- Engineer’s notebook

Three-chip digital scale
zeroes tare weight

by David Watson
Intersil Inc., Reading, Berks., England

A 12-bit analog-to-digital converter forms the nucteus of
this digital scale, which compensates for the tare (the
weight of the container holding the material to be meas-
ured) so that the net pioundage can be determined.

Combined with a decade counter that drives common-
anode light-emitting-diode displays and a flip-flop for
coordinating circuit activities, the unit makes for an
accurate, compact, and direct-reading instrument that
costs under $40.

An analog voltage corresponding to the object under
measurement (obtained here from a 2-kilogram load cell
transducer) is applied to the ICL7109 a-d converter,
which uses the highly accurate dual-slope method of
transforming analog potentials into their digital equiva-
lent. In this technique, a two-step auto-zero and input-
voltage integration phase is carried out in 4,096 clock
periods, serving to eliminate offset voltages and deter-

Weight reduction. Digital scale in effect subtracts weight of container holding abject to be measured so that true' {net} poundage can be
determined and displayed. Compact and accurate three-chip circuit can be built for fess than $40, including display.
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~ mine the magnitude and polarity of the sampled voltage.

During this time period, the converter’s oscillator
delivers clock pulses to the ICM7217 counter/display.
The deintegrating phase that follows steps the voltage to
0 in inverse fashion. When the voltage reaches 0, the
TBEN signal is generated to freeze the counter/display,
with the number of oscillator output pulses generated
during this phase being proportional to the magnitude of
the mput voltage.

The counter’s up and down line is controiled by the
741574 flip-flop, which is alternately set and reset by
the zero {counter at zero) and egual (input equal to
4,096) lines of the ICM7217. Because the counter is
preloaded to 4,096 on power up, it is thus free to cycle
between 0 and 4,096 during each conversion. Therefore,
a number between 0 and 4,886 will be displayed that is
equal to the number of output pulses emanating from the
converter during the deintegrating phase. With suitable
scaling (selected with potentiometer R,) and the appro-
priate choice of a presettable number in the counter, the
displayed value can be made to correspond directly to

..the magnitude of the input voltage. As shown in the

figure for the peneral case, the -analog input that is
required to generate a full-scale output of 4,096 counts
occurs when Vi, = 2V,

When the tare weight is being mcasured the HBEN
pulse activates the store input of the counter every 8,192
clock periods, and a constant but initially random
number is observed. When the tare button is momentari-

ly engaged, the counter is reset by HBEN and the display
will be zeroed. The display will remain cleared thereaf-
ter, because with an unchanged weight, AIBEN enables
the display at the same time in each measurement cycle.
In this instance, the display is enabled when the counter
reaches 0.

When a variable weight (the object weight) is added,
corresponding to N counts of the a-d converter’s internal
clock, HBEN latches up N counts later than previously;
therefore, a number greater than 0 is displayed.
Conversely, if N bit values of weight are removed, — N
will be displayed. Note that the minus-sign LED will be
activated in this case, because F, will be low,

Because of input noise, the resolution of the a-d
converter will be nominally limited to about 40 micro-
volts' per count, and it will be much worse in industrial
environments. Typically, the output of a load cell‘having
1-millivolt/vol{ sensitivity will be 2.5 microvolts/gram
when operated at 5 volts, Under these circumstances, a
stable preamplifier such as the ICL7601 commutating
auto-zero (CAZ) device may be required. The input of
the ICL7109 accommaodates differential inputs, and thus
the amplifier need not provide differential single-ended
output ports.

{f a resolution of greater than 4,096 counts is required,
an a-d converter of greater accuracy can be readily
substituted for the ICL7109. The ICM7217 can be

.cascaded with similar units to handle the increased -

number of bits. |




Kitchen Scales

We now turn our attention to
weighty matters. Surely it’s
time, in these days of digits
with everything, that we got rid
of the analogue scales
-readout? You bet it is. Design
and development by Rory

Holmes.

AT LAST, the eléctronics enthusiast

can make amends for the state of the

kitchen table, sinking beneath an

ever-growing pile of constructional

debris. The ETI Digital Kitchen Scales

offer a means of addinga digital

readout to an ordinary mechanical

pointer type of instrument.

The mechanics of weighing-
scales are particularly difficult for the

DIY approach, requiring a frictionless

movement with only one degree of-
freedom — vertical displacement. We

decided to use the
mechanics of a low cost spring move-
ment scale and concentrated on the
electronic problem of measuring
displacement with high linearity, high
resolution, and zero friction!

ready-built

The resulting design consists of
an easily wound inductive displace-
ment transducer and the associated
drive electronics on a small PGB, all
supplied from a 9 V battery. An
analogue voltage proportional to
weight is obtained, which is then
displayed on a 312 digit LCD panel
meter module. Up to 2 kg can be
displayed on the scales, but a zero-
offset control allows a given weight
to be re-zeroced. This provides the
useful facility of weighing and mixing
ingredients simultaneously — when
preparing cake mixture, for example.

The accuracy and resolution ob-
viously depends a great deal on the
initial accuracy of the spring and
pivot systemn used in the scales, but
1% (5 grams in 2 kilograms) should
be easily obtainable.

The inductive transformer we are
using is known as a Linear Variable
Differential Transformer, or LVDT for
short. These are used extensively in
industry for just such applications as
this project — weighing machines,
load cells, machine positioning and
s0 on, The circuit features some
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Fig. 1 Circuit diagram of the LVDT and associated circuitry. ,J,, .
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' novel techniques. for. allowing an
LVDT of few “turns to 'be used;
specifically, a phase-lock detection
system based on a digital sine wave
generator, and a self-stabilising ban-
dgap power supply for precision

PRIMARY

AC INPUT EXCITATION

©_MOVABLE FERRITE CORE

) - _ . .
SERIES OPPOSING SECONDARIES
l é _ {SYMMETRICAL)
‘e
o

voltage levels. The block diagrams Y AC DUTPUT VOLTAGE Vot
and hoxed-off text give an explana- - :
tion of the circuit operation and ex- ‘ : :
plain how the displacement measure- b averace
ment works. ) ) JQUTRUT
- N N
* LDVT DRIVE R M
WAVEFORM .
1\] I V —— CORE DISPLACEMENT
i ~ /7
REFERENCE ~ 7
SWITCHING \ /
SOUAREWAVE \ - ¥
| | ] N USEFUL LINEAR
[ . { | | - - - MEASUREMENT RANGE
E VDT H i
witl| ° OouTRUT - MIRROR IMAGE —_—
] I AVAHABLE WITH
r_—§< ) I | PHASE.DETECTION .
§§ | RESULTANT l Fig. 2 The principle behind the LVDT, using an AC input waveform.
e preset PR1; this should be drilled out
o Construction to 3 mm diameter before mounting
23 | S : the preset, thus altowing its adjust-
gq) I Assemble the PCB in the usual ment from either side of the board.
Zh | aesycvant | | fashion, noting the IC orientation, Likewise, a 3 mm hole drilled on the
BL SGNAL i i and the polarity of ZD1 and the tan-  other centre allows a secure 4-40 or
talumn. capacitors. Also check . the 6-32 mounting bolt for the board.

Fig. 3 The output signais generated by the
circult.

MPS6515 pinouts; these often cause
confusion. Twelve Veropins should
be inserted at the points marked for
external connections. Another point
to watch is the hole marked beneath

When complete, the board may
be initially tested by inserting all the
iCs into their sockets and connecting
a 9V battery to the supply terminals
as indicated. If a scope is available,
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Fig. 4 Block diagram of the Digital Kitchen Scales.
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the digital sine wave approximation
should be observed at the junction of
R14 and C6; it could also be checked
with a crystal earplece, when a high

pitched tone of 10 kHz should be .

hieard. The reference supply voltage
can be measured with a multi-meter
across the wire link and a 0 V ter-
minal. It should be In the regionof 5V
if al is well, the exact value being
unimportant. At this stage the
transducer should be built and wired
up before further tasting of the PCB.

SECONDARY 1 SECONDARY 2
100 TUANS 100 TURNS
. IN4LAYERS

8 IN 4 LAYERS
ALL WINDINGS:
32 SWG WIRE
WOUND FLAT

FERRAITE CORE
JDIAMETER t0mm
INOT CRITICAL)
LENGTH Z'mm

PLASTIC TUBE
ABOUY

Zomm
OUTER DIAMET
"oy NOT GRITIERL)
1N 2 LAYERS
SECONDARIES ARE
WIRED IN SERIES.
OPPOSING

Fig. 5 Coil winding detalls.

Winding You Up

The LVDT is wound using 32 swg
enamelled copper wire on a plece of
20 mm diameter plastic tubing of the
type used for electrical conduit, and
available from DIY shops. Any similar
piece of tubing will suffice since the
dimensions are not critical. Figure 6
shows the winding arrangements.

Two separate secondaries are wound -

either side of the central primary win-
ding. All the windings tonsist of 100
turns wound in the same direction in
flat tayers; four layers of 25 turns for
sach secondary, and two layers for
the primary. The aceuracy and lineari-
ty of the LDVT transducer depends
uporn the two secondaries being as
similar as possible and symmetrical-
ly positioned about the primary win-
ding. Care should thus be take to en-
_sure the layers are evenly wound and
tightly packed. Super-glue may be us-
“ed to retain each layer as it is wound.
After completing the windings and
finishing with a liberal coat of glue
the two secondaries are then wired in
series opposition to form one coll by
connecting together the end of each
winding.

The LVDT should now be wired
up to the PCB using shielded leads as
illustrated on the overlay dlagram.
On our prototype assembly we used a
four way ‘Molex’ PCB plug and socket
for this connection since the
transducer assembly could then be
conveniently plugged in.

Figure 7 shows how the LVDT is
mounted to measure displacement.
As described last month the
mechanics of an ordinary pointer
scale are utilised to provide the linear
displacement with weight via the in-
built spring and pivot.

For our prototype we used a

small low cost scale which incor-

porated a ball-race slide mechanism

ﬂIBITAl_
Sl}AlE

A typleal scale with the LVDT added.

FOURWAY MOLEX FCB
INNECTDR PLUQ USED

TR
]
[LI ¥ AND SECONDARY

MOUNTING BRALKETS

FEARITE CORE
BLYED TO 'L"
MEAPED PrE|

;‘k GALL RACE
SLIBE MECHANILS
(SHOWN HORIZONTALY

Fig. 6 An artlst’s impression of the sensor
to help with construction.

to support the welghing pan. Prac-
tically any type of scales could be
converted to a digital readout, provid-
ed these is room to mount the LvDT

and its associated driver electronics. -

Scaling The Helghts

Obviously, the more precise the

mechanics of the original scale, the
greater the degree of accuracy that
can finally be achieved with the elec-
tronic transducer. The principle is to
attach the main coll to a fixed part of
the scale while the ferrite core Is at-
tached via some rigld element to the
weighing pan movement, such that as
weight is put oh the scale the core
moves linearly along its axis into the
coil former.

in our prototype the two steel
plates of the slide were used to sup-
port the transducer as represented In
the diagram. Two pieces of PCB
materlal fixed with epoxy act as
brackets for the coil former and fer-
rite core.

The mounting arrangement is
not too critical but the following
points should be observed. The coil
must not be too close to steel or other
magnetic material and likewise the
ferrite core mounting should be non-
magnetic and non-conductive.
Remember to allow sufficient leeway
on the ferrite mounting for the full
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Kitchen Sculesn

dlspiacement {about 1 cm) The fernte
core must he central in the tube, with

the axis of both coil and core paralle[ A

to the direction of weight displace-
ment. Sufficient rigidity can. be
achleved using epoxy glue on the
transducer, but initially the ferrite
core should only be secured to its
bracket with tight rubber bands until
the calibration procedure.

Having completed the
transducer the entire unit can now be
tested by wiring up to the LCD meter-
module. This module comes as the
ICL7106 Evaluation-Kit from Intersil
distributors, and contains all the
components you'll need to make a
working DVM with the exception of
the PC board and decimal drive cir-
cuit. We've included the PCB foil pat-
tern, and the three resistorg
capacitor, and transistor for the dri
are shown on the schematic of the
DVM. Complete the module and con-
nect a flying tead from the drive out-
put to DP1. RV1 s adjusted to give a
full-scale reading of 1.999 for a 200
mV input.

Resistors (all %W, 5%)
R1,11,13 1k0
R2 2k7
RS - - 27k
R4,28 100k
RS,8 ask
R6,7,16 22k
R9,12,17,18,
18,20,22,24 10Kk
R10 220k
R14 68k
R15 5Kk6
R21,25 1k5
R23 4k7
R26,27 270k

Potentiometers

RV1 47k 10 turn wirewound
: potentiometer
PR1 470k miniature horizon-
tal presst :

Capacitors

C1,4,10 22u 16V tantalum

c2 220p polystyrene

R3,7 10n ceramic

c5 68n ceramic

C6 2n2 ceramic

C8,9 1n5 polystyrene
ci1t,12 - 100n pelycarbonate
C13 220u 16V electrolytlc
Semiconductors

IC1 LM324

IC2 4018B

1C3 40928

1C4 40668

o] MPS6515
D1 LM113

ZM 2V7 400 mW zener diode

32 digit pane! meter evatuation kit, In-
tersll ICL 7106.

+va
! 6
1on -
ALL VOLTAGES
. ARE REFERRED
A1 TO PIN 1. - R10
24K an7
™
AVt MPES15
1k {-4.9v) 37 |
36 {-2.8V)
35 (-2.8V) = ex
FROM “A” PLANE
 (OFFSET) as 3z
HIGH ] el
| ;1 ICL7108
INPUT R4
T5
0] 30 (—a8v) Lco
LOW DiSPLAY
{COMMON) »
FROM c2
ugr 4700
{ouTPUT)
b
28
c3
Z30n
27 A3
. . 100K
-[—_- 34 [-2.3V *") 39
c1
ca
00n o
33(-20v *7) 38—
26 (—8.6V)
NOTES:
* NOT USED FOR 200mV
100k FOR 20V )
1% FOR 200V
= THESE POINTS CANNOT BE
MEASURED WITHOUT AFFECTING
R ATION EXCEPT BY A VERY
CrCH IMPEOANCE ¢ =160}
VOLTMETER

Ve

Circuit diagram of the complete panel meter.

[~
=
i
, N BECIMAL
POINT
. DRIVE
IC UN
DISPL. b
H b H
=] -]
4
. 1
c3 (P d2':
R
e - —
@ L}

S —
‘28—MARCH—1983—ETI
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The input voltage at point B .
should then be connected to the cor-
fesponding point on the PCB,; point A
temporarily connects to the 2V5
reference terminal shown in Fig. 7.
After connecting ‘the DVM supply
rails to the 9 V terminals on the PCB,
power can be'switched on. When the
ferrite core is.near the middle of the
". coll the meter should be close to.0 V

~and will indicate + or — readings as-

the coreis moved to either side of the

null poslﬂon The 100 mV sine wave .

across the'primary coll can be observ-

ed on a soeope - along with the other

waveforms iHustrated last month: If":. '
all is well, the aisctromcs ‘can. -be
le. Figure 9

assembled ingide the's
shows how we: arranged the various.

components to fit into the existing- ..
-} has;- -

scale box. The back of thé¥
now become the front to dtlow room
for the LCD dispiay! Tha 10 turn
potentlometer RV1,.should also be
connected -up . at thls stage, along

with the -on/off switch, so completing

the lnterwiring

 Gallbration

Once you .are satisfied with your

mechanical arrangement for moun- .

ting the transducer and assoclated
electronics, the scale should be
calibrated .using standard or known
welghts, First, 1he offset voltage in-
put to the DVM module, marked as ‘A’

. onthe wiring diagram, should be fem:

porarily connected to the 2V5
reference terminal shown ofithe PCB
averlay. The preset PR1 should be set
at roughly half travel, and the scale
loaded up with about. 1 kg. After swit-
_ ching on the supply, the ferrite core.

should be adjusted relative to the coil -

urtil it’s approximately.in the middie

at the null oufput position (this car- -

responds. to half scale déﬂ’ection) As
the null position is approached the
D¥M will accordingly
zero reading. The ferrite core should
now. be fixed. permanently to its
mounting plate using -epoxy and
allowed-to set. When set, the DVM
reading must be brought exactly fo
zero by the addition of small in-
crements of welght, sugar or salt be-
ing ideal. The known weight, which
can be anywhere between %2 and 1

- kg, shouid be added to the scale pan, -

and PR1 adjusted until this weight is
shown on the LCD display (turning
PR1 clockwise. increases the
reading).

Now remove the weight to check
that the reading returns to zero, and
adj‘ust PR1 accordmgiy {a. few ad-
_ justments to PR1 may be necessary

~ to set the corract 'reéding for ‘the
RV1i. Rotating RV1 will alter the

.calibrate the pantry.

crease to -

known weight). .

. Finally, the offset input ‘A’ can
be disconnected. from the 2V§
reference and wired to the slider of’

reading and the meter can now be .
easily zeroed for any weight

RV 6 TUm

ruumj-uun -

] B
m'q\innﬂyu B
NGO TED AT ThiE migx ] .

NOWLEED AT FRANT) {

.

measured, including the empty scale
pan, You -may now proceed to
" the top’.
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Kitchen Scales

Continued trom page 29
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DIGITAL

view of the circuit operation. essentially, a
Linear Variable Differential Transformer
(LVDT) is used as a transducer, providing a
voltage proportional to the displacement of
its moveable core (a spring movement in-
itially provides the linear displacement with
weight). The circuitry generates the LVDT
drive waveforms and uses a phase-locked
detection technigque to recover a stable
voltage related to position (and thus
weight). The voltage measurement obtained
is displayed on a 3% digit LCD DVM
module to give a direct readout in
kilograms.

Figure 3 illustrates the principle of the
LVDT using an AC excitation signal. All
the circuitry on the left of the LVDT shown
in Fig. 1 is invelved in supplying a stable 10
kHz sine wave to drive the primary coil. To
achieve the required amplitude and fre-
quency stability the sine wave is generated
digitally using an even length walking ring
counter based on IC2, the 4018 divide-by-(2
to 10) synchronous counter. IC2 is con-
figured as a five stage divide-by-10 counter
by feeding back the Q5 output on pin 13 to
the input on pin 1. The Q1-Q4 cutputs are
summmed with selected resistors R5-8, thus
approximating the sine wave. The counter
is clocked at pin 14 from a 100'kHz astable
oscillator formed from I[C3a,b. Since the
counter divides by 10 the sine wave
generated with always be one-tenth of the
clock frequency, ie 10 kHz. The coil excita-
tion frequency thus depends only on the
C2/R9 astable time constant, and the
amplitude only on the CMOS supply
voltage.

The stability of the voltage levels is en-
sured by using a precision 5 V supply based
on the bandgap reference diode D1. The
op-amp used to regulate this supply (ICla)
actually powers itself from the 5 V output,
thus stabilising its own power rails. A bias
current of abowut 1.5 mA (also taken from
the 5V rail) is fed to the reference diode
through R2, to produce an extremely stable
voltage of 1V2 at the non-inverting input of

the op-amp. The other (inverting) input of
the op-amp is taken from the R3-R12
potential divider, the ratio of which sets the
5 V output due to negative feedback around
the op-amp and series pass transistor Ql.
ZD1, a 2V7 zener diode, allows the output
of the op-amp to keep the base of Q1 at 5Vé
while operating well below its own supply
rail voltage.

The 5 V rail supplies all the circuitry
but a separate digital ground is used for the
logic ICs. This prevents digital noise from
affecting the analogue signal measurement.
Cl provides smoothing for the analogue
supply rails, while C3 and C4 provide
smoothing and decoupling for the digital
drcuitry. :

Capacitor C6 filters the digital sine
wave approximation from IC2, which is
then attenuated to about 50 mV by the
R14/C7 low-pass filter wnetwork. The
resulting signal, a much better sine wave, is
fed to the bandpass filter and coil driver
amplifier based around IC1b. IC1b is con-
figured as a standard 10 kHz active band-
pass filter and gives a very pure sine wave

on its output at pin 7 for driving the LVDT. .

The LVDT primary coil has few turns
and a correspondingly low resistance of
abhout 4 ohms. Since ICIb (part of an
LM324) can only supply about 25 mA of
ouiput current, the peak sine wave
amplitude driving the coil should not be
more than about 100 mV. Also, the output
impedance of the op-amp should be very
low. This is because the excitation voltage
must remain constant as the primary coil in-
ductance changes due to the core displace-
ment. DC coupling is thus used between the
coil and the op-amp output. .

The sine wave swings + 50 mV about a
reference level set at 50 mV above the
analogue ground. This is only possible due

.to the ground sensing capability of the

LM324 op-amp. Potential divider R13/R4
directly divides the precision 5 V supply by
100 to provide this reference level at the
non-inverting input on pin 5.

The voltage output from the differen-

tial secondary of the LVDT (illustrated in
Fig. 3) is amplified by IClc. This op-amp is
configured as a non-inverting DC amplifier
with a high input impedance and a gain of
around 20, the latter being determined by
PR1. The 10 kHz sine wave signal is directly
coupled from the coil and will be centred
around the 2V5 reference rail provided by
the potential divider R17; R18, The secon-
dary is wired ‘series opposing’ such that
there will be no signal when the ferrite core
is centred,

The phase-locked detection is perform-
ed by multiplying the signal by +1 and —1
on alternate half-cycles of the sine wave to
produce a bipolar signal centred about the
reference level. IC1d, the last op-amp in the
LM324 package, is configured as a
straightforward inverter, AC-coupled to
the sine wave signal. Two CMOS analogue
switches, ICda, 4b, switch the signal either
directly (x 1) or through the inverter (x — 1)
on each separate half cycle. They are swit-
ched alternately, using logic inverter IC3¢,
from pin 4 of IC2, a square wave output of
the digital sine wave generator. This pro-
duces the waveforms shown in Fig, 4 since
the square wave edges correspond to the
zero-crossing points of the sine wave after
detection.

The resulting phase-detected signal is
low-pass filtered by R28 and C12 to pro-
duce a + 100 mV DC voitage, linearly pro-
portional to the displacement of the LVDT.
A further voltage is provided by the 10-turn
potentiometer RV1 in conjunction with the
potential dividers R26 and R27. A reference
of +300 mV (relative to the 2V5 rail) is
available at the slider of RV1. The two
voltages are fed to the differential input of
the LCD panel meter. This allows the
digital scale to be returned to zero readount,
allowing further measurements when, say,
t kg is already being registered. The
diagram of Fig. 2 shows how the LCD
voltmeter is wired up for our application to
give a 200 mV full scale deflection (cor-
responding to 2 kg).
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