—

ACES

Customize analog meter
faces with your PC and a laser printer.

SKIP WITHROW, WBOBBE

EVEN IN TODAY'S WORLD OF DIGITAL
electronics there are still times
when an analog meter is the bet-
ter choice for displaying voltage,
current, or other signal levels.
With the use of a personal com-
puter and a laser printer, this
article shows how you can
customize analog meters from
your junk box or local surplus
dealer to display almost any
scale and units. Gone are the
days of trying to draw meter
scales by hand; you can make
your computer and laser printer
do the work for you.

Any laser printer that under-
stands HPGL (Hewlett-Packard
Graphics Language) com-
mands is compatible with the
techniques presented here. The
BASIC programming language
is used to assemble the com-
mands which are then sent to
the printer. The printer prints
the new scale on a whole-page
laser label and then the label is
applied to the old meter. Figure
1 shows a meter, purchased for
$2 at a surplus electronics out-
let, before and after modifica-
tion.

Finding the right meter

The first step to successfully
making a newly labeled meter is
to start with the right meter. Al-
though many meters can be
found for very reasonable prices
in the surplus market, not every
meter is a candidate for a new
scale. Several specifications,
such as the full-scale current
and the meter movement’s re-
sistance, are critical in deter-
mining whether meter is a
suitable choice.

To change the scale of a meter,
the face must be accessible.
Some inexpensive meter move-
ments have cases that can’t be
opened, and these should be
avoided. Generally the cover of a
meter face can either be re-
moved by simply prying it off, or
by removing several small
screws on the outside of the
meter. The second task is to re-
move the meter face itself.
Again, some inexpensive
meters might have their faces
mounted permanently, but the
majority of meters have several
small screws that hold the
meter face in place. The ability
to remove the meter face is es-
sential.

Other things that must be
known about the meter before it
can be used in a circuit properly
are its full-scale current and the
resistance of its movement coil.
For a new meter, these are easy
to determine from the meters
specification sheet. Sometimes
you will be lucky enough to find
information printed on an old
meter face that will help deter-
mine the full-scale reading,.

If you know nothing about a
meter’s electrical specifications,
they can be determined rather
easily. Generally most meters
have a full-scale current be-
tween 100 microamperes and 1
milliampere. Coil resistance
generally varies between about
40 and 1000 ohms. The setup to
measure full scale current and
coil resistance is simple. The
value of the power supply is not
critical. A potentiometer be-
tween the supply and the un-
known meter should be large
enough to limit current to
about 50 microamperes (about
200K). First set the potentiome-
ter to its maximum value, turn
on the power supply, then de-
crease the resistance until the
meter reads full scale. Measure
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FIG.1—A VOLTMETER, purchased for $2
surplus, shown before (top) and after
modification (bottom).

the voltage of the supply and the
value of the variable resistance.
The voltage divided by the resis-
tance will then give you the cur-
rent required to deflect the
meter full scale.

Another potentiometer can
determine the meter coil resis-
tance. With the meter indicat-
ing full-scale current, place a 1K
potentiometer across the meter
and adjust until the meter reads
exactly 2 scale. Remove this po-
tentiometer and measure its
value. This will be the value of
the coil resistance of the meter.
The meter in Fig. 1 had a full-
scale current reading of 229 mi-
croamperes and a coil resis-
tance of 819 ohms.

Making faces

A protractor is the best tool
for measuring the total angle of
movement of the meter needle,
which generally runs from 90 to
120 degrees. Also measure the
distance from the pivot point to
the scale of the old meter face
and the location of the face-
plate mounting holes with re-
spect to the pivot point. Those
measurements will be input to

the program that draws the new
meter face.

The next step in putting a
new face on your meter is to
carefully remove the old meter
face plate. After opening up the
meter case it is usually just a
mater of removing the small
screws holding the face plate
on. A set of jeweler's screw driv-
ers can sometimes be helpful for
particularly small meters. Once
the face plate is loose it can be
removed by very carefully slid-
ing it from under the needle of
the meter. Be careful not to bend
or bump the needle.

Using HPGL

HPGL is a graphics language
of short, simple statements that
allows lines, arcs, and text to be
drawn. Originally developed for
plotters, this language has been
incorporated into many of to-
day's laser printers. By using
just a few of the many HPGL

statements, professional look-
ing meter scales can be created
with customized features.

The BASIC language can send
HPGL commands to the printer
for drawing the various features
of the scale. Using a computer
language to send the com-
mands to the printer is helpful
because many commands can
be generated using program
loops with an incrementing
variable. This lets rather short
programs generate many dif-
ferent individual graphic ele-
ments to compose the new
meter face plate.

Listing 1 is the BASIC pro-
gram that draws the meter face
in Fig. 2. Only a few of the many
HPGL commands are used in
the program. Most are two-let-
ter commands followed by argu-
ments. In Listing 1 many of the
arguments are calculated by the
BASIC program. The program
plots points on a graph that has

LISTING 1

REM - PUT THE ORIGIN IN THE MIDDLE OF THE PAGE.

REM - THIS IS THE NEEDLE PIVOT POINT
ZORG = 4000
YORG = 5500

REM - CONSTANTS UBED FOR PLOTTING
IRAD = 1.4 * 1016

ORAD = 1.5 * 1016

IIRAD = 1,33 * 1016

ANGLE = 90

K = .0174533

MAJORDIV = 5

MINORDIV = 50

REM « CLEAR THE PRINTER

LPRINT CHR$(27); "E"

REM - PUT THE PRINTER INTC HPGL MODE
LPRINT CHR$(27); "%0B"

REM - INITALIZE HPGL MODE

LPRINT "IN;*"

REM -~ SELECT A PEN SO IT WILL PRINT AND SET THE WIDTH

LPRINT “SPL;"
LPRINT "PWO;"

REM -~ DRAW THE UPER AND LOWER ARCS FOR THE METER SCALE
LPRINT "PA"; XORG ~ SIN(ANGLE / 2 * K} * ORAD; ","; YORG + COS(ANGLE / 2 * K)

* ORAD; ";PD;"

LPRINT "AA"; XORG; ","; YORG; “,"; -ANGLE; ";"

LPRINT "PU;"

LPRINT “PA"; XORG ~ SIN(ANGLE / 2 * K) * IRAD; ","; YORG + COS(ANGLE / 2 * X)

* IRAD; ";PD;"

LPRINT "AA"; XORG; ","; YORG) ","; -ANGLE; ";"

REM - PUT IN THE 50 TICK MARKS FOR TENTHS OF VOLTS
FOR' I = -ANGLE / 2 TQ ANGLE / 2 STEP ANGLE / MINORDIV

LPRINT "PU;"

LPRINT "PA"; XORG + SIN(I * K) * IRAD; ",

LPRINT "PD;"

"; YORG + COS(I * K) * IRAD; ";"

LPRINT "PA™; XORG + SIN(I * K} * ORAD; ","; YORG + COS(I * K) * ORAD; v

LPRINT "PU;"
NEXT I

REM - PRINT THE VOLT MARKS USING HEAVIER LINES AND EXTENDING BELOW THE ARC

LPRINT "PW.5;"

FOR I = -ANGLE / 2 TO ANGLE / 2 STEP ANGLE / MAJORDIV

LPRINT "PU;"

LPRINT "PA"; XORG + SIN(I * K) * IIRAD; ","; YORG + COS(I * K} * IIRAD; ";"

LPRINT “PD;"

LPRINT "PA"; XORG + SIN{I * K) * ORAD; ","; YORG + COS(I * K) * ORAD; ";"

LERINT "PU;®
NEXT T
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FIG. 2—THIS METER FACE is the result
of the BASIC program in Listing 1.

1016 points (pixels) per inch in
both the X and Y directions.
Here's a list of the commands
that are used and short descrip-
tions:
IN—Initialize
SP—Select Pen
PW—Set Pen Width
PA—Plot Absolute
AA—Arc Absolute
PU—Pen Up
PD—Pen Down
SD—Standard Font Definition
DT—Define Label Terminator
SS—Select Standard Font
LLO—Label Origin
LB—Label
The syntax of those com-

mands is explained in the tech-
nical reference section for the
HPGL language in your printer
manual. Since some commands
take X and Y coordinate loca-
tions, some simple trigonome-
try is used to calculate the
arguments from the index angle
in the program of Listing 1.

Developing your own meter
face is a simple matter of run-
ning the program and printing
the resulting graphics on the
printer. You probably won'’t get
it right the first time, but mak-
ing modifications is easy. Writ-
ing the program in blocks that
add a new graphic after each it-
eration works best. Printing lo-
cating marks on the new face for
the mounting holes helps to al-
ign the new face properly on the
old face plate.

Once everything looks the
way you want it to on paper,
print the results on a full-page
laser label. It’s best to apply the

REM ~ PRINT THE HALF VOLT MARKS USING A HEAVY LINE BETWEEN THE TWO: ARC. LINES

LPRINT "PW.5;"

FOR T = ~ANGLE / 2 TO ANGLE / 2 STEP ANGLE / MAJORDIV / 2

LPRINT "PU;"

LPRINT "PA™; XORG + BIN(I * K) * IRAD; ¥,"; YORG + COB{I * K} * TRAD; "p"

LPRINT “BD;"™

LPRINT "BA"; XORG + SIN(I * K} * OBAD; ", "1 YORG + COS(T ™ K} -* ORAD; "7

LERINT “pU;z"
NEXT X

REM - SET UP TO LABEL THE METER, AND PRINT "BATTERY VOLTAGEY

LPRINT "SD1,21,2,1,4,10,7,41483"
LEPRINT DT+, 1"
LPRINT *$S;"

LPRINT "PA";. XORG; ","; YORG .+ 9007 “yn

LPRINT "LO4;"

LPRINT "LBBATTERY*;"

LPRINT "PA"; XORG; ","; YORG + 750; ";
LPRINT "LBVOLTAGE+*;"

REM - PUT THE LOW AND HIGH VALUE: BELOW THE ‘SCALE ARC

LPRINT "LO16;™

LPRINT "PA"; XORG + SIN{(-ANGLE / 2) * K) * ITIRAD; ","; YORG + COS({(~ANGLE /

2) * K} * IIRAD; ";"
LPRINT "DI"; COS{(ANGLE / 2 * X); ™, ";
LPRINT "LB10*;"

SIN(ANGLE /- 2 * K "p©

LPRINT "PA"; XORG + SIN(ANGLE / 2 # K} * IIRAD; ™,"; YORG 4 COS(ANGLE / 2 * Xy

* IIRAD; ";*

LPRINT "DI™; COS((~ANGLE / 2) * K); ","; SIN{{-ANGLE / 2} * K)p ";%

LPRINT “"LB15%;®

REM - PUT THE INTERMEDIATE VALUES ABOVE THE. SCALE-ARC

LERINT "LO14;"

FOR I = -{ANGLE / 2) + ANGLE / MAJORDIV TO ANGLE '/ 2 - ANGLE / MAJORDIV STEP

ANGLE / MAJORDIV

LPRINT "PA"™; XORG + SIN(I * K) * ORAD; ",™; YORG + COS{(I * K) * ORAD; ";®
LERINT "DI®"; COS(-I * K}; ",%; SIN(-I * K)j "™
LPRINT "LB"; INT(I / (ANGLE / MAJORDIV) + 12.5); wk;z#

NEXT I .

REM ~ PUT IN THE LOCATION DOTS FOR THE MOUNTING HOLES

LPRINT "PA"; XORG - 508; ","; YORG; ";%

LERINT "PD; "
LPRINT "PU;"

LPRINT "PA™; XORG + 508; Y,"; YORG; ™"

LPRINT "PD;"™
LPRINT "PU;"

REM '~ RESET THE PRINTER
LPRINT. CHRS (27); “$OA"
LPRINT® CHRS (27); "E™
END

t

new label on the reverse side of
the old face plate since it's usu-
ally a nice clean surface. Punch
pinholes in the location marks
to help locate them from the

FIG.3—HERE IS THE NEW LABEL pas-
ted onto the surplus meter.

back side of the label. Peel off
the backing of the new scale la-
bel and place the label face
down. Then stick the face plate
to thelabel, lining up the locator
holes in the center of the face
plate mounting holes. After ap-
plying the label use a modeling
knife to trim the excess paper
from around the meter face
plate and mounting holes. Fig-
ure 3 shows the new label ap-
plied to the old meter.
Reassembly finishes the job.
Carefully slide the face plate un-
der the meter needle and replace
the mounting screws. Next, re-
place the meter cover.
Creativity is the key to adding
an exciting meter display to
your next project. Expanded-
scale voltmeters are an ideal ap-
plication for this technique.
Power supply current meters
are also nice to have. This tech-
nique can also create non-linear
meter scales such as decibel
meters for audio or RF applica-
tions. Meter recycling can en-
hance your projects with just a
small investment in time. Q
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