxiliary parameters
range 20mV 200mV 2V 20V 200V 1000V
THD™™ 0,05% + 200 uV| 0,05% + 300 uV| 0,05% 0,05% 0,05% 0,2%
output impedance <10 <10nD <10 <10m <100 nQ < 100 n
maximal capacitance 500 pF 500 pF 500 pF 500 pF 300 pF 150 pF
load

 parameter includes non-linear distortion
* valid for frequencies to 10 kHz
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Function Shape
voltage range:
wave form:

peak value uncertainty:
displayed values:

1 mV to 200 V

square, positive, negative, symivaltrramp A, ramp B, triangle
truncated sin with THD 13,45 %

0.3 % + 50 uv
peak, effective

Minimum frequency for squarewave signals is 0.1 fdrall others 20 Hz.

Current

summary range DCI:
summary range ACI:
internal ranges:
resolution:
frequency resolution:
frequency accuracy:
frequency range:

DCI uncertainty

[0A - 20 A (with current coil 140-50 to 1000A)
A — 20 A (with current coil 140-50 to 1000 A)
2007, 2 mA, 20 mA, 200 mA, 2 A, 20 A

61/2 digit

6 digit, minimum step 0.B@1
0.005 %

20 Hz to 5 kHz bellow 200 mA
20 Hz to 1000 Hz bellow 20 A

range % value + % range max. voltage V
0.0000pA — 200.000QuA 0.05+ 0.0+ 20 nA 3
0.200001pA — 2.000000 mA 0.02 + 0.005 3
2.00001 mA — 20.00000 mA 0.01 + 0.003 3
20.0001 mA — 200.0000 mA 0.01 + 0.003 3
0.200001 mA — 2.000000 A 0.015 + 0.005 3
2.00001 A — 20.00000 A 0.02 + 0.010 15
ACI uncertainty

range % value + % range | max voltage Vef % value + % range max voltage Vef
20 Hz - 1 kHz 1 kHz -5kHz
1.0000pA — 200.000QUA 0.15+0.0 + 20 nA 3 0.30 + 0.10 + 20 nA 3
0.200001pA — 2.000000 mA 0.07 +0.01 3 0.20 + 0.05 3
2.00001 mA —20.00000 mA 0.05 + 0.005 3 0.20060. 3
20.0001 mA —200.0000 mA 0.05 + 0.005 3 0.20060 3
0.200001 mA —2.000000 A 0.05 + 0.005 3 -- - -
2.00001 A —20.00000 A 0.10 + 0.03 15 -- --

2.00001 A —20.00000 A

range % value + % range max voltage Vef
5 kHz - 10 kHz
1.0000pA — 200.000QuA -- --
0.200001pA — 2.000000 mA 0.50 + 0.07 2
2.00001 mA —20.00000 mA 0.50 + 0.07 2
20.0001 mA —200.0000 mA 0.50 + 0.07 2
0.200001 mA — 2.000000 A

When option 140-50 Current Coil is used, add uady 0.3%

multiplied by factor 50.

Auxiliary parameters

of the set current to the value spedifin above table. Output current is

range 200 uA 2 mA 20 mA 200 mA 2A 10 A
maximal inductive load 400 uH 400 uH 400 uH 400 uH 200 uH 100 uH
THD™ 0,2% 0,2% 0,2% 0,2% 0,2% 0,3%
"1 parameter includes non-linear distortion and nomreaic noise

Function Shape
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current range:

wave form: square, p

100 uAto 2 A

ositive, negative, symitalirramp A, ramp B, triangle

truncated sin with THD 13,45 %

peak value uncertainty: 0.3% +
displayed values: peak, eff
Minimum frequency for squarewave signals is 0.1 fdrall

500 nA
ective
others 20 Hz.

Resistance
summary range: Q to 50 MQ
resolution : 41/2 digit
Resistance uncertainty
resistance range uncertainty of value [%]* " current range™
0.00Q - 100.00Q 0.03+10m 1mA-40 mA
100.01Q - 400.0Q 0.015 400pA - 20 mA
400.1Q - 2.0000 K2 0.015 100pA - 4 mA
2.001 K2 - 10.000 & 0.015 20pA-1mA
10.001 K2 - 40.00 2 0.015 4 pA - 200pA
40.01 K2 - 200.00 0.015 1pA-40pA
200.1 K2 -1.0000 M2 0.05 0.2pA - 10pA
1.0001 M2 - 4.000 M2 0.1 40 nA — 2uA
4.001 MQ - 20.000 M2 0.2 10 nA-500 nA
20.01 M2 - 50.00 M2 0.5 4 nA-150 nA

*1

In range from @ to 200 K2 uncertainty is valid for four-terminal connectiaith use of Option 70 or Option 140-41 cable adagter

two-wire connection from the terminals Hi-Lo na fnent panel add to the specified uncertainty n2@mOhm.

2 In range from 200® to 50 MQ uncertainty is valid for two-ter

" Maximal allowed voltage on output terminals is 8.V

Capacitance

minal connectitanfront panel terminals Hi-Lo.

summary range: 0.9 nF to g6
resolution : 41/2 digit
Capacitance uncertainty
range uncertainty of value [%] max. frequency
0.9000 nF - 2.500 nF 0.5+ 15 pF 1000 Hz
2.501 nF - 10.000 nF 0.5+5pF 1000 Hz
10.001 nF - 50.00 nF 0.5 1000 Hz
50.01 nF — 0.2500F 0.5 1000 Hz
0.2501F — 1.000QuF 0.5 500 Hz
1.0001pF — 2.500uF 1 300 Hz
2.501F — 5.000uF 1 300 Hz
5.001pF — 10.00QuF 15 300 Hz
10.001pF — 50.00uF 2.0 300 Hz
Maximal allowed voltage on output terminals is §.V
AC and DC power/energy
summary voltage range: 0.2Vto 240V
current capability of voltage output: dependgtmnvoltage range
summary current range: 2mAto 10 A
maximal voltage on current output: depends erctirrent range

electric power range:

phase angle ( PF range):
phase angle ( PF ) resolution:
time period range:

time setting resolution:

time period accuracy:
frequency range:

frequency resolution:

DCV uncertainty
See table of DCV uncertainty.
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0.0004 to 2.4 kVA
-180° to +180° (-A1tin PF)
0.1° (0.001Rh P

1.1st01999 s

0.1s

0.01% +0.1s

DC, 40 Hz to 400 Hz

6 digit, minimum step@Lbiz
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DCI uncertainty

range % value + % range max. voltaggV]
2.00000 mA — 20.00000 mA 0.05 +0.010 3
20.0001 mA — 200.0000 mA 0.05 + 0.005 3
0.200001 mA — 2.000000 A 0.05 + 0.005 3
2.00001 A —10.00000 A 0.05 +0.010 15

DC POWER uncertainty
Uncertainty of DC power can be calculated from tifving formula:

dP =V (d +d? +0.0F) [%]

where  dP is uncertainty of output power [%6]
dU is uncertainty of set voltage [%]
dl is uncertainty of set current [%]

DC ENERGY uncertainty
Depends on voltage, current, time values. The lrestrtainty is 0.016 %.

ACV uncertainty
See table of ACV uncertainty.

ACI uncertainty

range % value + % range max. voltaggV]
2.00000 mA — 20.00000 mA 0.05 + 0.010 3
20.0001 mA — 200.0000 mA 0.05 + 0.005 3
0.200001 mA — 2.000000 A 0.05 + 0.005 3
2.00001 A —10.00000 A 0.05 +0.010 15

PHASE uncertainty

frequency range [Hz] phase uncertainty ¢ [ 9
40.000 — 200.000 0.15
200.001 — 400.000 0.25

AC POWER uncertainty
Uncertainty of AC power can be calculated from téofving formula:

for active power d P =/ (d +dP + dPP +0.03) [%]

for reactive power d P+ (dU +dP + dPF? + 0.03) [%]

for apparent power dP#(dU? +dP +0.03) [%]

where  dP is uncertainty of power [%6]
dU is uncertainty of set voltage [%6]
dl is uncertainty of set current [%6]
dPF is uncertainty of power factor (¢Js [%0]

For calculation of dPF is valid following formula
dPF = (1 - cospirdd)/cosd) * 100  [%]

where ¢ is set phase shift between voltage and cuoeatputs
dp is uncertainty of set phase shift in table above

dPF* is uncertainty of of sin[%]
For dPF* is valid following formula:

dPF* = (1 — sind+d¢)/sin ) * 100  [%]
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Example:

Set parameters: U=100V,|=10A, dos 0.5, f =50 Hz, displayed value of active poiwew
Output voltage uncertainty: dU = 0.025 % valu®.610 % range = 0.045 %

Output current uncertainty: dl = 0.05 % value .810% range = 0.06 %

Uncertainty due the set phase shift: PF 0.5 cooredp phase shift 60 °
dPF = (1 — cos (60+0.15)/cos 60) * 100 = (14987/0.5) * 100 = 0.45 %
Output power uncertainty: dP #( 0.04% + 0.06 + 0.4% + 0.0%) = 0.46 %

POWER FACTOR (PF)
range: -1.000 to +1.000
PF uncertainty can be calculated for any set vafumitput voltage, current and PF from followingrfala:

dPF = (1 - cospfrdd)/cos¢) * 100  [%]

where ¢ s set phase shift between voltage and current
dp is uncertainty of set phase shift from the abiade

AC ENERGY uncertainty
It depends on set value of voltage, current, timRF. The best uncertainty is 0.07% for appaneetgy.

Frequency

summary range: 0.1 Hz to 20 MHz

frequency uncertainty: 0.005 %

frequency resolution: 6 digit, minimum step 0.B@1

output: BNC connector located on the front panel

modes: - PWM square wave output with calibrated duty cyelo, frequency and
amplitude
- HF square wave output with calibrated frequernay amplitude

Mode PWM

frequency range: 0.1 Hz to 100 kHz

voltage range: 1mVto1l0V

duty cycle ratio range: 0.01 to 0.99

wave form: square, symmetrical— positive — negati

duty cycle ratio uncertainty: 0.05 %

signal noise (20 Hz — 1 MHz): <2 mV from 0.1kz10 kHz

<10 mV from 10kHz to 100 kHz

Amplitude uncertainty (average top/bottom squargrsal level)

range % value +V % value + mV
0.1 Hz to 10 kHz 10kHz to 100 kHz
1.00000 mV - 20.00000 mV 0.2 +0.02 mv 0.2+0M m
20.0001 mV - 200.0000 mV 0.1 +0.02 mv 0.1+0M m
0.200001 mV - 2.000000 V 0.1 +0.02 mv 0.1+
2.00001 V —10.00000 V 0.1 + 0.02 mV 0.1+0.1mV
Mode HF
frequency range: 0.1 Hzto 20 MHz
output impedance: 50
wave form: square symmetrical, duty cycleardtil
amplitude: 4 Mepk
output amplitude range: 0, -10, -20, -30 dB- 1+dB
amplitude uncertainty: 10 %
rise/fall time: <3ns
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Temperature sensors simulation

temperature scale:
types of sensors:

A. RTD (resistance) sensors

types:

range of RO setting:
temperature range:
temperature uncertainty:
resolution:

ITS 90, PTS 68

RTD, TC

Pt 1.385, Pt 1.392, Ni

20t0 2 KQ

-200 to +88D
0.08 to 0.5°C (see table bellow)

0.7

Ranges and uncertainties of RTD sensor simulation

type range —200 — 25TC range 250 — 856C
Pt100 0.rC 0.3°C
Pt200 0.1°C 0.2°C
Pt1000 0.2°C 0.4°C
Ni100 0.07Cc™ --

" valid in range —60 to +181C.
Uncertainties in the table are maximal uncertaintté RTD sensor simulation. Actual uncertainty facle set value of
simulated temperature is determined by uncertaiftglevant resistance. Actual temperature unaestas displayed on the
calibrator display. Actual uncertainties are alwkyger than those in above table.

B. TC sensors:

types:

temperature range:
temperature uncertainty:
resolution:

K,N,R,S,B,J, T,E

-250 to +1820according to the type

0.4 to 4CG3(see table bellow)

0.7

Ranges and uncertainties of TC sensor simulatiorittwfunction AUTOCAL ON)

R range {C] -50-0 0 - 400 400 — 1000 1000 — 1767
uncertainty {C] 3.2 2.1 14 1.7

S range {C] -50-0 0 - 250 250 — 1400 1400 — 1767
uncertainty {C] 2.7 2.1 1.7 2.0

B range {C] 400 — 800 800 - 1000 1000 — 1500 1500 — 1820
uncertainty {C] 2.8 1.8 1.6 1.8

J range {C] -210 - -100 -100 - 150 150 — 700 700 — 1200
uncertainty {C] 0.9 0.5 0.6 0.7

T range {C] -200 - -100 -100 - 0 0— 100 100 — 400
uncertainty {C] 0.9 0.5 0.4 0.4

E range {C] -250 - -100 -100 - 280 280 — 600 600 — 1000
uncertainty {C] 16 0.4 0.5 0.5

K range {C] -200 - -100 -100 - 480 480 — 1000 1000 — 1372
uncertainty {C] 1.0 0.6 0.7 0.8

N range {C] -200 - -100 -100 -0 0 -580 580 — 1300
uncertainty {C] 1.2 0.7 0.6 0.8

Uncertainties in the table are maximal uncertaintié TC sensor simulation. Actual uncertainty focleaet value of
simulated temperature is determined by uncertaifitglevant resistance. Actual temperature unaestas displayed on the
calibrator display. Actual uncertainties are alwkyger than those in above table.
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Multimeter
Measuring: DC voltage

DC current

Ranges and uncertainties

resistance, temperature
strain gauge sensors

function total range uncertainty (%) resolution / range
DC voltage - DCV? 0to +/-12.0000 V 0.01 % + 30QuV 100uV / 10V
DC voltage - mvDC! 0to +/-2.00000 V 0.02 % + TV 20mV /100nV, 200mV / 1uV, 2V

/ 10uVvV
DC current® 0to +/-25.0000 mA 0.015 % + 300 nA 100 nA/20mA
Frequency 1.000 Hz to 15 000.00 Hz 0.005 10pHz — 0.1 Hz

Resistancé&

0.000 to 2 500.0Q

0.02% + 10 nQ

20Q / 1mQ, 2002 / 1mQ, 2kQ /

10mQ
Temperature - PT sensor -200.000 to +850°000 0.1°C 0.1°C
Temperature — TC sensor -250.00 to +1826000 see Table 0.0C
Strain gauge sensors depends on sensor 0.05 % + 1QuV + uncertainty of
sensor
"I Uncertainties are valid after performing ZERO cotian in set mode
"2 Measuring current 1 mA
" For Pt 1000 sensor maximum temperature is"8Maximum measured resistance is(2 k
"4 Maximum allowed analogue input DC voltage is 2 V.
S Supply voltage: 2t0 10 V DC, non-symmetrical
Max. current: 40 mA
Input resistance: min. 100(M
Sensitivity: setable in range 0.5 mV to 1oQ /V
Displayed unit : user’s defined
Ranges and uncertainties of temperature measuringhwiiC sensor
R range {C] -50 -0 0 —400 400 — 1000 1000 - 1770
uncertainty {C] 25 15 1.0 12
S range {C] -50 - 0 0 —250 250 — 1400 1400 — 1770
uncertainty {C] 2.0 1.6 1.1 1.3
B range {C] 400 - 800 800 — 1000 1000 — 1500 1500 — 1820
uncertainty {C] 2.0 1.3 1.2 1.1
J range {C] -210 - -100 -100 — 150 150 — 700 700 — 1200
uncertainty {C] 0.7 0.4 0.4 0.6
T range {C] -200 - -100 -100 - 0 0-100 100 — 400
uncertainty {C] 0.8 0.5 0.4 0.4
E range {C] -250 - -100 -100 - 280 280 — 600 600 — 1000
uncertainty {C] 1.1 0.4 0.4 0.5
K range {C] -200 - -100 -100 - 480 480 — 1000 1000 — 1372
uncertainty {C] 0.8 0.4 0.6 0.8
N range {C] -200 - -100 -100-0 0 — 580 580 — 1300
uncertainty {C] 0.9 0.5 0.5 0.8

Sorting function

Output GO/NG:
Triggering :
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1 x make, 1 x break contactsy@d/ 100mA
external, internal, manual
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General data

Warm up time:
Operating temperatures:
Temperature coefficient

Reference temperature:
Storage temperatures:
Dimension:

Netto weight

Power line:

Power consumption:

Safety class:

Used external fuses:
Used internal fuses:

Accessories

60 minutes
23 +10, relative humidity < 75%
Temperature coefficfentemperature outside of Tcal
+2°C from +13C to +33°C is 0.1x specified accuracy/
23 i@
10 to +55°C
450 x 480 x 150 mm
23 kg
115 - 220/230 V - 50/60 Hz
45 VA without load
Max. 150 VA with full load
I according EN 61010 ed 2

F4L250V 1 pcs

F1.6L250V 3 pcs
F200mL250V 2 pcs
F2.5L250V 2 pcs

Basic accessories (included in delivery)

Power line cord 1pc
¢ User’s manual 1pc
e Testreport 1pc
e  Spare fuse 2 pc
e Test cable 1000V/20A, 1m 2 pc
e Option 40 Cable adapter Canon 25/ 2 x BANANA, 1 m pcl
¢« Option 60 Cable adapter Canon 25/ 4 x BANANA, 1 m pcl
¢ Option 70 Adapter for four-terminal resistance gatien 1pc
¢ Cable RS RS-232 cable 1pc
Options (extra ordered)

e 140-50 Current coil 50 turn

e 140-01 Cable adapter for calibration of multimeters
e 140-02 Set of cables

e 140-41 Cable adapter for simultaneous calibratieasuring
¢ Option 10 Output cable 20A/1000V (black)

e« Option 11 Output cable 20A/1000V (red)

e Option 20 Output cable BNC/BNC

e Option 30 Output cable BNC/BANANA

¢« Option 40 Output cable D-SUB25/ 2xBANANA, 1 m

¢« Option 60 Output cable D-SUB25/ 4xBANANA, 1 m

e« Option 100 Adapter for 3" output terminals spacing

e« Cable GPIB IEEE488/IEEE488, 2m

¢ CableRS Cable RS-232 for connecting to PC

¢ WinQbase SW for calibration of instrument

« MEACA Program module for multimeters

e Caliber Program module for multimeters
Manufacturer

MEATEST, s.r.o
Zelezna 3, 619 00 Brno
Czech Republic
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fax: +420 — 543 250 890
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Operation Manual Supplement

Manual Title: M140
Issue date: 9/2012
Supplement issue: 001

This supplement contains information necessarynsuie the accuracy of the above manual.

Change 1

On page 123 the original text under the table “&asice uncertainty” has been replaced with theviolg:

Maximal allowed voltage on output terminals is §.Wncertainty is valid for four-terminal connectiovith use
of Option 70 or Option 140-41 Cable adapters. R@oiwire connection from the terminals Hi-Lo na frent
panel add to the specified uncertainty nédtmOhm

Change 2

On page 123 text under the table “Resistance waingyt has been added:
In range from 200 &to 50 M@ uncertainty is valid for two-terminal connectitmfront panel terminals Hi-Lo.
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