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Practical Voltage Sources - Regulation

m For any supply, ideal conditions dictate that for a
range of load demand (IL), the terminal voltage
remains “fixed” in magnitude.

m |fasupplyissetat12V, itis desirable that it
maintain this terminal voltage, even though the
current demand on the supply may vary.

m Voltage regulation (VR) characteristics are
measures of how closely a supply will come to
maintaining a supply voltage between the limits
of full-load and no-load conditions.
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Practical Voltage Sources — Regulation

Voltage Regulation definition (load regulation): VR
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Better VR means less voltage drop
over the full range of operating current

120V

100V ! | !
| | I
| | I
! | ! Here :
| I I
| I |
| | ! 120V-100V
o . VR= 1100 % =20 %
P—AI ‘N ! 100V
] :

| | | | ] | 1 | | | >
0 1 2 3 4 5 6 7 8 9 10 I(A)
I'rp
Robert L. Boylestad Copyright ©2003 by Pearson Education, Inc.

Introductory Circuit Analysis, 10ed. Upper Saddle River, New Jersey 07458
All rights reserved.



"
Breakout #1 — Voltage Regulation
@ Find the voltage across the load (full-load conditions)

() Find the voltage regulation of the supply
) How much power is lost due to Rint (under full-load)?
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Instrument Connections and Loading

m For an up-scale (analog meter) or positive
(digital meter) reading an ammeter must be
connected with current entering the positive
terminal and leaving the negative terminal

m Ammeters are placed in series with the branch
In which the current is to be measured
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Instrument Connections and Loading

Red lead Black lead
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Instrument Connections and Loading

m Voltmeters are always hooked up across the
element for which the voltage Is to be
determined

m For double-subscript notation: Always hook up
the red lead to the first subscript and the black
ead to the second.

m For single-subscript notation: Hook up the red
ead to the point of interest and the black lead to

the ground
o
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Instrument Connections and Loading
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Instrument Connections and Loading
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Breakout #2 — Voltage Divider

m Find V2 and V3
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Application: Ni-MH Batteries
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Application: NI-MH Batteries

5.1 General Characteristics
The discharge characteristics of the nickel-metal

hydride cell are very similar to those of the nicV

cadmium cell. The charged of both
systemns ranges from 1.25 to 1.35 volts per cell. On VL
discharge, the 5 1.2 volts per cell and

the typical 5 1.0 volt per cell.

O\

Time to recharge the cell

VNL
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ication: NiI-MH Batteries

App
m\W

Voltage (V)

Ny use them?

Figure 5.1.1 can also be used to compare the
capacity of the two rechargeable types. Note that the
capacity of the nickel-metal hydride cell is typically up to
A0 percent higher than that of a nickel-cadmium cell of
equivalent size.

Ni-Cd

Ni-MH

] il

40

il B0 L] 120
Ampere-Hour Capaciy (%)

140

Comparison of discharge voltage and capacity of

same-size Mi-MH and Ni-Cd cells.
[Conditiors: Charge: L3 for b hours, Temperature: 21°C [707F)]

il

» 1C = Discharge rate to
deplete the cell (to the end
voltage) in one hour

= C/5 will discharge the
battery in 5 hours

= And so on...
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Application: Ni-MH Batteries

Typically, when the current is higher and the
temperature is lower, the operating voltage will be
lower. This is due to the higher that
occurs with increasing current and the cell's increas-
Ing resistance at the lower temperatures. However,
at moderate (=C/5), the effect of

low temperature on the capacity of the nickel-metal
hydride battery is minimal.

= As the current increases,
the voltage drop across Rint
Increases

= As the temperature
decreases, Rint increases

Capacity (Ah)
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Typical capacity of DURACELL DR30 battarias undar

constantcumrant discharges at various temperaturas.
[Conditions Charge: 1Cto -AW = B0y & 21 °L {(70°F); Discharge
to B0V
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Application: NI-MH Batteries

5.3 Capacity: Effect of Discharge Rate
and Temperatiire

The of the battery is =
dependent on the discharge current and temperature, 25—
as can be observed in Figure 5.3.1. It should be noted —
that the delivered capacity 1s dependent on the cutoff 2o
or end voltage. The delivered capacity can be increased
by continuing the discharge to lower end voltages.
Howvever, the battery should not be discharged to too
low a cut-off voltage (less than 0.9 volts per cell) as
the cells may be damaged (see Section 5.6). The

recommended for nickel-metal hydride
batteries 15 1.0 volt per cell.

a 217G (70°F)
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Discharge Rate (A)

Typical capacity of DURACELL DR30 batterias undar

constantcumant discharges at various temperaturas.
[Canditions: Charge: 1C0to -4V = BOmW & 21°C (A°H; Discha e
to 6.0V]
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Application: NI-MH Batteries

5.7 Internal Impedance
DURACELL rickel-metal hydride batteries have low

berause they are manufactured using R =p - —
cells designed with thin plate eledrodes which offer large A
aurface areas and good conductmty. Figure 5.7.1 shows Here
the change in internal impedance with o is low
As demonstrated, the impedance remains relatively cc:nstant _ ,
A 1s high

during most of the discharge. Towards the end nf the dis-

charge, the impedance increases due to the conversion of 1 is small
the active materials to a non-conductive form.
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Application: Ni-MH Batteries

5.8 Self-Discharge and Charge Retention

The state-of-charge and capacity of the nickel-
metal hydride battery decrease during storage due to
self-discharge of the cells. Self-discharge results from
the reaction of residual hydrogen in the battery with the
positive electrode, as well as the slow and reversible
decomposition of the positive electrode. The rate of
sa|f-discharge 15 dependent upon the length of time and
temperature at which the battery is stored — the high-
er the temperature, the greater the rate of salf-dis- 100
charge. As illustrated in Figure 5.8.1, cells stored at
0°C (22"'F) retain more of their capacity than those

1]

stored at 20°C and 45°C (68°F and 112°F), particularly '_af- 2u=| 168°F)
after 20 days. § o 35°C (113°F)
l_"-=_-.'al 90
= Store your batteries in the 3
refrigerator? .
0

] 5 10 15 20 25 a0
Storage Time (Days)

Self-discharge charactenstic of Mi-MH cells at

vanous tem paratures.
[Canditions: Charges G2 for & hours; Discharge: G to 1.0,
Temperature: 21°C (70°F(]





