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An Expanded-Scale Voltmeter
For accurate battery monitoring.

William Call KJ4W

PhoTO A. Front 1'i('U' of a completed expanded-scale
voltmeter. mounted in a metal case. TI,e original 0-5
1"0/ ' DC me/a lI'as modified hy ill kil/~ U " l" before
{'(wl, digit.

the scale easily modified by placing a " I"
before each digit of the O-t0-5 scale. thus
relabeling the scale 10 to 15 volts, with no
other meter modut cauonsneeded.

Though apparently easy to accomplish,
this method is disappointingly inaccurate.
The weak poim is the drop across the zen­
er; it won't be a constant 10 volts, or prob­
ably 10 volts at any time. Since most von­
meters are high-resistance by design. the
zencr current will be much lower than its
"test current," which is the point where its
voltage drop should be equal to 10. In this
example, for the I k ohmfV meter used. the
meter's internal resistance will be its full­
scale rating of 5Y times I k ohm per volt.
or Sk ohm; or, I rnA full-scale current.
The maximum zener current will be this I
rnA. far below the INS240B's test current
of 20 rnA, and of course the current varies
by a large factor over the meter's range.
Therefore, the zener voltage will probably
be below 10. and will vary some. In addi­
tion to these problems, the zcncr has a tol­
erance. o r Sla ted in itia l accuracy: The
IN5240B is rated as 5%. or plus or minus
O.5Y, from lOY. Most other lOY zener pan
numbers have even worse accuracy. per­
haps 10 or 20 percent.

Testing

To determine how well. or how
poorly. the simple expanded-scale
meter worked. I selected three new
I NS240 B zeners at random and
brea dboa rded the circuit and
checked the zener drop and meter
readings with a good-quality digital
multimeter (the S-voll meter was
first checked and fou nd to be quite
accurate). Over the meier's range,
the actual zener voltages varied on­
ly by 10 mY on the best zener, by
40 mY on another, but by 120 mV
on the worst. However, all zener
drops were well below JO volt s,
with an average of 9.46 volt s at

mid-scale. This would produce an average er­
ror of over half a volt. The worst zener's drop
was 9.34 volts, for a mid-scale error of 0.66
volts. There's no easy way to reduce the error
because a zener isn' t adjustable. The scale
could be painstakingly recalibra ted using the
DMM. but that's no fun, nor would it be at­
tractive.

To improve accuracy and provide for easy,
precise adjustment, I deve loped the circuit
shown in Figure 2. Two inexpensive three-ter­
minal Ie voltage regulators are used, provid-

1)-5 VDC MeIer
Calibrated As
10-15 VDC

10V Drop~

ample, sec Figure I: A IN5240B Hl-volt zen­
er is placed in series with a S-volt full-scale
voltmete r. The meter will not respond at all
until the input voltage reaches at least 10 volts
and the zener starts conducting, so the left­
hand end of the meter's scale represents JO
volts or below. Any input voltage above 10
produces a proport ional inc rease in meter
reading: full seale deflection occurs with 15
volts input, which produces 5 volts across the
voltmeter. This is a particularly easy conver­
sion to make: The meter can be opened up and

Figure I . A sill/flit' expanded-scale voltmeter.

• I?0 - " +10V / "11)-15 V Zener
Voltage (l N5240B) ,Y/ored
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Batlery

Monit

Con verting a Standard Analog vt etee

An establ ished way of making an expanded­
scale voltmeter is to place a zcner diode in sc­
ncs with a voltmeter of smaller range. For ex-
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L ike man v amateurs, I use a 12-voll
deep-discharge lead-acid storage hat­

tery 10 power my base sialion radio equip­
ment. This method has the advantage of
providing emergency operation in C3'iC of a
power fail ure without having 10 connect
and sian a generato r immed iate ly. and
without having 10 reset compute r-based
equipment. It also partially isolates the hat ­

. tcry -powercd equipment from the power
line. reducing the chances of damage dur­
ing thunderstorms or from other line rran­
sicrns. Battery operation allows the usc of
a comparative ly low-ampe rage l j -volt
power supply or battery charger. High cur­
rent demands during transm it can be sup­
plied by the battery, which is then gradual­
ly recharged during receiving periods. The
bauery can be constamly recharged u..ing a
Floating-type power supply. or a higher­
current charger can be manually or auto­
matically switched in and out. IAn auto­
matic charging controller .... as dc-cribcd in
l.t Amalelfr Radio Today. May It}t} ~ . by
WB0 TCZ.)

It is desirable to constantly monitor the
condition of a storage battery, i.c. its tcrrr n­
nal voltage. when it is used this way. to
make sure that the batte ry is not over­
charged or too deeply discharged. 11 is dif­
ficult to usc a standard voltmeter with a
moving pointer for this task be -
cause the useful voltage range be-
comes com pressed into a small
portion of the meter's scale. mak-
ing reading the meter difficult. For
example. if a O· to ly-voh meter is
used, the useful portion is from
about 10 or II to 15 volts; the bot­
tom two-thirds of the meter's
range is not used (it would damage
a lead-acid battery to diwharge it
below 10 volts. besides the fact
that linle useful power would be
left). Trying to distinguish precise
values in that useful upper third of
the scale is difficult. One solution
to this situation is 10 usc a digital voh mcrcr. hut
even though these are dropping in price they
arc still fairly expensive. particularly if there is
a mostly-junk-box solution available. Indeed
there is-a standard analog voltmeter can be
convened to an "expanded-scale" meter using
me methods outlined in this article.



IC 1

Figure 2. A more accurate expanded-scale voltmeter using voltage regulator tCs .

input varies from +10 to +15VDC, leI 's out­
put varies from +5 to +10 VDC with respect
to circuit common. fe Z provides a constant +5
VDC with respect 10 circuit common; the volt­
meter is connected between the regulator out­
put s, so it "sees" 0 to 5 volts as the input
varies from 10 [0 15 volts. Therefore, the ex­
panded-sca le meier results.

It is tempting 10 consider eliminating IC2
and changing le i to a 7910, producing a 10­
volt drop directly. The problem is that lei .
like many regulators, requires a minimum of
1.7V more input than output, so then the meter
wouldn't be accurate below 11 .7 volts input.
IC2 provides an inexpensive reference at +5V
to solve the problem. with the additional 5­
volt offset of ICI adding up to the IOV drop
needed. Since both ICs are operating as S-volt
regulators, the accuracy is fine to well below
10 volts input.

IC2 is shown as an adjustable regulator.
rather than fixed, to allow precise trimm ing at
the zero, or IO-volt, end of the meter scale.
The data book says that a minimum load cur­
rent for a LM31 7 of 3.5 mA typically is re­
quired to maintain accuracy; the meter will
usually draw less than this . However, I experi ­
enced no problems. A load resistor could be
added if needed.

ICI could be changed to an LM337 nega­
tive-voltage variable regulator, if desired, to
provide a full -scale trim as well; or the me­
ter's droppi ng resistance could be varied 10 ac­
complish cal ibration at fu ll-scale. Us ing a

0-5 vee Meter
Cali brated As
10-15 vee

-

I

~~40
<;> Ohm

to the pos it ive input voltage, while its negative
input is connected to the negative side of the
inp ut voltage. The upshot of this is that ICI 's
output with respect to circuit common (the
negative input voltage) is always 5 volts be­
low the positive input. In other words, as the

Adj.

t

...

IC 2

5 V-.

~470
'""> Ohm

< 500 Ohm> Trimpot
c Zero-'> Adju st

LM317
Pos.

'"

+
Approx.
10·15 V

ing accurate scale expansion and a trimpot for
cal ibration. The "trick" in this circuit is the un­
usual way IC1 is used: Th is is a negative-sup­
ply regulator, used in an inverted fashion. Its
output voltage is negative 5 volts with respect
to its common reference. which is connected
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good candidate, a ham fest Ilea market surely
will. Again, the easiest approach is to use a 0­
to s-vou DC voltmeter, as has been discussed.
If you can't find one one of those, often you
can modify another meter. For example. what
if you have a 0-1 50 VOC meter (see PhoIo D).
Useless. right? Nope; carefully take it apart
and look for lhe series dropping resistor. Short
it out and it is back 10 the basic milliamp or
microamp rneter movement. Then replace it
with a new dropping resistor of proper size for
5-volt sensitivity (outside the meter, probably,

Now $349.95

TOLL FREE ORDER LINE 1-800-533-3819
Technical Info 1-919-790-1 048 FAX 1-91 9-790-1456

73 Amateur Radio Today · December. 1992 63

Figure 3. Using a baSIC 200 mnroamp meter mOl'ement as a s-vott voltmeter.

~ 18K
;>

Connect To ~ 5 K TrimpotOutput Of
Figure 2 Full-Scale Calibrate

;>

F 0-200 IlA Meter Movement

" I
Calibrated As 10-14 vec

T

.

in serious trouble very quickly! The meter can
be left on continuously; its current consump­
tion is about 7 rnA using a I rnA meter move­
ment.

PhoIO C shows another unit that was built
with an ammeter included for monitoring ei­
rner charging current or load curren t. as de­
sired, Again, note thaI a fuse is installed.

Finding and Choosmg a Meier

Findi ng a suitable meter shouldn't be hard
or expensive. If the junk box doesn't yield a

DSP NOISE REDUCTION
at a

NEW LOWER PRICE!

NIR-1 0: Was~IL....-------::;... I

JPS Communications, Inc.
P.o. Bx 97757 Raleigh. NC 27624

NOW!

C1ACll 28 5 0N AEAO£A SfAVICE CAAO

The NIR- l0 provides reduction of white/pink noise. powerline noise. ignition noise. etc. from
received audio. The unit also provides a spectral notch
filter to remove multiple heterodynes. and a
moveable bandpass filter mode. with selectable
250Hz. 600Hz. or 1800Hz SHARP filters. Premium
Performance with Dig ital Signal Processing (DSP) at
40MHz.

If you only need to remove multiple hete rodynes. use our NF-60 DSP Notch Fi lter, still only $ 149.95 .
For 115VAC 10 12VDC Adapter add S12. Charge to Me or Visa. Allow I week for personal checks. COD extra.

We pay su rface shipping in the Continenta l United States. NC residents add 6% sales tax .

partly-variable meter dropping resistance 10
provide full-scale trim is discussed in lhe sec­
tion on selecting meters. In the example pic­
tured, the 5-volt meter's accuracy was so good
that full-scale trimming was unnecessary.
Measured error was less than one minor divi­
sion (0. 1V ) anywhere in the meier 's range.

Since the meier current is low, the regulator
ICs can be either the low-current types or the
more common TO-220 package types: no heal
sinks are needed. Since any of several regula­
to r packages migh t be chosen, a pictorial
wiri ng diagram has not been shown. Point-to­
point wiring on a perf-board is very practical;
just make sure you have the proper pin config­
uration for your regulator packages, and fol­
low the wiring shown in Figure 2. Photo B
shows a completed meier, mounted in a cabi­
net. with the circuit of Figure 2 mounted on a
perf-board anached 10 the meier term inals.
This unit was bui lt using one low-power (lU­
92) package and one TO-220 package (what 1
had in the parts drawer). The zero-adjust pot is
visible on the lower left .

The front view, Photo A. shows the slightly
modi fied scale 10 the original 5-volt meter ( the

hand-inked "I's" were added before the origi­
nal numbers), as discussed earlier. Though not
shown in the picture, an inline fuse (1/2 amp
was used) is in the circuit wiring between the
battery and the meter. Always provide a fuse
in any circuit attached to a storage battery; if
anything shorts and you don't have one, that
battery's high current capabili ty will get you



Photo B. Rear view ofa completed expanded-scale voltmeter. The cir- Photo C. Another example of an expanded-scale voltmeter. This unit
cuit of Figure 2 is mounted on a perf-hoard which is attached to the includes a series anuneter 10 mon itor charging current.
meter terminals.

where it can be conveniently mounted on the
perf-board). Oflen, either the meier's current
sensitivity or its ohms-per-volt rating is staled
in a lower comer of the meier scale; if not,
calculate meier fuJI-scale current sensitivity
from full-seale voltage rating divided by series
resistance. In a few cases the original resistor
may be mounted ou tside the meter, on a board
on its terminals: in some cases the resistor

might be inside the meier bu t made harder to
identify and access.

Keep in mind thai the meter's scale will
have to be renumbered; ideally, look for a me­
ter with five major sca le segment s so that the
I-volt divisions will fall in place. Walch out
for sealed meters thai can't be opened , for
non-linear-scale meters. or fo r AC meters.
These are much harder, if nor impossible, to

modify. Look for merers that have seale divi­
s ions that would ideally di vide eac h vnlr ,
spread into tenths.

A basic milliamp or microamp meie r move­
ment can also be used; a series resistor doesn't
have to be removed in Ihis case. Use a move­
menr of nOI mo re than a few mill ia mp s,
though, or it will be a power-waster, and the
dropping resistor may have to be high-power,

'.
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Pho to D. Left: This hiKh-I'oltage DC voltmeter n lll be modified for
tow-voltage expanded-scale /IS(' . Rig/II : Internal view of the high-volt­
a.~,. meter: The dropping res istor is the large cylinder located in the
middl,. of the horsehae mannel . This resistor can be replaced "';111 tile
proper 1'1111/,. for low voltage /IS,. (see text],

100 . For example . suppose you
have a 2()()...microamp meter with
only fo ur sca le segments. It
could be modified to a -t-vott
full-scale voltmeter with a series
resistance of 20k ohm (series re­
sist anc e is appro ximate ly th e
fu ll -scale meter voltage desired
divided by full-scale current sen­
sitivity). Using the circuit shown
in Figure 2. an expanded-scale
display of 10 to 14 volts would
result. If an II - to l y-volt range
is preferred . le i co uld be
changed 10 a 7906. or IC2 read­
justed fo r a e-ven dro p. The
original scale divisions would be
fi ne for the -t-volt range. and the
original numbers and microamp
label could be covered with white paint or
gummed labels and the meter face then rela­
be led. Full -scale tr im can be provided by
making about 10 to 20 percent of the total
dropping resistance variable with a trimpot:
Figure 3 shows a possible meter circuit. If a
high-voltage voltmeter is being modified to 4
or 5 volts full -scale. these same considera­
tions apply. once the basic fu ll-scale current
sensitivity is found.

The voltmeter in Use

Once the expanded-scale voltmeter is buil t,
what should be obse rved'! Fo r man ual

recharging when the battery is low. the ell­
panded-scale voltmeter shows precisely when
10 begin recharging. Wi th either an automatic
charging system like WB0TCZ·s. or with a
float-cha rger. the expanded-scale voltmeter
allows constant monitoring to assure that all
is well. The te rmina l vol tage of a fully­
charged lead-acid storage battery in a constant
state. being Float-charged with a recharge cur­
rent barely more than load current to allow fo r
slight trickle charge. should be in the range of
13 to 13.8 volts. depending on temperat ure.
battery design. age. etc. A battery hydrometer
can be used to determine fu ll charge. then the

voltage checked and the Float­
charger set; my unit worked out
at 13.3 V. Unde r high-current
recharge from a partly d is­
charged state. terminal voltage
can safely be higher. perhaps 14
to 14.4 vo lts or so for a few
minutes to a few hours. During
a de ep di sch arge. the batte ry
terminal voltage quickly drops
to about 12.6 and then gradually
decreases from there: recharg­
ing should begin. or operation
ceased. if the terminal voltage
drops be low 10.5 10 I I volts.
Readings outside these ranges
indicate a problem that must be
investigated.

When using a storage-battery
setup. remember to take sensible precautions
for ventilation and protection against acid
spills. and use fuses and other precautions
against short circuits. The water level should
be periodically checked and adjusted as need­
ed: float-charging causes a gradual loss of wa­
ter, and if the lead plates become exposed to
air the bancry's lifetime will be shortened.
TIle deep-discharge marine-type batteries are
fa r more suitable for th is service than are au­
tomobile batteries. and are worth the higher
cost. Use of the expanded-scale meter. as dis­
cussed in this article. will help 10 maximize
the lifetime of this expensive investment. II
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MULTIPLE REPEATER • LINK • REMOTE BASE
CONTROLLER

Tbt RBC·7tXJ R 'l"'~l" ('"n,wlle. is dc.ignrd t" "'PP<Ml R.p<~'c. 'Y"."" lha, ,c4ui.e
multiple Tadi,,, connected ' ''llc t1>< r at a "-"c. The RRC'_7«) u,ili",. true 7.7 .udio ",aU..
'Wilch whir h all"" .. ","o'al c<m,."",i"n, he,,,'•• ,, P""" 01 Ih. ",m."ime, In , hr ill"'lrali,,n
al>"". Ih. 733 model is 'UPI"'r1ing a Rcre a'e•. " [)upl. ..d Link> to differe,,1",... and 3
RcmOic 0 . "" . Using , im,>le c<,mmand•. a""" cnuld ,i. the Repeat e . and. Rem" l. Ila, . I"
on. LJnk. while 'h" ",he' l~nh a'e eommun".ting thruugh you. ,it•. holding "'pa.at.
c<,n•••"" i",,,. 0 •. conne<1.11 of tb<- 1'011-' 1<>gcll>c•• like • h'II""1y line!!

Se'e"l model, are •••il.hle.OO a'e ",r"'·are ronlillnrlbl. '0 ,uppo<l uf' 10 J R. p..' 5
Duple.ed (jnM..nd~Re m",. B;"."". AVOUpurc!uhnon "an" itb th¢ l>a<i<>.nd ..,.od ' i'
(01'111011"••"Y'i_ tr,. ""'Pry addi'" bc);u-d> .nd....."""•. f .u !Of""". urlUadM for 0"" ~..
of,•• del;"-• .,.. Fi.... lly.• [gJ COfI,.ot"', lor lhe unked 'r-Itm opt.alor!

flnll!b: a c;ontroll.. th.t h..~ c;ontroland audiO Int..eonnec;l pr~~IM • • n
multlpl' 'Idiot; ,YOIl' .adlo Iv-tam<;an g.ow to multiple 11\.. and.tr~101' hund.ldi
01 mil.. . Ind yet any radio ean be fully eontroilld '.om any desig n. tld Input .
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C'RCU 264 ON READER SERVICE CARD
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