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Compact safety tester

• small and portable
• integrated test socket
• easy and convenient operation
• start switch at both sides for left- and right-handed 
 operation
• ground-continuity test with 10A AC in 4-wire confi guration: 
 evaluation of resistance or voltage drop
• insulation-resistance test: evaluation of resistance or 
 current
• high-voltage test DC with up to 2500V DC
• serial interface for printer or result transmission
• integrated result storage for a transmission via 
 RS232 interface at a later point
• storing and printing test results with PrintCom

Refer to:

Windows® software PrintCom 58
HV pistols and warning lamps 68
Calibration and black boxes 82
test methods 94

Devices of the Handheld series are universal testers for electrical 
safety tests, for PE tests and they check for insulation faults. They 
are available as single and combination testers. 

With regard to the integration of functions, high power density and 
miniaturization, Handheld testers are outstanding. This generation 
of testing devices by Schleich represents compact and precise 
testers. 

They are mainly used on site. Therefore, the test electronics are 
integrated into a sturdy aluminum case. Optional accessories such 
as transport cases and shoulder straps even improve the handling 
of the device.

Except for the high-voltage test AC, the tester can also be used 
for EN60204 tests. Without the high-voltage test, it is possible to 
perform all necessary tests according to the Machine Guideline. 
Due to the internal data storage, test results do not have to be 
written down.

Handheld PE/IR
Handheld PE/IR/SLC/FCT
Handheld PE/IR 2500V DC

Possible combinations of test methods in a device

Handheld testers also allow an increase of the test voltage at 
the insulation-resistance test to max. 2500V DC. This offers an 
interesting alternative to the high-voltage test with AC. 
1800V ACeff correspond to approx. 2500V DC.

The test object is connected via test socket. Using the test probe, 
the tests can be performed against this socket. Alternatively, the 
tester can be connected to the enclosure (PE feeding point) of 
the test object by connection cable. In this case, the tests are 
performed against this PE point.

A special application is testing the lightning conductors at 
wind-power stations. To perform tests with currents below 10A, the 
PE-minimum-current monitoring can be turned off. With a reduced 
test current and a test lead in 4-wire confi guration with a length of 
50m, it is possible to test resistances up to 15P.

If a PC is available, you can use our Windows® software PrintCom 
to store the test results directly on the PC.

Testing PE and insulation resistance Testing the PE at X-ray equipment Testing conductors at 
wind-power stations

EN60204 test at a service cabinet

Read-in measured values via PrintCom
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PrintCom offers the fastest and most simple way for storing and 
logging test results. The print protocol is very impressive. It is not 
only a list of measured values - you will have a protocol especially 
designed for your company including logo, graphical symbols and 
all that is necessary for the perfect presentation of your company.

Reading in

The software displays the test results clearly structured on the 
monitor of the PC. In addition, you can enter further information, 
like order data, name of the operator, etc. 

Storing 
The test results are stored in the user-friendly Excel® format on the 
basis of a preconfi gured Excel® form. The delivery extent 
comprises a large selection of easily adaptable protocol forms in 
different languages. You can, of course, also generate completely 
new protocols.

Printing 
The transmission of the test results into an  Excel® fi le allows you 
to print the test results directly and document the tested quality. 

• reading-in test results during the test and from the 
 temporary storage of the tester
• ideal e.g. for EN60204 tests with predifi ned test steps 
 in a test sequence
• ideal for storing test results within production
• storage of test results in Excel® format
• print-out of the test results via Excel® protocols
• you can design your own Excel® protocols, e.g. with 
 your company logo in any number and with any desired 
 confi guration
• freely confi gurable protocol forms for the print-out of 
 test results
• various storage modes (single or total results) 
• compatible with OpenOffi ce® and MS Excel®

Storing and printing test results in Excel® Applications
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Test pistol up to 8KV AC/10KV DC High-voltage test pistol without 
start function 1  , with start 
function 2  , with start via 
mechanical pressure switch 3  

Test pistol up to 12KV AC/15KV DC Adapter between test object and 
test pistol

High-voltage connection lead

Large PE test probe with integrated 
start function

Test probe with switch-over for 
limit values and test methods

Test probe with start function

Small PE test probe 

High-voltage test probe up to 1500V 
safety-current limited

Two-hand start

Safety chain with warning sign Barrier posts with warning lamps 
and emergency stop

Resistance test probe in 4-wire 
confi guration

Test probes for the armature test

Warning or result lamp

HV test pistols | safety equipment | test probes

HV pistols and  warning lamps
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Refer to:

Mains-connection adapters 70
Contacting devices for leads 72
Special contacting devices 74 
Test covers 76
Rolling tables 78
Test methods 94

High Voltage                                                                             
For a secure manual high-voltage test, safety test pistols are 
required. There are various designs depending on the level of the 
test voltage. For convenient handling, we offer test pistols with 
integrated start function. The high-voltage test does not start 
before activating the switch.

Safety                                                                                                        
For safety reasons, the high-voltage test without protection cover 
and without safety test pistols requires a two-hand start. For 
operating test stations, it is necessary to observe the respective 
standards.

PE test probes                                                                                                  
PE test probes serve for contacting the PE connections manually. 
Test probes with integrated start function and colored LED can 
be used not only for starting the PE test, but also for starting the 
complete test process, for confi rming test steps for visual 
examination and for confi rming other messages.

Resistance test probe                                                                                               
With the probes for the resistance test, the resistance to be 
measured is detected in 4-wire confi guration.

Warning lamps and result lamps

Warning lamps serve to indicate, whether the test object is 
connected to voltage or not.

Result lamps indicate the overall test result of the test process. 
Customer-specifi c special displays, which can be controlled by the 
tester, also belong to our extent of delivery.
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Calibration resistor in 
4-wire confi guration

Black box for PE Black box for PE/IR/HV

Black box HV for test-pistols

Calibration resistor, 
high-voltage proof

High-current resistor in 
4-wire confi guration

Calibration

For every company, the monitoring of the test equipment is very 
important. The regular calibration of your test equipment is an 
important pre-condition for assuring the quality of your products.
Therefore, we calibrate the test equipment of our customers 
according to standards.

We offer three types of calibration:
• “In-House Calibration“ means, we calibrate at the premises 
 of the customer.
• “At-SCHLEICH Calibration“ means, we calibrate in our factory.
• “Remote Calibration“ means, we support the calibration in 
 your factory via remote maintenance.

Calibrations are performed within the shortest possible time. If 
necessary, we can provide testing devices on loan for the duration 
of time we need for the calibration. If required, we can also 
calibrate devices from other manufacturers – this can save you 
costs.

If the calibration shows deviating measured values, the test 
equipment is adjusted. The adjustment is part of our service and 
is included in the delivery extent of a calibration. A calibration 
certifi cate documents the measured values before and after the 
adjustment.

Our calibrations are based on international standards. Of course, 
our IS09001-certifi ed Calibration Center also works with additional 
standards, like DIN EN ISO 10012 “Requirements for measurement 
processes and measuring equipment“.

Calibration | black boxes | calibration resistors
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Refer to:

HV pistols and warning lamps 68
Test methods 94

Black boxes

Black boxes are used for the daily check of your testing device. 
They are connected to the testing device and it is checked, 
whether the measured values match the values of the black box. 
If the values do not match, the tester is disabled. The tester will 
only be enabled after a black-box test with a “GO”-result. We only 
deliver testing devices with digital evaluation. Therefore, this test 
is not performed with a “GO / NO GO black box”. We are using only 
one black box and evaluate the measured values within narrow 
tolerance limits.

Every black box consists of one connection for the tester and one 
or more resistances and/or inductivities. They can be designed 
either for one test method or for a combination of several test 
methods.

Every black box is delivered with the resistance values indicated 
and with a calibration certifi cate. This enables the operator to 
adjust the tests correctly.

Calibration resistors

In addition to measuring instruments, precise calibration resistors 
are necessary for the calibration of testers. The calibration 
resistors enable the respective test currents for individual test 
methods and test voltages.

The high-precision resistors withstand high temperatures and have 
a long service life. In order to dissipate the heat resulting from 
high test currents or long-time measurements, all our calibration 
resistors are delivered in special heatsink enclosures. In addition, 
the resistors have a low-capacity and low-inductivity design.

All resistors for high test currents and low test voltages are 
designed in 4-wire confi guration.

Every resistor is delivered with a calibration certifi cate indicating 
the resistance value, which can be used for calculations.
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Test methods
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 PE resistance

The PE test is performed at devices of protection class I. It is 
checked, whether the PE resistance is below the normative limit 
value.

The test serves to detect, whether possible leakage currents inside 
the test object are grounded correctly. If the PE connection is not 
OK, this can result in too high a voltage at exposed metallic parts of 
the device.

In order to determinate the PE resistance, a very high AC test 
current (typically 10A or 25A/30A AC), conforming to standards, 
is led through the PE. Via the voltage-drop measurement at the 
PE resistance and the measurement of the test current, the tester 
calculates the PE resistance.

The PE test is performed with the precise 4-wire resistance 
measurement (Kelvin measurement). With this method, the 
resistance in the leads up to the test probe is compensated 
automatically.

PE tests are often performed by contacting the PE connection 
points manually with a PE test probe.

We supply testing devices with test currents up to 100A.

high voltage
AC

KV
mA
A

 High voltage HV-AC

The high-voltage test with AC voltage serves to fi nd insulation 
faults at electric products of all kinds. 

The level of the test voltage for the individual electronic products 
is determined in the respective standards.

Testing with AC voltage is the most common high-voltage test 
method. However, the HV-test with AC voltage has disadvantages, 
that have to be considered. If there is a parasitical capacity in the 
insulation of the test object, this will cause a capacitive current 
during the test. This capacitive charge-discharge current can be 
much higher than the leakage current through the ohmic 
insulation resistance RIso, because RIso is mostly highly 
resistive. The result is, that the charge-discharge current through 
the capacitor, strongly superimposes the fault current that 
normally should to be measured. In addition, the charge-discharge 
current can affect the test object in a negative way.

The capacitive current is not a fault current caused by defective 
insulation, but inevitable based on physical facts. Because of the 
before mentioned points, it has to be kept in mind that the HV-test 
is more a breakdown test than an accurate measurement of the 
fault current via the insulation.

Touching currents over 3mA is for the operator potentially lethal. 
Testing devices with test currents over 3mA, therefore, must be 
operated with the respective safety measures. Suitable protection 
devices are safety test pistols or, ideally, test covers or test cages. 
High-voltage testers with currents below 3mA AC are referred to 
as “safety-current limited”.

We supply testing devices with up to 100KV test voltage and high 
test currents.

arc detection

   

partial 
discharge

   Partial discharge / ARC detection with HV-AC

Partial discharge describes the discharges at insulations, which 
can not be identifi ed right away through a disruptive breakdown 
when connecting the high voltage. Only part of the isolator is 
damaged. The fi eld strength at this damaged spot becomes so 
large that there is a partial discharge (PD). The remaining, good 
insulation still withstands the connected test voltage. This type 
of fault is detected in the isolator via ARC detection or a special 
partial-discharge measuring technique. This test is of special 
importance for the production of electric motors in order to locate 
production errors, like damaged windings.

insulation
resistance

KV
GP

 Insulation resistance

The insulation-resistance test is performed at devices of protection 
class I and protection class II. It is checked whether the ohmic 
insulation resistance exceeds the normative limit value.

The test serves to detect, whether there is too high a leakage 
current in the test object. If the insulation resistance is too low or if 
there is a fault at the PE, this could cause too high a touch voltage 
at exposed metallic parts of the device.

In order to detect the insulation resistance, a test voltage 
(according to standards) as high as possible (typically 500V DC) is 
connected to the current-carrying leads (L+N) of the test object 
against PE. With the fl owing current and the connected test 
voltage, the tester calculates the insulation resistance.

At devices of protection class II, the test is performed by means 
of a probe, which is held against the exposed metallic enclosure 
parts of the test object. In addition, the test can be performed 
between the current-carrying leads (L against N).

If required, the insulation-resistance test is performed with a 
security-current limitation to max. 3mA. This protects the operator 
if the test voltage is touched accidentally.

We supply testing devices with test voltages up to 40KV DC.

It is often tried to distinguish between “inner PD” and “outer PD”. 
Outer PD occurs on surfaces – often between bare and damaged 
leads. Inner PD occurs within the insulating material, e.g. in the 
impregnating resin of the motor. 

high voltage
DC
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 High voltage HV-DC

The DC high-voltage test serves to detect insulation faults at 
electric products of all kinds. The test with direct voltage can 
often be used as an alternative to the test with alternating voltage. 
In principle, this is the standard insulation-resistance test, often, 
however, with much higher test voltages. Therefore, a testing 
device evaluates either the current or the insulation resistance. 

The capacitive current that is fl owing during the test with 
alternating voltage, does not fl ow during the high-voltage test with 
DC. The capacities in the test object are charged only once. After 
this, only a leakage current is fl owing through the ohmic resistance 
RIso. The high-voltage test with DC thus allows more precise 
statements on the quality of the insulation than it would be possible 
with AC. Since no permanent capacitive charge reversal takes 
place, the test object is not affected too much.

It must, however, be noted that currents over 12mA are hazardous 
for the life of the operator. Testing devices, which can supply test 
currents over 12mA, must, therefore, be operated with the 
respective safety measures. Suitable protection devices are safety 
test pistols or, ideally, test covers or test cages. High-voltage 
testers with currents below 12mA DC are referred to as 
“safety-current limited”.

The level of the test voltage for the individual electric products can 
be found in the respective standards. As a rule of thumb, however, 
the DC test voltage should be 1.5 times the AC test voltage.

We supply testing devices with test voltages up to 40KV.

substitute
leakage current
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 Substitute leakage current

Exactly like the insulation-resistance test, the substitute-leakage-
current test is performed between the current-carrying leads L+N 
against PE. In contrast to the insulation-resistance test, the 
substitute leakage current test is, however, performed with AC 
voltage.

The test is called substitute-leakage-current test, because the 
test is not performed with the nominal voltage of the test object 
between L+N against PE, but with reduced test voltage. The test 
voltage and the leakage current are measured and afterwards the 
current is projected to the leakage current, that would be fl owing 
with nominal voltage. It is checked, whether this leakage current 
is below the normative limit value.

I.e. it is checked with a low voltage, how the test object behaves 
under nominal voltage

leakage 
current

mA
µA

 Leakage current

The leakage current test can be performed at devices of protection 
class I and protection class II. It is checked, whether, owing to the 
insulation, the leakage current is below the normative limit value.

For detecting the leakage current, the test object is usually 
operated with a test voltage “nominal voltage +10%”. The tester 
selects the measuring circuit matching the required standard.

At devices of protection class I, the earth leakage current can be 
measured in the PE. At devices of protection class I and II, the 
enclosure leakage current can be measured with a test probe at 
many different exposed parts.

At electro-medical products, all necessary tests according to 
standard EN60601 and other international standards can be 
performed, as well.

An increasing number of electronic products is operated with 
electronic modules and switching power supplies. Through this, 
leakage currents with the frequency of the fundamental wave 
(50Hz / 60Hz) and, additionally, with the clock frequency and 
various harmonic waves of the electronic modules are fl owing. 
For measuring these high-frequency leakage currents, we offer a 
leakage-current test up to 1MHz according to standards.
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 Polarization index

The polarization index is a very important value to determine the 
quality of the insulation, which deteriorates with increasing age 
of the motor.

Polarization is the ability of the charge carriers in the isolator to 
spin and align to the electric fi eld – i.e. to polarize. The mobility 
of the charge carriers deteriorates with increasing age of the 
insulation. This results in deteriorated insulating properties and 
the motor is more likely to be damaged.

The force that is necessary to spin the charge carrier inside the 
isolator can be measured during the high-voltage test DC in the 
form of a small current. 

The polarization of the charge carriers is not fi nished directly after 
connecting the test voltage – it can take up to 10 minutes. It is 
assumed that one minute after charging the capacity of the test 
object the polarization is still in process. The mobility of the charge 
carriers can thus be determined by the ratio between the strong 
spinning at the beginning and the reduced current after 
the spinning.

         current1minute             insulation resistance10minutes

PI =                            or   
         current10minutes           insulation resistance1minute

In case of a good isolator, the current has, after 10 minutes, 
decreased by four our fi ve times, because all charge carriers have 
polarized. The result is a good PI of, for example, 4 to 5. In case of 
a bad isolator, the current has hardly changed after 10 minutes, 
because the immobile charge carriers can no longer polarize 
correctly. This results in a bad PI of, for example, 1.5. In this case, 
the device needs urgent maintenance.

After the polarization, therefore, the real current is measured 
through the insulation resistance. If the insulation resistance of 
a motor is measured too fast, the resistance is indicated too low, 
because you are still measuring the charging of the capacity of 
the test object and the polarization.

standard 
surge impulse

U

t
 Standard surge impulse

The standard-surge-impulse test is another alternative to the 
high-voltage test AC and/or DC. The standard surge impulse is 
more like a lightning-impulse voltage.

The standard surge impulse has a temporal defi nition of the curve 
shape. Therefore, it is often defi ned as “1.2/50 impulse”. The two 
time values defi ne the rise time and the falling time to half-value. 
The pulse shape during the test should differ from this defi nition 
only to a small extent.

The test impulse is created between the leads and between 
the lead and ground. During the test, the test impulse is applied 
between the leads and ground and/or successively between 
every lead and ground.

We supply testing devices with test voltages up to 6KV.
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special tests
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rotation

Function

 
The safety tests are followed by the functional test. If the test 
object has no short circuit, the desired test voltage is connected 
to the test object.

The current consumption is the most commonly used criterion for 
the evaluation of the function. However, other electric variables, 
like power or phase shift can also be the basis of the evaluation. 
On top of that, it is possible to measure and evaluate other 
physical parameters like:
• RPM
• sense-of-rotation
• torque
• temperature
• pressure
• caliper measurement
• vibration
• noise
• fl ow rate
• optical measurements and more

Due to the modular design of our testing devices, we are in a 
position to offer both, simple functional tests and more complex 
and challenging functional tests, e.g. for vehicle drives.

We supply testing devices with functional tests up to 1000A.

visual
examination

 Visual examination

The operator checks and evaluates the test object visually. 
The result is entered manually at the tester.

In order to facilitate the testing procedure, it is, depending on 
the tester, possible to show digital photos on the monitor.

Visual examinations are performed as individual test steps or as 
combined test steps within a test process. Just like safety tests, 
the results of visual examinations are stored and documented in 
protocols.

residual 
voltage

V

 Residual voltage 

The residual-voltage test serves to detect dangerous residual 
voltages at connection leads or at the mains plug of a test object 
after the mains voltage has been switched off.

Residual voltages are created through internal capacities inside 
the test object. For safety reasons, these electric charges must 
disappear within a time period defi ned in the standards.

resistance

P

   

continuity

P

      Resistance

The ohmic resistance test is performed either in 2-wire 
confi guration or in 4-wire confi guration. With 2-wire confi guration, 
the resistances of the test leads, the relay switch-overs and the 
contact points infl uence the test result. This variant is, therefore, 
only used for resistances over 1…10P – here, this fault is only a 
small percentage of the measured value.

In order to compensate the contact resistances in the test leads 
and at the contact points, it is, for low-resistance test objects, 
always necessary to use the 4-wire measurement confi guration. 

For an optimum 4-wire contacting, we recommend Kelvin clamps 
and 4-wire test probes.

When measuring temperature-dependent resistances, e.g. at 
motor coils made of copper wire, it is necessary to consider the 
temperature. For this purpose, either the ambient temperature 

or the temperature of the test object is measured. The measured 
resistances are converted to 20 degrees celsius temperature.

We supply testing devices with measuring ranges from 
1µP to 1MP.

surge voltage

   

partial 
discharge

     Surge voltage and partial discharge

For the surge test, the testing device connects a so-called surge 
capacitor to the desired test voltage. The testing device connects 
the charged capacitor abruptly to the winding to be tested. This 
takes only a few hundred nanoseconds. Subsequently, the surge 
capacitor and the winding to be tested form an RLC circuit. A surge 
oscillation, typical for the winding, appears in the RLC circuit. 

For fractions of seconds, there are high voltage differences from 
turn to turn inside the winding, which can cause local fl ashovers at 
possible damaged spots. This way, winding errors can be detected 
even visually.

Inside the tester, the surge curves are digitized and indicated on 
the screen.

The evaluation takes place either through a visual examination 
by the operator or fully-automatically by the testing device. The 
automatic evaluation is based on the comparison between the 
windings of a stator or to a stored reference part. 

Various automatic analyzing methods allow precise statements 
on the equality of windings. Short circuits in the windings or in the 
phases of the winding cause asymmetries of the surge curves. 
They are detected by the software and automatically evaluated 
GO or NO GO. The process is performed reliably and doesn’t 
require any special knowledge from the operator.

We supply testing devices with test voltages up to 30KV.

 =                            o
     current10minutes     

 
   insulation resistance1minute

r  
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  Bonding

Bonding with constant current – constant-current method 
During the bonding process, this method keeps the current at a 
constant level. Owing to the increasing resistance, the current 
decreases. In order to stabilize the current, the bonding machine 
increases the voltage continuously during the bonding process. 
For this reason, the fi nal temperature is reached much faster than 
with constant voltage. However, the temperature in the winding 
may be distributed unevenly. 

The advantage of this method is that you can reach very short 
bonding times. In most cases, however, the temperature is 
distributed unevenly.

Bonding with constant temperature

If you use the constant-voltage method or the constant-current 
method, the bonding process stops as soon as the bonding 
temperature has been reached.

With these two methods, the time period, during which the coating 
of the enameled wire can melt and form a connection with the 
adjacent wires is relatively short. It is, therefore, possible that the 
wires are not bonded properly at those parts that go through the 
slot, because, owing to the winding head, at these points the wires 
are somewhat cooler.

When using the constant-temperature method, after reaching the 
target temperature, the temperature is kept at a constant level for 
a certain period of time. This prolongs the time during which the 
coating of the enameled wire can melt and form a connection with 
the adjacent wires.

Bonding with temperature profi le

In principle, bonding with a temperature profi le corresponds to 
bonding with constant temperature. With this method, however, the 
process has several temperature steps.

The temperature difference between winding head and slot can be 
balanced, even in case of low initial temperatures, before starting 
the bonding process. 

This method is primarily used in case of very long stacks compared 
to very short winding heads and/or if the stack is very large.

Bonding with constant voltage – constant-voltage method

A constant voltage is connected to the winding to be bonded. The 
growing heat causes the resistance of the winding to rise, which 
results in a decreasing current. An increase of the temperature 
thus has the effect that less power is released to the winding. 

The advantage of this method is that the temperature rises 
relatively slow, allowing the stator to be heated up evenly. When 
reaching the bonding temperature, the temperature difference 
between winding head and slot is, therefore, optimally low.

Since the maximum current density in the wire is only reached 
at the beginning of the bonding process, it is possible to achieve 
very short bonding times.
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www.schleich.com
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Schleich GmbH
An der Schleuse 11
58675 Hemer | Germany
Phone +49 (0) 23 72-94 98-0
Fax +49 (0) 23 72-94 98-99
info@schleich.com
www.schleich.com

QR-Code
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