
INTRODUCTION TO WOUND PRODUCT TESTING 
 

For many years, the basic tools of armature testing were the continuity lamp and the growler.  In the 
hands of  skilled workers these instruments detected opens, crossed connections, shorts and grounds.  
Windings placed by hand, soldered or brazed connections, and over-designed products did not require 
more sophisticated testing techniques.    
 
The mechanized manufacturing methods today require a much higher degree of sophistication.  
Automatic winding machines, epoxy slot insulation and "hot staked" connections have increased 
productivity dramatically but have also created a need for better testing methods to assure the end 
product is of the highest quality.  Hand testing each part is impractical on high-speed production lines.  
Automated test equipment must be fast and accurate to meet the needs of more demanding 
manufacturing processes. 
 
Minimum test requirements to insure product reliability include continuity tests capable of detecting poor 
connections as well as opens, ground (or Hipot) tests, and shorted turns tests sufficient to detect 
weaknesses as well as obvious defects.  Each of these tests should be conducted with non-destructive 
equipment that will not damage salvageable parts. 
 
Typical Production Problems 
 
SOG 
Most production problems fall into three categories:  
 
 
 
 
 
 
 
 
 

Shorts Opens 

Grounds 
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Causes: 
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A note concerning Quality: 
 
No amount of testing can insure the quality of a product.  Testing can help us isolate the problems 
described above, but testing can not prevent any of these problems.    Quality can only be maintained 
through sincere effort and constant attention to detail.  Testing is only a way to gauge if those efforts 
are paying off. 
 
Remember - Quality must be built in, it can not be tested in 



 4

Test Techniques 
 
 
Growlers  
 
A growler is nothing more than a device that 
allows us to subject the windings of our 
device to an alternating magnetic field.  In the 
case of an armature, each slot has as many 
conductors wound in one direction as there 
are in the other direction.  Since the armature 
is symmetrical, the voltages induced in these 
windings by the alternating magnetic field of 
the growler effectively cancel and there is no 
circulating current.  A short destroys the 
symmetry and sets up circulating currents 
that can be detected as local magnetic fields 
in the slot containing the defective coil. 
Opens can be detected by shorting each coil 
and checking for these circulating currents.  
If the currents are absent, an open is 
indicated.  This method is not effective in 
detecting poor connections, however, 
because the levels used are too high.  A low 
level continuity test should be used instead. 
 
Continuity Lamp 
 
The traditional low level continuity check is 
the continuity lamp.  As shown in Fig. 2,  a 
low level power source in series with a lamp 
is connected to each end of a coil.  The lamp 
will light if the coil completes the circuit.  
Within limits, the lower the level of the power 
source, the more likely that poor connections 
will be detected. 
 
 
 

 

 

Low level  
source 

Figure 2  Continuity Test 
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Spin test 
 
    
 With the spin test, the part is put in a fixture 
and caused to spin at a very high rate.  The 
theory is that the centrifugal forces exerted on 
the part will loosen any connection that isn’t 
adequate.  Some chafing could also be 
produced that might help detect shorted turns. 
 
 
 
 
Direct Current Resistance (DCR) 
 
 As the name implies, this test is nothing more than a measurement of the resistance of the armature to 
direct current.  This can be accomplished in different ways as will be seen later. 
 
Hipot (High Potential) 
 
The Hipot test consists of applying a very high AC voltage to the part and measuring the leakage current 
generated.  Insulation breakdown and arcing are also detected during the hipot test.  Hipot 
considerations will be discussed in detail later. 
 
Surge (Coil Quality) 
 
Surge testing is a method of determining coil quality in a non-destructive manner.  The test is particularly 
useful in finding shorted turns.  A high-energy pulse is applied to the coil under test causing a magnetic 
field to build up.  The energy returned when the magnetic field collapses is measured and compared to 
the energy returned from a known good part.  Surge testing techniques will be discussed in detail later. 
 
Insulation Resistance (IR) 
 
Measurement of insulation resistance is basically a measurement of the current leakage (capacitive and 
resistive) that occurs when a voltage is applied.  An insulator that is too thin, contains impurities, or has 
been damaged can allow excessive leakage current or even breakdown.  This is normally found during 
the hipot test. 
 
 

Figure 3  Spin Test 



 6

Turns Count 
 
The turns count test usually involves the 
induced voltage technique, comparing the part 
under test to some standard part.  With the 
automatic winding machines in wide use 
today, this test is not in wide use anymore. 
 
 

 
 
 
 
 
 

 

Figure 4 Simple Turns Count Test Circuit 
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Recommended Test Schedule 
 
The following is a discussion of the tests recommended to determine the quality of parts being 
produced.  These tests concentrate on the types of failures seen with today’s automated manufacturing 
procedures.  The three most important tests to be performed are: 
 
DCR  Direct Current Resistance  
 
Hipot  High Potential 
  Ground Test 
  Dielectric Strength 
  Voltage Withstand 
  Breakdown Test 
  Insulation Leakage 
 
Surge  Impulse Testing 
 
The following is a discussion of each of these recommended tests. 
 
DCR 
 
The basic circuit for testing DCR is shown in 
figure 5.  A current source is attached to the 
part and the  voltage drop and current is  
measured.  Ohm’s Law yields  the resistance.  
This arrangement is satisfactory when the part 
to be measured has a high resistance value.  
Armatures, however, are normally low 
impedance parts and the lead and contact 
resistance can add significant error into the 
measurement.  Actual DCR measurements 
can be made using the four wire measurement 
or Kelvin technique.   
 
 

 

Figure 5  Basic DCR Test 



 8

Kelvin Measurement 

 
This method involves using one set of leads to 
supply a current which is a low impedance 
circuit. Another set of leads are used to 
measure the voltage using a high impedance 
DVM.  Since this is high impedance circuit, 
the lead and contact resistances are of little 
consequence.  Figure 6 shows a schematic 
representation of DCR using  Kelvin or 4 
wire measurement. 
 
 
 
 
             
  
 
With this in mind, lets take a look at a 
typical armature.   As seen in figure 7, the 
components influencing DCR in an 
armature include the commutator bars, the 
tang welds, and the armature coils 
themselves.  The resistance of the comm 
bars is negligible so we are mainly 
concerned with the DCR of the tang welds 
and coils.  
 
 
 
 
 
 
 

Figure 6  Actual DCR measurement 

Figure 7  Armature Electrical Schematic 
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DCR Considerations  
 
The DCR of each coil of a single flyer 
armature will be progressively higher due to 
the fact that each successive coil is wound 
over the top on the preceding coil.  This “stair 
step” resistance characteristic of a single flyer, 
progressive wind is illustrated in figure 8.  The 
DCR can vary considerably from one coil to 
the next and must be taken into account when 
setting acceptable limits for testing. 
 
 
Specification Considerations  
 
A double flyer armature has two sets of 
windings 180 degrees from each other.  Each 
winding should have approximately the same 
DCR as the winding 180 degrees from it. 
As temperature affects resistance, DCR 
specifications will also stipulate the 
temperature.   Changing the temperature of 
the part 10 degrees C introduces a 4% error 
which must be compensated. 
 
 
 
 
The effects of a progressive wind must also 
be considered and compensated for.  Figure 
10 shows the characteristic “stair step” 
resistance profile of a double flyer armature 
with the pattern repeating for each flyer.  
Notice that although the resistance of coils in 
the same flyer increases with each successive 
coil, the resistance of coils 180 degrees from 
each other should be approximately the same.   
 
 
 

Figure  8  Progressive Wind 

Figure 10  Double Flyer DCR Pattern 

Figure 9  10 Bar Double Flyer Armature 
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To check the 180 degree resistance of these 
coils, we do a bar to bar discrepancy scan.  
A constant current is applied to each coil and 
the voltage drop across each is compared to 
the drop across the coil 180 degrees from it   
(see figure 11).  Any  discrepancy must fall 
within preset limits.  
 
 
 
 
 
 
 
 
Weld Test 
 
Figures 12 and 13 show the two types of tang 
connections commonly called “welds”.  Weld 
tests are variations of the basic resistance test.  
The idea is that a poor contact will produce a 
high resistance and a milli-volt drop 
measurement will detect the bad weld.  A 
direct measurement of this type is extremely 
difficult to obtain with any kind of 
consistency, particularly in an automated 
system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12  Single Wire Tang Weld (mid flyer) 

 

Figure 11 Bar to Bar Discrepancy Scan 

 
Figure 13  Two-Wire Tang Weld (flyer start & finish) 
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Weld Test 
 
Slaughter Company has developed a 
patented weld test technique which has been 
very effective in isolating defective welds.  
Figure 14 illustrates the process. 
The welds are found by measuring the voltage 
drop across two adjacent coils twice.  Once 
including the weld with a known current (I) 
through it and once excluding the weld 
(current applied at I’.)  Comparison of the 
voltage ratios allows weld resistance to be 
found as the difference in voltage caused by 
the weld divided by the known current. 
This same test is used to find coil resistance.  
After all welds and voltage ratios are found, 
coil resistance is derived by network analysis.  
The coil resistance found represents the coil 
without the parallel resistance of the other 
coils included. 
 
 
Hipot  
 
Figure 15 shows the basic hipot circuit 
without any type of detection.  The rule of 
thumb for hipot is 1000 VAC + 2 times the 
rating of the part under test for 1 minute.  For 
a 1 second test, increase the voltage 20%. 
A typical 120 VAC product would require 
1488 VAC for 1 second.  A typical 
automotive part requires 500 VAC @ 0.5-
5.0 ma for 1 second. 
 
 
 
 
 
 
 
 

 

Figure 14  Patented Weld Test 

 Figure 15  Hipot Test 
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Hipot Considerations 
 
The hipot test is primarily concerned with two 
parameters: leakage and breakdown.   
Leakage is the current caused by the inherent 
capacity of the part and the conductance of 
the insulation.  Breakdown is associated with 
actual insulation failure. 
Figure 16 shows cross sections of typical 
armature stacks.  Stacks can be either  
uninsulated or insulated.    The leakage 
properties of uninsulated stacks depend on 
the insulation of the wire.  
 
As seen in figure 17, Insulated stacks provide 
an added barrier of insulation material 
between the wire and the stack.  This barrier 
reduces leakage and the possibility of 
breakdown.  Total leakage, resistive and 
capacitive, is significant if it reaches a level 
perceptible to the user.  At normal line 
voltages, this amounts to leakage in excess of 
0.5 ma. 
 
 
 
 
 
 
Armature Types 
 
There are two basic types of armatures where 
insulation is concerned; single- insulated and 
double-insulated.  With single-insulated 
armatures, only the commutator is insulated 
from the shaft.  A double-insulated armature 
has both the commutator and the stack 
insulated (see Figure 18.)  
 
 
 
 

 Figure 16  Armature Stacks 

Figure 18   Armature Types 

 

Figure 17   Stack Insulation 
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The hipot test of a single-insulated armature is 
straight forward.  The high voltage is applied 
between the commutator and the shaft (Figure 
19.)  A double-insulated part requires three 
tests.   One with the voltage applied between 
the commutator and the stack, another 
between the stack and the shaft, and another 
between the commutator and the shaft.  If the 
tests are all conducted at the  same time and 
the voltage phased  right, the commutator to 
shaft voltage will actually be the sum of the 
other two voltages (Figure 20.) 
 
 
 
 
 
 
 
 
 
 
 
Breakdown 
 
Like leakage, breakdown is a flow of current.  
Unlike leakage, the current does not increase 
with voltage but instead rises suddenly when 
“breakdown” voltage is reached.  Arcing is 
often associated with breakdown but not 
always.  Breakdown is the term used to 
denote insulation failure.  Figure 21 is a 
graphical representation of the breakdown 
test. 
 
 
 
 
 
 

Figure 21  Definition of Breakdown 

 

Figure 19  Single-Insulated Hipot 

Figure 20  Double-Insulated Hipot 
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Leakage Components 
 
Total leakage has two components: resistive 
current and capacitive current.   As shown in 
Figure 22, these two currents are out of 
phase with each other and total current is the 
vector sum of the two.  This phase 
characteristic also allows the capacitive 
current to be canceled out giving us only the 
current due to the resistance of the insulator. 
 
 
 
 
 
 
Surge  
 
Surge testing is a way to detect  faults and 
weaknesses in coils without risking damaging 
the part in the process. The idea is to  subject 
the part to significant over-voltage without 
causing it to draw excessive current and 
overheating.  By applying a high amplitude 
pulse of short duration, we can subject the 
part to very high voltage while limiting the 
total energy.  This allows testing to the 
NEMA specification of 2 volts per turn or 20 
times the rating without producing destructive 
high currents.  
As the pulse is applied to the coil, magnetic 
lines of flux build outward.  As the pulse 
decays, the lines collapse creating a counter-
EMF or ring wave. By examining the ring 
wave the quality of the coil can be determined 
(figure 23.) 

 

Figure 23  Effects of the Surge Pulse 

IC = 3 mA

IR = 4 mA

Itotal = 5 mA
 

Figure 22  Leakage Components 
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The frequency, amplitude, and decay rate 
provide information about the inductance of 
the coils and the permeability of the core (see 
figure 24.)  The relative energy returned at a 
specific frequency is calculated in “Egrus”, an 
arbitrary unit for comparison purposes.  The 
results are compared to minimum and 
maximum limits obtained from statistical 
analysis of the results from known good parts.  
The difference between the highest and 
lowest surge of a test (known as the 
“spread”) is also calculated and is helpful in 
finding turn-to-turn breakdown. 
It is important that the surge test be 
performed after the DCR test.  Because of 
the high instantaneous currents generated by 
the surge test, minute welds can be created 
temporarily masking a poor connection.  To 
prevent this possibility,  the DCR test should 
always be run first. 
 
The surge test can be applied either directly 
to the part or induced inductively (see figure 
25.)  With the inductive method, the voltage 
distribution in the part is linearly distributed 
and the actual turn-to-turn voltage stress 
relatively constant.  However, this is not the 
way the part will be stressed in actual use.  
The direct method puts the major stress on 
the conductors near the surface and very little 
on those that lie deep in the part, exactly the 
way the part will be stressed in actual use.  
The direct method has the added advantage 
of requiring less equipment to perform.  
 

 

 

Figure 25  Surge Test Methods 

Figure 24  Surge Waveform 
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Figure 26 shows a schematic of the basic 
surge circuit.  The capacitor C1 is charged  
with the surge voltage until the SCR is 
triggered.  C1 discharges through the part 
causing a back emf.  As the field collapses, a 
current is generated in the opposite direction 
through diode D2 recharging C1.  The SCR 
is held on by the trigger so the cycle repeats 
until the initial energy is dissipated.  The cycle 
after the initial pulse is called “ringing” and is a 
function of the capacitance of C1 and the 
inductance of the part.  By looking at the 
ringing waveform, the quality of the coil under 
test can be evaluated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In no way should this be considered a 
complete discussion of  wound product 
testing .  For  a  more complete discussion of 
the subject, see Coil & Winding Testing 
Notebook, and Basic Facts About High 
Voltage Testing, both published by Slaughter 
Company. 

 

Figure 26  Surge Test Basic Circuit 


