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Type 2304 

Installation and maintenance of the 
RESISTOMAT@2304 

Position the RESISTOMATm resistance measuring device so that enough space is left 
behind the back panel to ensure proper ventilation of the black heat sink. The output of the 
ventilation channel shown in Fig. 1.2 must not be obstructed. Enough space should also be 
allowed for the connection of interface cables. 

General information 

Input controi 

.E C 1 
L 
I: 
0 

The device weighs 28 kg and is contained in appropriately shock-resistant packaging. 
Unpack it carefully and check whether any contents are missing. The standard scope of 
delivery includes: 

a type 2304 resistance measuring device, 
- a mains cable, 

a copy of this handbook. 

Check the device carefully for damage. Should there be signs of damage which has 
occurred during transport, inform the shipping company within 72 hours. The packaging 
should be kept so that ~t can be examined by the manufacturer's representative or the 
shipping company. 

The RESISTOMAT may only be transported in its original packaging or a comparable 
packaging. 

o c  
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RESISTOMAP Type 2304 

The following optional features and accessories are available forthe 2304 RESISTOMAP: 1 1 
Version for 11 5VAC + 6% - 10% power line voltage. 

Type 2304-2004 calibration resistance package: 
5 type 1240 calibration resistances with values of 100pQ, 1 mQ, 
10 mQ, 100 m a  and 1 Q. Every resistance has a DKD (german calibration 
service) label.ln addition, every package contains a type 2394 adapter for 
direct connection of the calibration resistances to the measurement 
sockets of the RESISTOMAT@(see Chap. 2.4.5). 

Temperature measuring Sensor (Pt100) including LEMO 1 B type 2304-V001 
plug connector: 
For measuring the temperature of the test unit in the case of automatic 
temperature compensation (see Chap. 3.2.2), cable length: 2.5 m. 

37-pin type 2304-2001 mating connector for the digital inputsloutputs (see 
Chap. 1.4.4.3 and 7.2.3.) 

25-pin type 2304-2002 mating connector for the RS2321485 output 
(see Chapters 1.4.4.2 and 7.2.2.) 

5-pin type 2304-2003 mating connector for rear-panel connection of the test 
unit (see Chap. 7.2.4) 

- Kelvin measuring tongs and Kelvin test prods See specification sheet KM 2.3. 

Clamping device, See specification sheets EV 2.3 und PE 2.3. 

19" type 2304-2004 assembly kit. 
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Installation 

Installation 

The measuring amplifier (analog section) of the device is connected 
internally with the equipment grounding conductor as shown in Fig. 1 .l. 

Fig. 1.1 .: Ground conductor connection 

Normally, this INTERNALground is used. It is advisable to use a seperate, 
EXTERNAL ground only for networks which are particularly prone to 
interference. This also applies to measurements on objects with single-end 
grounding, like motors. In order to avoid ground loops here, the reference 
potential of the measuring circuit should be connected directly with the 
neutral point of the test unit.(seeChap. 4.7forchangeoverfrom INTERNAL 
to EXTERNAL grounding). 



Type 2304 RESISTOMAT@ 

Installation 

Power supply 

For this reason, it must be checked whether the voltages specified on the type and voltage 
plates correspond with the local mains voltage, before the mains voltage is connected (Fig. 
1.2) and turned on (Chap. 2.2). 

L 

s 
.!? -W 

f! 
8. 
O 

The standard RESISTOMAT@is designed to operateat a mains voltageof 230„ + 6%- 10% 
and a mains frequency of 45 - 65 Hz. 115„, is available as an option (conversion is only 
carried out by the manufacturer; it is not sufficient to simply switch the voltage selector 
shown in Fig. 1.2). 

Pt 100 
Rear connectlon 

Fan oulet for test unit IEEE488 RS232!485 Digital 
I I , lnputsIOu1puts 

a> 
C 

E 
f! 
i? 

Fig 1.2: Rear panel 

The adaption of the device's internal time base (for synchronizing the AID converter and 
other functional units) to mains frequencies other than 50 Hz is described in Chap. 4.3). 

Page 1 - 4 - 2 

Heat sink Type plate 

Mains 
selector switch 



Type 2304 

Installation 

Line Power fuse 

The two line power fuses each rated at 2 A (both with medium time-lag) are located behind 
the panel with the voltage inforrnation, inside the mains connection module (see Fig. 1.2). 
The fuses are changed by inserting a screwdriver into the notch underneath the upper edge 
of the mains socket, lifting the plate with the voltage information slightly, and pulling out the 
fuse-insert. 

ATTENTION: 

After a fuse has been changed, the fuse-insert must be pushed into the mains module in 
the correct manner (mark on housing facing arrow with the desired mains voltage). 

Connection of the inputs and outputs 

The GPlB cable is connected to the 24-pin socket (IEEE-488 standard) 
IEEE488 on the rear panei of the device (see Fig. 1.2 and Chap. 7.2.1). 

The RS2321485 interface cable is connected to the 25-pin subminiature 
RS2321485 D-socket on the rear panel of the device (see Fig. 1.2 and Chap. 7.2.2). 

The following inputsloutputs are accessible via the 37-pin subminiature 
D-socket on the rear panel of the device (see Fig. 1.2 and Chap. 7.2.2): 

Digital - 9 relays each with a changeover switch for the comparator or 

inputsl classify functions (see Chapters 3.2.4 and 3.2.5) 
1 STARTISTOPl input for connecting a foot switch 

~Lltputs (Pin 1 to DGNDIPin 20), 
1 STARTISTOP2 input via optocoupler 
(Pin 23 to GNDEXTlPin 5), 

- 1 status output„Measurement error" (optocoupler, „open 
collector", „active low"), 

- 1 Status output „Measurement in progress" (optocoupler, 
„Open collector", ,,active low"), 
1 printer enable input (optocoupler, „Open collector", 
„active low"). 
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Type 2304 

Device address for computer control 
The dev~ce address can be selected via a keyboard or an external ~nterface. The following 
chapters contain the relevant information: 

IEC bus control: Chap. 6.1.2.1), 
RS2321485: Chap. 6.1.3), 
Interfaces: Chap. 3.3.4). 

The address selected last is stored after the mains voltage is turned off; the factory 
presettings (see Chap. 7.4) are "9" (IEC bus) and 0 (group and device address in the 
case of RS 2321485). 

1 S1*type 2304-2004 assem bl y set 

Removing the upper and lower casings: 
- Loosen the fastening screws (4 each at the top and bottom), 

take off the casings, 
- remove the 8 clamping nuts which have been released. 

Removing the front panel: 
- Loosen the shaft screws (one each on the vertical side), 
- lift the front panel out of the notch by bending the horizontal sides. 

Removing the lateral grips: 
Loosen the fastening screws (3 on each side), 
take off the grips and lateral rails, 
remove the clamping nuts which have been released, 

Attaching the cover plates at the top and the bottom: 
Prepare the cover plates for assembly by sliding on the clamping nuts 
contained in the accompanying bag (smooth side of the clamping nuts facing 
outwards). 
stick on the HF contact strips (1 each at the top and the bottom) 
insert the tabs of the plates into the corresponding slots in the chassis tie-bar, 
tilt the cover plate toward the front panel and secure 
the plate and the panel by means of 3 M4 recessed screws in each case 
(accompanying bag). 

Attaching the 1 9  front angle: 
secure the front angle with 2 M5 recessed screws (accompanying bag) 
on the left and right hand sides of the front panel. 

In this manner, the device is converted to a 19" insert-module. 
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Maintenance 

General information 
In principle, the RESISTOMAT does not require any maintenance by the User. If any 
repaitwork becomes necessary, it must only be carried out by the manufacturer. The device 
complies with the relevant VDE (Associaton of German Engineers) specifications and 
postal interference suppression regulations. 

Customer service 
Enquiries The manufacturer strongly recommends accompanying technical 

enquires with the relevant serial numbers. Only then is it possible to 
determine the technical model (including the software version) and 
thus ensure a prompt solution. The serial number is shown on the the 
type plate at the bottom, right-hand Corner of the rear panel of the 
device. 

Shipping 
instructions 

If the RESISTOMAT@has to be sent infor repairwork, thefollowing must 
be observed as regards packaging and shipping: 
- If complaints arise, we recommend describing the fault in 

keywords and attaching the list to the housing of the device. 
Stating your name, department and complete telephone number 
(in case further enquiries arise) will also accelerate service. 

- For shipping via rail, fotwarding agencies or other transport 
companies, it is advisable to use the carefully stored original 
packaging or an equivalent. Damage occuring during transport as a 
result of inadequate packaging is not covered by the guarantee. 

Factory Burster precision measurement technology guarantees reliable 
operation and correct calibration data for a period of 12 months after 

guarantee delivery. 
Repairwork required within this period will be carried out free of charge. 

Damage caused through improper handling of the device or 
transgression of the specified limiting values are not covered by the 
guarantee. 

In addition, themanufacturerwill on noaccount accept any responsibility 
for consequential damage. 

Our delivery and payment terms are applicable. 
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Operation 

The measuring unit of the high-precision RESISTOMAT 2304 automatic measuring and 
testing device operates on the principle of an advanced 4-wire design shown in Fig. 1.3. The 
voltage drops when current is applied are measured not only across the test unit, but also 
across an internal reference resistor. Both voltage drops are used to calculate the quotient, 
which is multiplied by the characteristic value of the reference resistor in Order to determine 
theohmicvalueof the test unit. This procedureeliminates contactand transition resistances 
and is advantageous in that measurement errors are only dependent on the quality of the 
internal, highly stable reference resistors. Accordingly, the measuring device allows an 
extremely accurate determination of the test unit's resistance, irrespective of the parasitic 
resistances in the electrical circuit. 

Fig. 1.3: Block diagram of the 2304 

Page 1 - 6 -1 



A measured value results from the computatlonal combination of 2 * 4 single measurements 
from a measurement cycle and comparison with the internally stored reference value. In th~s 
context, a dist~nction 1s always made between BIPOLAR and UNIPOLAR measurements 
of ohmlc or inductive resistances (see Chap. 4.5, V.l). The resulting measurement cycles 
are lllustrated In the followlng Figures 1.4, 1.6 and 1.7: 

A l )  BIPOLAR measurement of ohmic resistances R (see Chap. 3.1.2, V.6) 

A meaW = Wait M = Measurements U = Switch over E = Settling 

The transient period E1 leading to the negative measurement current value and a 
subsequent waiting period (see Chap 3.1.2, V.5 variable, standard value=l), are followed 
by two parallel, single measurements of R, via amplifier channel V,and of Rre, via amplifier 
channel V,. After that, the amplifier channels V, and V, are switched over and the two 
measurements are repeated after a renewed waiting period with the amplifiers interchanged. 
Now the polarity of the measurement current is switched to the positive value, and the 
above-mentioned half-cycle is repeated accordingly. The allocation of the switching 
operations to the resistors and amplifier is clarified once again in Fig. 1.5. 

H 
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Imess = const. 

Fig. 1.5 : Measuring resistors and amplifier channels 

A.2) BIPOLAR measurements of inductive resistors Z 
(see Chap.3.1.2, V.6) 

Fig. 1.6: BIPOLAR measurement of inductive resistances 
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After the start key is operated, a test pulse about 30 ms long is sent to the test unit. If the 
test unit actually has a significant inductive content, the maximum transient and waiting 
periods (see Chap. 3.1.2, V.5) are prolonged and the measurement is started as shown in 
Fig. 1.4. 
In the MEASMODE = SINGLE (see Chap. 3.1.2., VI), this sequence is repeated after 
renewed operation of the start key (including the test pulse). 
In contrast, in the MEASMODE = REPETITION, the test pulse only occurs once. 
If MEASSEQ = BIPOLAR is selected, the connection of large inductances can lead to 
excessively long measurement cycles, due to the counter-voltage arising during switchover 
and polarity reversal; in certain cases, stable measurement values cannot be obtained at 
all. Then it is advisable to select MEASSEQ = UNIPOLAR. 

B.l)  UNIPOLAR measurement of ohmic resistances R. 

Reference measurement 

I I I I I  

W = Wait M = Measurement U = Switch over E = Settling 

Fig. 1.7: UNIPOLAR measurement of ohmic resistances 
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After the start key is operated, a reference measurement (half-cycle) is carried out (see Fig. 
1.7), the transient period E I  leading to the positive measurement current value is allowed 
to elapse, and the measurement sequence (from Fig. 1.4) for positive currents is started. 
In MEASMODE = SINGLE, the sequence is repeated after renewed operation of the start 
key (including reference measurement). 
In contrast, in the MEASMODE = REPETITION, the reference measurement is only carried 
out once. 

B2) BIPOLAR measurement of inductive resistances Z 

The measurement sequence corresponds to B.l and Figure 1.7. In order to save time, an 
inductive test unit is presupposed, i.e. no inductance test is carried out as in Fig. 1.6. 
However, the prolonged values in A2 apply for the transient and waiting periods. 
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Operation of the RESISTOMATB2304 

lntroduction 

C 

The RESISTOMAT@2304 is a precision electronic device for measuring resistances; it 
has been developed specially for applications involving industrial measurement and 
testing techniques. It is capable of high resolution up to 1 nfi, offers measuring currents 
of between 100 PA and 10 A, and can be controlled completely with a standardized 
programming language (SCPI) via a Computer. 

Due to the complexity of its functions, it is advisable to install the device in steps (Chap. 
I ) ,  Start it up (Chap. 2) and parameterize it (Chap. 3). Chapterc 4 (configuration), 5 
(calibration) and 6 (programming) should not be dealt with at the beginning, as useful 
preselections have been provided for these features in Chap. 7.4. 

In order to facilitate the treatment of Chapters 3 - 5 ,  it should be mentioned here that all 
menu descriptions have been arranged in the following, standard format: 

1) A c c e s s ,  
i.e. key designation for access to the menu, 

11) F u n c t i o n  
of the menu. 

111) R e s t r i c t i o n s ,  
tobe observed when using the menu, 

H Page 2-1-1 k" 



Type 2304 RESISTOMATB 

W) F u n c t i o n  k e y s ,  
within the menu and its sub-menus 

In the case of certain menus, this sequence does not always correspond with 
the "normal" control sequence. However, this disadvantage has been 
accepted in the interests of a standard representation. 

V) P a r a m e t e r s ,  
which can be displayed or changed within the menu, 

S p e c i a l  p o i n t s ,  
to be observed as regards the menu, 

E x i t ,  
i.e. key designations for leaving the menu. 
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The device is switched on by switching the mains switch up. 
The mains switch is located at the bottom, left-hand corner of the rear panel of the device, 
as shown in Fig. 1.2. 

Switehing on the device 

Display 

C 
0 .- 
C 
m - 
m 
C 
V> 
C - 

General information 
K l  K2 K3 K4 K5 K6 K7 

Field for measured value 

Fig. 2.1 : Display 

The display consists of an illuminated graphic liquid crystal display. 
It displays measured values, Status information, and operating instructions, 
Fig. 2.1, for example, shows the allocation for three main menus: 
,,Parameterize", „EvaluateZ' and „Special Function". 
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Header f ields 
K1 (< 6 characters + 1 number): 

SlNGLEor REP. measurement (seechap. 3.1.2, V. l )  andmeasurementcycle information 
(continuous numbers from 1 to 9, every number represents a measurement cycle as 
described in Chap, 1.6). 

K2 (5 5 characters): 

Error messages, e.g. I selected measurement current cannot be adjusted (the complete 
list can be found in the appendix following Chap. 7.3). An error message remains until 
a new error occurs or the original error has disappeared. 

K3 (5 9 characters): 

Temperature display if temperature compensation has been activated (see Chap. 3.2.2, V.l). 
An A before the temperature value represents automatic temperature measurement, 
and an M before the temperature value represents manual temperature measurement, 

K4 (1 character): 

Type of test unit (see Chap. 3.1.2, V.6), 
R means: purely ohmic test unit, 
Z means: inductive test unit with ohmic component. 

K5 f 1 character): 

Measurement mode (see Chap. 4.5), 

B means: BIPOLAR measurement, 
U means: UNIPOLAR measurement 

Only the bipolar measurement mode ensures that parasitic thermoelectric voltages in 
the measurement circuit are compensated during every measurement. 

K6 i< 6 characters): 

Currently selected measurement range (See Chap. 2.4.2.1), for example, the largest 
measurable value for the 20 k 0  measurement range is 19.999 Kn. 

K7 (5 6 characters): 

Currently selected measuring current (see Chap. 3.1.2, IV.3) + V.2), e.g.lOO PA. 
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Funetion keys 

Depending on the selected menu, these keys have different meanings 
which are redefinedviathe sofware in accordance with the selected menu. 

This key is reserved for jumps to other menus. At the highest level of the 
main menu („Parameterizen, „EvaluateV and „Special functions"), for 
example, it allows a changeover to the next menu at the Same level (in the 
sequence mentioned). Atthe lowest menu level, a return tothe intermediate 
level is always effected with F5. 

(U0 
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Field for the measured value 

The measured value can be indicated in this field as follows: 

A) as an ohmic resistance in Q, 

B) as a resistance per unit length in Wunit length, 

C) as the specific resistance of a conductor in 
R * unit of length, whereby the following applies: 

p = R . Sil = R . rn/ ( p, . I'), 

S is the cross-sectional are of the conductor, 

I the rneasured length of the test unit, 

m the rnass of the measured length of the test unit, 

p, the specific conductor material density in g/cm3. 

as a specific conductance in 1/(Q * unit length), 
whereby the following applies: 

y = l i r .  

as a perentage deviation from an entered specified 
value R. 

If the comparator or classify function has been activated 
(see Chap. 3.2.3) 
the following displays are possible: 

Use of the 3-class cornparator: 

=: Measured value in specified window, 

<: Measured value smaller than the lower limit LL, 

>: Measured value larger than the upper lirnit value UL. 



Type 2304 

If the bar display 
Fig. 3.23): 

>: Measured value larger than the highest limit LV8 (RanGE 8), 

Use of the 9-class classify function: 

<: Measured value smaller than the lowest limit LV1 (RanGE 0), 

LV1 < Measured value < LV8: 
Measured value within a 
range RGEl to RGE7. 

s 
0 .- 
C m - - 
m 
C 
U) 
C - 

also activated, the following additional information appears (also 

The bandwith containing measured values between the lower and upper limiting values is 
indicated graphically. 

0 C 
Q 0 
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The controls in Fig. 2.2 are arranged in the following function blocks: 

Display-oriented keypad 

This block has five funcllon keys 

F1 - F5, 

whose meanlngs are defined according to the selected menu, as well as the 
C 

Cursor controls 4 , A , t 
and b . 

Using the 
Cursor controls, A t , 4  , b 

m 

Parameters (lines) are selected and value lists are scrolled through 

In the case of external computer control (see Chap. 6): 

the F5 key 
has a special function: 

It allows a return to keyboard operation, which 
causes the F5 definition = LOCAL displayed during 
computer control to vanish. 

The 
ENTER key 

is meant for acknowledging entries. After this key is operated, the program 
returns to one of the three main menus (exceptions: scaling factor calibration 
described in Chap. 5.3 and the menu for individual, range-dependent 
selection of the measuring current described in Chap. 3.1.2, IV.3). 

f 
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r-i 
Permanently assigned function keys 

(e.g.): 
Sequence: 

Measurement range selection: i t  / 
AUTomatic range selection, i.e. the device automatically selects 
the smallest possible measurement range (automatically to 20 kn 
after power-up).When the automatic range selection is active (& 
possible when ohmic load R is selected, See Chap. 3.1.2, V.6), the 
LED (light emitting diode) integrated in the key lights up. 

MANual measurement range selection, i.e. the desired 
measurement range must be entered with the . RGE key. If this 
operating mode is active, the LED integrated in the key lights up. 

Start of the manual measurement range entry (,,RanGEU). This is 
only possible under the following conditions: 

The STOP LED is lit (no measurements are in Progress), 
and the MAN LED is lit (manual measurement range 
selection), and the LED does not light up, and 
one of the three main menus is shown on the display. 

The RGE LED stays lit until the entry with the unit key Q is complete. In this example, the 
expected measured value of 150 Q is entered; this is acknowledged by the System in that 
the appropriate measurement range of 200 n is selected. 

1 st Alternative: 
Use of the units key (see Chap. 2.4.4) 

i.e. entry of the expected order of magnitude of the measured value [pQ, mn, 0, kQ]; this 
is acknowledged by the System in that the largest possible corresponding measurement 
range is selected (200 Q in this example again): 

[pn] Key: 200 pn Range, 
[mn] Key: 200 m n  Range, 

[Q] Key: 200 Range, 
[kQ] Key: 20 k n  Range. 
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2nd Alternative: 
lncrementing or decrementing the measurement range with the 
Cursor keys 

i.e. selection of the measurement range indicated in the field for measured values with 
the help of the Cursor keys. 

The RGE LED remains lit until the entry is completed with the ENTER key. The entry 
has then been accepted. 

In principle, the following range limits are valid: 
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Range 

200 pn 
2 m n  

20 m n  
200 mir2 

2 n 
20 n 

200 n 
2 n 

20 k n  

Measured value 

< 200 pn 
< 2 m n  
< 20 m n  
< 200 m n  
< 2 n  
< 20 n 
< 200 n 
< 2 k n  
< 20 k n  



Measurement ranae selection 

Starting a measurement: 

A measurement can be started via the keyboad or an externally connected switch. 
During the measurement, no entries are possible apart from STOP and F5 LOCAL! 

1) Sequence when a keyboard is used:: 

and acknowledgement of a succesful measurement Start is 
indicated by the flashing of the LED integrated in the key. 
The START LED remains lit until the measurement is stopped. 

11) Sequence with external switch: 

Connection of a control cable (see Chap. 7.2.3.) and closing of the external 
switching contact (directly or via optocoupler). 
In the REPETITION measurement mode, this control contact is equipped 
internally with a bi-stable circuit function; as a result, the measurement is stoppec! 
when the contact is closed a second time, and started again the third time the 
contact is actuated. 
The time interval between two contact operations must be > 1 second. 

Stopping a measurement: 

Similar to 2.4.2.2.1, a measurement can be stopped via the keyboard or via an 
externally connected switch: 

1) Sequence when the keyboard is used: 

and acknowledgement of a successful measurement stop is 
indicated the flashing of the LED integrated in the key. 
The STOP LED remains lit until the measurement is started. 

In the SINGLE measurement mode, the device stops automatically 
after ameasurement sequence is completed (the START LED goes 
off, and the STOP LED Comes On). 

11) Sequence with an external switch: 

The sequence described in 2.4.2.2.1 ,I[) applies here, if the REPETITION 
measurement mode is selected. Otherwise the device stops automatically after 
a measurement sequence is completed. 

(U0 

Page 2 - 4 -5 
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Access to configuration and calibration menus 

Start of the entry of a 4-digit security code („SELect"), w~th the 
help of which varlous configurat~on and calibrat~on menus are 
accessible as described in Chapters 4 and 5 (not possible wh~le a 
measurement 1s In Progress, I e. the STOP LED must be lit). 

Sequence: 

The SEL LED remains lit until the entry of the last Number N4 is 
complete. 

The selected configuration or calibration menu only appears after 
the correct code has been entered. 

Any attempt to enter a security code (successfui or unsuccessiul) 
effects an entry (with date and time) in the access monitor (see 
Chap. 3.3.2). 
A current entry up to N3 can be aborted with the clear key C. 

Numerical keyboard: 

This section contains the nine nurnerical keys 0 ... 9, the decirnal 
point and the clear key C ,  with the help of which entries which 
have been started can be cleared. 
This clear function also resets the 

SEL und . RGE 
functions. 

Units key: 

The uC2 ... kQ keys are meant for completing range entries which 
have been started with the . RGE key, and for completing all other 
entries with the C2 unit (e.g. comparator lirniting values, reference 
variables etc.) without use of the . RGE -key. 

Page 2 - 4 -6 
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.- 
C 

2 1 - 
m 
C 

Test unit connections: 

Test units are connected in 4-wire resp. Kelvin configuration; the 
two outer terminals on the front panel shown in Fig. 2.2 

comprise the current path, while the inner terminals next to the 
resistance symbol comprise the voltage circuit. 

The warning LED markeci with indicates whether an 
inductive test unit has been recognized if load type Z has been 
selected (see Chap. 2.3.1, K4 and Chap. 3.1.2 . 
As lang as this LED stays lit, the test unit may not be removed. 
for reasons of safety (build-up of inductive Counter e.m.l's). This 
also applies when the STOP LED lights up at the Same time. 

As shown in Fig. 1.2, it is also possible to connect the test unit to 
a connector on the rear panel of the device. 
The pin assignment can be found in Chap. 7.2.4. 

As long as the &J -LED stays on, no entries are possible, 
except for STOP and FS-LOCAL. 
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0 / 
IMeasurement of inductive test-units tu 

C 

- 

(e.g. motors, transformers, cable drums) 

Notes 
When inductive test units are measured, energy accumulates inside them. In case of any 
interruption, no matter how brief, this energy is discharged in an uncontrolled manner. 
This could result in severe injuries to Operators and damage to the measuring device. 
Consequently, only controlleddischargesvia the internal circuit are permissible. For this, 
press the STOP key and wait for the red warning lamp above the measurement terminals 
on the front panel to go off. 

Recommended device setting: 

- UNIPOLAR measuring sequence See Page 4-5-1 
- LOW or MEDIUM resolution 3-1-12 
- LARGE measurement current 3-1 -6 
- Average value 1 3-1 -6 
- Time base 9 3-1 -6 
- Measurement pause 1 3-1 -6 
- Load Z 3-1 -6 

Note that the device does not recognize inductive test units itself, but that the "Z" 
operating mode must be selected by the user. 
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Bipolar as well as single measurements are possible for test units with a small 
inductive component (known to include transformers and motors rated up to approx. 

m 
2 kVA). 

The moment the measurement values are no longer reproducible, i.e. exhibit distinct 
steps, a switchover must be made to unipolar and continuous measurement. 

The measurement current must be as large as possible, due to the constant 
presence of ambient interferences and thermal e.m.f's in the measuring circuit. 

To obtain stable measuremetit values nevertheless, the time base of the AID 
converter must be set to 9, and the average-value formation must be increased to 
the required value (1 - approx. 10). 

The measurement pause should always remain Set to 1. 
lncreases in the case of small inductive test units and bipolar measurement are only . . .- 

L feasible in extreme ranges and the presence of severel; fluctuating thermal e.m.f's. 1 1 The set value combined with the transient time has a multiplicative effect on the total 
measurement time. For this reason, particular caution must be exerceised here. 

In the case of extremely long discharge times, the measurement is interrupted. If this 
occurs, acareful increase in the measurement pausecan still allowthe measurrement 
to be continued. 

For test units with an inductive response, the ,,Loada must always be set to „Z". 

The measuring circuit must be checked before a measurement is started; in 
particular, it must be ensured that the contacts are mechanically and electrically 
secure. 

By selecting the appropriate measurement leads and connecting them properly to 
the test unit, ensure that the current flow cannot be interrupted under any 
circumstances until the test unit is completely discharged. 
To discharge the test unit: 

Press the STOP key and wait for the red 
warning lamp above the measurement 
terminals on the front panel to go off. It is only 
afterwards that the measurement circuit can 
be interrupted without any danger to the 
Operator or the device. 

To check the extent to which a measurement can be reproduced, wait sufficiently 
long after the warning lamp has extinguished before repeating the measurement. 
This is because the test unit still carries low residual induced voltages which are not 
yet discharged entirely when the warning lamp goes off, and which would thus affect 
results if a new measurement were commenced immediately. 

Page 2 - 5 -2 
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Operation of the RESISTOMATa2304 

General inforrnation 

The main menu shown in Fig. 3.1 allows access to setting menus with the help of which 
measurement Parameters, boundary conditions, measurement units and their reference 
variables can be specified. Figure 3.2 shows the underlying, three-level menu hierarchy as 
well as the function keys and paths viawhich transitions between the individual menus can 

L 
0  .- 
C 
([I - - 
m 

2 1 
I 

I 

Parameterizing (main menu 1) 
- 

SELECT 1 SELECT 2 Mode ENTRY T 1 
F1 F2 F3 F4 F5 

VI 

0. 

s 
0 .- 
C 

(U L 
Q 
0 

be made. 

K 1 K2 K3 KA K5 K6 K7 I 
s 

Fig. 3.1 : Parameterizing (main menu 1) 

I 

Field for measured value display 

(U0 
Page 3 - 1 -3 
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C 
0 .- 
C m - - 
m 
C 
V) 
C - 

111) R e s t r i c t i o n s ,  
F4 in IV.4 is dispensed with if the measurement unit C2 

has been selected. 

1) A c c e s s ,  
Via cold start (mains switch on) or via 
F5 = CONTINUE into special functions (main menu 3). 

C 
0 .- 
C. 

L 
CLI 

Iv) F u n c t i o n  k e y s :  

11) F u n c t i o n  
Measured value or comparator display and selection 

IV.l) Setting the measurement parameterizing menu 
(SELECT menu 1) 

of various parameterizing menus. 

Page 3 - 1 -4 

SELECT 2 B 

ENTRY : H 

Setting the boundary conditions 
(SELECT menu 2) 

Selecting the measurement units 
(DISPlay MODE) 

Selecting the ENTRY of the reference variables 
for the measurement unit selected via F 3 
(film, Wkm, A %) or 
the indicated variable r = specific resistance, 
the indicated variable g = specific conductance. 
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V) P a r a m e t e r s  
Header fields as described in Chap. 2.3.2 

C 
0 .- 
C 
CE) - - 
CE) 
C 
V) 
5 - 

VI) 

VII) 

S p e c i a l  c o m m e n t s  
None. 

E x i t  
Via F 5 / = CONTinue into Evaluation (main menu) 
or 
via I SEL I N I  I N2 I N3 1 N4 I into the configuration menus. 
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Flg. 3.3: Measurement parameters 

1) A c c e s s :  
Via F1 = SELECT 1 w~thln "parameterize" (main menu 1) 

s 
0 .- 
C m - - 
m 
C 
V) 
C - 

Measurement parameters (SELECT 1) 

MEASUREMENT MODE: REPETITION 

MEASURING CURRENT: LARGE 

AVERAGE VALUE: 1 

TIME BASE( 50 HZ): 5 

MEAS. PAUSE: 1 

O S  
au0 

Page 3 - 1 

LOAD: R 

Li) 
s .- 
E 
E 
2 
Li) 

L 
n 

F u n c t i o n :  
Setting. 

INDIV. 

IV) 

IV. 1) 

R e s t r i c t i o n s :  
The setting of individual measuring currents via F5 = lNDlV is only 
possible if the INDlVoption in line 2 in the measuring currentvalue list has 
also been selected. 

F u n c t i o n  k e y s :  

(Cursor) keys for selecting the parameter to be Set, 
i.e. the line containing the parameter. The selected 
parameter is indicated in the display field in inverse 
form. 



IV.2) Cursor keys for scrolling through the value list 
provided for the selected parameter. The next 
parameter appears when the b key is pressed, 
and the previous parameter appears when the 4 

key is presssed. 

INDIV. H 

Acknowledgement of the current parameter setting 
and return to the next higher menu level. 

Selection of the menu for INDIVidual, range- 
dependent setting of the measurement current 
(lOOpA ... lOA), provided the lNDiV option in line 2 
of the measurementcurrentvalue list has also been 
selected. 

After this function key is operated, the table shown in Fig. 3.4 appears. 
(Variations in the current are possible depending on the previous setting). 

Fig. 3.4: Table of measurement currents which can be set individually 

Page3-1  - 7  

200 pn 10 A 

2 mQ 10 A 

20 m n  1 A 

200 m n  100 m~ 

2 n 10 m~ 

20 n 1 m~ 

200 n 1 m~ 

2 k!2 1 mA 

20 k n  100 PA 

RETURN 



Every line represents one of the measurement ranges between 200 p n  and 
20 kQ, and is selected by means of the A - T keys. 
A maximum of four measuring currents are assigned to each measurement 
range, as shown in Fig. 3.5. 

Measurement range Selectable measuring currents 

200 ~n 10 A 
2 mC2 10A, 1 A  

20 m n  ~ O A ,  I A ,  I O O ~ A  
200 m n  IA ,  I O O ~ A ,  I O ~ A  

2 n I A ,  IOOmA, IOmA, 1mA 
20 n IOO~A, I O ~ A ,  I ~ A ,  I O O ~ A  

200 C2 IOmA, 1 mA, 100pA 
2 k n  1 mA, 100 pA 

20 kQ 100 pA 

Fig. 3.5: Value list of the measuring currents which can be selected for 
each rneasurement range 

The value lists are scrolled through with the 4 - - keys. 
The acknowledgement of the displayed value and, thus, the return to the 
"parameterize" menu is effected via the F5 RETURN key. 

V )  P a r a m e t e r s  

SINGLE: When the START key is pressed, only one measured value is 
computed and displayed (= 1 measurement cycle); after that, 
the device automatically returns to the . STOP state. 

0 .- 
C 

0 - 
8 

REP.: When the START key is pressed, measured values are 
computed and displayed until the measurement is aborted by 
pressing the STOP key, or a measurement or contact error 
occurs during operation with a preselected load type Z 
(resistance with inductive component). 

V.?) MEASUREMENT MODE: 

The following value lists are provided: 

REFO.: You can only choice it, if you have adjust measurement 
"CONSTANT" (see Page 4-5-2). On mesure Start the device 
make first a zero-reference measurement. 

Page 3 - 1 -8 



V.l) MEASURING CURRENT: 

The following value lists are provided; they can be scrolled through 
with the -4 - b - keys: 

SM ALL, 1 4  
MEDIUM, 

LARGE, 

INDIV. 

Depending on the range selected, the first three settings correspond to 
the current values shown in Fig. 3.6: 

Range SMALL MEDIUM LARGE 1 

Only the last Option, INDIV, allows the individual, range-dependent 
selection of the measurement current (see Chap. 3.1.2, IV.3). 

20 kr;2 

V.3) AVERAGE VALUE: 

Entries for this menu lineare made with the numerical keyboard (see 
Chap. 2.4.3). For this, the value range 

1 input value < 255 

is available, whereby the input value specifies the number of selected 
measurement cycles by means of which an average value is formed 
and indicated. 

a 0 
Page 3 - 1 -9 

100 pA 100 pA 100 pA C 
0 

Fig. 3.6: Measurement currents for the SMALL, MEDIUM and LARGE 
categories. 

.- 
C 

2 
0 - 
0 
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C 'I  m i V.4) - TIME BASE: - 
m Inputs for this menu lineare made with the numerical keyboard (see 

Chap. 2.4.3). For this, the value range: 

H 1 < input value < 9 

is available, whereby the input value specifies the multiple of the mains 
frequency period (50 Hz: 20 ms, 60 Hz: 16.7 ms) over which the single 
measured values are integrated within a cycle. 
The adaption to the line frequency can be altered within the scope of 
the configuration menu 4.3. 

V.5) MEASUREMENT PAUSE: 

Entries for this menu line, which is significant for inductive test units, 
are made with the numerical keyboard (see Chap. 2.4.3). For this, the 
value range 

1 2 Input value 5 255 

is available, whereby the input value specifies the waiting periods 
between two different measuring currents or amplifier channels within 
a measurement cycle. This waiting period constitutes a multiple of the 
mains frequency period (50 Hz: 20 ms, 60 Hz: 16.7 ms) and is 
sometimes needed for inductive test units in order to adapt transient 

U periods and charging periods for the test unit. Details concerning this 
can be found in Chap. 1.6. 

R and Z 

are available; they can be scrolled through with the 4 - P keys. 
R implies a purely ohmic test load, while Z represents an inductive or 
ohmic load. 

i When Z is selected, an inductance test is carried out before each 
measurement. For this reason, the measurement time is always longer 
than on the R selection, where this test is omitted. 

% 5 Before measurements on transformers and motors are carried out, all 
.g s 
08. E= 
U>< 

windings must be fully discharged and Open. Otherwise the error 
message ERR 0 could occur. (see Chap. 7.3). 
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V!) S p e c i a l  c o m m e n t s :  -. 
Assuming that sufficiently stable measured results are to be obtained 
within the shortest possible measuring time, the table in Fig. 3.7 contains 
guidelines on how to select the correct measuring parameters 
(MEASUREMENT PAUSE as described in Chap. 3.1.2, V.5 is normally = 1): 

Fig. 3.7: Correct selection of parameters 

(berating 
mode 

Criterion 

Stahle measurement of 
ohrnic rcsistaiiccs (R) 

Preventing ohmic test 
uniis (R) froin 
he;itiirg up 

lnterfercncc in 
mensurement sct-up 
expected (R or E) 

alo 
Page 3 - 1 -1 1 

BIPOLAR as possibie as s~nail as Iarge 
as possihle as neccssary Arbitrary 

Lar:e or strongly > I  < 255 
vaiying themai  
e.m.f's (R or Z) If BIPOLAR As LARGE Ist. Prior.: 2nd. Prior.: 

not possible, as possible as large in case 
UNIPOLAR as necassary TIME BASE = 

for stable max. incrcase Arbiti'aiy 
display AVERAGE 

VALUE 

Large 2: Ac Large TIME BASE = As large 
UNIPOLAR; as possible 5 - 9 as necessary Beginiiing at 20 kC2, 

Stable measurement S~nsl l  Z: MEAS. "approach from 
of resistances with BIPOLAR; PAUSE = I .- 

above! 
arge inductive Medium Z: RESOLUTION 
cornponent (Z) Possibly In case of osciilations or undesived ti'ansient phases, (Chap. 3.1.3 V.5) = 

BIPOLAR with adapt release Limits as described in Chap. 4.6 ! LOW C! 
I 

0) 
MEAS. PAUSE L 
> L 

MEASUREMENT 
SEQUENCE 
Chap. 4.5 V.])  

BIPOLAR 

BIPOLAR or 
UN1POI.AR 

RIPOI.AR or 
(JNIPO1,AR 

MEASURING 
C'URRLNT 
Chap.3.1.2V.2) 

MEDIUM or 
L4R<;E 

Mr:.DIuM SMALL; if or 
[,ARGE i s  
requined, ohserve 
measnremcnl- 
range 
instroctions! 

.-U 

As LARGE 
as possihle 

Preferably As LARGE 

TIME 
BASE 
Chap. 3.1.2V.4) 

Ist. Prior.: 2nd. Prior.: 
C 

AVERAGE 
VALUE 
Chap.3.1.2V.3) 

MEASURING 
RANGE 
Chap.2.4.2.1) 

' C : 0 .,.-. 1 *...- -. .,.C .tii 
. ;:@ 

#f ~ 

.Ir' 
, Xy 
.X@ 

.- 8 
C. 

2 -J 

0) 
G 

Arhitrary 

Exainine load 
capacity of test 
uni!. 

In case of unstable 
display andior amp. 
overload, seleci nexl 
highcst range. 

Basic scttings as in Chzip. 7.4 

Arhitrary 

Ist. Prior.: 
as !arge 
as possihle, 
< 9 

2nd. Prior.: I 

as lnrgc 
as necessary. 
S 255 

-- 
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DATE: dd. mm. yy 

TIME: hh. mm. ss 

CONTRAST: 54 

BUZZER: OFF 

RESOLUTION: MEDIUM 

s 
0 .- 
.C 

$ 
0 

Fig. 3.8: Boundary conditions 

B o U n d a r y C o n d i t i o n s (select menu 2) 

A c c e s s :  
Via F2 = SELECT 2 within "parameterize" (main menu 1). 

IV.1) 

0 C alo 
Page 3 - 1 -12 

C 
o .- 
C 

L! 
0 - 
8 

R e s t r i c t i o n s :  
None. 

11) F u n c t i o n :  
Display and setting of various boundary conditions relating mainly to the 
operating interface. 

F u n c t i o n  k e y s :  

Cursor keys for selecting the parameter to be Set, 
i.e. the line containing the parameter. The selected 
parameter is indicated in inverse form. 



Cursor keys for scrolling through the value list 
provided for the selected Parameter. When the 
b key is pressed, the next value appears; when 

the 4 key is pressed, the last value appears. 

V) P a r a m e t e r s :  

V.l) DATE: 

This line acommodates the current date to be indicated ("READ ONLY" 
mode), which can also be changed in the configuration menu 

(See Chap. 4.4.). 

Acknowledgement of the current Parameter Setting 

V.2) TIME: 

C 
0 .- " 

This line accommodates the current time to be indicated („READ ONLY- 
mode), which can also be reset in the configuration menu (See Chap. 4.4). 

and return to the next higher menu level. ; 

V.3) CONTRAST: 

Entries for this menu line are made by means of the numerical keyboard 
(See Chap. 2.4.3). For this, the value range 

1 5 input value 2 100 

is available, whereby the input value 1 constitutes the smallest, and the 
value 100 the largest contrast Setting for the liquid crystal display. The 
value 54 is ideal at room temperature (20°C). 
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V.4) BUZZER: 

The list values 

ON and OFF 

are avaliable; they can be scrolled through with the -4 -F - keys. 

ON means that the BUZZER is active. This indicates the discharge 
of an inductive test unit (together with the warning LED described 

in Chap. 2.4.5) 

OFF means that the BUZZER 1s inactive. 

V.5) RESOLUTION: 

The follow~ng list values are aval~able; they can be scrolled through 
with the -4 - F -keys: 

HIGH = display of 5 112 digit positions, 
MEDIUM = display of 4 112 digit positions, 
LOW = display of 3 112 digit positions, 

The larger the selected resolution, the longer the measurement period. 
On the LARGE setting, which is normally only meant for basic 
investigations, the AVERAGE VALUE (V.3 from Chap. 3.1.2) and 
MEASUREMENT TlME (V.4 from Chap. 3.1.2) Parameters are 
automatically Set to > 5. Lower settings are not possible then. 

m 

vl) S p e c i a l  c o m m e n t s :  

With this device, even a resolution of 1 n n  can be achieved if the 
following settings are chosen: 

MEASUREMENT RANGE = 200 ~ n ,  
RESOLUTION - - HIGH, 
AVERAGE VALUE 2 40 
MEASUREMENT TIME = 9 1 Measurement 

time 2 35 s 
with load "RN 
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Vil) E x i t :  
Via the function key ENTER into the "parameterize" menu (main menu 1) 

M e a s u r e m e n t  units(disp1aymode) 

n , = R . S I I  

c?/ m p2 = R . m I ( pm , 12) 

C?/ km y, = I /  (R .S )  

n i i o f t  - y2 - p m . I 2 / ( R . m )  

C2 1 kft 3. % 

Fig. 3.9: Measurement units ("Sv implies cross-sectional area 
in accordance with DIN 1304) 

1) A c c e s s :  
via F3 = MODE within "parameterize" (main menu 1) 

11) F u n c t i o n :  
Setting of the measurement unit to be indicated for the resistance 

measurement 

111) R e s t r i c t i o n s :  
The measurement of cooling curves (see Chap. 3.3.3) is only possible 

with the 51 unit! 

[V) F u n c t i o n  k e y s :  

Cursor keys for selecting the parameter to be set, 

i.e. the line containing the parameter. The selected 

parameter is indicated on thedisplay field in inverse 

form. 
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Cursor keys for column selection. Pressing 

the b key effects a shift to the right, while 
pressing thed key effects a shift to the left. 

IV.2) Acknowledgement of the current Parameter 

setting and return to the next higher menu level. 

'J) P a r a m e t e r s :  

V.1) Cl : 

If this line is selected by means of the cursor keys, ali measured 
values are indicated in R. All evaluating and special functions 
described in Chap. 3.2 and 3.3 also relate to this measurement unit. 

v.2) n i m :  
If this line is selected by means of the cursor keys, all measured 
values are indicated in Qlm. All evaluating and special functions 

i 
described in Chap. 3.2 and 3.3 also relate to this measurement unit. 

V.3) n l  km: 
If this line is selected with the cursor keys, all measured values are 
indicated in nlkm. All evaluating and special functions described in 
Chap.3.2 and 3.3 also relate to thic measurement unit. 

R I  10 ft: 
If this line 1s selected by means of the cursor keys, ail measured 
values are indicated in QIlO ft. All evaluating and special functions 
described in Chap. 3.2 and 3.3 also relate to this measurement unit. 

0) 
0 

v.5) n I kft: 
If this line is selected by means of the cursor keys, all measured 
values are indicated in Qlkft. All evaluating and special functions 
described in Chap. 3.2 and 3 3 also relate to this measurement unit 

a o  
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V.6) p , = R . S / I :  
If this line is selected with the cursor keys, the device indicates the specific 
resistance r in C;! :i: unit of length, based on the conductorcross-section S and 
the conductor length I. All evaluating and special functions described in 
Chap. 3.2 and 3.3 also relate to this measurement unit. 

V.7) p2 = R . m / (p,, - I'): 
If this line is selected with the cursor keys, the device indicates the specific 
resistance p in Cl :i: unit of length, based on the mass m, density pm and 
conductor length I. All evaluating and special functions described in Chap. 
3.2 and 3.3. also relate to this measurement unit. 

V.8) Y, = I /  (R. S): 
If this line is selected with the cursor keys, the device indicates the specific 
conductance g in I/(R :I: unit of length), based on the conductor cross-section 
S and the conductor length I .  All evaluating and special functions described 
in Chap. 3.2 and 3.3. also relate to this measurement unit. 

V.9) y2 = p m .  I' / (R.m): 
If this line is selected with the cursor keys, the device indicates the specific 
conductance g in I /  (Cl :i: unit of length), based on the mass m, density pm 
and conductor length I, All evaluating and special functions described in 
Chap. 3.2 and 3.3 also relate to this measurement unit. 

V.10) A %: 
If this line is selected by means of the cursor keys, the device shows 
h R as a precentage deviation from the entered specified value R. 
Evaluating and special functions relate to Cl. 

V!) S p e c i a l  c o m m e n t s :  

The reference variables required for the measurement units V.2) to V.lO) are 
entered in the reference variable menu shown in Chap. 3.1.5. This menu is 
only inaccessible when the measurement unit Cl has been selected. The 
mass m in the case of p, and y, must be based on the measured length! 

VII) E x i t :  

Via the function key ENTER into "parameterize" (rnain menu 1). 
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R e f e r e n c e  v a r i a b l e s ( E N T R Y )  

Reference variable for Q/m and Q/km 

LENGTH: I m 

m km 

Fig. 3.10: Reference variable for SLIunit of length 

A c c e s s :  
via F4 = ENTRY within „parameterizeG (main menu 1 j, provided f i lm or nlkm 
has been selected in the measurement unit menu (see Chap. 3.1.4) 

F u n c t i o n :  
Input of the reference variable m oder km. 

111) R e s t r i c t i o n s :  
None. 

[V) F u n c t i o n  k e y s :  

Acknowledgement of the current parameter setting 
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Unit key for completing a numerical entry of length in m 
as the reference variable. 

IV.3) Unit key for completing a numerical entry of length in 
km as the reference variable. 

V) P a r a m e t e r s :  

V 1) LENGTH. 

Entries for this menu line are made w~th the numerical keyboard 
(see Chap 2.4.3) including the decimal point key For this, the value range 

V[) S p e c i a l  c o m m e n t s :  

None 

VII) E x i t :  

Via the function keys F1 or F2 into „parameterize" (main menu 1). 

0.001 m 2 Input value < 999.999 km 

is available. 

C 
0 .- 
1.. 

L 
51 .- - 
0 
- 

m 

E 
L 
0) 

L 
CL 

- 
' X 
Oe 
ES 

$2 
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r l  

Fig. 3.10: Reference variable ior Qlunit o i  iength 

1) A c c e s s :  
via F4 = ENTRY within „parameterizeU (main menu I ) ,  provided n110 ft 

or Wkft has been selected in the measurement unit menu (See Chap. 3.1.4) 

LENGTH: 100 ft 

ft 

1 1 1 )  R e s t r i c t i o n s :  j None. 

[V) F u n c t i o n  k e y s :  

U7 

IV.1) 
P Acknowiedgement of the current Parameter Setting 

k ft 

C 
0 .- 
W 

L 
0 - 

and return to the next higher menu level. 

11) F u n c t i o n :  

Input of the reference variable ft oder kft. 

s 0" 
sfn 
O S  
00 
I- '= - Page 3 - 1 -20 
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Unit key for completing a numerical entry of length in m 
as the reference variable. 

Unit key for completing a numerical entry of length in 

km as the reference variable. 

V) P a r a r n e t e ~  
C 

V 1) LENGTH: 

Entries for this menu Iine are made with the numerical keyboard 
(see Chap 2.4.3) including the decimal point key. For this, the value range 

0.001 ft 5 input value 2 999.999 kft 

is available. 

V!) S p e c i a l  c o m m e n t s :  

None. 

VII) U: 

Via the function keys F1 or F2 into „parameterizem (main menu 1). 
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C 
o Reference variable for A Oi0 

m 

SPEC. VALUE 100.00 C2 

a Fig. 3.1 1 : Reference variable for ? O/O 

lil) 

'Jl) 

VII) 

Page 3 

A c c e s s :  

Via F4 = ENTRY within „parameterizeU (main menu 1 ), provided that D % has 

been selected in the measurement unil menu (See Chap. 3.1.4) 

F u n c t i o n  

Input of the reference resistance resp. specified resistance R 

R e s t r i c t i o n s '  

Only Cl 1s permissible as a measurement unit for the D % reference variable' 

F u n c t i o n  k e y s :  

Acknowledgement of the current parameter Setting 
and return to the next higher menu level. 

R 

Unit key for completing a numerical entry of resistance 
in 1151 ... kZ2. 

P a r a m e t e r s :  

SPEClFlED VALUE: 
Entries for this menu line are made with the help of the numerical 
keyboard (See Chap.2.4.3) including the decimal point. 

S p e c i a l  c o m m e n t s :  
None 

E x i t :  
Via the function key ENTER into ,,parameterizeu (main menu 1). 
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111) R e s t r i c t i o n s :  

None. 

Reference variable for p, and y, 

L E N G T H :  1 m 

C R O S S - S E C T I O N :  1 mm2 

Iv) F u n c t i o n  k e y s :  

m 

Cursor keysfor selectingtheparameterto beset, i.e. the 
line containing the parameter. The selected parameter 
is dispiayed in inverse form. 

mm2 

Acknowledgement of the current parameter Setting and 
return to the next higher menu level. 

Fig.3.12: Reference variable for p, and y, 

A c c e s s :  

Via F4 = ENTRY within „parameterizen (main menu I ) ,  provided p, or y, has 

been selected in the measurement unit menu (see Chap. 3.1.4). 

F u n c t i o n :  

Input of the reference length and the reference cross-section. 
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7- 7 

Unit key for completing a numerical entry of 
length in m as the reference variable. 

Unit key for completing a numerical entry of cross- 

sectional area in mmz as the reference variable. 

V) P a r a m e t e r s :  

V. l )  LENGTH: 

Entries for this menu line are made with the numerical keyboard (see 
Chap. 2.4.3) including the decimal point key. For this, the value range 

0.01 m input value < 99.999 m 
is available. 

V.2) CROSS-SECTION: 

Entries for this menu line are made with the numerical keyboard (see 
Chap. 2.4.3) including the decimal point key. For this, the value range 

0.00001 mm2 c input value < 9999 mm2 
is available. 

Vl.) S p e c i a l  c o m m e n t s :  

None. 

Vil) E x i t :  

Via the function key ENTER into „parameterizeU (main menu 1). 
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0 

Reference variable for p, and Y, 
- 

M A S S  1 !3 

L E N G T H  1 mm 

I I I I I I 

Fig.3.12: Reference variables for p, and Y, 

D E N S I T Y :  8.9 glcm 

MEAS.-LENGTH: 0.8 m 

I 

1) A c c e s s :  
via F4 = ENTRY within „parameterizeu (main menu 1 j, provided that E>, or :/, 

has been selected in the measurement unit menu (see Chap. 3.1.4). 

o C .- 
C 

L 

b I 

F u n c t i o n :  

Input of the reference mass, length and density 

R e s t r i c t i o n s :  

None. 

[V) F u n c t i o n  k e y s  

i v  1) 
line containing the parameter The selected Parameter 
Cursor keysfor selectingtheparameterto be set, 1.e the 

1s displayed in inverse form. 

Unit key for completing a numerical entry of length in m 
as the reference variable 

( U 0  
Page 3 - 1 -25 

Acknowledgement of the current parameter setting and 
return to the next h~gher menu level. 

0) 
C .- 
E 
E 
L 
0) 

!! 
n 
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Vi.) 

VII.) 

Unit key for completing a numerical entry of mass in g 
as the reference variable. 

Unit key for completing a numerical entry of cross- 
sectional area in mm2 as the reference variable 

Unit key for completing a numerical entry of density 
in g/cm3 as the reference variable. 

P a r a m e t e r s :  

MASS: 

Entriesfor this menu line are made with the numerical keyboard (see Chap. 
including the decimal point key. For this, the value range 

0.00001 g c input value 5 99.9999 kg 
is available. 

LENGTH: 
Entries for this menu lineare made with the numerical keyboard (see Chap. 
including the decimal point key. For this, the value range 

0.01 m input value c 99.999 m 
is available. 

DENSITY: 
Entries for this menu lineare rnade with the numerical keyboard (see Chap. 
including the decimal point key. For this, the value range 

0.01 g/cm3 input value 2 99 g/cm3 
is available. 

S p e c i a l  c o m m e n t s :  

Entries of mass must be related to the measured length! 

E x i t :  
Via the function key ENTER into „parameterizeu (main menu I ) ,  
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Operation of the RESISTOMATa2304 

Evaluation (main menu 2) 

General information 

Main menu 2 shown in Fig. 3.14 allows access to parameterizing and evaluating menus 
related to temperature compensation and the comparator functions. Fig. 3.15 shows the 
underlying, three-level menu hierarchy and the function keys resp. paths via which 
transitions between the individual menus can be made. 

Field for measured value 

Fig. 3.14: Evaluation (main menu 2) 

Page 3 - 2 -1 
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F u n c t i o n :  
Measured-value or comparator display, selection of the menu for 
temperature compensation, comparator parameterizing, and two 
comparator evaluation functions. 

R e s t r i c t i o n s :  

---------- 

I 
I 

P-'. Continue (Special functions) I 

%-Classification 
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F u n c t i o n  k e y s :  

Selection of the menu for pararneterizing the 
Temperature Compensation resp. for indicating 
the temperature of the test unit. 

COMP 

F 2 

STATCOM 

F 3 

STATCLA 

F 4 

Selection of the menu for parameterizing the 

COMParator functions (including the bar display). 

Selection of the CLAssification evaluation 
STATistics (9 classes and surnmation). 

s 
0 .- 
C : 
B 
0 

P a r a m e t e r s :  

Header fields (see Chap. 2.3.2) 

S p e c i a l  c o m m e n t s :  

None. 

E x i t :  cn 

via F 5 1 = CONTinue within special functions (main menu 3) 
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T e m p e r a t u r  c o m p e n s a t i o n  (TC) 

Fig.3 16: Temperature compensation 

1) A c c e s s :  
vla F1 = TC within "evaluation" (main menu 2) 

11) F u n c t i o n ,  
Settlng of various parameters whlch specifly the type of temperature 
compensation 

111) R e s t r i c t l o n s :  
None. 

F u n c t i o n  k e y s :  

IV 1) Cursor keys for selecting the Parameter to be Set, 
1.e. the line containing the parameter. The 

selected parameter 1s shown In the display 
field in Inverse form. 

P a g e 3 - 2 - 4  

TEMP.COMP: OFF 

MEASUREMENT: MAN 

TEMPERATURE: + 20 "C 

TEMP.COEFF.: 3980 ppmlk 

COEFF + I  - 
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Coeff. E3 

Cursor keys for scrolling through the value list 
provided for the selected parameter. When the 
b key is pressed, the next value appears; when 
the 4 key is pressed, the last value appears. 

Acknowledgement of the current parameter setting 
and return to the next higher menu level. 

Selection of the table with 10 temperature 
COEFFicients which can be preset. 
When the function key is operated, the table 
shown in Fig, 3.4 appears. 

Fig. 3.17: 

---I 
s 
0 .- 
C 

L 
0 - 
0 
- 
P, 
s 
'E 
E 
L 
0) 

L 
Table with 10 temperature coefficients which can be preset. P 

a o  
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Every line represents one of the 10 temperature coefficient presettings, is 
selected with the A - V - keys. This line is then indicated in inverse form. 
Renewed entry of a selected temperature coefficient can be made via 
the numerical keyboard (see Chap. 2.4.3). For this, the value range 

0 input value c + 9999 
is available. 
The acknowledgement of the display value and the consequent return to 
the "temperature compensation" menu is effected via the F5 RETURN 
key. 

Sign entry for the temperature of the test unit in the 
case of manual temperature compensation. 
(line 3, parameter V.3). 

P a r a m e t e r s :  

TEMP.COMP ( = Onloff switch for temperature compensation) 

The list values 
OFF and ON 

are available. They can be scrolled through with the 4 - b - keys. 
OFF means that the TEMPerature COMPensation is inactive; 
ON means that it is active. 

When the TEMPerature COMPensation is active, 
the test unit's resistance R20 at 20 "C is displayed. This value is 
calculated from the test unit's resistance RTat measurement temperature 
V 3, taking into account the linear temperature coefficient V 4. 

MEASUREMENT ( = manual or automatic temperature measurement) 
The list values 

MAN and AUT 

are available; they can be scrolled through with the 4 - b - keys. 

MAN means manual temperature measurement, in which case the test 
unit's temperature is entered in line 3, parameter V 3. 

AUT means automatic temperature measurement, in which case the 
test unit's temperature is measured via an externally connected Pt1 00 
unit. 
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Entries for this menu lineare only possible in case of MANual temperature 
MEASUREMENT; they are made with the numerical keyboard (see Chap. 
2.4.3) The sign is entered with the function key 

+I- = F2 in accordance with IV.4. 
The line is used as adisplay when AUTomatic MEASUREMENT has been 
selected. 

V.3) TEMPERATURE (= temperature display or input) 

The test unit's temperature also appears in header field K3 of the main 
menu (see Chap. 2.3.2). An A preceding the temperature value signifies 0 

s 
0 .- 
C 
m 

automatic temperature measurement, while an M signifies manual 
temperature measurement. 

V.4) TEMP.COEFF. (= display of the selected temperature coeff~cient) 

This menu line only involves one display („Read 0nly"-mode), which 
shows the temperature coefficient selected in the COEF = F1 submenu 
(See IV.3) 

vi)  S p e c i a l  c o m m e n t s :  

Before the temperature compensation TEMPCOMP: ON is activated (line 
1, IV.l) the following procedure is recommended: 

Manual selection of a fixed reference temperature: 

MEASUREMENT = MAN and entry of the desired temperature 
value in line 3, IV.3 + 
COEFF = F1 and selection of a suitable temperature coefficient 
from the table shown in Fig. 3.16 (or preceded by entry of a new 
coefficient in the table)+ 
RETURN = F5. 

Automatic measurement of the reference temperature for 
temperature compensation: 

MEASUREMENT = AUT and COEFF = F1 and selection of a 
suitable temperature coefficient from the table shown in Fig. 3.1 6 
(or preceded by the entry of a new coefficient in the table) + 
RETURN = F5. 

VII) E x i t :  

Via the function key ENTER into „evaluation" (main menu 2).  
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C o m p a r a t o r  P a r a m e t e r s  

Fig. 3.1 8: Comparator parameters 

1) A c c e s s :  
via F2 = COMP within "evaluation" (main menu 2). 

11) F u n c t i o n :  
Setting of various parameters which specify the type of comparator resp. 
classification function. 

COMPARATOR: OFF 

COMPARATOR TYPE: COMPARATOR 

BAR DISPLAY: OFF 

LIM. VALUE UNIT: n 

DISPLAY UNIT: R 

111) R e s t r i c t i o n s :  
- The display and comparator resp. classification units must correspond; 

only under this condition can the menu be exited again. 
- During comparator or classification operation, the upper limiting value 

must lie in the MANually adjusted measurement range. If this is not 
possible, the AUTomatic measurement range selection mode should 
be selected. 

LV. ABS 

Cursor keys for selecting the parameter to be Set, i.e. 
the line containing the parameter. The selected 
parameter is shown in the display field in inverse form. 

LV. PER 
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- - 

Select~on of the menu for sett~ng the specif~ed value 
and the comparator Limiting Values as ABSolute 
values in the selected measurement unk 

After th~s function key ts operated, two different t 

setting menus can appear, depending on the 
COMPARATOR TYPE selected in l~ne 2: 

A as shown in Fig. 3.19 or B as shown in Fig. 3.20. 1 1  
Comparator Limiting Values entered as ABSolute 
values are automatically converted into 
PERcentages and transfered into the menus lV.4, A 
or IV.4, B. That is, limiting values can be entered as 
ABSolute values or as PERcentages of the specified 
value, according to requirement. 

IV.3.A) COMPARATOR TYPE = COMPARATOR, i.e. dual comparator operation 
with specified value and lower and upper limiting values: 

I 

SPE. VAL.: 100.00 R 

LOWER LIMIT: 90.00 n 

UPPER LIMIT: 1io.00 n 

RETURN 

Fig.3.19: Entry of comparator, specified and limiting values as absolute values. 

Line 1 states the SPECIFIED VALUE, line 2 the LOWER LIMIT and line 3 the 
UPPER LIMIT of the comparator. One of these lines is selected with the g - 
-V keys; it is then displayed in inverse form. A numeric value entered in this 
manner can be re-entered viathe numerical keyboard (see Chap. 2.4.3). For 
this, the value range 

0 n input value 5 20 K n  
is available, whereby the upper limit must be larger than the lower limit. 
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The following restriction also applies to the SPEClFlED VALUE: 

UPPER LlMlTll00 < input value c 20 kR and c UPPER LIMIT. 

If the Q unit has been selected (see Chap. 3.1.4), entries are completed 
simply by means of one of the measurement range keys (see Chap. 2.4). 
Units different to n, e.g. n im  etc. are shown in thefield above thefunction key 
F?. In this case, entries of numbers are completed by operating F1. A return 
to the menu „comparator parameters" is effected via the F5-RETURN 
key. 

IV.3.B) COMPARATOR TYPE = CLASSIFY, i.e. operation with 9-class 
classification function: 

L V 6 :  102 n 

L V ~ :  103 n 

L V 8 :  104 Q 

SPE: 100 Q 

RETURN 

FIG. 3.20: Classify function, entry of the specified value and limiting value as 
absoltue values. 

Lines 1 to 8 contain the limiting values available for classification, and line 
9 states the corresponding specified value. One of these lines is selected 
wit the A- 7 keys and then indicated in inverse form. A numerical value 
selected in this mannercan be re- entered via the numerical keyboard (see 
Chap.2.4.3). 
For this, the value range 

0 !2 < input value < 20 KQ 
is available, whereby 

LV1 <LV2<LV3<LV4<LV5<LV6<LV7< LV8 
applies as a boundary condition. 

The following restriction also applies to the SPEClFlED value: 

LV81100 < input value < 20 kQ and < LV8. 
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If the unit R has been selected (see Chap. 3.1.4), entries are completed 
simply via one of the measurement range keys (see 2.4). 
Units different to R , e.g.R/m etc. are shown in the field above the function 
key F1. In this case, entries of numbers are completed by operating F1, 
A return to the menu „comparator Parameters" is effected via the F5 
RETURN key. 

IV.4) : Selection of the menufor setting the specified value and 
the comparator Limiting Values as PERcentages of the 
specified value. 

Aiter this function key is operated, either of two 
setting menus A (see Fig. 3.21) or B (see Fig. 3.22) 
can be selected, depending on the COMPARATOR 
TYPE selected in line 2: 

Comparator Limiting Values which have been 
entered as PERcentage~, are converted 
automatically into ABSolute values and transferred to 
the menus IV.3, A or IV.3, B. 
Consequently, limiting values can be entered as 
PERcentages or ABSolute values , according to 
requirement. 

IV.4.A) COMPARATOR TYPE = COMPARATOR, i.e. simple comparator 
Operation with specified value and lower and upper limiting values: 

SPEClFlED VALUE: 100.00 R 

LOWER LIMIT: - 10.000 % 

UPPER LIMIT: + 10.000 % 
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Line 1 states the SPEClFlED VALUE, line 2 the LOWER LIMIT and line 
3 the upper limitof thecomparator. One of these lines is selected with the 
A -V keys and then indicated in inverse form. A numerical value selecled 
in this manner can be reentered via the numerical keyboard (see Chap. 
2.4.3). The value range 

0 R < input value 2 20 KR 

is available for the specified value. For the limiting values expressed as 
a percentage of the specified value, 

-99.9% c input value < 1 OOOOO/o, 

applies, whereby the upper limit must be larger then the lower limit. 
Negative limiting values can be entered with the F3 key which reverses 
the sign of the number just selected. 
If the unit Q has been selected for the specified value (see 3.1.4), entries 
are completed simply via one of the measurement range keys (see 2.4). 
Units different toQ, e.g. Wm, are shown in the field above thefunction key 
F1. In this case, numerical entries are completed by pressing F1 

In contrast, the entries of limiting values as percentages are completed 
with the F2 key. 

A return to the menu ,,comparator Parameters" is effected via F5-RE- 
TURN. 

iV.4.B) COMPARATOR TYPE = CLASSIFY, i.e. operation with 9-class 
classification function: 

Fig.3.22: Classification function, entry of the specified value (absolute), entry of the 
limiting value (percentage) 



Lines 1 to 8 contain the limiting values available for classification, and line 
9 states the corresponding specified value. One of these lines is selected 
with the A - V - keys and then indicated in inverse form. 
A numerical value selected in this manner can be re-entered via the 
numerical keyboard (see Chap. 2.4.3). The value range 

0 R < input value 20 KQ 

for the specified value. For the limiting values expressed as percentages of 
the specified value, 

-99.9O/0 5 input value < 10000 % 
applies, whereby 

LV1 <LV2<LV3<LV4<LV5<LV6<LV7<LV8 

must be considered as a boundary condition. Negative limiting values can 
be entered with the F3 key which reverses the sign of the number just 
selected. 

In case the .Q unit has been selected for the specified value (see 3.1.4), 
entries can be completed simply via one of the measurement range keys 
(see 2.4). Units different to R, e.g. Wm, are shown in the field above the 
function key F1. In this case, numerical entries are completed by pressing 
F l .  

In contrast, theentries of limiting values as percentages arecompleted with 
the F2 key . 

A return to the menu „comparator parameters" is effected via 
F5-RETURN. 

V) P a r a m e t e r s :  
V.l) COMPARATOR = onloff switch for the comparator (as dual comparator 

or classification comparator): 
The list values 

OFF and ON 

are available. They can be scrolled through with the 4 - b keys 
OFF means that the COMPARATOR function is inactive, 
ON means that it is active. 
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The list values 
COMPARATOR and CLASSIFY 

are available. They can be scrolled through with the -4 - b - keys. 

C 
0 .- 
C m - - 
m 
C 
V) 
C - 

C 
0 .- 
C) 

L 
0) 

8 

0" 
1 ,  .- 
i 

E 
E 
& 

8 .- 
C 

L 
J 

6 

8 

COMPARATOR means dual comparator mode with three ranges, 
>, = , <. CLASSIFY means thattheclassificationcomparatorwith nineclasses 
is active. 

In this case, the fields for indlcating the measured values in all three main 
menus show the following comparator symbols lnstead of the measured 
value: 

- Dual comparator mode: < : measured value < lower limlting value, 
= : lower limitlng value 5 measured value 

5 upper limiting value, 
> : measured valuez upper limiting value. 

- Classify operation 

OFF means that the bardisplay is inactive. ON means that it appears - instead 
of the measured value - on the fields for displaying the measured values in all 
three main menus. However, this only applies if the COMPARATOR was also 
activated beforehand. Fig. 3.23 shows the appearance of a typical bar display. 

cn 
.E 
E 
E 
L 
cn 
2 
P 

Range 

RGEO 
RGEl 
RGE2 
RGE3 
RGE4 
RGE5 
RGE6 
RGE7 
RGE8 

Display 

< 
1 
2 
3 
4 
5 
6 
7 
> 

V.3) BAR DISPLAY = onloff switch for the bar display: 
The list values 

OFF and ON 
are available. They can be scrolled through with the -4 - - keys. 

V.2) COMPARATOR TYPE = Select whether the comparator is to operate with 
two limits (dual comparator) or eight limits (classificaiion comparator): 

Class~fication window 

Measured value < LV1 
LVI < Measured value < LV2 
LV2 < Measured value < LV3 
LV3 Measured value < LV4 
LV4 < Measured value < LV5 
LV5 < Measured value < LV6 
LV6 < Measured value < LV7 
LV7 < Measured value < LV8 
LV8 < Measured value 
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I: Starting scale value, e.g.0 ohm IV: MAN -> Range end value, 
AUT -> 20 kOhm. 

Linear sensitivity between the "limits" I - IV in each case! 

Fig.3.23: Bar display 

When the bar is to the left of the lower limiting value, i.e. smaller than it, 
the - sign appears as a symbol. When the upper limiting value is 
exceeded, the > symbol is displayed instead. If the bar display is used 
in the 9-class classification mode, the display shown in Fig. 3.22 is 
obtained; in this case, however, the equality symbol = is replaced by the 
respective class index 1 ... 7. 

v4) LlMlTlNG VALUE UNlT = Display of the unit selected for the 
limiting values: 

This only involves one display („read only" mode), which states the 
previous unit active for the specified value and comparator limiting 
values in the setting menus. 

Attention: 

A change of the measurement unit in the unit menu (see Chap. 3.1.4) 
does not have any effect on the unit of the selected limiting values. For 
this reason, they must be changed in accordance with the specification 
in the field of the F1 function key aiter achange of measurement unit in 
the setting menus 3.19, 3.20,3.21 or 3.22. 
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1 CL= 

t U) 
0 s  
Cu 0 
I-C 

This only involves one display („read only" mode) which states the 
selected measurement unit (see Chap.3.1.4). 

vi) S p e c i a l  c o m m e n t s :  

- The comparator can only be activated in accordance with V.l) 
if the DISPLAY UNlT (V.5) and LIMlTlNG VALUE UNlT (V.4) 
are identical. 

The comparator ranges are assigned to relay outputs whose pin 
assignment is shown in Chap. 6.2.3. The relays are inactive in the 
idle state. In this case, 0 is connected to W. 
The relay function becomes active (S is connected to W) only 
when the SINGLE measurement mode and comparator function 
are selected. 
In addition, a valid measurement must be available. 
The relay remains active until another one is switched, or an 
invalid measurement (with error message) occurs, or the 
REPETITION measurement mode is selected, or the device is 
switched off. 
Duringcomparator operation, the following applies: 

Relay 0 C, 

Relay 4 Li = and 
Relay 8 Li B. 

For the classification function, relay number range number 
applies. 
(see Page 3-2-14). 

VII) E x i t :  

Via the function key ENTER into „evaluationN (main menu 2). 
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C o m p a r a t o r  s t a t i s t i c s  

Fig. 3.24: Comparator statistics (value range 9999999) 

1) A c c e s s :  
Via F2 = STATCOM within "evaluation" (main menu 2). 

11) F u n c t i o n :  
Display of the subtotals allotted to the three evaluation ranges of the 
comparator after a certain number of single measurements, as well 
as the total. 

111) R e s t r i c t i o n s .  
The comparator stat~stics function only when the comparator is active 
(see Chap. 2.3.2, V 1) and when the SINGLE mesaurement mode 1s 
selected (see Chap. 3.1.2, V.l). 

lv) F u n c t i o n  k e y s :  

IV.l) Acknowledgement of the current measurement parameter 
setting and return to the next h~gher menu level. 



IV.4) E] : RESET of the subtotals and the total. 

V) P a r a m e t e r s :  

V.l) RANGE 1 (<) : 
Number of measured values allotted to range 1 after a certain number of 
single rneasurements: 

measured values < lower limiting value. 

V.2) RANGE 2 (=): 
Number of measured values allotted to range 2 after a certain number of 
single measurements: 

lower lirniting value i measured values I upper lirniting 
value. 

V.3) RANGE 3 (>) : 
Number of measured values allotted to range 3 after a certain number of 
single measurements: 

upper limiting value < measured values. 

V.4) TOTAL: surn of V.l + V.2 + V.3. 

S p e c i a l  c o r n m e n t s :  

The following procedure is recommended for using the comparator 
statistics: 

- MEASUREMENT MODE = SINGLE (Kap. 3.1.2, V.1), 
- COMPARATOR TYPE = COMPARATOR (Chap. 3.2.3, V.2), 
- select the LlMlTlNG VALUE UNIT equal to the DISPLAY UNIT! 

(Check tor equality; i f  necessary, match the measured value units - See 
Chap.3.1.4 - and the limiting value units - See Chap. 3.2.3, IV.3), 

- COMPARATOR = ON (Chap. 3.2.3, V.l), 
- Performing of the desired number of rneasurements (See Chap. 2.4.2.2). 

The totals remain stored even after the mains voltage is turned off. 

E x i t :  - 
Via the function key ENTER into „evaluationU (main rnenu 2). 
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RGEO ( 1 :  0 RGE 5 : 0 

RGE 1 : 0 RGE 6 : 0 

RGE 2 : 0 RGE 7 : 0 

RGE 3 : 0 RGE 8 ( 2 )  : 0 

RGE 4 : 0 TOTAL : 0 

RESET 

11) F u n c t i o n :  
Display of the subtotals allotted to the nine evaluation classes after a 
certain number of single measurements, as well as the total. 

111) R e s t r i c t i o n s :  
The classification statistics can be used only when the classification 
function is active (see Chap.2.3.2, V.l) and the SINGLE measurement mode 
is selected (see Chap. 3.1.2, V.l). 

[V) F u n c t i o n  k e y s :  

RESET H 

Acknowledgement of the current measurement 
Parameter setting and return to the next higher 
menu level. 

: RESET of the subtotals and the total. 
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V) P a r a m e t e r s :  

V.l) RANGE 0 (<): 
Number of measured values allotted to the range 0 after a certain number 
of single measurements: 

measured values < lowest limiting value LLVl ! 6 1 

RANGE 8 (>): 
Number of measured values allotted to range 8 after a certain number of 
single measurements: 

highest limiting value HLV8 < measured values. 

TOTAL: 

Sum of V.l + V.2 + V.3 + V.4 + V.5 + V.6 + V.7 + V.8 + V.9. 

S p e c i a l  c o m m e n t s :  

.- 
C 

0 

The following procedure is recommended for using the classification 
statistics: 

V.2) - RANGES 1 - 7: 
V.8) Number of measured values allotted to one of the classification windows 1 

to 7 (See Chap. 3.2.3, V. l)  after a certain number of single measurements. 

- MEASUREMENT MODE - - SINGLE (Chap. 3.1.2, V.l) 
- COMPARATOR TYPE - CLASSIFY (Chap. 3.2.3, V.2), 
- select the LlMlTING VALUE UNIT e ~ u a l  to the DISPLAY UNIT! 

(Check for equality; if necessary, match the measured value units -See 
Chap. 3.1.4 - and the limiting value units - See Chap.3.2.3 IV.3), 

- COMPARATOR = ON (Chap. 3.2.3, V.l), 
- Performing the desired number of measurements (See Chap. 2.4.2.2). 

The totals remain stored even after the mains voltage has been turned off. 
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Operation of the RESISTOMATB2304 

Special functions (main menu 3) 
Q 

General information 

Main menu 3 (see Flg. 3.26) allows access to various special functions, in paflicular, to the 
interface menus. Fig. 3.27 shows the underlying three-level menu hrerarchy and the 
function keys resp. paths via which transitions between the rndividual menus can be made. 

I I 

C 

3 

6 

Field for measured value 

0) 
C 

0) 
0 

Fig. 3.26: Special functions (main menu 3)  
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F u n c t i o n :  
Measured value or comparator display, selection of the table for access 
monitoring, and of the parameterization menu for the interfaces and 
cooling curve. 

C 
0 .- m - - 
(B 
C 
V) 
C - 

111) R e s t r i c t i o n s :  

Thefunction key F4 only appears if the interface type IEEE488 was previously 
selected via F3 (see Chap. 3.3.4). 

I) A c c e s s :  
Via F5 = CONTINUE within parameterize (main menu 2). 

Fig. 3.27: Hierarchy of the special functions menu 
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F u n c  t i o n  k e y s :  

CONTROL EI 

INTERF. EI 

Selection of the table for access monitoring, i.e. 
CONTROL of any access to the configuration 
menus which has been carried out via the SEL key. 

Selection of the parameterization menu for recording 
a COOLing curve. 

PRINTER H Selection of the menu for PRINTER 
parameterization. 

V) P a r a m e t e r s :  
Header fields (see Chap. 2.3.2) 

'J'!) S p e c i a l  c o m m e n t s :  
None. 

VII) E x i t :  - 
Via F 5 I = CONTlNUE into parameterize (main menu 1) 

or 
via i SEL / N I  I N2 i N3 1 N4 1 into the configuring menus. 
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A c c e s s  m o n i t o r i n g  
( C O N T R O L )  

21.02.91 1 1 :01:23 SEL 

22.02.91 12:02:10 SEL 

22.02.91 13:03:11 SEL 

23.02.91 14:04:12 SEL 

24.02.91 16:06:34 SEL 

Fig.3.28: Access monitoring 

1) A c c e s s :  
Via F1 = CONTROL within "special functions" (main menu 3) 

11) F u n c t i o n :  
Time-based registration of all attempts by the user to access the 
configuration and calibration menus (see Chap. 4). 

111) R e s t r i c t i o n s :  

A maximum of 256 positions (lines) can be registered. Should this number be 
exceeded, the oldest line is deleted every time a new line is to be registered 

Iv) F u n c t i o n  k e y s :  

Page 3 - 3 - 4 

Cursor keys for selecting further lines which are not 
currently displayed. 
The six preceding lines are displayed with the A -  key, 

while the six succeeding lines (provided they exist) are 
displayed with the V- key. 



IV.2) : Return to the next higher main menu 3. 

.- 
CI 

V) P a r a m e t e r s :  

V.1) - 
V.6) Lines 1 - 6 with time-based registration of the attempts (successful and 

unsuccessful) to access the configuration and calibration menus (see 
Chap. 4and 5). 
The following format is used: 

day month year> < hr:min:sec> SEL key. 

V\) S p e c i a l  c o m m e n t s :  

The access monitor is used to check whether unauthorized persons have 
carried out "systematic trials" to determine the security codes for access to 
the configuration and calibration menus. 

VII) E x i t :  

via the function key ENTER into „evaluation" (main menu 2). 
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C o o l i n g  c u r v e  
(C 0 0 L) 

Rc: 100.00 Cl 

T1 : + 20.0 "C 

D t: 1 s 

R(t): R 

T2 : + 20.0 "C 

R-RESET +I- L-REM MEASt EVAL 
- 

Fig. 3.29: Cooling curve Parameters and display 

1) A c  c e  s s: 
Via F2 = COOLing into special functions (main menu 3) 

11) F u n c t i o n :  
11.1) Parameter setting and recording of a cooling curve as Part of a 

heating measurement, e.g. on isolating transformers in accordance 
with VDE0551. 61 3. 
Fig. 3.30 illustrates this measurernent procedure: 

1 2  

= Current Counter 

Press L-REM 

Fig. 3.30: Change in the resistance of a transformer winding as a function of time. 



- - 

As R cannot be measured until the load current has been turned off, i.e. after 
a certain delay time, R2 can only be determined by extrapolating the cooling 
curve. 

11.2) Parameter settings and recording of the dynamic characteristic of any electrical H 
resistance < 20 kQ (data logging). 

111) R e s t r i c t i o n s :  

For resistance measurement R(t), the values Set in the parameterization and 
evaluation menus are always taken over, and can no longer be changed in the 
cooling-curve menu. 
Consequently, the parameters should be optimized (see Chap. 3.1.2, VI) 
before the cooling curve is recorded. However, the following exceptions 
~ P P ~ Y :  

A) Measurement of the cold resistance Rc of the test unit: 

LOAD (see Chap. 3.1.2, V.6) = Z, 

Measurement unit (see Chap. 3.1.4. V.l) = R, 

TEMPCOMP: (see Chap. 3.2.2, V.l) = OFF: 

COMPARATOR (see Chap. 3.2.3, V.1) = OFF. 

B) Measurement of the test unit's resistance R(t) as a function of the 
cooling time: 

as in A), and additionally, 

MEAS. MODE (see Chap. 3.1.2, V. l )  = REPETITION. 

After the cooling curve menu is selected, these parameters are Set 
automatically, and are reset to their initial state after this menu has been 
exited. 

]V) F u n c t i o n  k e y s :  

Cursor keys for selecting the parameter to be set or 
measured, i.e. the line containing the parameter. 
The selected parameter appears in inverse form on 
the display field. 
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R-RESET t-' 

Acknowledgement of the current measurement 
Parameter Setting and return to the next higher menu 
level main menu 3). 

Completion of the entry of a resistance value for R, 

Entry of the sign for the ambient temperature t, at the 
beginning of the load phase and t, at the end of the load 
phase. 

Entry of the load REMoval (= Start of the internal 
stopclockforthecooling curve); afterthis key is operated, 
the cooling curve menu may not be exited until the 
recording of the cooling curve is complete. Every access 
to the menu causes the stopclock to be reset. 

Changeover of the lines 2 (Tl )  or 5 (T2) to MEAS 
mode; in each case, only one temperature 
measurement is performed (the measurement phase 
is indicated by the inverse display of the MEAS-t 
field). 

Selection of the cooling curve protocol 
(EVALuation). After this function key is operated, 
the table in Fig. 3.31 appears, provided that a cooling 
curve was recorded previously. 

The key is only indicated if measured values are present 
in the memory. If it isoperated, the memory for measured 
values is cleared, and the (U-RESET) key is no longer 
indicated. 
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I C-i 

The Cursor key can be used for selecting further lines which are not currently 
displayed. The five preceding lines are displayed with the A key, while the 
five succeeding lines (provided that they exist) are displayed with the r key. 
With the help of the F1 = POS. key, every pair of measured values whose 
current index is known can be positioned in line 1. The desired index is simply 
entered via the numerical keyboard (controldisplay in the F1 field) andtheentry 
completed with F l .  The maximum memory depth is 256 pairs of values. 

4 4 46 s 100.15 

5 5.46 s 100.12 n 

The F4 = PRINTER key allows the stored values to be printed via the RS232 
type serial interface, which must be set previously in the interface menu (see 
Chap. 3.3.4). In addition, IEEE488 must be chosen as part of the interface 
selection. The return to the „cooling curve,, menu is effected via F5 - RETURN. 

POS 0 

V) P a r a m e t e r s :  

V. l )  Cold resistance R,: 

Fig 3 31. Cooling curve protocol 

Each of the lines 1 - 5 states a pair of cooling-curve values (measured-value 
ndexltime reference In sec. w~th respect to the load removalitest unit's 
resistance in C?); needless to say, thts method of registration can also be used 
as a normal data-logging function. 

PRINTER 

V. l . l )  Enter cold resistance R, manually: 

RETURN 

Entries for this menu line are made with the numerical keyboard (see 
Chap. 2.4.3), including the decimal-point key. For this, the value range 
0 p n  5 input value 5 XXXXXX kQ 

4 
Y V) 
o e  0)o 
I-C - Page 3 - 3 -9 



For the cold resistance R, to be measured, the START key must be 
operated. The resulting measured values are then written over the value 
entered in accordance with V . l . l ) .  The SINGLE or REPETITION 
MEASUREMENT MODE can be selected for this purpose. The restrictions 
stated in Chap. 3.3.3, 1 1 1  should be observed. 

5 .- 
C m - - 
m e 
U) 

V.2) Ambient temperature (Tl before the load phase, T2 at the end of the load 
phase): 

V.2.1) Entries for the menu lines 2 (T l )  or 5 (T2) are made with the help of the 
numerical keyboard (see Chap. 2.4.3) including the decimal-point key. 
For this, the value range 

-99.9 "C < input value +999.9 "C 
is available. (Sign change via F2 in accordance with IV.4). 

is available. (X = any number or a decimal point. The entry is complete via the 
unit key (see IV.3). R, can only be entered manually when the measurement 
is in the STOP mode. 

V.2.2) Measurement of the ambient temperature: 

L V.l.2) Measurement of the cold resistance R,: 

Select menu line 2 (Tl) or 5 (T2), operate the MEAS-t key as described in 
IV.6). 

V.3) Enter the time reference for the cooling curve At: 

Entries for this menu line are made with the numerical keyboard (see Chap. 
2.4.3.). For this, the value range 

0 s < input value < 3600 s 
is available. D t specifies the time interval during which no values are stored. 
The next pair of values determined after A t has elapsed are stored. 

V.4) Measurement of the resistance R (t)with respect to time: 

After the restrictions stated in 111 have been observed, the procedure 
below is to be followed: 

Selection of line 4 (inverse display), 
Operation of the START key, 

. Display of the measured values together with the current 
measured value index, 
Operation of the STOP key or attainment of the maximum 
number of measured-value pairs (256). 
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S p e c i a l  c o m m e n t s :  

- The cold resistance R, (V.?) and ambient temperatures 
T, and T, (V.2) are only entered for the purpose of 
documentation. Further computationa evaluations with 
U,, T, and T, are not carried out. 

To increase the measurement rate in the case of small 
inductances, it might be advisable to switch the 
measurement cyclefrom BIPOLAR to UNIPOLAR mode 
(see Chap. 4.5). In this operating mode, the compensation 
measurement at I = 0 A is only carried out once after 
operation of the START key, which saves the time 
otherwise required for charge reversal. 
However, this could result in aconsiderabledeterioration 
of the measuring accuracy (particularly with small and 
medium measuring currents) because, as is generally 
known, the thermal e.m.f's in the measuring circuit 
Change over long cooling periods, thus increasing the 
measurement errors. As only the BIPOLAR mode 
compensates the thermal e.m.f'sduring every measuring 
cycle, this setting is preferable for small inductances (if 
possible, in combinationwith a LARGE measuringcurrent 
and TIME BASE > 1). In the case of large inductances, 
correct measured values are only obtained in the UNI- 
POLAR mode. 

Vll) E x i t :  

Via the function key ENTER into ,,special functions" 
(main menu 3). 

@ O  
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I n t e r f a c e s  
( I N T E R F A C E )  

HW - CONFIGURATION 

RS485 

RS232 

IEEE488 

HW-CONF SW-CONF 
- 

A c c e s s :  
Via F3 = INTERFace within „special functions" (main menu 3). 

' C 
.- O 

L 
=I 
0) 
z= 
CT 
0 
U 

-. 

K 
0 .- 
C 

L 
0 - 
0 

fJ) 
C .- 
E 
E 
L 
0) 

L 
n 

F u n c t i o n :  

I) 

11) 

111) 

IV) 

IV.l) 

Selection of the desired interface type. 

R e s t r i c t i o n s :  

The function key SW-CONF is only accessible if RS485 
or RS232 has been selected. 

F u n c t i o n  k e v s :  

: Cursor keys for selecting the type of interface to be 
Set, i.e. the linecontaining thedesired type of interface. 
The selected line is indicated in the display field in 
inverse form. 
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IV.2) : Acknowledgement of the current interface setting and 
return to the next higher menu level (main menu 3) 

R 

HW-KONF 

F 5 

IV.3) : Selection of the setting menu for the IEEE488 interface 
(Hardware-CONFiguration) or the operating-mode/ 
format menu for serial interfaces. 
After this function key has been operated, two 
different setting menus could appear depending on the 
selected interface type: A as shown in Fig. 3.33 or B 
as shown in Fig.3.34. 

Al Interface type = IEEE488 

INTERFACE : 

ADDRESS: 9 I 
TRIGGER: PASSIVE 

RETURN 
- 

Fig. 3.33: IEEE488 parameters 

Line 1 only serves as a header, while line 2 states the address and line 3 
states the trigger mode. The individual lines are selected with the A - V 
keys, and indicated subsequently in inverse form. A Parameter selected in 
this manner can be changed as follows: 

Line 2: ADDRESS; for this, the value range 
0 c input value < 30 

is available. The desired value can be selected with the 
numerical keyboard (see Chap. 2.4.3). 

Line 3: TRIGGER; for this the list values ACTIVE 
and PASSIVE are available. 
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The list values can be scrolled through with the keys. A return to the 
„interfaceU menu is effected via the F5 RETURN key. 

Interface type = RS485 or RS232 (Line 1 or 2): 

RS485 (232): FULL DUPLEX (only with RS485) 

BAUD RATE: 9600 

DATA BITS: 8 

STOP BITS: 1 

PARITY: NONE 

RETURN 

Fig 3.34: Operating modes and data format for the RS2321485 

Line 1 states the operating mode and line 2 states the corresponding 
transfer rate. The desired data format (number of data bits, number of 
stop bits and parity check) is shown in lines 3 to 5. The individual lines 
are selected with the A - Y keys, and subesquently indicated in inverse 
form. A Parameter selected in this manner can be changed as follows: 

Line 1: Serial interface type; for this the list values 
FULL DUPLEX and HALF DUPLEX 
are available, provided that type RS485 has been 
selected. Otherwise line I is disabled. 

Line 2: BAUD RATE = rateof data transfer; forthis, the list values 
19,200, 9,600, 4,800, 2,400, 1,200, 600 bauds 
are avaialble. 

Line 3: DATA BITS = number of data bits; for this, the list values 
7 and 8 

are available. 
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Line 4: STOP BITS = number of stop bits; for thls, the llst values 
1 and 2 

are available. C 

Line 5: PARITY= parity check desired? 
For this, the list values EVEN, ODD and NONE 
are available. 

The list values can be scrolled through with the -4 ) keys. 
0 

SW-CONF H 
A return to the „interface" menu is effected via the F5 RETURN key. 

IV.4) : Selection of the setting menu for the software 
parameters of the serial interfaces (Software CONFiguration). 
After this function key is operated, the setting menu shown 
in Fig. 3.3.5 appears. 

SW CONFIGURATION 

GROUP ADDRESS: 0 

USER ADDRESS: 0 

CHARACTER DELAY: OFF 

BLOCK CHECK: OFF 

RETURN 

Fig 3.35: Software parameters for the RS2321485 

Line 1 is the header, and lines 2 and 3 state the group and user 
addresses respectively. Lines 4 and 5 serve as switches for the 
character delay and the block check character. The individual lines are 
selected with the A - V keys, and subsequently indicated in inverse 
form. A Parameter selected in this manner can be changed as follows: 
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Line 2: GROUP ADDRESS and 

Line 3: USER ADDRESS 

Line 4: 

Line 5: 

For both lines, the value range 
0 2 input value 2 15 

is available. 

CHARACTER DELAY= fixed time delay between the 
transfer of individual characters (approx. 2 ms) and 

BLOCK CHECK = check sum of the transferred data block. 
For both lines, the list values 

OFF and ON 
are available. 

The list values can be scrolled through with the ( F keys. A return to the 
„interfaceU menu is effected via the F5 RETURN key. 

[ V) 

P a r a m e t e r s :  

V.l) RS485: 
0 Selection of the bus-compatible serial interfaces type RS 485 

(< 32 connected measuring devices). 

RS232: 
Selection of the bus-incompatible serial interface type RS 232 
(1 control station with only one connected measuring device). 

K 
0 .- +. 
L 
r i ,  
0 

CI) 
C 

'E 
E 
L 
0) 

L a 
' X 
0 5  ES 

rJlQ 

IEEE488: 
Selection of the bus-compatible parallel interface type IEEE488 
(1 control station with < 30 connected measuring devices). 

V.2) 

V.3) 

VI) 

vIli 

S p e c i a l  c o r n m e n t s :  

Selection of the Parameter V.3) IEEE 488 also allows printer operation via 
the RS232 interface jack. The underlying parameters for this are shown in 
Fig. 3.34. The format of the printed data is shown in Fig. 3.37. 

so" 
SV) 

8: 

E x i t :  

Page 3 

Via the function key ENTER into ,,special functions" (main menu 3). 



111) R e s t r i c t i o n s :  

P r i n t e r  p a r a m e t e r s  
( P R I N T E R )  

The format settings only apply for the IBM character Set 2 (see Appendix 7.5). 
They were tested, for example, on an „NEC Pinwriter P6 plus" printer. TYPE 0 
requires 8 data bits. The TYPE 1 and TYPE 2 settings replace the ,,C symbol 
with „0, the y" symbol with „U" and the „"" symbol with a space. 

PRINT: OFF 

TYPE: T 0  

NUMERATOR: ON 

DATE: ON 

TIME: ON 

TIME REF.: hh : mm : ss 

Iv) F u n c t i o n  k e y s :  

TC: OFF 

TEST NO.: OFF 

TEST NO.: 

MVIHEAD.: 1000 

RESNUM 

Cursor keys for selecting the printer Parameter to be set, 
i.e. the line containing thedesired Parameter. The selected 
line is indicated in the display field in inverse form. 

Fig. 3.36: Printer parameters 

1) A c c e s s :  
Via F4 = PRINTER within „special functions" (main menu 3). 

11) F u n c t i o n :  

Setting of the printer parameters and stipulation of the desired printer listing (see 
Fig. 3.37). 
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s a  
O S  

Page 3 

Cursor keys for scrolling through the value list 
available for the selected parameter. The next list 
value appears when the , key is pressed, and the 
previous list value appears when the 4 key is 
pressed. 

The 4 , keys also serve as a means of selecting the entry fields for 
hours, minutes and seconds, but only in line V.lO) =TIME REFERENCE. 

Acknowledgement of the current interface setting and 
return to the next higher menu level (main menu 3). 

-1 : RESet of the NUMerator as described in V.3). 

P a r a m e t e r s :  

PRlNT = onioff switch for the printer: 

The following list values are available: 

OFF = the printer is off, 
ON = the printer is on. 

Note: 

In addition to this function, the printer can also be activated via an external 
signal (see Chap. 7.2.3). 
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V.2) TYPE = printer type: 

The follöwing list values are available: 
T 0 : DIN A4 printer (80 characterslline), 
T 1 : 40 character protocol printer, 
T 2 : 20 character protocol printer. 

C 
0 .- 
W 

V.3) NUMERATOR = current: counter index for the measured-value lines to be 2 
printed out: 
The following list values are available: 

OFF = the numerator is not printed, 
ON = the numerator is also printed in the I s t  column of every 

measured-value line. 

V.4) DATE = onloff switch for the date: 
The following list values are available: 

OFF = the time is not printed, 
ON = the time is also printed in every measured-value line. 

V.6) TIME REF. = time reference for the printout of the measured-value 
lines: 

After the entry field (hr., min., sec.) is selected with the 4 keys, the 
value of the time reference (= minimum waiting time between two 
measured-value lines) is entered via the numerical keyboard (see Chap. 
2.4.3). For this, the value ranges 0-24 hrs., 0-59 min. and 0-59 sec. are 
available. 
On the 00:00:00 setting, every measured value is printed out. 

V.7) TC = onioff switch for the temperature of the test unit in the case of 
ternperature cornpensation: 

a 
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The following list values are available: 
,OFF = the temperature of the test unit is not printed out, 
ON = the temperature of the test unit is printed out, 

provided that the temperature compensation has been 
activated (see Chap. 3.2.2, V.1). 

The following list values are available: 

OFF = the test number (see V.8) is not printed out, 
ON = the test number is printed out in the I s t  line of the 

protocol header (see V.9) 

V.9) TEST NO. (2nd column, 3rd line) = input line for the test number: 

1 s 
0 .- 
W 

C! 
a 

I 

0 

The test number is input via the numerical keyboard (see Chap. 2.4.3) 
For this, the value range 

V.8) TEST NO. (2nd column, 2nd line) = onloff switch for a test number or 
experimental number sepcified by the customer: 

0 < input value < 999999 
is available. 

V.10) MVIHEAD. = measured-value line reference up until a new protocol 
header is printed: 

It is possible 10 print a protocol header before a certain number of 
measured-value lines; it contains the following information 
(also See Fig. 3.37): 

Line 1 : Test number (see V.7, 8) 

Line 2: Temperature coefficient, provided that the 
temperature compensation (see Chap. 3.2.2, V.l) 
and the TC switch (see V.6) have been activated. 

Line 3: Specified value on which the comparator limiting 
values are based as percentages (see Chap. 3.2.3, 
IV.4), provided that the comparator function (see 
Chap. 3.2.3, V.?) has been activated. 
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Lines 4-1 1 : Comparator or classification limiting values (lower and upper 
limiting value for COMPARATOR TYPE = simple comparator 
or limiting values 1-7 for COMPARATOR TYPE = 
classification comparator with nine classes), provided that 
the comparator function (see Chap. 3.2.3, V.1) has been 
activated. 

Last line: Headers tor the protocol columns 1 to 6. Columns 
which are not selected are omitted and indented. 

The entry of the number of measured-value lines until the next protocol 
header is carried out via the numerical keyboard (see Chap. 2.4.3). 
For this, the value range 

1 2 input value 9999 
is available. 

'.'I) S p e c i a l  c o m m e n t s :  

The menu for the printer Parameters is only accessible from main menu 3, 
if the interface type IEEE488 was previoulsy selected. It is only in this 
operating mode that the RS232 interface connector is not assigned to a 
control station for communication tasks and thus available for printer control. 

Vll) E x i t :  

Via the function key ENTER into „special functions" 
(main menu 3). 
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TEST NUMBER : 12 4 5 
TEMP. COEFFICIENT: 0.003980 
SPEC VAL.: 100 R*m2 / m  
LIMVALUEO: 101.000 n*mm2/m PROTOCOL HEADER 
LIMVALUE I : 102.000 n*mm2/m 
LIMVALUEZ: 103.000 n*mm2/m 
LIMVALUE3: 104.000 n*mm2/m 
LIMVALUE4: 105.000 R*mm2/m 
LIMVALUE5: 106.  000 n*lllm2/m 
LIMVALUE6: 106.  999 nxllUlI2/Ill 
LlMVALUE7: 108.000 n*W2/m 
POS MEAURED VALUE EVAL. TIME DATE TEMPERATURE 
1 101.39 Ctmm2/m 2 10:42:03 17.12.90 21.6 OC 
2 101.40 Rmm2/m 2 10:42:04 17.12.90 21.6 OC 
3 101.41 nmm2/m 2 10:42:05 17.12.90 21 .5  O C  

4 101.33 Rmm2/m 2 10:42:06 17.12.90 21 .5  "C 
5 101.35  fLmm2fm 2 10:42:07 17.12.90 21 .5  OC 
6 101.32 ~mm2/m 2 10:42:08 17.12.90 21 .6  OC 
7 101 ,40  nmm2/m 2 10:42:09 17.12.90 21.6 'C 
s 101.32  nmm2/m 2 10:42:10 17.12.90 21.6 OC 
A 

L-- Numerator or classivication evalutation (<=z or d ... 7>), 
is only pronted out when COMPARATOR = ON 
(Chap. 3.2.3, V.l). 

TEST NUMBER : 1245 
TEMP. COEFFICIENT: 0.003980 
SPEC VAL.: 100 n * m 2  / m  
LIMVALUEO: 101.000 n*n~t2/m 
LIMVALUE 1 : 102.000 R*mm2/m 
LIMVALUEZ: 103.000 R*mm2/m 
LIMVALUEB: 104.000n*mm2/m 
LIMVALUE4: 105.000 n*mm2/m 
LIMVALUES: 106.000 n*lm12/m 
LIMVALUE6: 106.999 fL*mi%2/m 
LIMVALUE7: 108.000 n*lnln2/m 

POS MEAURED VALUE EVAL. TIME DATE TEMPERATUR€ 
9 101.94 nmm2/m 2 10:42:11 17.12.90 21.5 OC 

1 0  101 .33  Iimm2/m 2 10:42:12 17.12.90 21 .5  OC 
11 101.35  Rmm2/m 2 10:42:13 17.12.90 21 .5  OC 
12 101.34  timm2/m 2 10:42:14 17.12.90 21.7 OC 
1 3  101.28  R ~ u m Z / m  2 10:42:15 17.12.90 21 .7  OC 
14 101.27 Rmm2/m 2 10:42:16 17.12.90 21.7 OC 
1 5  101.26 flmm2/m 2 10:42:17 17.12.90 21 .8  OC 

Fig. 3.37: Format of the measurement protocol for TYPE 0, 1 and 2 
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Operation of the RESISTOMATB2304 

Configuration 

G e n e r a l  i n f o r m a t i o n  

Configuration and calibration functions influence the fundamental characteristics of the 
device; for this reason, they are only accessible through special security codes (see Fig. 
4.1). 

The access procedure from any of the three rnain menus is as follows: 

The SEL light-emitting diode remains on until the entry of the last number N4 has been 
completed. 

The return from the configuration menu into the calling main menu is effected with the 
ENTER key. 
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K e y b o a r d  a c c e s s  

K E Y B O  A R D  A C C E S S  

MEASUREMENT 
MEASUREMENT + RANGE SELECT. 

FULL ACCESS 

Fig. 4.1 : Keyboard access 

IMPORTANTE NOTE: 

Fig. 4.2 shows all the security for selecting the configuration 
and calibration menus. 

An unqualified operaator familiar with these codes would posses the 
capability of altering the fundamental functions of the measuring 
device, thus rendering the displayed values useless. 
Consequently, this sheet should be separated before the device is put 
into operation, an kept in the custody of a responsible Person. 

The guarantee does Cover malfunctions resulting from improper 
configuration or calibration. 
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A c c e s s :  

Via SEL < security code as in Fig. 4.1 > within one of the three main menus. 

F u n c t i o n :  

Specification of the method of keyboard access by the user in three 
different Stages. 

R e s t r i c t i o n s :  

In the case of extended keyboard access (see V.2), the entry of the reference 
variable is only possible if the keyboard limitation has been selected via main 
menu 1. 

F u n c t i o n  k e y s :  

Cursor keys for selecting the parameter to be set. The 
selected parameter is indicated on the field in inverse M : form. 

: Acknowledgement of the current parameter setting and 
return to the next higher menu level. 

P a r a m e t e r s :  

MEASUREMENT: 

The hatched keys shown in Fig. 4.3 are accessible. The 
measured values are shown on the main menu via which 
the keyboard limitation was selected. 

Fig. 4.3: Minimal keyboard access 
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n 

Fig 4.4: Extended keyboard access 

C 

-. -.. 

In addition to measurement Start and stop, code entry and measurement 
range selection, the reference variables can also be input. However, this 
only applies if the keyboard limitation has been selected via main menu 1. 

V.2) MEASUREMENT + RANGE SELECTION: 
The hatched keys shown In Fig. 4.3 are accessible. The measured values are 
indicated on the main menu via which the keyboard access limitation was 
selected. 

I 1 V.3) 
I - FULL ACCESS: 

All keys and functions are accessible 

v.1) S p e c i a l  c o m m e n t s :  

After the keyboard access has been configured, the measured values are 
ndicated on the main menu via which the keyboard limitation was 
selected. 

E x i t :  

Via the function key ENTER into the main menu which was exited 
previously. 

a D 
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Line f r e q u e n c y  

LlNE F R E Q U E N C Y - B A S E  

Fig. 4.5: Keyboard access 

A c c e s s :  
Via SEL < security code as in Fig. 4.1 > within one of the three main 

menus. 

F u n c t i o n :  
Matching of the internal INTEGRATION TIME of the device with 
the existing line frequency. 

R e s t r i c t i o n s :  

None. 

F u n c t i o n  k e y s :  

Cursor keys for selecting the parameter to be 
Set. The selected parameter is indicated on 
the display field in inverse form. 

Acknowledgement of the current parameter 
setting and return to the next higher menu 
level. 
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Matching of the internal integrating time with the interference 
frequency of 50 Hz. 
All statements of the measurement time (TIME BASE) are based on 

multiples of 20 ms (1150 Hz). 

a 
8 v.2) 60 HZ: 

Matching of the internal integrating time with the interference 

.- frequency of 60 Hz. 
C m All statements of the measurement time (TIME BASE) are based on 
N .- multiples of 16.67 ms (1160 Hz). G 
C 

E 
L 
m V.3) 16 213 Hz: 

CL 

Matching of the internal integrating time with the interference 
frequency of 16 213 Hz. 
All statements of the measurement time (TIME BASE) are based on 

multiples of 60 ms (1116 213 Hz). 

V\) S p e c i a l  c o m m e n t s :  

There are no value lists for the individual lines V.l) - V.3); the 
Parameters are selected simply by positioning the inversely inticated 
Cursor on the desired line and acknowledging with ENTER. 

F1 .- 
E 
E 
L 
cn VII) E x i t :  

Via the function key ENTER into the main menu which was exited 
previously. 

C S  
a 

e* 
C U) 
0 s  
a 0 
I-'5 P a g e 4 - 3 - 2  
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1) A c c e s s :  
Via SEL < security code as in Fig. 4.1 > within one of the three 
main menus. 

C l o c k  

11) F u n c t i o n :  
Input of the date and time, and display of the software version 
used. 

111) R e s t r i c t i o n s :  

6 
0 .- W rJ - - 

None. 

I 

I 

[V) F u n c t i o n  k e y s :  

DATE: 25 . 02.91 
TIME: 08 :29 :10  

VERSION: V01 93 

Cursor keys for selecting the parameter to 
be sei, i.e. the line containing the 
parameter. The selected parameter is 
shown on the display field in inverse form. 

s 

L a, Q 
S .- - 
$!j I 

, ' I 

M 
Page 4 - 4 -1 

z j 
Fig. 4.6: Setting menu for the date and time, and display of the software 1 version used. I 2  



Cursor keys for positioning the Cursor field 
on the entry fields 
Day Month Year and 
Hr.:Min.:Sec. 

Acknowledgement of the current parameter 
settings and return to the next higher menu 
level. 

V) P a r a m e t e r s :  

V. l )  DATE: 

After the entry field (day,month,year) has been selected with the 
4 - b - keys, the desired value is entered via the numerical 
keyboard (see Chap. 2.4.3). For this, the value ranges 

00-31 . 00-1 2 . 00-99 
are available. 

V.2) TIME: 
After the entry field (hr., min., sec.) has been selected with the 
4 - b - keys, the desired value is entered with the numerical 
keyboard (see Chap. 2.4.3). For this, the value ranges 

00-23 : 00-59 : 00-59 
are available. 

V\) S p e c i a l  c o m m e n t s :  

The clock and date „remain stationary" during the time of the 
display, i.e. the Counter stops running. 

VII) E x i t :  - 
Via the function key ENTER into the main menu which was 
previously exited. 
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M e a s u r e m e n t  s e q u e n c e  

MEAS. SEQUENCE: BIPOLAR 

Fig.4.7: Measurement sequence 

1) A c c e s s :  
Via SEL < security code as in Fig.4.1 > within one of the 
three main menus. 

F u n c t i o n :  
Determination of whether the measurement should be 
unipolar or bipolar. 

111) R e s t r i c t i o n s :  
None. 

1'4 F u n c t i o n  k e y s :  

Cursor keys for scrolling through the value 
list available for the selected parameter. 
When the , key is pressed, the next list 
value appears; when the 4 key is pressed 
the previous list value appears. 

setting and return to the next higher menu 
Acknowledgement of the current parameter 

level. 
.s V) 
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REL. THRESHOLD: 

R e l e a s e  t h r e s  h o l d  f o r  i n d u c t i v e  
t e s t  u n i t s  

Fig. 4.8: Release threshold for inductive test units 

s 
0 .- 
C m - - 
E 
U) - C 

1) A c c e s s :  
Via SEL < security code as in Fig. 4.1 > within one of the 
three main menus. 

F u n c t i o n :  
Setting of the ripple limiting value, which must not be 
exceeded during the transient phase of inductive test units, 
so that valid measured values can be obtained. 

R e s t r i c t i o n s :  
None. 

F u n c t i o n  k e y s :  

Acknowledgement of the current 
Parameter setting and return to the next 
higher menu level. 



As shown in Fig. 4.9, this Parameter specifies the maximum acceptable 
change in transient amplitudes between two consecutive measured values 
after the transition from I= OA to I= +I,,,* in UNIPOLAR operating mode 
involving inductive test units. 

A 

C 

2 m - - 

/ Ri+l - Ri I 
10% s Release threshold 

V) P a r a m e t e r s :  

Fig. 4.9: Transient response with inductive test units 

RELEASE THRESHOLD: 
C 

The entry of the release threshold as a percentage of the measuring current 
I+ is made via the numerical keyboard (see Chap. 2.4.3). For this, the value 
range 

0.05% 5 input value 520.00% is available. 

H Vl) S p e c i a l  c o m m e n t s :  

It isonly when theamplitudedifference between two consecutive measurements 
is determined to be smaller or equal to the release threshold after the START 
of a UNIPOLAR measurement that the subsequent measured values are 
released for display. The measurement itself is not influenced (or made 
quicker) by this! 

Vll) E x i t :  

Via the function key ENTER into the main menu which was previously 
exited. 
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P o t e n t i a l  f i x i n g  
- 

P O T E N T I A L  F I X I N G  

MEAS. UNIT: INTERN. 
GROUNDED 

Fig. 4.7: Potential fixing 

1) A c c e s s :  
Via SEL < security Code as in Fig. 4.1 > within one of the 
three main menus. 

11) F u n c t i o n :  
Determination of whether the test unit is externally grounded 
or should be grounded internally. 

111) R e s t r i c t i o n s :  

None. 

iv) F u n c t i o n  k e y s :  

IV.1) 

the 

Cursor keys for scrolling through the value 
list available for the selected parameter. 
When the Fkey is pressed, the next list 
value appears; when the 4 key is pressed, 
previous list value appears. 

Acknowledgement of the current parameter 
setting and return to the next higher menu 
level. 
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V) P a r a m e t e r s :  

V.1) MEASURING UNIT: 

The list values 

INTERNALLY GROUNDED and EXTERNAL 

are available. 

In the case of INTERNAL grounding, the analog reference potential (analog 
ground) isconnected to protectiveground. In thecase of EXTERNAL grounding, 
there is no electrical connection between the two potentials. The control (= 
digital) section of the device is grounded internally as a rule! 

V[) S p e c i a l  c o m m e n t s :  

Normally, the INTERNAL grounding is used. It is only advisable to select a 
separate, EXTERNAL ground for networks which are particularly susceptible 
to interference. This also applies to measurements on objects with single- 
ended grounding, e.g. motors. Here, the reference potential of the measuring 
circuit should beconnected directly to thespecified neutral point of the test unit 
(EXTERNAL grounding), in order to avoid ground loops. In the case of 
EXTERNALgrounding, the potentialat the RESlSTOMATmust not exceedthe 
permissible, extra-low-voltage value specified by the VDE (Association of 
German Engineers). 

VII) E x i t :  

Via the function key ENTER into the main menu exited previously. 
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G e n e r a l  i n f o r m a t i o n  

Calibration 

Calibration functions (see Fig. 5.1) influence the basic 
characteristics of thedevice;forthis reason, they areonly accesible 
viaspecial security (see Fig. 4.2). The access procedure from any 
one of the three main menus is as follows: 

C 
0 .- 
C 

$ 
8 

The SEL light-emitting diode remains lit until the entry of the last 
number 4 has been completed. 

The return from the calibration menu into the calling main menu is 
effected via the ENTER key. Only the submenu (execution) for 
calibration (selection) can be exited solely via the F5 RETURN 
key. 

0 'U 
;i- C 
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Fig. 5.1 : Calibration menus 
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O f f s e t  a d j u s t m e n t  

OFFSET ADJUSTMENT ACTIVE 

Fig 5.2: Offset adjustment 

A c c e s s :  

Via SEL C security code as in Fig. 4.2 > within one of the three main 
menus. 
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C a l i b r a t i o n :  

C A L I B R .  

200 pR 25.02.91 20 Q 25.02.91 
2 mQ 25.02.91 200 !2 25.02.91 

20 mQ 25.02.91 2 k 0  25.02.91 
2 R 25.02.91 20 kR 25.02.91 

CAL 

Fig. 4.5: Keyboard access 

1) A c c e s s :  
Via SEL <security Code as in Fig. 4.1 >within one of the three 
main menus. 

11) F u n c t i o n :  
Selection of the resistance measurement range to be adjusted. 

Iil) R e s t r i c t i o n s :  
None. 

Iv) F u n c t i o n  k e y s :  

Acknowledgement of the current parameter 
setting and return to the next higher menu 
level. 

Cursor keys for selecting the parameter to 
be set, i.e. the linecontaining the parameter. 
The selected parameter is shown on the 
field in inverse form. 
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RETURN H 
Return to the calibration selection (see Fig. 5.4) 

Fig. 5.3: 
Selection of the menu for calibration of the scaling 
factor (CALobration). 
After this function key is operated, the display in 
Fig. 5.4 appears. 

Fig. 5.4: 
Start of the scaling factor calibration for a 
measurement range. 

-, 

CALIBR. 200 SZ 

R =101.23a 
ext 

Fig. 5.4 : Calibration procedure 

Line 1 states the selected measuring range, line 2 states the date of the last calibration 
for this measuring range. Line 3 contains the value of the calibration resistance Re, 
which ist0 be externally connected; beforeevery calibration procedure, thisvalue must 
be entered via the numerical keyboard (see Chap. 2.4.3) and the entry completed with 
one of the measurement range keys (see Chap. 2.4). The calibration procedure for the 
previously selected measurement range is as follows: 

a) Connection of the external calibration resistance Re„ (see VI). 

b) Entry of the resistance value of Rex, . The entry must be completed with the 
unit key corresponding to the selected range. If the stated value of Re„ lies 
outside the permissible range, the error message Re,? appears. A new entry 
must then be made. 

C) CAL-F1 : Start of the calibration procedure, 

d) Check message: „CALIBR:: ACTIVE" 
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Return to the next highest measurement range as shown in Fig. 5.4 
(exception: 20kQ). If Ra, is not suitable for calibration of the selected 
range, i.e. if it lies far beyond the order of magnitude of the reference 
resistances (see Fig. 5 3 ,  the error rnessage R,,,,? occurs. 
The calibration is then aborted. 

P a r a m e t e r s :  

< measuring range> : Day.Month.Year> 

Every line contains one of the nine measuring ranges and the date of its last 
calibration. The measuring-range lines can also be used for selecting the 
corresponding calibration procedure (See Fig. 5.4). If all the rneasurement 
ranges need to be recalibrated, it is advisable to Start in line 1 (200 p n  range). 

S p e c i a l  c o m m e n t s :  
The device only adheres to its specified fault-tolerante limits if the externally 
connected calibration resistances remain within the following limits (taking 
into account the infiuences of seli-heating and the ambient iemperature): 

Measuring range R ~ a ~  1 Uncertainty I at rneasuring I Rated value of RCa of h e  actual value current 

After acalibration has been carried out, it is advisable to measure the external 
calibration resistance once again in the normal measuring mode, and check 
whether the display of its (previously entered) resistance value is correct. If a 
discrepancy is established, the calibration should be repeated. 

E x i t :  
Via the function key ENTER into the previously exited rnain menu. 
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R e f e r e n c e  v a l u e s  

200 ~ ~ : ~ o o . o o o o o  PQ 20 n:i o.ooooo R 

2 mn: I.OOOOO m n  200 n:1oo.ooooo n 

20 mn:1o.o0000 m n  2 kQ:1.00000 kQ 

200 mrr2:100.00000 mR 20 k~: l0 .00000 k<;l 

2 a: I.OOOOO n P~I OO:I~O.OOOOO n 

Fig. 5.5: Reference values 

1) A c  c e  s s: 

Via SEL < security code as in Fig 4.1 zwith~n one of the 
three main menus. 

11) F u n c t i o n :  

Display of the internally determined reference 
resistance values. 

111) R e s t r i c t i o n s :  

None. 

F u n c t i o n  k e y s :  

None 
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V) P a r a m e t e r s :  

V.l) - < measuring range> : < internal reference resistance> 
V.10) 

Lines 1 to 9 contain the 9 measuring ranges, and line 10 displays the 
temperature-measurement channel for temperature compensation of the 
test unit. Every measurement range has a reference resistance assigned 
to it whose value lies approximately in the middle of its scale (+ 10%). 
This resistance value is re-determined after every scaling factor calibration 
(see Chap. 5.3 ) and entered in the table shown in Fig. 5.5. 

VI) S p e c i a l  c o m m e n t s :  

The display of the reference resistance values serves as a plausibility 
check ior the calibration (see Chap. 5.3). For example, if a sequence of 
several consecutive calibrations of a measurement range is analysed, 
only small deviations between the reference values should emerge, 
whereby the absolute values are of minor significance. Otherwise the 
following errors could exist: 

incorrect entry of the value of the calibration 
resistance Re„ to be connected externally, 

Re, is unstable, 

the internal calibration resistance Rle, is unstable. 

Upon return to the factory presettings (see Chap 4.8), the 
calibration values are not overwritten! 

E x i t :  

Via the function key ENTER into the previously exited main menu. 
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C 

Via SEL C security code as in Fig. 4.1 > within one of the three 
main rnenus. I L 

C 

P t 1  0 0  - C a l i b r a t i o n  11 
F u n c t i o n :  

CALIBR. Pt1 00 
25.02.91 
R = I 0 0  

ext Q 

Calibration of the measurementchannelfortemperature compensation. 

R e s t r i c t i o n s :  

The calibration is only possible after operation of the STOP key (the 
STOP LED is lit). 

lv) F u n c t i o n  k e y s :  

IV.l) Acknowledgement of the current Parameter 
settings and return to the next higher menu 
level. 
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Start of the calibration procedure 
(CALibration). 

V) P a r a m e t e r s :  

V. l )  CALIBRATION Pt1 00: 

Only display of the Pt 100 channel to be calibrated. 

V.2) Day . Month . Year: 

Date of the last calibration of the temperature measurement channel. 

v.3) R,„ = I oon : 

Entry of the value of the calibration resistance to be connected 
externally; this value must be entered via the numerical keyboard (see 
Chap. 2.4) before every calibration, and the entry completed with the 
measurement-range keys (see Chap. 2.4). 

S p e c i a l  c o m m e n t s :  

uncertainty < 5 . 1 0-5 at 1 mA. 

E x i t :  

Via the function ENTER into the previously exites main menu. 
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I) A c c e s s :  

Via SEL security code as in Fig. 4.1 > (page 4-1-3) 
within one of the three main menus. 

11) F u n c t i o n :  

Display of the actual Pt100-coefficients. The default values 
ex work are the above mentioned cofficients. 
The calculation of the temperature ensue the following formula: 

- 200 "C to 0 "C R, = Ro. [ I  + A . t + B. t2+ C . (t - t„,) . t3] 
0 "C to 850 "C R, = R, . (1 + A . t + B. t2) 

Iii) R e s t r i c t i o n s :  

Variations of the coefficients are only possible via interface. 
s. Page 6-3-31 
Commande: SCALe:Pt100 

lv) E x i t :  

Via the function ENTER into the previously exites 
main menu. 

(U 0 
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Extemal interfaces of the RESISTOMATB2304 B 1 
m 

Introduction 

C 
0 

The RESlSTOMAT @2304 (called Res2304 in the fitllowing) has two 
external interfaces via which it can be controlled; one IEC bus interface and 
one serial interface, which can be configured as an RS232 «r RS485 
intrrface. All functions selectable via the front panel keyhoard can also be 
configured via these interfaces. The only exception here is the furiction for 
selectingtheinterfaceviä which thedeviceis to he controlled. Thecommand 
language for controlling the device is version 1990.0 of SCPI (Standard 
Corninands for Programmahle Instrumentation) agreed upon by leadiiig 
münufacturers of ineasuring devices. G-4 

m 

Control via GPIB 

RemoteIIocal TheRes2304must be intheremotestate ifit is to becontrolled viaanexternal 

change interface. The remote state is indicated on the display by the fact that the 
function key F5 is shown as a local key. Except for the F5 lcey (change to front 

If the device is to be controlled via the GPIB bus interface, the IEEE488 
setting must be selected in the interface incnu. 

Selecting the The device address ofthe Res2304 for control via the GPIB is selected in the 
IEEE488 interfacemenu. The address can he selected from a range between 

device ad- 0 m d  30. Address 9 is preset and used in all the examples. Every device 

dress connected to the IEEE488 inust have its own address. After an address has 
been chünged on the front panel or via the interface. tlie new address 
irnmediately heomes active, and froin then on, tbe device ~nust  he activated 
under this new address. 

C I ,G 
C 

E 
5 

l i i j  
Page 6 - 1 - 2 !?i? 

panel operation), all other keys on the front panel are inhibited until the C 

device is switched back to the local state (F5 is pressed). / 8 
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InpUt/OutpUt If the Res2304 is to be controlled by an GPIB controller, its inputioutpiit 

commands commands must be known. The Syntax of the commands is stated in the 
Operating maniials of the individual IEEE488 interface controllers. For 
example, the inputloutput commands of the HP scries 2001300 i n  Basic 
language are: 

OUTPUT aiid ENTER 

If a National PC GPIB board is used. these commands are: 

IB WRT und IBRD 

The examples in this manual are written in HP Basic 

S ending a Ifa command is to be sent to the Res2304, the output comrnand of the GPIB 

command interface must be combined with the SCPI of the Res2304. 

To set the display contrast, for example, the following is sent 

1. in HP Basic: 

O u t p u t  SCPI command 
command 

HP-IH Select 
Codc + device 
address 

2. witli National: 

IBWRT ":DISPLAY:CONTRAST 0.5\n1' 

O u t p u t  SCPl command Lii~e Feed ;is com 
coinrnand inand terminator 

Receiving the The Res2304 returns data requested hy an SCPI query. For example, in 

data of the response to the question 

Res2304 OUTPUT 709:":DISP:CONT'?" 

the Res2304 writes the current setting of the display contsast into its output 
buffer. This response can then be fetched using the input comrnaiid of the 
GPIB interface. 



For exainple, the following program in HP Basic fetches the responie from 
the device and wrltes it on the screen. 

I0 ENTER 709;cont$ 
20 PRlNT cont% 
30 END 

With national, the inpnt coinmand is: 

On receiving a coinmandaddressed to it, theRes2304 switches over into the 
remote state. The remote state is indicated by the LOCAL designation for 
fnnction key F5. In this state, all keys cxcept for the local key (F5) are 
inhibited. 

The change to local operation is made by pressing the t,ocal key or sending 
the IEEE488.1 Go-to-local coinmand. 

If the IEEE488. I Local Lockout con~inaild is seilt, the Res2304 can 0111~ be 
switched back to local operation by the Go-to-local cornmand, as the local 
key is also inhibited theil. 

Page 6 - 1 - 4 
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Contr ol via serial interface 

lntroduction Control via the seriai interface can be performed using the RS232 or the 
RS485. Tlie type of interface can be set in the interface menu. The ANSI 
srandard servesas the coinmunication protocol between the systenlcontroller 
and the Res2304: 

ANSI X3.28-1976 Subcategorg 2.5, A3/A4 

Settings in the Hardware settings 

serial inter- 
The bardware settings of the Res2304 and the system controller must 

face menu conespond in order to allow proper communication. 

Baud rate 

The baud rate is adjustable in steps from 600 ... 19200 bitstsec 

Data bits 

7 oder 8 

Stop bits 

1 o r2  

Parity 

even, odd or none 

Type of connection ( only for RS485 ) 

full duplex or half duplex 

Page 6 - 1 - 



Software settings 

Group address 
'The group address at which the Res2304 can be addressed: 
0..lS ( 0  ... f )  

lJser address 
The user address at which the Res2304 can be addressed: 
0 . X  (0 . . f )  

Character delay 
Turn on delay time (approx. 1 - 1.5ms) between two transmitted bytes. 

Block check 
With the blockcheck= ON, transfer is effected in accordance with the ANS1 
standard X3.28 Suhcat.2.5,A4. The BCC is sent aftcr <ETX>. It is formed 
from all hytes which follow <STX>, including <ETX>. 'The BCC is an 
"Exclusive-Or" combination of these bytes. 

Description of General description 

the communi- The ANS1 staiidard X3.28 Subc. 2.5 is used for Systems in wbich several 

cations prolo- subordinate stations are present in a non-connectcd multi-point connection, 
and all co~nmands are sent froni a control station. On the biis, only a 

fOr 'On- transinitter (master) and receiver (slave) are active at aiiy time. 

nection set-up 
One of the stations is a control station. It rcceives rnaster status and sends 
cornmands to a selected slave station or transfers its master status to a 
subordinate station, assuming the slaw status itself in order to receive data. 
A link between two subordinate stations is not ~>ermissible. The control 
station inonitors the connection constantly. 

Connection set-up 

Before aconnectioii is set-up, the control station posseses niaster status, and 
iione of the subordinate stations possesses slave status. The control station 
can either 
(1) poll, in order to deliver the master status 

to a subordinate station 
or 

(2) specify a slave station in order to 
establish a connection 

Page 6 - 1 - 6 
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Resistomat ~ o i i i n g  

as master 
The control station sends a "Polling Supervisory Sequence". This sequencc 
is rneant to fetch requesteddata fromthe Res2304. Theprefix selectsa single 
station. <ENQ> defines the end of the "Polling Supervisory Sequence". 
The polling supervisory sequence of thc Res2304 has the following format: 

Resistomat as 
slave 

gtiiup addrcss (in hex) iiscraddress(~nl~en)selln A S C' I I - ASC' I I -  
sclecc<l in the nitcrface ihc intriface ininu rhaiacters chimctm 
rnenci " " d " '  RNO 

Example: 
selectcd group address 10 
selected user address 11 

Polling Supervisory Sequence: aabbpo<ENQ> 

A subordinate station which recognizes its polling supervisoiy sequence 
responds in one of two ways: 

(1) Whcn the station has to send data, it starts transmission. The control 
station assumes the slave status. 

(2) When the station does not have to send ailything, it transmits <EO'I,, 
which ends its rnaster status. The master status returns to the control 
station. 

If the control station receives no reponse, or an invalid one, it terminates the 
connection by sending <EOT>. 

Selection with Response 

The control stationsends a "Selection Supervisory Sequence". This sequence 
initializes the Res2304 as a slave so that thc control station can subsecluently 
transmit SCPI commands to it. The prefix selects a singlestation. <ENQ> 
defines the end of the selection supervisory sequence. 

Page 6 - 1 - 7 
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gioup addicss ( in Iher) useiaddiess(in hen)seiin ..\S<'II- A S C I I -  
set in liie intcrfiice ilie~iu the inti-rfacc ineni, ch>iristen char.iciin 

"\,, ""<, "r" [{NO 

The selection supervisory sequence ofthe Res2304 has the following format: 

<groupadr><groupadr><useradr><useradr>sr<EN 

Example: 
selected group address: 5 

I 2 m - - 
m 

selected user address: 6 

Selection Supervisory Sequence: 5566sr<ENQ> 

A suborclinate station whieh recogilizes its selection supervisory sequence 
asutnes the slave status and sends one of two responses: 

(1) When the station is ready ro receive data, it sends <ACK>. 

I 
C 

I I U) 
6 

On this response, the master station begins data transfer. F1 
(2 )  When the station is not ready to receive data, it sends <NAK>. The 

inaster station can then try to address the station again. 

Fast Selection 

C 
0 
r 
2 
3 

When the master station receives no response, or an invalid one, it cantry to 
address the same station again, or it can end transmission. 

F' r 
C 

6 

without waiting for the äckilowledgement from the subordinate station. 

As an alternative to "Selection with Response", the master station can send 
a selection supervisory sequence without <ENQ>. This selects a subordinate 
station as a slave. The master station comtnences data transfer immediately 

Example: 
selected group address: 5 
selected mer address: 6 

i 

g - 
0 

Fast Selection Sequence: 5566sr<STX>SCPI command <ETX> 

Page 6 - 1 - 8 
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station. 

s 
.2 +. rn 
W 
V) 
s - 

Description of After the connection is set-up in accordance with the specifications ofthe 
ANS1 X3.28 Subcat. 2.5 Protocol, the data is transfered in accordance with 

the data the specifications of Subcat. A3 or Subcat A4 (corresponds to A3 with an 

fer protocol additional Block Check character. 

Connection Termination 

temination 
The master statioi~ sends<EOT> inorder to indicate that it does not have any 
further data to transfer. <EOT> gives the master status back to the control 

according to Subcat. A3/A4 are used when a master station sends data to a singlc slavc 

ANS1 X3 -28 station. The master station sends cvery message to the slave station and 
waits for a response. When the response indicates that the data has been 

SubcatA31A4 accepted (AC:„, the m t e r  station can send another rnessage or terminate 
the connection. Anegativc response (NAK) from the slave station tells the 
master station that the data was not understood. 

Data transfer 

( 2 ) If the data has not been accepted and the slave station is ready to 
receive new data, it sends <NAK>. After that, the master station can 
send other data or terminate the connection. 

The data transfer is begun hy the master station after the connection is set 
up (see Subcat 2.5). The master station cominences transfer with <STX>. 
After ?hat, tlte required data is sent. The data block is terminated with 
<ETX>. During transfer in accordance with Subcat. A4, the block-check - 
character (BCC) must follow <ETX>. 

Response 

After recognizing <ETX> resp. <BCC>, the slave station sends one of two 
possible responses: 

( 1 ) If the data has heen accepted and the station is ready to receive new 
data. it sends <ACK>. After that, the inaster station can either send 
the next batch of data, or terminate transfer. 

If the master station receives an invalid response, or no response at all, it 
can send a "Reply-Reques? Supervisory Sequence" consisting of <ENQ>, 
or tenninate the connection. 
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Timer func- The timers defined by the ANS1 standard are ~ised to iildicatc that a certnin 

tions in accor- control character was not received within a specified time period 

dance with Timer A ( Response Timer ) 

X3.28 Timcr A is used by the transinitting statioi, for pmtection againsi an invalid 
response or no response. 

Start: Timer A is started following the transmission of an end character after 
which a response is awaited (e.g. after ENQ or ETX ). 

Stop: Timer A is stopped if a valid response has been rcceived 

Time Out: Wheri a Time O~i t  occurs, the Res2304 sends LOT, thus 
terminating the connection. 

In the Res2304, timer A is Set to 5 seconds. 

Timer B ( Receive Timer ) 

Timer B is used by the receiving station for protcctioil agairist non- 
recognition of an end-of-text character (c.g. ETX). 

Start: Timer B is started when a start-of-text character (STX) i s  
received. 

Restart: Timer B is restarted as long as data are received. to allow data 
blocks of variable length to be received. 

Stop: Timer I3 is stopped when a valid end character is received. 

Tiine Out: When a Time Out occurs, the received data are discarded, and 
the Res2304 waits for another transinission. 

C 
0 .- 
C 
(CI - - 
(CI 
C 
W 
C - 

C 
0 .- 
ir 

L 
I: 
0 

C 
0 .- 
C 

N .- 
k 
C. 

E 
L 
b 
s 
0 .- 
C 

L 
3 
D) 
C 

5 
0 

In the Res2304, timer B is set to 5 seconds. 
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Flow diagram The following diagram shows the connection set-up of a system controller 

for connection w~th the Res2304. The Res2304 has the group address 0 and the user address 
0. 

set-up in ac- 
cordance with I .  Controller sends MSeiectio~~ Supervisory 

ANS1 X3.28 Sequence" 

Sub2.5 ,A3/  0000sr<ENQ> 

A4 
2. Res2304 assumes slave status and sends 

3. The controller then sends a conimand 
heginning with <STX> and ending with 
<ETX> resp. <BCC> 

4. On recognizing the comnand, the Res2304 
sends 

and writes the instaiitaneous setting of the 
display contrast into the outpnt buffer. 

5 .  The controller terminates the connection with 

6 .  To fetch the response of the Res2304, the 
controller sends the "Polling Supervisory 
Sequence", thus makiiig the Res2304 the 
master. 

Res2304 Controller 
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7. The Res2304 transfers the data to its output 
buffer 

Master 

8. The controller responds with 

<ACK> 

Slave 

9. The Res2304 sends 

<EOT> 

and tlius terminates the connection 

I 

A PC with an RS232 interface can serve as a systein controller. A sample 
program in GW basic for controlling the Res2304 via the serial interface 
of a PC is shown later in the Appendix. 

Controller 

Page 6 - 1 - 12 

X 





RESISTOMATB (I eli' Type 2304 

0 

m 

Table of contents, chapter 6-2 

The RESISTOMATB23Q4 Command Language 

lntroduction ................................................................................................ 6-2-2 

Command heading ..................................................................................... 6-2-2 

Command tree ............................................................................................ 6-2-3 

Query form ................................................................................................... 6-2-4 

Command terminator ................................................................................... 6-2-6 

Special features of the Resistomat .............................................................. 6-2-7 E 
Moving through the command tree ............................................................. 6-2-4 

Parameters .................................................................................................. 6-2-5 

Effects of the "MEASure?"-, "READ?"-, "FETCh?"-commands 
................................................................ during continuous measurement 6-2-7 

C 
0 

I 
.- W 

L 
3 
V) .- 
C 

........................................... Difference between GPI B and serial interface 6-2-7 

Status messages ....................................................................................... 6-2-8 

Introduction ............................................................................................. 6-2-8 
Operation status register .................. .............. ......................................... 6-2-9 
Questionable Status register ................................................................... 6-2-9 
Standard event register ......................................................................... 6-2-1 0 

............................................................................... Status data register 6-2-2 I 

Comments on the "MEASure" command .................................................. 6-2-12 

Page 6 - 2 - 1 





Type 2304 

The comniandlanguage ofthe Res2304 is calledSCPl (S tandardCo~iuiiarids 
for Programmable Instrunientation). SCPI is a common language with 
standard cominands, agreed iipon by lcading inaniifacturers of meastiring 
devices. SCPl not only provides a standardized set of commaiids but also 
allows manufacturers ofdevices to define their owncoinn~ands inaccordance 
with specific mles. 

The RESISTOMATa2304 Command Language 

Introduction 

0 .- 
C 

SCPI knows four HLL. commands siifficient for controlling a device: 
MEASURE?, READ?, FETCH? and COYFIGUKE . 
The coinmands should he understood by cvery SCPI device. 

In addition io these cominands, the following IEEE488.2 Common 
Commands should he implemented in all SCPI devices: 

C 
0 

I 
.- 
C m - - 
tu +. 
M - C 

*CLS Clear Status Coinmand 
*ESE Standard Event Status Enable Cornmand 
*ESE'? Standard Event Status Enable Query 
*ESR? Standard Event Status Register Query 
*[EIN? Identification Query 
*OPC Operation Coinplete Command 
*OPC? Operation Complete Query 
*RST Reset Command 
*SRE Service Request Enable Command 
*SRE? Service Request Enable Queiy'? 
%TB? Read Status Byte Query 
*TST? Self-Test Qiiery ( not implemented in the Res23041 
*WAI Wait to 'ontinue Command 

Command heading 

e.g.: DISPlay 

Every SCPI coinmand heading has a lang and a short form. Every SCPI 
device shoiild only accept the correct long and short fitrms. The IEEE488.2 
limits the length of a command heading to 12 characters. 

Page 6 - 2 - 2 
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The long formcomprises either asingle word or several abhreviated words. The 
short fonn is an abbreviation of the long form. 

If the command consists of a single word, the word is the long form of the 
command (e.g. DISPLAY). If the coinmand consists of several words, it is 
formed froin the Erst letter of each word and thc entire last word. For example, 
the words "Linc Frequency" result in the comrnand "LFREQIJENCY". 

The short fonrt of the command headiilg norinally consists of the first fonr 
letters OS the long form (e.g. DISP). An exception is when the long form 
conlprises more than fonr letters, the fourth one being a vowel. In this case. the 
vowel is omitted. Then the short form only consists of the first three letters of 
the long form. For examplc, the short form ofthe calibrationcoininand is CAL. 

In the command list, the command is displayed in the long form, 
withthecorresponding shortformin capitalletters and the rest of 
the command in small letters. 

'The commands can be sen: iii upper or lower case. 

The SCPI command tree has a hierarchial structure. Consequently, the same 
command heading can be usedrepeatedly for different tasks at different levels 
of the co~mnand tree. 

e.g.: TIME :STATE 
PRINTER :TIME :STATE 

'fhe various comrnand levels are separated by a ":" Soine commands hüve 
optimal headings. In the case of the D1SPlay:CONTrast command, for 
example, the "CONTrast" heading from level 2 is optional. None of the 
optional conlmand headings need be transfered with the command. 

In the command list, the optional parts of a command are enclosed 
insquareparentheses(e.g.DISPlay[:CONTrast]).Theparentheses 
are not part of the command, and mnst not be transmitted with it. 



Query form 

If not labelled otherwise. all comrnands have an appropriate query forrn. As 
defined in the IEEE488.2, ihe quew form of a command is created bv . . 
sufixi~igaquestioninark to thecommandheading (e.g. DISPlay:CONTrast'?), 
A query form can, but need not he transuntted with a Darameter. Wheii the . . 

Res2304 receives the query form of a command, the current setting 
corresponding to tlie comrnaild is writte~i into the outpiit buffer. The 
response to a qliery coinmand does not contain the command heading. If the 
response to a query cominand consists ofone word, the short fonn is always 
used. 

Wheil measured values are requested, they are always in the saine fonn as 
that shown on the display of thc 2304. 

For example: 
Display: 100.34kOhm -> Response 100.34KOHM 

Moving through the comrnand tree 

Within a coinmarid message, several cominands can he sent to the Res2304. 
The first one always refers to the root directory. Suhscquent commands 
always refer to the same tree level as the preceding c o m a n d  of the 
cominand message. The individual cominands within a comrnand inessage 
are separated hy a semicolon. If a command is transmittcd with a prefixed 
coloii, it again refers to the root directory. The coinrnand inessage is 
tcrminated with "Line Feed" ( <nl> ). 

Example: 
If a device has the following command iree 

ABORt 

Page 6 - 2 - 4 
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the following command messagcs act as described: 

IN1T:CONT ON;IMM<nl> 
switches thc dcvice tocontinuousineasurement and bcgins thc measureinent. 

1NIT:CONT ON;:INTT:IMM<III> 
switches the deviceto continuous measurement andbegins the measurement. 

INIT:IMM;AßOR<nl> 
starts the ineasiireinent and generates an error, bccause AßOR is not a 
command froin the currciit interpreter level. 

1NIT:CONT ON;:INIT:lMM;:AßOR<nl> 
switches to coi-itinuous mcasurement, starts thc mcasurement, and stops it 
again. 

SYST:BEEP:STAT ON;:INIT;:ABOR::SYST:BEEP:STAT OFF<nl> 
switches on the heepcr, begins measurement, stops it, and switchcs thc 
becper off. 

Parameters 

Theparaineters valid for a coinmand are listed iii the followingcommand list 
~uidcrthe Syntax descnption. Theparametcrsareseparated fiomthecominand 
heading by space character. 

Format of a resistance parameter: 

A parameter which stets a resistance value or resistance measurement range 
can be entered in scvcral for~nats and with several units. 
The resistance value can be eiltered in the form of integers, floating-point 
numbers or exponential niunbers. 
Valid units for a resistance parameter are: 

UOHM -> Microohm 
MOHM -> Milliohin 
OEIM - Ohm 
KOHM -> Kiloohin 
MAOHM -> Megaohm 



lf ihe unit is omitted, the Parameter 1s assuned to be in Ohms. 
Examples of valid resistance parameters for a resistance of 123.45 Ohms. 

Format of the ONIOFF parameters: 

The ONIOFF parameters can be replaced by numerical parameters. When 
responding to query forms. the Res2304 always uses numerical values. 

The parameters for the quert forms of the individual cornmands can be 
oinitted if only the current setting is being requested. 

Command terrninator 

Line Feed ( nl ), Semicolon ( ; ) or E01 ( IEEE488.1 End or Identify ). 
together with the last transmitted character ( E01 only for UPIB control ) 
indicate the end of the command. 

For example, if the HP2001300 basic command 'OUTPUT 709;"lNIT"" is 
sent, the controller automatically appends a <cr><nl> to the coinmand. In 
the case of the other IEEE488 interfaces, e.g. a National PC insert-card. the 
<nl> character may need to be stated explicitly. 
( e.g..:ibwrt ":init\nN ) 

Page 6 - 2 - 6 



Special features of the Resistomat 

If a measurernent has been started. no setting can be changed or requested. 
This means that the Res2304 ignores all commands until the measurement 
is stopped. Exceptions here are rhe "ABORt" command for stopping the 
measurement, the commands for status register control ("STATus") and the 
IEEE488.2 commands. 

If the device has been switched to the cooling curve measurement mode, all 
"non-coolmg" curve commands are disabled until the cooling curvc 
measurcment mode is turned off, 

Effects of the "MEASure?", READ?", 
FETCh?"commands during continuous 

rneasurement 
When one of these commands is sent, the next (!) available measured value 
is written to the outpiit buffer. This measured value can theii be fetched. For 
this, the Kesistomat 2304 is made a talker (GPIB) or a inaster (ANS1 X3.28). 
After the ineasiired value is fetched, a new one is not written into the output 
buffer until a new "PETCh?" command is sent. 

Difference between GPIB and serial interface 

When several "MEASure?". "READ?" or "FETCh?" commands are sent in 
a row without the measured values being fetched. there is a differencc 
between serial control and control via the GPI B. 

In the case of the GPIB, each reqiiested measured value is writteri iiito the 
outpnt buffer (256 bytes) nntil it is full. After that, no new measured values 
are written into the buffer until it has been emptied. This can occur through 
the reading out of one or more requested measured valnes (first in, first out) 
or through the transmission of a "device clear" cornmand. 

During control via ihe serial interface, only the newest requested value is 
written into the output buffer. 
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Status Messages 

Indroduction Every S C P ~  device requires the Status 
C 

mechanisin described in Chater 1 1  of the V) 
6 

IEEE488.2, including full implementation 
of the Event Status Register Structure. 

QUEStionable Status Register 

The following diagratn shows the SCpl data 
structure with its corresponding registers. 

Programm running 

- - - - - - - - - - - - - - -  
I 
I 
I 

I Standard Event Status Register 
: Operation Complete 
I Request Control 
I Query Error 
I Device dep. Error 
I 
I Execution Error 
8 

I 
Command Error 

I User Request 
I Power on 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IEEE488.2 Data register structure Page 6 - 2 -8 





Bit 14 is the comnand wariiing bit and indicates that a parameter was 
ignored during the execution of a MEASure command. 

Bit 2 Query Crror 
' C 

Aqiiery error has beendetected. Thc bit .- o 
indicatcs that eithcr C m s 

ü) 

( I )  non-existent data was L= e 
requested or 8 

.- 0 
C m - - 

S t a Il d a r d The standard event register indicates different states of the Res2304. If a bit 

(2) data in the output buffer 
was lost. 

Bit 3 Device Dep.Error The deviee dependent error bit inclicales that 
an error has occurred during a ineasurement. 

Bit 4 Execution Error The execution error bit is set when a false 
parameter was sent. 

Bit 5 Command Error The comrnanderror bit is set when aconlmand 
from the SCPl interpreter was not recognized. 

'The IEEE488.2 commands for controlling thc standard event ciata striicture 
are: 

"ESR? 
"ESE 
"ESE? 

P a g e 6 - 2 -  10 

The comlnands for controlling the questionable status strLicturc are: m 
l U; 

- 
0 .- 
CI 

$ 
event register in the standard eve~it register is set and the corresponding bit in the standard 

event enahle register is released, bit 5 in the status register is set. If this hit 
5 is released in the service request cnable register, a service request is sent 
to the systein controller during control of the dcvice via the GPIB. 

The bits used in the Res2304 have the following meanings: 

Bit 0 Operation Complete This bit is Set in response to the "OPC 
c o m a n d .  It indicates that the clevice has m 
cxecuted the selected functions. 
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Standard The status byte is used to coinbine serval event registcrs in one status 

data register. The statiis byte of every event register has a corresponding event 
register summary bit which iiidicates whether an event in the related event 

register register has occurred. The conesponding Summary bit is only set when tlie 
reiated hit in the event enable register is Set. Ifthe siimmary bit is set and the 
bit in the service request enable register is released, a service request is sent 
to the system controller during control of the Res2304 via the GPIH. 

The bits in the status byte are: 

Bit 0 - 2 not used 

Bit 3 Qiiestionable status suinrriziry hit. 
The bit is Set when a bit released in the questionable event 
enahle register has heen set in the questioriable event 
register. 

Bit 4 

Bit 5 

Bit 7 

MAV-Message available.. 
The MAV bit is set when data are present in the output 
buffer of the Res2304. 

ESB-Event status summary bit. 
The bit indicates whether an event released iil the event 
status register of the Res2304 has occuned. 

Operation status summary bit. 
The bit is set whenan event released in the operation Status 
register has occured. 

The IEEE488.2 conunands for setting the status data stmcture are: 
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Comment on the "'MEASure" comrnand 

The "MEASure'!" command stops a current measurement, selects a 
desired measurement range, starts a new measiirernent, and writes a 
measured value into the oiitput buffer the inoinent it is available. 

The command should only be used for simple tcst programs, as the 
Resistoinat 2304 writes a measured value into its output buffer as soon as 
it is available. When the status registers are sampledafter the "MEASure?" 
corrnnand has been sent, it is not possible to distinctly associate the deta 
in the output buffer with the requested data. A measured value colild be 
obtained instead of the requested eontents of the status register. 

When the status registers are to be used ("STATus" coinmands), it is hetter 
to worlc with the "INITiate" and "FETCW comrnands. "lNITiaten starts 
a measurement, hut no ineasured value is written into the output buffer. In 
this manner, one ean request the state of the Resistomat 2304 by means of 
the "STATus" commands, without obtainiiig a measured value on a 
"STATus" command - this would bepossible whenusing the "MEASure?" 
coimnand. The measured value ean theil be requested with the "FETCh?" 
cominand. 
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The RESISTOMATB2304 Command List 

Introduetion 

C o m m a n d  
descrip-tion 

I 

Command syntax 

This chapter contains all coinrnands for controlling the Res2304. The comniands 
are auanged in alphabetical order. 

The commands are described in the following format: 

P a r a m e t e r  
description when a 
paramctcr is present. 

8 .- 
C 

L 
U) 

0 

Comments  on  the 
coinrnands. Containsad- 
ditioniiiinfonnation. c.g. 
qiiery Sorm of  ihe 
commands. reset values 
OS thc pürameters. 

Exrmples showtypiciii 
appiications o f  the 
coimiiands. The exain- 
ples arc writtcn in IiP 
Series 2001100 Compu- 
ters Bssic. 
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..... 
ABORt 

....~. ---M.- 
-- 

Description: Aborts a single or repetiiion measurerilei~t which hac been started. 

:ABORt 

The command is equivalent to pressing the "STOP" hutton. 

Query form: none 

10 OUTPUT 709;":INITIATEW !start rueasurement 
20 OUTPUT 709;":FETCH?" !request measured values 
30 ENTER 709:A$ !fetch measured valiie 
40 PRINT A$ 
50 OUTPUT 709:":ABORT" !stop measurernent 
60 END 
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E>es~ription: rhis cornmand sclects the desired ciisplay mode of the d e ~ i c e  

Syntax: :CALC'iilate:MATH[:EXPRessioii] <~)IZI.(~MI~>ICI.  > 

J I ~ L ~ C L ~ C ~ C C " . :  The , r~o~ai?wtw correspoixis to the mathematiccil cxpression ~ised for the 
display. 

/ i > u / z l r ~ z t ~ f ~ ~ r  Display inodc: 

RiL'L:N(ITHO[M] Ohm 1 Meter 
II/LENCiTI-1O[KMJ Ohm 1 I<ilomeier 
R/LEN<;THO[I OFT] Ohm 1 10 feet 
R/LEN(iTHO[KFq Ohin / 1000 feet 
DELTA% Delta% 
RHO1 Rho 1 
RHO2 Rh02 
GAMMA1 Gammii 1 
GAMMA2 (;ainli?a? 

.4T'i'EN'TION: The corresponding display rriode is only sei whui the 
"Cr\LCIJI.ATE:STATE ON" comnian<i is sent. 

Otherwisc Ihe display remaiils on "OIIM" 

Cornrnents: 
C) 11 r r y The qucry form ofthc coinrnancigives the modc selccted with - 
f o r m :  TAI,C':MATII:EXPR" (see Parameter tabie). when 

"CALC::SrAT ON" was scnt. 

Otherwisc thc response "Ru is ohiained. 

C'AL(:STAT Respoilse 

selectcd mode 
OFF 

The individual paramcters oftlie various display modec are entered with the 
help of the "TRACe:DATAN command. 
( see "'rRACe:DATAn cominaiid) 

P a g c 6 - 3 - 4  
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Example: Setting thc display to "Ohm Meter" 

- 0 5  OUTPUT 709:":C4LCUI,A'rE:STATE OFF"! tuiii on Ohm display 
- 10 OUTPUT 709;":CAL.CULATE:MATH:EXP1<ESS1ONN? 

RLENGTF-IO[M]" 
- 20 ENTER 700;A$ !fetch current display mode 
- 3 0  OUTPUT 709:":CAL.CGLATE.:STATE ON" !switchto "Ohinl Meter" 
- 30 OUTPUT 70~);":CALCULATE:MATH:EXPRESSIONN?" 
- 50 ENTER 709;KS !&eh new display mode 
- 60 PRINT A$, B$ !response oi1 screen 
- 70 END 

Response of the device: R R/LENGTHO[M] 
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Description: The command activates or deactivates the display mode set with 
"CALC:MATH:EXPRU. 

Syntax: :CALCulate:STATe i pt~rumeteiz 

painmeter 
puinnneter I Setting 

Comments: 
Queryfovm: The query form of the command results in the following 

response from the device: 

ON 
OFF 

when STATE= ON - 1 
when STATE=OFF -> 0 

- 
mode selected with the "EXPR coinmand 
Ohin display mode 

Reset value: OFF 

Exarnple: 
see "CALCulate:MATH:EXPRessionM comnand 

Page 6 - 
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... ..... 

CALibration:DATA 
- .. 

Description: Thiscommand ismeant forcalibrating theindividuniresistancemeasiirement 
ranges. 

e r :  Thep~r(1n~eti'rconsists oftwo parts: the resistance rneasurement range to be 
calibrated. and the corresponding calibration value. 
The two parts are separated by a comma. 

6 .- 
C tu 

pfrrcrmeter Uescription 

PT100,90..1 100HM PT 100 - measureinent range 
200t,TOHM,89.. 1 1 lUOHM 20OUOHM - rneasureincnt rürige 
2MOHM,0.89.. 1.1 IMOHM 2MOHM - meas~ireinent range 
20MOHM,8.9..11.1MOf-IM 2OMOHM - measurernent range 
200MOHM,89.. i 1 1lVlOHM 200MOfIM - meüsrirement rarige 
20HM,0.89..1.1 10HM 2OFIM - measurernent range 
200HM,8.9.. 1 1.10HM 200HM - nieasurement range 
2000HM,89..1 I lOHM 2000HM - nieasuremeilt range 
2KOHTvI,0.89.. 1.1 1KOWM 2KOHM - measiirement rangc 
20KOHM,8.9..11 .lKOWM 20KOI3M - ineasurcinent rangc, 

Syntax: .CAL ibration:DATA < p(irczm<,ter > 

C Example: CAL DATA 200OHM, I00.35OHM 

The caiibration value may coiisist of no morc than 7 digits. 

Exampie: "CAL:DATA 20HM, 1 034567OffMW 

Queuy form: The query form "CAL:DATA?" gives the calibration data of 
all measwement ranges, separated by commas . 

The response has the hllowing forrnat 

<ptl00>,<200UOHM> ,..., i2OKOHM2 

Example.: 
104.23450HM,98 12345UOHM, ..,10.23456KOtIM 

I 
PT 100 

I 
200UOHM ... 

I 
20KOHM 

F- -- Page 6 - 3 - 7 
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CALibration: DATA 

Example: Calihratioi~ of aII measliretnent ranges 

Pt100 
OUTPUT 709;"CALIBRATION:DATA PT100,100 4567 OHM" 
200iiOhm measiirement range 
OUTPUT 709;"CALIBRATION DATA 200UOHM,100 4567UOHM" 
2mOhin measurement range 
OUTPUT 709,"CALIBRATION:DATA 2MOHM, 1 004567MOHM 
20mOhm rneasurement range 
OUTPUT 70O;"CALIBRATION~DATA 20MOHM, 10.04567MOHMM 
2001nOhm measureinent range 
OUTPUT 709;"CALIBRATION DATA 200MOHM,100 4567MOHM" 
2Ohm measurement range 
OUTPUT 709;"CALIBRATION:DATA 2OHM,1 .0045670HMV 
20Ohm measurement range 
OUTPUT 709;"CALIBRATION:DATA 200HM,10.04567OHMM 
200Ohm measureinent range 
OUTPUT 709;"CALIBRATION:DATA 200OHM,100.4567OHM" 
2kOhm measurement range 
OU I-PU C 709;"CAI.IBRATION:DATA ZKOHM, 1.004567KOHM" 
20kOhm measurement range 
OUTPUT 709;"CALIBRATION:DATA 20KOHM,IO.O4567KOHM" 

Request calibration data: 

10 OUTPUT 709;"CALIBRATION:DATA?" 
20 ENTER 709;A$ !fetch calibration data 
30 PRINT A$ !display calibration data 
40 END 

Response of the device (e. g.): 

180.03590HM.101.4213UOHM,1.001234MOHM, ..., 99.99914KOHM 
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- -  r)escription: This cornrnand triggers an offset adjustrnent of the device. 

C 
0 

C b 1 Syntax: :CALibration:ZERO 

L: 
0 

C 
0 .- 
C m 
N .- 
5 
C 

E 
m 
P 

C 
0 .- 
C 

L 
3 
cn 
C 
C 

0 

e 
0 .- 
C 

L 
0 - 
G 

i 

Comments: no paramcters 

no queiy fonn 

Example: 
10 OUTPUT 709;"CALIBRATION:ZERO" !offset adj~istment 
20 END 
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r)escription: Configures the device, i.e. a desired resistance rneasuretneilt range can be 
Set. 

CONFigureL. . . FESistance:DC] 
- 

Syntax: :CONFigure[:FRESistance:DC] <purunzetc~r> 

C 
0 .- 
- - C ((I 

((I 
W 
U) 
C - 

t>(lcc'-ucc'neter Withthe helpoftheparameter, thedeviceisswitched toadesiredn~easuremcni 
range. 

The paramters are: 

The device remains in the measureincnt r a n g  
currently selected. 

purumetrr 

0..20KOHM 

If the parameter is oinitted, the device switches to aiitoniatic measurenient 
range selection and searches for the appropriate lncasurement range 
independently. 

Description 

The device switches to manual range selectioi~ 
and sclectes the rneasuremeilt range contaiiiing 
the parameter. 

Example: FRES: 20KOHM 

Example: 10 OUTPUT 709;":CONFTGURE? 1000HM" !7000HMM-range 
20 ENTER 709;A$ 
30 PRINT A$ 
40 END 

Response ofthe device:: FRES: 2000HM 

P a g e 6 - 3 -  10 

Cornrnents: 
Qucvy form: The query form of the "CONFigureU comnand provtdcs 

the following response froin the device: 

FRES: <selected fange> 

.- C 0 I 
C 

L 
e .- - 
0 



Description: This comrnand IS mealit for ad~usting the display contrast 

Syntax: :DISl'lay[:CONTrast] <pulrrrneter > 

purnmrtcr O . . .  1 

Thc display contrast is adjustable between: 

0 -> no contrast 
1 -> full coritrast 

Comments: 
Q u e v p On the entry ofthe query form of the "DISPLay:CONTrastv 
Jo~nt: comnand. the device sencis the current contrast setting 

between 0 and 1 

Reset value: 0.54 

Example: 10 OUTPUT 709;":DISPLAY:CONTRAST? 0.5" !normal conlrast 
20 ENTFR 709;A$ !fetch requested contrast setting 
30 PRIN'T A$ 
40 END 

Response of the device: 0.5 



DISP1ay:ENABle 

Description: Act~vate or deactivate L.CD display (during rernotc operation) 

Syntax : :DISPlay:ENABlc <pa~-ameter> 

parcit7zeter The display is turned on or off with the help of the paraiiieter. 

The paraineters are: ! 

ON or 1 - LCD Display is on 
OFF or 0 -> LCD Display is off 

Comrnents: The LCD display can only be turned on or off via one of the exteriial a 

Exarnple: 

interfaces. 
The funetion is only active during remote operation 

Response of the deviee: 0 -> when LCD off. 
1 -> when LCD on. 

Reset valuc: OFF or 0 

10 OUTPUT 709;":DISP:ENAB? ON" ! DISPLAY ON 
20 ENTER 709:A$ ! RESPONSE FETCH 
30 PRlNT A$ ! RESPONSE DISPLAY 
40 END 

Response of the device: I 



C 

DISP1ay:MENUE: STATe] 

I)escription: 'rhis command activatcs or deactivatec the bar display. 

C 
0 

!i! 
8 

Query form: On the entry of the query form ":DfSP:MENU:STAY?"' thc 
device responds with the corresponding numerical value. 

Syntax: :DISPlay:MENU[:STATe] < purunzetcr > 

pul-uineter The bar display is activated or deactivated with the help of the parameter. 

0 ~ni-c~nlrtc?r 

ON 

OFF 

0 -> when bar display off 
1 -> when bar display on 

Reset value: OFF 

.- Wien the paraineter is poiied, ihe device always sends the corresponding 
W numerical value. 

3 
B) 

0 

The bar display is only visible when the comparator or classify fiiiiction is 
active. 

setting 

bar display on 

bar display off 

Example: 10 OUTPUT 709;":DISPLAY:MENU:STATE? ON" !bar display on 
20 ENTER 709;AS !fetch response 
30 PRINT A$ 
40 END 

corresponding num. vaiirc 

1 

0 

Response of the device: 1 
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r --1 

. . 
Descriptlon: Revieves measured values while a measurement is in progress and 

places them into the device's output biiffer. 

Syntax: :FETCh[:FRESistance:DC]? 

Comments: The cornmand is used to fetch a ineasitred value via the interface while a 
ineasurement is in progress. 

During single measurements, the measured value is sent via the interface on 
evely "FETCh" inquily. 

During repetition ineasurements, the most recent measured value is always 
sent via the interface. The measurement must be stopped with "ABORt". 

Example: 10 OIJTPUT 709;":INITIATE" !start measitreinent 
20 OUTPUT 709;":FETCH?" !request ~neasured value 
30 ENTE:R 709;A$ !fetch measured value 
40 PRiNT A$ !display measured valile 
50 END 



Description: The coinmand is meant for changing over between single arid repetition 
measoremcnts 

Syntax: .INITiate:CONTinuous < pilirinir~tcr> 

~arcirnc~tci Repetition measurcment ts activated or deactivated with the help of the 
Parameter. 

yuramrtcv I Setting I corresponding num. balile 

When the Parameter is polled, the device always sends the corresponding 
numerical value. 

C0mment~: Single measurements are always stopped automatically after a measurcd 
value has been registered. 

Repetition measurements must be stopped with the "ABORt" coinmand or 
via the keyboard. 

Query form: On the entry of the query form 
":INITiate:CONTinuous?". one obtains: 

0 -> during single ineasureinent 
1 -> during repetition measurement 

Reset value : ON 

Example: 10 OUTPUT 709;":INITIATE:COWTINUOUS? ON" !repetition 
measurement 
20 E N T E R  709:A$ !fetch requested measurement type 

I 
30 PRiNT A$ !dispiay value 
40 END 

Response of tbe device: 1 
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Description: The "1NITiate:IMMcdiate" command starts aresistancemeasureinent when 
the trigger is set to passive. 

When the triggcr is set to active, a "group-execute-trigger" is awaited, aild 
the measureinent is iiot started until its occurrelice. 

Syntax: :INITiatej[:IMMediate] 

Comments: 
Quevy fovrn: noiie 

Example: 10 OUTPUT 709;":INITIATE:IMMEDrATE" !start measurement 
20 OUTPUT 709;":FETCH?" !request measured value 
30 ENTER 709;A$ !fetch lneasured value 
40 OUTPUT 709;":ABORT" ! stop measurement 
50 END 

Description: Thc measurement REF0 will adjust. Zero - refereilce ineasuremeilt 
in measure kind "CONSTANT". 

Syntax: :INlTiate:REF@ 

60171171ent~: This instruction is only possible if measure mode "CONSTANT" 
is adjust. 

Quevy,forrn: none 
Pavarneter: none. 
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H Description: Thepotential fixing of the measurement part is selected with this command. 

Syntax: :INPut:LOW < pcwnnzeter > 

pnrcrmcter The potential fix~ng is selected with the help of this ycrr~rn2etc.r 

puruinrteu I Description 

FLOat I the measurement part floats 

GROund the measurement part is grounded 
internally 

Comrnents: 
Q u e r y On the entry of the queiy form »f the commaiid, the device 
form: sends tbe present grounding coiifigurütion ofthe measurement 

part. 

Response: 

Measurement part floats -> FLO 
Measurement part grounded -> GRO 

Reset value: GRO 

Exarnple: 10 OUTPUT 709;":INPUT:LOW? GROIJND" !ground internally andinquire 
20 ENTER 709;A$ ! fetch requested response 
30 PRINT A$ !display grounding eonfiguration 
40 END 

Response of the device: GRO 
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r)escription: configures, starts and stops (in the case of singlc measureinents) the 
ineasurement and supplies ineasured values 

Syntax: MEASure[:FRESistance:DC]? <paiurneter> 

pur-unlrrc7r: With thc help of the pararneter, the device is switched to the desired 
resistance range. 
The paraineters are: 

parumetrr 

I The device reinains in the current ineasnreinent 

Description 

0..20KOHM 

range 

The device switchcs to manual range selection 
and selects the incasurcment range in which the 
parameter lies. 

If the parameter is omitted, the device switches to automatic rneasureinent 
range selection and searches for ihe appropriate range independently. 

The measured value supplied by thc device has the following h m a t :  

1. Normal resistancc meacurenient: measured value with unit 
2. Comparator function: measured value with unit, valiiation symhol 
3. Classify function:ineasured value with unit, valuation class 

Example: 10 OUTPUT 709;":MEAS?" !ineasurement with automatic rangc selection 
20 ENTER 709; A$ 
30 PRINT A$ 
40 END 

possible response: 100.00OHM 

P a g e 6 - 3 -  I8 

Comments: Singlc ineasurements are stopped autornatically after a ineasured value has 
becn registered. 

Continuous measurements must be stopped with the "ABORt" command. 

0 .- C 

L 
0 - 
hf 
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H Description: With this command, the bit at pin 21 of the I10 jack can be set or reset 

C 

l (U 
Parameter 1 or ON -> The bit is set 

0 or OFF - The bit is reset 

Query,forrn: OUTPut:TTLTrgO:LEVei? 

If the bit is Set, a 1 is returned. 

If the bit is not set, a O is retumed. 

Reset value: 1 

OUTPUT 709; "0UTP:TTLTO:LEV 0" 



Description: With this cornmand, tlie bit at pin 3 of the 110 jack can be set or reset. H 
Syntax: 

Comments: 

pul-clnzetev 1 or ON -> The bit 1s Set 
0 or OFF -> The bit is reset 

Query form: 0UTPtit:TTLTrgl :LEVel? 

If the bit is sei, a 1 is returned. 

If the bit is not set, a 0 is returned. 

Reset value: 1 

Example: OLJTPUT 709; "OIJTP:TTLTRGI.LEVEL 1" 
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L Description: This cominand is meant for entering a test number on thc printer listing. 

Syntax: :PRINtcr:CNIJMbcr pcri-umeter > 
,- 
C 

L 
P) purri~izeter The parameter consists of 6 arbitraiy ASCiI characters. 
8 i 

Cominents: Q u e r y On the entry of the query form ofthe ":PRINter:CNUMber'?" 
,firm: command, tlie currcntly selected test nuinber is obtained. 

Any ASClI character can be entered as a test nuinber via the interface of the 
device. Only numeric characters can be entered as test nuinbers rnanually 
via the keyboard of the device. 

Reset value: <6 spaces> 

Description: This cornmand is used to specitiy whether the test number is also to be 
printed on the measurement protocol. 

Syntax: :PRINter:CNUMber:STATe < yuranzeter 1 

pai-ni7zrte~ parameter 

Comments: Query form: On the query formofthe cominand, the followingresponses 
are obtained from thü device: 

Setting 

ON 
OFF 

when STATE = O N  - 1 
whenSTATE = OFF -> 0 

Test number is printed 
Test number is not printed 

Reset value: OFF 
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PRINter : DATE [: STATe] 

C 

Description: This command 1s used to specify whether the date ic also to he printedon thc 
priiiter listing. 

Syntax: :PRINter:DATE[:STATe] < ynrunzeter > 

Comments: 
Query,form: On lhc query formoftlle cocnmand, the followiiig responses 

are ohtained from the device: 

yarflmeter 

when STATE = O N  - 1 
when STATE=OFF -> 0 

puramcrc~r 

ON 
OFF 

Reset value: ON 

Setting 

Date is printed 
Date is not prtnted 
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Description: This cornrnand selects the delay time between two prrntouts 

Syntax: :PRINter:DEl.ay <purri~iietc>v > 

puvrrrnetev tIours, rninutes. sec«nds 

With tlie help of the pararneter. the delay time between two printouts is 
entered in hours, minutes and seconds. 

Example: one measured value to the prinier eveiy three hours: 

OUTPUT 709:"PRINTER:DELAY 03,00,00" 
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Comments: 
Quevy foum:On the enhy of the query foim ":PRINTEK:DELAY?" one 

obtains the currently selecteddelay time between two measured 
values in the following form: 

Hours, minutes, seconds 

To print out every measured value, the delay time can bc set to 0,0,0 

Reset value: 0,0,0 



RESISTOMATG Type 2304 

PRINter: HEADer 

Description: This command speficies the nurnber of measured values which are to be 
printed out before the ineasurement protocol heading is repeated. 

Syntax: :PRINter:HEADer <~au.arnetev > 

przrrznzeteu The Parameter states the number of measured values to be printed per 
measurement protocol heading. 

valid values -> 1...9999 

Comments: 
Queryfornz: On the entry of the query forrn ":PRINter:I-IEADer'?", tlie 

device sends the curreiit number of ineasurect values per 
measiirement protocol heading. 

The masimum number of measured values between two nieasuremeilt 
protocol headings is 9999. 

Reset value: 1000 
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Type 2304 

Description: This coinmand spccifies whether a numerator of the measured values should 
also be printed on the measurement protoeol. 

:PRINter:NUMerator[:STATe] < pul-ulnetcr > 

Description: 

Syntax: 

Comments: 

pu'ilmetcr- p a ~ ~ m e t c 2 r  
-- 

ON .- 
G OFF 
C 

With this co~nmand, the measured value numerator is reset to onc 

:PRINter:NUMerator:RESet 

Setting 

Nuriierator is printed out 
Numerator is not priiited out 

no parameters 

no qucry form 

E E \  comments: The nurnerator is printed out before the measured value. 

Qurry form: On the entiy of the query form of the commatid, one obtains 
the following responses from the device: 

.- whenSTATE=ON -> 1 
W whenSTATE=OFF -> 0 

Reset i~alue: ON 
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Descri~tion: This cornmand activates or deactivates the connection between the serial l-7 . 
interfacc and a printer. 

Syntax: :PRINter[:STATe] < pnranteter > 

Printer function off -> 0 
Printer function on -> 1 

Attention: Theprinterfunctioncanonly be selected ifIEEE488 has been 
selected in the interface menu! 

During operation via the serial iiiterface, the printer function 
is not availablc. 

The printer fi~nctions canalso beconfiguredvia the serial interface. However, 
in order for the printer to operate afterwards, the device inust be switched 
rnanually to IEEE488 interface operation, and the printer must be connected 
to the serial interface. 

When the printer function is selected, measuredvalucs requestedvia the IEC 
bus are also printed out. 

OFF Rcset value: 
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pci?'anzeter paiumeter Setting 

Printer function on 
Printer function off 

Comments: 
Q U e u y On the entry of the query form "PRINter.SSATe?", tlie 

- 
C 
0 .- 
C m 
N .- 
L 
U) 
C 

E 
b 
m 
P 

form: device sends the current status of the printer function. 
C m 



Type 2304 

Description: This coinmand specifies whether the selected ternperature coefficient is also 
to be printed out in the measuremcnt protocol heading. 

Syntax: :PRINter:TCOef'ficient[.STATe] < j)nranzr,tc.r > 

purcirni.tcJr 1jnnlnzi.tc.r I Setting 

Cornrnents: 
Quevyfiwm: On ihe entry of tlie queiy form of the command, onc obtains 

the following responses from the device: 

ON 
OFF 

wlien STATE = ON -> 1 
whenSTATE=OFF - 0 

selccted TC is printed 
selected TC is not printed 

Reset value: OFF 

The temperature coefficient is only printed out if the temperaturc 
compensation is activated. 



Description: This command specifies whether the measurement time is also to be printed 
in the measurement protocol. 

Syntax: PRiNter:TIME[:STATe] < parun~c~ter z 

parnm?tef pclranzetrr I Setting 

ON Time is printed 
OFF Time is not printed 

Comrnents: 
Qucry form: On the entry of the query fonn ofthe comrnai~ci, one obtains 

the following responses from the device: 

when STATE =ON -> 1 
when STATE=OFF -> 0 

Rrset value: ON 
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Description: This command selects thc type of the connected serial printer 

Syntax: 
:PRINter:TYPE < pcrrumrter- > 

przrurtzeter With the Parameter, any one of three printer types can bc selccted. 

I 40 character - printer 

pcri'arnezrr 

0 

2 1 20 character - printer 

Printer type 

80 character - printer 

Comments: 
Query form: On the entryofthe query form "PRmter:TYPL?", one ohtains 

the current setting of the printer type froin the device.. 

Response: 20 character - printer -> 2 
40 character - printer -> 1 
80 character - printer -> 0 

Reset value: 0 
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Example for setting tlie printer listing inenu 

10 OUTPUT 709;":PRINTER:TYPE 0" !80-character printer 
20 ! printoul every 30 tninutes 
30 OUTPUT 709;":PRINTER:DELAY 0,30,0" 
40 ! print date and time 
50 OUTPUT 709;":PRINTER:DATE:STATE O N  
60 OUTPUT 709;":PRINTER:TIME:STATE ON" 
70 ! set measurement protocol nnnlber to Test 1 and print 
80 OUTPUT 709;":PRINTER:CNUMBER TEST1 " 
90 OUTPUT 709;":PRlNTER:CNUMBER:STATE O N  
100 ! print temperature coefficient 
110 OUTPUT 709;":PRINTER:TCOEFFICIENT:STATE ON" 
120 ! reset numerator and print 
130 OUTPUT 709;":PRINTER:NUMERATOR:RESET" 
140 OUTPUT 709;":PRINTER:NUMERATOR:STATE ON" 
150 ! measurement protocol heading every 50 printed values. 
160 OUTPUT 709:":PKINTER:HEADER 50" 
170 ! activate printer function 
180 OUTPUT 709:":PRINTER:STAT O N  





Type 2304 

r---1 

Description: T h ~ s  conunand specifies whether a temperature compensation 1s to be 
carried out during the resistance ineasurement. H 

Syntax: :SENSe:COKRection[:STATe] < pur-an~eter > 

Ifthe temperaturecompensation isactivated. the measurement result obtained 
is the resistance value at 20 degrees C, based on the measured valtie, 
tempcrature and linear temperature coefficient. 

p"rU"e teY  pUTa, lZPtCI.  

ON 
OFF 
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Setting 
0 

Teinperahire compensation is performed 
Temperature compensation 1s not pcriormed 

Comments: 
Query form: On tlie entry of the query form ofthe command, one obtains 

thc followlng responses from the device : 
.- 
C 

when STATE=ON -> 1 
when STATE= OFF -> 0 3 

Reset value: OFF 



Description: This command specifies whcther a temperature value i i ~  the case of 
teinperature compcnsation should be registered automatically or entered 
matiiially. 

:SENSe:CORRcction:TCOMpensate:AUTO < f>cc~-unirtel- > 

pccrunirter pctranzrter Setting 

ON Temperature is registered aiiton~atically 
OFF Tenzperature can be entered manually 

Comments: 
Query form: On the entry ofthe query form of the command, one obtains 

the following responses from the device : 

whenSTATE=ON -> 1 
when STATE= OFF -> 0 

On thew setting "AUTO=ON", an exleranal Pt 100 sensortnust be connccted. 

On the setting "AUTO=OFFU, the temperaturc can bc entred mtth Ilie 
command "SENSe:CORRectioi~:TCOMpensate:TCC~M:MAN" cointnand 

During changeover frommautomatic to tnanual temperature measiiremcnt, 
the lnost recent temperature value entred manually is selected again. 

Tlie current temperatue can be polled with the 
"SENSe:CORRection:'ICOMpeilsate:MANual?: command. 

Reset value: OFF 



Description: This cominand 1s ~ised for rnanually entering the temperature In the case of 
temperature compensatioii. H 

The largest possible teinperature range lies between -70 lind 999.99 degrees 
Celsius. 

Coments :  Q u e r y On the query form ":SENS:CORR.TCOM.MAN?" one 
form: obtains the currently selccted ieinperatlrre frorn the device 

The yuery form of the cominand also supplies the current temperature 
during automatic temperaiure measureii~ent. 

The response to the query formof the command is sent with the unit "CEL". 
(Exd~n~le :  "23.4CEL"). 

autolnatic temperature ineasurement is deactivated. (AUTO = OFF). 

1 C 
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The temperature inust be selected without stating the unit. 
( Example: ":SENS.COKR:TCOM:MAN 23.4" ) 

When the tenlperature is selected via the "MANua!" - command, the 

0 .- 
C 

C 
0 - 
0 



Type 2304 RESISmMAP 

H Description: Thls comniand selects one of ten possible temperäture coefficients 

Syntax: :SENSe:C0RRection:TCOMpei1sate:TCO.r < purcimcter : 

.Y TC - numbcr: 
1 .. 10, depending on the desired temperature coefficient. 

prrrcrrnete~. 0..9999 , depending on thc desirect teinperature coefficient. 

Theparaineter has theunit " p p d K .  Theunit inay not be transferred as well. 

Comments: Qucyyfi)rm: 011 the entry of the query form, oiie obta~ns the value of the 
currently selected iempcrature coeffic~ent, if the TC ntimber 
is not transferred as well. 

If the TC number is also transferred, the valiie of the 
corresponding TC is obtained as a response. 

For selecting a specific TC, the corresponding TC number and the dcsired 
TC value must bc transferred. 

Example: Setting the temperature coinpensation menu: 

10 ! manual entry of the ainbient temperature 
20 OUTPUT 709;":SENS:CORR:TCOM:MAN 23.4" 
30 ! setting the desired TC (number I) to 3980 pprn/K 
40 OIJTPUT 709;":SENS:CORR:TCOM:TCOl 3980" 
50 ! activate temperature compensation 
50 OUTPUT 709:":SENS:CORR:STAT ON" 



RECICTOMATa Type 2304 

Description: This commancis synchronizes the integration time of ihe N D  converter with 
the noiniiial line frequency at which the device is operated. 

Syntax: :SENSe:LFRequency <pczranzefer > 

Device operated al 16 '1, HZ 
Device operated at 50 I-1Z 
Device operated at 60 HZ 

paunmetcJr 

The paraineter is sent witliout a m i t .  

pai-crnzetcr 

Coments :  Query form: 011 the entry ofthe qilery form "SENSe:LFRequencyfl, one 
ohtains the current setting of the mains frequency from the 
device. 

Reinark 

The response of the device has ihe form: 

<value>HZ 
( Example: 50HZ ) 

Reset value: 50 

Example: 10 OUTPUT 709;":SENSE:L,FREQUENCY? 50" ! 50EIZ mains frequency 
20 ENTER 709;A$ ! fetch response 
30 PRINT A$ 
40 END 

Response of the device: 50HZ 
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4 r)e~cri~tion: This coinmand selects the measurement time base, i.e. the number of line 

paru""tL"' l..9 

Depending on the desired number of line periods. 

C 
0 .- 
C 

5 
0 

Comments: 
Query form: On the entry of the query form 

- 
periods over whtch the measurement is to be carried out 

~yntax: :SENSe:RESistance:APERture <purumeter > 

":SE;NSe: RESistance:APERture'>", one obtains the 
current setting of the time base. 

Attention: At high resolution, the miniinum value of the time 
base = 5. 

Reset value: at low resolution -> 1 
at medium resolution -> 5 
at high resolutioil -> 9 

Example: 10 OUTPUT 709;":SENSE:RESISTANCE:APkRTIlKE'? 7" 
20 ENTER 709:A$ 
30 PRINT A$ 
40 END 

Response of the device: 7 
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Description: This command selects the nuinbcr of measured values whose average is to 
be dctermined. 

Syntax: :SENSe:RESistance:AVERage < pnrumcter > 

depending on the nu~nher of nieasured values required for fonning a mean 
value. 

Comments: Quevyform: On the entry of the query form 
"SENSe:RESistancc:AVERagee?", one obtains the current 
number of ~neasured values meant for forining a mean 
value. 

Attention: At high resolution, the minimum number of measurcd 
valiies for forming the ineai~ value = 5. 

Reset valide: at low rcsolution -> I 
at medium resolution -> I 
at high resolution -> 5 

Example: I0 OUTPUT 709;":SENSE:RESISTANCE:AVERAGE? 9" 
20 ENTER 709;A$ 
30 P R N T  A$ 
40 END 

Response of the device: 9 
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Type 2304 

Description: This command selects the release limit of the measiired valuc during 
unpolar measurements involving inainly inductive test units 

Syntax: :SENSe:RESistance:COMPlex:L,IMit <purumeter > 

Pai-ul'zelcr O.0SPCT ... 20PCT 

With ihe help of the Parameter, the release limit is stated as a percentage 

For example, a setting of " IPCT" means that a measured value can only be 
dlsplayed if it differs from the previous one by less than 1 PCT. 

Cornents:  Query form: On the entry of the query form 
":SENSe:RESistance:COMPlex:LiMit?", orie obtains the 
selected release limt as a percentage from the device. 

Selectionof the rclease limit is only of significance forunipolarmeasurements 
on inductive resistances. It serves to suppress the ineasuredvalues during the 
transient phase, whieh occurs particularly in thc case of large inductances 

Example: 

Resct value: 20PCT 

05 ! Setting the release limit to 2.34 % 
10 OUTPUT 709;":SENS:RES:COMP:LIM? 2.34PCT" 
20 ENTER 709;A$ 
30 PRINT A$ 
40 END 

Response of the device:2.34PCT 
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