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While not a requirement of the periodic maintenance program, battery impedance and conductance testing tech-
niques have been developed in an effort to determine the condition of the internal components and serve as a
trending and troubleshooting tool.
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Figure 1

~Battery Equivalent Circuit

Figure 2

By utilizing AC testing techniques the impedance (or conductance) of the battery can be determined with no result-
ing discharge of the battery and little if any interruption in the service it provides. The impedance is actually the
resistance of the cell to the flow of AC current as presented by the resistance (R) and inductive and capacitive
reactance (XL and Xc respectively) of the internal components. The impedance of the cell is frequency dependent,
and somewhat different results will be obtained depending on the test equipment and test current frequency
utilized. However the impedance can generally be expressed as:

z = v R2 + (XL + XC)2 Equation 1

~Where: z = impedance in ohms

R = DC resistance in ohms

XL = inductive reactance (2 7r fL) in ohms

Xc = capacitive reactance (1/2 7r fC) in ohms
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The absolute value of the AC impedance of the cell can be determined by simply forcing a specified AC current
through the battery and measuring the AC voltage developed across the terminals. The impedance is then cal-
culated as:

E
z= Equation 2

The injection of test current through the cell under test can be accomplished with a circuit similar to that of Figure 3
The driving AC current is developed at the transformer secondary winding and adjusted to the specified level (eg.
10 amperes) and is then capacitively coupled to the battery under test by the capacitor C1. The AC voltage then
developed across each cell or battery in the string (E = I x Z) is measured and the impedance is calculated as per
equation 2.

Since the test current amplitude and frequency is the same for each cell and battery in the string each time the test
is performed, the calculated impedance for each cell and battery can be used to compare cells and batteries within
the string and for changes over a period of time.

VRLA Battery Impedance Test Setup

Figure 3

Typically the VRLA cells and batteries will all have an impedance of +/-20% of the average when new. This range
will reduce as the cells/batteries continue in float service and the oxygen recombination cycle stabilizes and
equalizes between the cells. As the cells age the average measured impedance will gradually increase indicating
progressive deterioration of the cell internal components (plates and connecting straps) and/or drying of the elec-
trolyte. Should a cell short, its impedance would initially decline dramatically. However, as the cell discharged due to
the short, the electrolyte is consumed producing water and lead sulfate which then causes the impedance of the
cell to rise to a very high value -approaching that of the short circuit itself. Naturally, an open would result in a
dramatic increase in impedance.

Admittance is the reciprocal of impedance (1/2) and conductance is the reciprocal of the real part or resistive
portion of impedance (1/R). The conductance test is similar in effect to the impedance test however, in the conduc-
tance test a specified AC voltage is capacitively coupled to the test cell or battery and the resulting AC current
flowing through the unit under test is measured. The conductance (C) is then calculated as 1/(E/I) or simply C = I/E.

The unique characteristic of some popular current conductance testers is the ability to ignore the inductive and
capacitive reactance of the cell or battery and directly measure only the resistive components affect.
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Conductance measurement results in mhos may be used in the same manner as impedance values in ohms to
troubleshoot a battery and trend the unit's condition over a period of time.

The manner in which the cell and battery impedance, conductance and capacity may vary with age is noted in
figure 4. If a cell or battery impedance or conductance should vary more than 25% of the value from when it was
new, the battery should be further evaluated to determine the cause. This evaluation should include a performance
capacity test.
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Figure 4-Capacity, Impedance & Conductance VS. Life

It is important to recognize that neither the impedance or conductance test is capable of replacing the actual
performance capacity test since they are not able to provide a clear indication of all the potential problems which
can cause a battery to fail. However, they can provide information alerting the technician to the need for further
investigation of some potentially troublesome cells.

Table 1 provides typical values of impedence and conductance for Johnson Controls VRLA battery products as
measured with the AVO-Biddle BITE unit and the Midtronics Mdl. 5000 conductance tester respectively. The values
are typical and the actual value measured on a new individual battery may vary +/-20% from the value shown. Also,
the values measured will vary from that in the table with the type and model of test equipment utilized. The signifi-
cance of values measured lies not so much in the specific value but how the value changes from it's original value
over a period of time.
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BATTERY IMPEDANCE AND AC RIPPLE VOLTAGE

Usually, communications rectifiers are highly filtered and there is very little AC ripple voltage impressed on the
connected battery. However, substation and UPS battery chargers typically impress a significant AC ripple voltage
on the connected battery causing a measurable AC current to flow through the battery. If all cells had identical
impedance, this AC ripple voltage would be evenly divided across the cells. However, since the same AC current
flows through all the cells, those cells with higher impedance will exhibit a greater AC voltage across the terminals
(E = I x Z) while those with lower impedance will exhibit a lower AC voltage. While the AC current could be mea-

sured and the impedance calculated as:

z = Ell

for troubleshooting purposes the measured AC voltages per battery can be compared directly and treated as
though they were impedance measurements since the same current flows through all units. Figure 5 indicates how
the readings might be interpreted.



VRLA Battery Impedance (Ripple Voltage) Measurement

Figure 5

The calculated values of impedance using this method will not be the same as that derived using commercial test
equipment since the frequency of the AC ripple is different and it may also vary from time to time. Also, the value of
the measured AC voltage per battery may vary at different times due to variation of the amplitude of the AC ripple
voltage across the total string. However, with these constraints in mind, this technique can still provide a valuable
troubleshooting tool.
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BATTERY IMPEDANCE AND CONDUCTANCE VS. TEMPERATURE

It is important that when battery impedance or conductance measurements are taken that the temperature of the
battery be measured and recorded. As noted in Figure 6, the values are only moderately affected above 77° F
however, at cooler temperatures the impedance of the battery is greatly increased. When comparing values derived
over a period of time the values must be normalized for temperature to obtain comparable results.

Impedance and Conductance VS. Temperature

Figure 6
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