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Kit Parts

Figure 1. Kit bag of parts right out of the box
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Figure 2. Contents of the bag identified
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Parts List:

E Four 0.1 uF caps, marked “104”

E One 1N4148 diode

E One 1N5226B 3.3v zener

E One Tri-color LED

E One TLC3 702 comparator IC

E Two 10K trim pots

E One 2.2K 1/8 watt resistor (red-red-red-gold)

E Two 1K 1/8" watt resistor (brown-black-red-gold)
E One 470K 1/8 watt resistor (yellow-violet-yellow-gold)
E One panel mount push button

E One non panel mount push button

E One LED panel mount clip

E One PC board (0.75” x 1.5”)

Specifications

The BSI measures the voltage that is poweringhiisTthe normal configuration is to connect the

power for the BSI directly from the battery it i®asuring. The BSI draws no current until the push
button is pressed. At 1 2v, the LED can draw Wg0tanA (“orange” — both red and green turned on),
while the rest of the circuit draws about 7 mA26maA total. The current drawn decreases at lower

voltages.

Maximum input voltage: 1 6v
Minimum input voltage: ~4.5v

Two voltage set points:
- Below lowest set point, LED is red
- Between lowest set point and upper set point, i€yEllow-orange
- Above the upper set point, LED is green

The two thresholds can be set to any voltage setspeithin the operating range of 4.5 to 16v. Thus
the BSI can be configured to work with 7.2v batteagks, 9.6v battery packs, 12v gell cell batteries
etc.

The BSI is useful with any battery pack where tlagimum and minimum voltage both fall in the BSI
operating range of 4.5 to 16v.
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Building the Battery Status Indicator (BSI)

Note: There are two different kit configurations!
-One for a panel mount such as inside a rig
'One for a flat mount such as on top of a batterggk

Note: Order is important: LED, Switch, and Trim Pohounting
depends on the kit configuration (flat or panel mot)!

Figure 3. Flat Mount Configuration

The flat mount configuration is designed for mongtto a battery pack. In this configuration, theampush button switch
is used (upper left), the adjustment pots are priiottom right), and the tri color LED is mount@dost flush to the PC
board. Double sided tape can be used to attacdnthaé board (0.75"x 1.5” to a battery pack.
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Figure 4. Panel Mount Configuration

The panel mount configuration has the panel mousih fputton, the LED mounted well off the board,
and the trim pots mounted on the bottom side wtnene can be adjusted from the back side after being
mounted to a panel. One of the pictures above stimust installed inside a PFR-3 transceiver.

Common parts assembly

The three parts that make this either a flat mouatpanel mount configuration comes down to hawv th
LED andtrim potsare mounted and whighush button switchis used These three parts will be

installed last.

This section starts by mount all the other commaarts that do not depend on the final
configuration.

LY

Figure 5. Mounting location of C1, C2, C3, and C4
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Figure 6. Lead forming for C1 — C4.

C1 through C4 are 0.1uf caps marked “104”. The $gading is a bit narrow for the board, so thedead
should be preformed as shown above to accourttdorider 0.2” spacing. The capacitors should be
mounted close to the board as shown below:

Figure 7. Capacitors need to be mounted close toehboard with short leads

O Mount C1, C2, C3, and C4 0.1 uF caps (marked “10¥4as shown above
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Figure 8. Lead forming for the four resistors. Bendead tight to the top.

Vertical height can be an issue with the panel moonfiguration. The four resistors need to haee th
leadsbent tightlyto the top of the resistor andbunted clos¢o the board.

Figure 9. Mounting locations of R3, R4, R5, and R@\ote tight bends, with resistor mounted close tde board

O Mount R4, R5, 1K ohm resistors (marked brown-blackred-gold) as shown above
O Mount R6, 470K ohm resistors (marked yellow-violetyellow-gold) as shown above

O Mount R3, 2.2K ohm resistors (marked red-red-red-gld) as shown above
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Figure 10. IC1, D1, and D2 mounted. Note the bandmctions on D1 and D2!.

It is possible to mount any of the next three pantsckwards. Follow the diagram above for the
orientation of the next three parts!

O Mount D1, 1N4148, with the black band orientatioras shown above
0 Mount D2, 1N5226B, with the black band orientatioras shown above
0 Mount IC1, TLC3702, with the dot and lettering orientation as shown above

Final part placement for the flat mounted configuration

This is the configuration that is used for mountiigctly on a battery pack.

Figure 11. Example of the BSI mounted to the top dd gell cell.
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D
')

Figure 13. Location of the LED, two trim pots, andpush button switch

0 Mount D3, the tri-color LED with the notch orientation as shown abolifted a bit off the
board as shown above.

0 Mount S1, using the low profile push button switckas shown above

O Mount R1 and R2, the two 10K pots as shown abowa the top side of the board

The build of the flat mounted configuration is noemplete. Skip over to the alignment section. The
tall push button switch and the LED panel mountiivare will not be needed.
N7VE Battery Status Indicator v1 .0
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Final assembly of the panel mount configuration

The panel mount version is designed for instaltaitnside a rig. Specific instructions are incluthede
for installing this kit into a PFR-3, but this ki&n readily be used for other rigs or battery peder
projects.

Figure 14. BSI panel mount configuration installedn a PFR-3

Red‘ Green

Set Set

-

Figure 15. The trim pots are mounted to the bottonside of the board

O Mount R1 and R2, 10K trim pots, as shown aboven the bottom side of the board.
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The switch that is used in this version is thetappanel mount push button switch. Since the w
designed, the specifications of the push buttom lcaianged, and the leads of the current style push
button switch are too large for the holes on th8 Pus, the leads need to be slimmed down a bit to
fit the holes of the board.

Figure 16. Panel mount push button before and afterework of the switch leads

In the above picture, a Radio Shack nibbling tcad wsed to slim down the leads of the switch. uf yo
don’t already have one, a nibbling tool is an exely handy tool to have in the shack. Alternatiyely
this could also be done in a number of ways indgadvire cutters, a small file, etdo not use a
grinding wheel or a dremel tool with a grinding @utting attachmentThe heat generated by the
grinding/cutting process will melt the switch amhrit.

As the switch is reworked, check for fit in the P@&es to make sure it fits properly. The installed
switch should has a 7/16” height from the top efCB to the shoulder of the switch when the ndt an
washer is removed as shown below.

| ‘

b

7/16" | )
== ?
} =SS

5/16"

Figure 17. Mechanical drawing of the switch and LEDOnstallation on to the PC board.

N7VE Battery Status Indicator v1 .0

Page 10 of 24



Figure 18. LED Notch location shown

0 Mount S1, the panel mount push button switch, ash®ewn above.Solder one lead first,
then double check the spacing to the switch shoulakh the mounting hardware removed.
When the spacing is right7/16” from top of PCB to the switch shoulder), solder ta other
switch lead, making sure the switch body is vertida

0 Mount D3, the tri-color LED with notch towards the edge of boaa$ shown inFigure 13
and with the 5/16” lead spacings shown above. Solder one lead first, double clketbe
spacing and adjust if needed, then solder the othéwo leads.

The BSI board is now complete. Proceed to thedliitC Tests” and the “Calibration and Usage”
sections before proceeding to the section to panaht the BSI.
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Initial DC tests
Apply 12v to the jack marked “V_IN". Observe the’‘and “-“ polarity. The BSI is diode protected

via D1 so that nothing is harmed if the power isnexted backwards. In addition, no power is agtuall
applied to the circuit until the push button isged.

- [ LA ' /4
G TN e

W e,

-+
o

-

)

1) - _ = A
. Red Set Green Set

Figure 19. Power connections shown. Red and greeteD threshold trim pots identified

The tri-color LED internally contains one red ame @reen. When both LEDs are on, an orange like
color is displayed which is plainly neither red goeen.

When connected to a 9 to12v supply and the trira Rétand R2 in the factor default mid way position
as shown above, when pressing the push buttohFbeshould light up green.

If this works, vary the red set trim pot (identifien the picture above) until the LED turns orarige.
this point, both the red and green LEDs are tuomed

Leaving the red trim pot alone, now turn the greetrtrim pot (identified in the picture above) Uthte
LED turns red.

If all three of this tests work (green only, redreen = orange, red only), congratulations! You now
have a working BSI.
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Calibration and Usage of the BSI

The simplest way of calibrating the BSR is usinguaable voltage power supplgaution! Do not let
the input voltage exceed 16v!

) Red | Orange | Green .

€ 3 =+

e
)

Qv 10v 11v 12v

Figure 20. Example calibration thresholds for a 12\gell cell battery

v

The above figure shows the calibration points f&Ra gell cell battery. The color voltage thresisold
will change for other battery types, but the basiecept will stay the same. The green LED will tam
for any voltageyreater thanits trigger point. The red LED will turn on foryamoltageless thanits
trigger point. These trigger points are delibesasat up to overlap so that three different voltage
regions can be indicated.

If a variable voltage supply is used, and the B®king set as above for a 12v gell cell battetythe
variable supply to 11v and adjust the red setpotrso that the red just turns on (producing ertbeior
orange) just below 11v. Next set the supply voltageOv and adjust the green set pot so thattit jus
turns off (changing color from orange to red) jusiow 1 Ov.

In the above example of a 12v gell cell, the vatemnge of the orange color is a bit subjective Th
goal is to set this range so that the operatorhanke sufficient warning that the battery is ggttiow
given how often the battery might get checked.

A real life curve for a 12v, 9AH gell cell batteshows end of service at ~ 10.5v with an upper oeang
threshold of 11.3v rather than the simple 10v antivlthresholds used in the above simple illustration
See appendix A for more details.

If you do not have a variable voltage power suplgn you may have to use the slower method of
attaching the BSR to a battery and gradually digghg the battery using something like a rig or a
resistive load. As the battery discharges, anthdttery voltage passes a desired set point, thposes
on the BSR can be set up using the red set and getérim pots as listed above, thus calibratieg t
BSR with a slower process.

Appendix A gives battery discharge curves for a ra@nof different battery chemistries and
appropriate voltage thresholds are suggested.
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Two cases with the BSI on all the time

The large battery case

In the above cases, the BSI is checked occasidnatlyanually pressing the push button. This is the
normal operation since the LED current drawn caa significant drain on smaller QRP type batteries
(up to 25 mA at 12v with both red and green LED} blowever, if the BSI is connected to a very
large battery such as one or more car batteriparalel, this level of current drain might be
insignificant. In such a case, the switch couldygassed with a small wire short under the board, s
that the status could be tracked continuously.

Low voltage only configuration

Red

S

Qv 10v 11v 12v

Figure 21. 100% active, minimum current consumptiorarrangement

4

If it is desired to continuously monitor the bagtetatus, but using a of minimum current consumptio
(=7 ma), the BSI can be configured to have the bEDNtil the battery hits its lower limit, at whic
time the red LED will turn on. This set up is showithe above figure. This alternative starts byrsh
out the switch so that the BSI is continuouslyvactNext the green set trim pot is set all the wethe
end of travel that turns the green LED off. At tigl-of-travel point the green LED will never tam
Lastly, set the red LED voltage threshold to tunrright at the lowest battery voltage limit. Atghi
point, the BSI draws roughly 5 mA since the LEDI W& completely off up until the point where the
voltage drops below the battery minimum set paittyhich time the red LED will come on. If this
method is used on a transceiver, the red LED titt linking red on transmit as it nears exhauastio
giving a little bit of warning that the batteryabnost gone.

Mounting the panel mount configuration to a PFR-3

The BSI can be panel mounted to a number of bgiamered rigs and circuits, but it was designed
specifically for mounting to a PFR-3. The followidgigrams and pictures show the mounting of the kit
to a PFR-3, the same measurements can be usedmd imather projects.

N7VE Battery Status Indicator v1 .0

Page 14 of 24



Here are some mounting instructions from Ken Loea88A4MNT, concerning the installation of the
BSI inside the PFR-3. The first step has alreadyla®ne:

Solder the switch and LED to the dimensions shown away from the surface of the BSI board.

— Remave your main pcb from the upper chassis half and carefully drill the two holes as shown above.

Install the LED clip from the outside, and place your completed BSI board, on the inside, in your two drilled holes.
Re—install the main pcb, install the push button switch nut, and lock the LED into the clip.

Connect two wires from the BS| board to the battery holder terminals, observing polarity.

Re—assemble the two chassis halves.

N =
1

o O O o

PHONES  PADDLE

~

4R
J7

N

7
f \ ) - o4 rront 7

Figure 22. Mechanical drawing for hole position andlrill sizes for attaching to a PFR-3

The 1/4” hole is for the LED mounting hardware, le/tthe larger 9/3 2” hole is for the panel mourgipu
button switch.

When using the LED mounting hardware, push the thayhardware into its hole from the front, then
press the LED from the backside. Tabs on the magihiardware will grab the LED by the LED rim.
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Figure 23. Inside look of a BSI installed in a PFR3. Back side location of trim pots allow adjustmentvhen installed

Note the power connection made to the BSI boadidek for the positive, black for the negative
This power location is marked on the board

Schematic

b1 Ut +1 2L A7BK
1686 R

B3F_1

1@k,

freen Set

1

T
~at !—'—".é

412V »“—_;I ©
Bt uft GHD =3

N7VE Battery Status Indicator v1 .0

Page 16 of 24



Appendix A. Battery Specifications

These discharge curves were found by searchingduser web sight for particular battery types.
Many of the listed batteries have a data sheegihes these sample discharge curves. If there is a
particular battery chemistry that is not listedhis appendix, simply go to either Mouser or Digike
search for the specific battery type, and pull daia sheet.

In many cases, a battery pack will be made uprmafraber of cells such as 6, 8, or 10 AA batteries.
Once the “per cell” voltage thresholds are knoWwasé thresholds can be multiplied by 6, 8, or 1 to
the size of your particular battery pack.

12v Gell Cell
Discharge Characteristics
14.0 1T 1 T 111 _ T ]
Ambient Temperature 20°C (68 °F)
13.0 ———=
o =S3ZE - —
%’ 12.0 | == '*u_.._\ ‘\"‘:\x_\ﬁ“‘x
1] --
S 110 = \\, N \
> NN e
E —T 11 0.45
c 1 10.90 - -
5 45
~ 9.0 :
Final 9.0
Voltage )
8.0
18

1.2 2.4 6 12 24 36481 2 4 6810 20 40
- min > h -]
Discharge Time

Figure 24. Voltage discharge rating for a 12v, 9 Abell cell battery (Power Sonic PS-1282S)

This gell cell curve shows a final voltage as 1G4 a current drain of 0.45 to 1.0A. Since tlsis i
roughly the rate for a QRP transmitter, 10.5vgead choice for a final voltage. If the orange wagn
threshold is for the final 10% of battery life gthboks to be roughly in the 1 1.2v range.
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NiMH batteries
Discharge Characteristics

Typical Performance at 21°C (70°F)

= = = -
[ N % T TS I .Y

Cell Voltage

=
o

o
o

Hours of Discharge

Figure 25. Voltage discharge curve for a 1.2v AA WNIH battery. Curve shown is a 2500 mAH Energizer NH5-2500

This curve shows the battery is done at 0.9v geitcappears that there is little life left aftine
voltage drops below 1.1 5v per cell.

For a 10 cell pack, the starting voltage would #e, the higher end of the orange range would bé&i 1
(10*1.15v), with the low end being either at 9v{A.@) or 10v (10*1). From the above curve, a batter
at 1v per cell will very rapidly be down to 0.9wpell since it is a very steep drop at that point.
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NiCad batteries

High Rate Discharge

Voltage (V)
1.5
1.4
13 \ Charge: 100mA x 16hrs at 20°C
1.2 \\\\hx\ .
11 \_\ \
NN N
1 \
0_9 \ \
3000mA  2000mA 1000mA
0.8 (3C) — (2C) — T (1c) —
0.7 | | | |
0 10 20 30 40 50 60 70

Discharge Time ( Mins )

Figure 26. Voltage discharge curve for a 1.2v AA Nlad battery. Curve is a 1000 mAH GP Batteries GP1@0AKC

This curve shows the battery is done at 0.9v gericév per cell might be a good point to settibie
of the orange range.

For a 10 cell pack, the starting voltage would4e the higher end of the orange range would be 11v
(10*1.1v), with the low end being at 9v (10*0.9).
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Lithium-lon Rechargeables

Typical 23°C Constant Current
ST Discharge to 3.0V

wh
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|
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')
|
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| 1 | ] | |
| ' 1N ' | |
L i 0og 12 1.6

Capacity (Ah)

Figure 27. Voltage discharge curve for a 3.7v Lithim-lon battery. Curve is a 1800 mAH Ultralife UBBPQ

(=]
(=~ ]

This curve shows the battery is done at 3v per 8@l per cell might be a good point to set thgedb
the orange range.

For a 3 cell pack, the starting voltage would b&\u 23 *4.2), the higher end of the orange rangaléo
be 10.8v (3*3.6v), with the low end being at 9v33.
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Alkaline Non-rechargables
Constant Power Performance
Discharge Characteristics (21°C)

.-
(FURN T,

| g
Pri—

[y

Voltage (CCV)

O O = =
O w o
|

0 8 16 24 32
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Figure 28. Voltage discharge curve for a 1.5v AA khline battery. Curve is a Energizer EN91.

This curve shows the battery is done at 0.8 to ge®cell. 1. 1v per cell might be a good poirgebthe
top of the orange range.

For a 10 cell pack, the starting voltage would e the higher end of the orange range would be 11v
(10*1.1v), with the low end being at 9v (10*0.9)8w (10*0.8v).
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