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Battery Monitor and
Charger Controller

by Marion D. Kitchens K4GOK

Photo A. Completed battery monitor (lilt! charge controller unit.

Photo B. liar LED and 560-01111I resistor mounting

LM39 14 . When the battery voltage reaches
14.0 volts the 40 11 8 output is resettow The
40 11 8 output drives the MQC 30 10 c ptolso­
tator. rumi ng it on and o il as the battery vol t­
age ranges betwee n 12.0 and 1-1.0 m lts. TIle
~lOC 30 10 in tum operates the triac , which
switches the 110 VAC on and off to the bat­
te ry charger. Two gates o f the 4011 8 arc
wired 10 control a discrete "charge" ind icator
LED. in an identical set-reset manner. Note
that the 40 11B has inputs and outputs wired

when the input is 14 .5 ....olts. Thus, the vari ­
ous LEOs light following the battery voltage
as it d ischarges and is recharged. T he ba r
LED prov ides the battery voltage mon itor­
ing funct ion.

The 40118 quad gate is wired as a set-re­
set flip-fl op. The "set" input is connected to
the " 12.0V" LED pin of the D 139 14. so that
the 4011B out put is set high when the 12.0 Y
LED lights. The "re set" input is s imilarly
connected to the " 14.0 V" LED pin of the

The C irc uit

The schematic for the b attery monitor and
charger controller is shown in Figure I. The
ci rcu it se nses the 12Y battery voltage and
applies it to the input of the L!\13914 . The
LM39 14 converts the analog input vo ltage
to 10 discrete outputs, each of which d rives
a segment of the hal' LED. The L~139 1-1 in
this unit is wired as an expended-scale volt­
meter so that the first LED lights when the
input is 10.0 volt s and the last LED lights
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Many hams have a 12-voll automobile
battery under the operating t31:o1(' for a

variety of uses. There is 11 continuing need to
know the ba ttery voltage a nd 10 keep it
charged . A hasste-rrce mean s of solvi ng
these two problems is o ffered by the battery
moni tor and ch arger controller described in
this article.

Th is unit displays the bat tery voltage on a
l u-scg mcnt hal' LED in incre ments of 0.5
volts ov er the range o f 10 .0 to 14.5 volts.
When the battery voltage drops to 12.0 volts
the unit automatically enables the 110 YAC
line to the ch arger and begins ch arging the
bat tery. As the battery voltage rises to 14 .0
vons. the unit disables the 110 VAC li ne ,
turni ng o ff the charger. A discrete LED pro­
vides a visual indication of the on-oil' state
of the ch arger. The 110 YAC line control is
all solid state. eliminating mechanical relays
and the inevitable pitting and dirty relay
contacts. The circuit automatically sw itches
to the "Charge" condit ion upon application
of 12 VDC to the un it.

A printed circuit board layout is provided
(sec Figu res 2 and 3) for builders who desi re
to make their own. Etched and drilled boards
are av ailable from FA R C irc uits (see the
Pan s Li s t) as well . The c irc u it is s im ple
enou gh to be easily built on pe rf hoard. as a
prototype was. It is easy to hu ild and has no
tricky circuits or difficult adj ustme nts . All
components arc readily availab le at most of
the mail order supply houses such as Digi­
Key. or from " Peg Board" sources such as
JimPak s. The unit is configured 10 occupy
minimal shel f sp;.lce on a crowded operating
table, while presenting the display for easy
visibil it y and power conn ections ncar th e
rear of th e table. Thi s results in the long ,
narrow con figuration shown in the photos.



Design Equations And Principles
For The LM3914, 15, & 16 Chips
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I. The chip maintains a constant 1.25V across

pins 7 and 8.
2. The current thru each LED is determined by

the resistance between pins 7 and 8.
Current =12.5/RI

3. Current thru R2 is the same (close) as RI.
4. Pin 6 is the top of an internal precision resistor

chain, and pin 4 is the low end. This chain is
connected to the internal comparators, and is
compared with the voltage at pin 5 for
determining which LED to light.

5. The #10 LED lights when pin 5 voltage is that
on pin 6. The #0 LED lights when pin 5
voltage is that on pin 4.
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Zero to 5 Volt Meter (V6 = 5.0, V4 = 0.0)
LED Current = IOma
Rl = 12.51.010 = 1.25K
VR2 = 5.0-1.25 = 3.75
R2 = (3.7S)(1.2S)/1.25K = 3.75K

Rl = I.OK, R2 = 5.0K
LED current = 12.5/1.0K = 12.5 DIU
Max V4= (5.0/1.0)(1.25) = 6.25 volts
Min V6 = 6.25 volts (same as above)
Max V6 = 6.25 + 1.25 = 7.50 volts

I. The voltage across RI is always 1.25 -.t.03
2. The voltage across R2 is always...

VR2= (R2/RI)(I.25)
3. The som of voltage across Rl and R2

can't exceed the supply voltage, naturally!
4. Maximum voltage at pin 6 (wiper at top) is VRI+ VR2
5. Minimum voltage at pin 6 (wiper at bottom) is VR2
6. Maximun voltage at pin 4 is VR2
7. Minimum voltage at pin 4 Is zero (ground).
8. Chip to chip variations cause minor voltage variations
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Figure J. Battery monitor and charge controller schematic.
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Figure 3. Parts placement drawing.
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Phoro C. Completed circuit board.

in parallel 10 provide the necessary drive 10

the other circuit dements.

Const ruction and C heckout

Construc t ion is ra the r s t ra ight for wa rd
when using the PC B. The PC B foil panem is
shown in Figu re 2. Install all the IC sockets.
res isto rs and caps as show n on th e parts
placement drawing, Figure 3, except for the
560-ohrn resi stor. Sockets are recommended
for all of the IC s except the tri ac, which
should be soldered in place. Bolt the triac to
the PCB for good therm al conduction. O b­
serve proper polari ty when installing the 2.2
and 33 :\ IFD ta m caps. Note that there are
three j umpers on this PCB. One is near pin 7
of the 40 11 B and is installed from the corn­
poncru side of the board . Th e other two arc
installed on the foil side of the board. and go
between the poi nts marked Y-Y and X -X, as
shown on the pans placement drawing .

The LEOs should be insta lled nex t. A
socket for the tu- segm eut bar LED is rec­
ommended. Note that the bar LE D socket is
mounted 90 degrees 10 the PCB surface. Sol­
der the socke t directly to the edge of the
PCB . The resistor lead should be soldered to
all the socket pins along one edge, as shown.
Study the photo to see how the soc ket and
the 500-ohm resistor arc mou nted . Solder in
place the "charge" LED with lead lengths so
that it ..... iII extend through the front pan el.

At this point the PCB should be carefully
inspected for solder bridges. Check that a ll
points that should be connected 10 12V are,
and that everything that should he con nected
10 ground is . Verify thai there is no short be­
tween 12V and ground. Be careful checking
thi s circui t be cause pote ntially dangerous
voltages will be present before checkout is
completed. \ fake sure no I JO VAC is co n­
nected for the moment. Remove any voltage
o n th e two c aps by tem poraril y short in g
across them at the cap lead s. Connect an
ohmme-ter bet ween test point I and ground.
and adjust the 10k pot for a reading o f 4 .9k.
Adjust the Ik I'KJt for an oh mme ter read ing
of7. 2k between test po int 2 and ground. Pay
careful attention to the proper orien tat ion of
the- ICs and ins ta ll them . Briefl y apply 12
VDC power and ve rify that th e "charge"
LED lights. O ne segment of the bar LED
should also light at this time.

Ne xt po wer the PCB with ;1 variable volt­
age DC supply thai will cove r the ra nge
fro m 9 10 15 volts. Set the power supply at
about J2 Vnc. Adjust the 10k po t fo r 4 .90
volts at test poi nt I (Trl), then adj u"'t the H.
pot for 7.25 volts at TP1 . Set the power sup­
ply 10 14.5 "oils output. and fine-tunc the I k

pot so that the " 14.5V" LED just lights . The
" 14.5 V'· L ED w ill be the ri gh tmo st o ne
wh e n the PC B is component-side-down.
Then set the po wer supply to 10.OV and
fine- trim the 10k pot so that the " IO.OV"
LED justfights (the left most LED with the
PC B ups ide do w n ). Repeat these adj ust­
ments until the " 14.5V" LED lights just as
the supply vo ltage rises to 14.5 vo lts, and
that the " 1O.0V" LED lights just as the sup­
pl y voltage fa lls 10 10 .0 vons. xore th at
there may be some interaction be tween these
two adjustme nts.

During the above calibration. the "charge"
LED should light when the voltage falls 10

12.0 volts, and should go o ff when the volt­
age rises to 14.5. It is necessary to apply 110
VAC to ma ke the next checks. Use appropri­
ate caut ion. Connect your charger or a II OV
low-wattage ligh t bulb to the un it. Connect
the unit to the 110 VAC line. Vary the DC
power sup ply vo ltage and ve ri fy tha t th e
charge r or lamp come on and go off at 12.0
and 14.0 volts. respectively. Remove me 110
VAC and check for heat ing o f the compo-

nems. Nothing in this un it should be ho t
after operating for several mi nut es. Do /lot

check for temperature effects with 110 VAC
ap plied to the unit.

This completes che-ckout o f the unit. It is
ready for mounti ng in a small container. A
contai ner can he mad e from coppe r-clad
PC B ma terial. It is important tha t the PCB
he mo unted in the container with the compo ­
nent s downward for prope r readi ng of the
LED di splay. The "charge" LED will be on
the right when the board is properly mount­
cd. Figu re 4 shows ho w the battery moni tor
and ch....ger controller are connected 10 the
battery and charger. Note that the 12V bat ­
tcry connections for the monitor and charger
co ntroller sho uld he connected d irect ly 10
the bat tery termi nals as shown. The sidebar
on page 33 contai ns design princ iples and
eq uat ions for read ers who mi ght .....ant to
appl y the L\1J9 14 in othe r applications.

Conc lusion

T he battery monitor and charge r con­
trolle r has be en in u se a t th is QTH fo r
many months. It serves its Intended purpose
well . T he au tomo b ile ba ttery under the
operating table slays charged automatically,
and battery voltage is obvious at a glance.
Othe-rs arc encouraged to bu ild a duplicate
unit and e njoy the hassl e-free bene fits it
provides. iii

Resistors
1 each 270. 560. 820. 22k
2 each 10k. 2711
3 each 12k
t each POt 1k, 10k
Capacitors
1 each 0.1 e 200V
1 each 2.2. X1IlF @25V
IC•
1 each LM3914. 4011B, MQC3(l10, RS276- 1000
LEO.
1 each to-segment bar LED, mini LED
Misc. connectors. sockets. etc.
PCB available from FAR Circuits, 18N640 Field
Court. Dundee IL 60118 ($6.25 plus $1.50 S&H
per ardel).

Parts List

FIgure -I. Connections betw een COIl/roller, charger and bartery. .

/ 110 VAC Fer
Charger

Monitor &
= Charge Charger
nOVAe Controller

r:Line

> t-: 12 VDC 10 Battery...
Monitor Lines + -From Bauery 12VDC

Car
Batterv

.
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