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SYNOPSIS

Thie project work provides a Universal Counter for the measurement cf epeed;

1ipa frequency and external frequencies using digital rechnigues.

The Project has heen designed and fabricated using innovative CMOS ICs.
The heart of the system is the versatile, universal, presettable counter,
display driver-7217 AIPI.  An gdded advantage of this system is that it
has been built with a 5 volt Power Supply which caters to the power needs

of the unit.

Another attractive feature of this unit is that mode selection has been
simplified by means of toggle switches. External adjustment and complicated
fittment modifications have thus been done away with. The readingz are
digital {(on seven segment displays) making them more accurate and easily

readable.



TNTRODUCTION

Thie eystem is extremely uvseful in labs, industries and power stations,
Jhere it is of extreme importance tO menitor the mentioned parameters at
the same Cime. Many different meters may be replaced using thie single

unit.

AR important feature of this unit is that =2 NON CONTACT proximity

switch.has been used as a sensor and hence the measurand is not loaded.
\ . -

The pulses from the sensor are shaped and fed to rhe main counter. A timing

signal nrovided by crystal controlled oscillators has been used to 1improve

accuracy.

The principle behind the measurement of frequency and speed 1is counting

rulses every czecond and displaying thems hence the value of parameters

7]

at every zeconc may he measured. The interface circuite have been designed

for correct ~caling factor, hence making the readings more accurate.

The npresent work has ooen dene tO develop and test a model using a
monolythic IC 7217 AIPI with additional supporting cMOS ICs to oprtimise

circuit £1exibility and combine with its economy.
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DESCRIPTICON:

The measurement of the parameter input 1ise performed by the conversion
a square pulesy monitoring it for one cocond, counting and displaying

an easy to read seven segment numeric display.

This system comprises of the following sections:-
power Supply
One second pulse clock .
Speed sensor
Speed pulse interface
Line freguency
Line frequency interface
External frequency interfacs

Ccaunter display driver

cimplified vlock diagram of this unit has been shown in fig 4-1. In the

forthcoming sections circuit diagrams and their design details have been

given.
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4-1
DESCRIPTION OF POWER SUPPLY:

The power requirement of this system for normal operation is a regulated
5v DC. The three pin positive voltage regulator 7805 which offers high
noise immunity and better regulation has peen selected. 230 Volts stepped
down to 6 Volts with 500 milliamperes is obtained by means of a suitable
transformer. (It je necessary that for proper regulation the input voltage
chould be 2 Volts higher than the output voltage). A detailed circuit has

been shown in fig 4.2.

CIRCUIT OPERATION:

The transformer T] steps down an AC 230V to 6V. The 6V hence obtained
is an AC. It 1is rectified by a dicde bridge which comprises of diodes D1,
p2, D3 and D4. The output wave form is emoothened oy the capacitor Cl,
which acts as a filter capacitor . (For wave forms refer chapter 5 - Test
Results) . Capacitors c2 and C3 are used to suppress high frequency nclses

and reduce the ripple in the regulated supply -

Unregulated voltage is used for the sensor to reduce the loading on

7805. A red LED has been used in series with Rl to indicate power ON.
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PARTS LIST (FOR POWER SUPPLY)

pl, D2, D3, D& 0 eeees-- N 4001

cr . 1000 Mfc tyZO% 25V Radial

c2 e 10 MEG + 20% 16V Radial

cx e 0.1 Mfé + 20% 50V Ceramic

@wn et ic 7305

v A 230V/6V, 500 mA Transformer with CRGC core.

FUSE ottt 250V 200mA

0y
B



4-2
ONE SECCND CLOCK PULSE:

A crystal controlled oscillator has been used to generate one second
clock pulse;, to improve reliability and stability. A detailed circuit has

peen given in fig 4-3.

The IC U2 5369 has a puilt-in inverter cum divider with feed back resis—
tors R2 and R3. Crystal XL oscillates at 2 frequency of 3.579 MHz. This
frequency 18 divided to €9 ﬁz‘}y rhe IC U2. Further division, 1/6, 1/10
is performed py U3 IC 2518. his gives an output of one cecond. A stable

one second clock nulse is thus obtained.

PARTS LIST FOR ONE SECOND CLOCK PULSE:

R2 - 1K = 1% MFR . L watt

)

A\

R3 - 20M + 1% MER,

Watt

R4 - 10K + 5% CFR,

2N

Watt

R5 - 100K + 5% CFR, % Watt

(@]

3 - 22 PE i_ZO% Mica 50 Volts

C

RN

22 Df + 20% Mica 50 Volts

c5,c6 - 0.1 Mfd + 20% Ceramic Disc 50 volts
U2 - IC 536° plastic Dip

U3 - IC 4518 plastic Dip

¥ 3.579 MHz crystal
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4.3
SPEED SENSOR:

The tyre of £ensor voed is 2 non contact tyre inductive proximity switch.
It does not 1oad shaft whose speed is to he measured . It detects the pre-
sence of metal upto a distance of Smm from ite face and gives a pulse for

each metal crossing. he number of pulses selected is six, €O that the

pulese per revolution ie well within the limitations of the sensor even
at maximum speed. e >
Maximum rpm to be measured = 9999 Hz.
__l0,000 Hz.
' so, rps = 10,000
60

s .

At meximum TOm amber of pulses per sorond = 10,000 x %
60

It

1,000 Hz.

(that is 1 KHz)

So the sensor has pbeen selected accordingly-

-1 3



4-4
SPEED PULSE INTERFACE:

pulses from the sensor vary from OV to unregulated voltage. They are
shaped to ov-5V by transistor 71 and U5 (IC 4093) which acts as @ schmitt
trigger. A proper RC Combination 1is selected to shape more than 1KHz freq-

uency at maximumvrpm. (Refer Chapter-5 for test results).

rg = IKilo Ohm |
Vee = 5V < |
Ic = 5/1000

= 5mA

Assume B of T = 50.
Minimun IB tO caturate T1 = 5/50

0.1k

it

Sensor output high voltage= © xJ2
= 8.5 Volts
Base resistance of T1 (R7) is selected as 10K to ensure full saturation

of Tl.

10K x 1KPF

"

gimilarly Time Constant RO X Cc10

= 10 x 103 x1x 10’9

= 10‘5

= 1/100 ms.

1t

Maximum Frequency 1 KHz

= 7 ms

1 me . xC10
Therefore a proper filtering action je ensured without affecting the input
numper of pulses. This frequency ie once again multiplied by 10 by means

of a rhace locked loop system and fed to the counter for further process.

~14-



Number of pulses per revolution = 6 X 10
= GO
rocume an rem of 'R
herefore numoer of pulses per minute = R X 60
number of pulses Der second = R x 60
60
= R

- : . .
So sampling time ie selected ag one . second to count and display the input

pulse which directly corresponds to rpm.
Fig 4-4 corresponds to the circuit digram for speed pulse interface.



PARTS LIST FOR SPEED PULSE INTERFACE.

R BC 107

R7 weeens 1K CFR YW + 5%
RE +eerns 100K CFR 3 + 5%
RO <uvee- 10K CFR %W + 5%
R10. .« -« 100K CFR % + 5%
R1l.cess- 1K CFR W + 5% )
R12..e-n- 6.8K CFR YW + 5%
R13.....- 4.7K CFR *W + 5%
R14..es-- 1K CFR XW + 5%
R15...+-- 1K CFR W + 5%
R16. ..+~ 1K CFR ¥W + 5%
R17..ex-- 4,7K CFR Y + 5%
R18..- .- 4.7 CFR ¥ + 5%
VRL...sos 5K PRESET
C10..... 1 KPF DISC 50V
C1leennns 0.1 MFD DISC 50V
C12.unnns 0.5 MFD DISC 50V
C13uennn 0.001 MFD DISC 50V
ClAunenn- 0.1 MFD DISC 50V
C15e-nn 0.5 MFD DISC 50V
A16...... 750 ©F DISC SOV
C1Tweeenn 6.1 MFD DISC 50V
US wenens 1C 4093

UB nenen IC 565

U7 eennnn IC 7490

-15A-
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4-5

LINE FREQUENCY AND INTERFACE:

For measurement of line frequency an AC of 6V at line frequency is obtained
by stepping down the 230V supply by means of a suitable transformer. A
diode D is used to get a half cycle of the line fregquency. This half cycle
voltage is clipped to 5.1 Vblts. It is thenéshaped py schmitt trigger..
ysing a phase jocked loop. the frequency 1is ééain multiplied by iO, s0

that the resolution of the frequency becomes 0.1 Hiz.

The phase locked loop circuit and the interfacing circuit are the same
as the circuits used for jnterfacing the speed sensor. Sampling time is

selected as 1 sec, so that the output reading is in Hz.

Detailed circuit diegram for 1ine frequency is shown in fig 4-5.

PART LIST FOR LINE FREQUENCY AND INTERFACE .

TF2 ~ eee-- 230V AC SOHz / &V 200mA.

DS eeees IN4OOL

ZDL  eeee- 5.1V Z 400mV

RIO .- 1K CFR ¥W + 5%

R20 _.... 10K CFR W t 5%

- 0.1 MFD OV CERAMIC DISC
US  eeens 1C 4093

. "'7:17 -
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4.6

EXTERNAL FREQUENCY INTERFACE:

Any frequency in the range of.0—9999 Hz may be measured DY this part of
the circuit. The waveform may be of any form ( sinusoidal, triangular etc.s) -
The input pulses are shaped to 0-5V square pulse by transistor T2 and IC
4093 which acts as.a schmitt trigger. A proper RC Combination is selected

for effective wave shaping.

. -

R 21= 1 Kilo chm

Vee = 5V
fc = 5/1000
= 5mA

Assume B of 7 = 50

[
N
H

Maximum IB tO saturate 1 5/50

!

0.1 mhd
sensor output high voltage= 6 x 42
= 8.5V
Base resistance of T2 is celected to ensure full saturation of T2.

gimilarly, R22x c10 = 10K x 1 KPF

H

10 X 103 x1x 10"9

10'5

il

1/100 ms
Maximum frequency = 1 KHz = 1 ms.
1 ms R22% Cl19
~herefore a proper filtering action is ensured without affecting the input
numper of rulses. Sampling time is celected as one second to count and

display the input oulse vhich directly corresponds to Hertz.

vig. 4-6 corresponds to external frecuency interface.

-19-



R21

R22

R23

R24
R25

Rife- ~

c19

oooooo

oooooo

------
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PARTS LIST FCR EXTERNAL FREQUENCY INTERFACE

1K CFR W +5%

10K CFR %W + 5%
100K CFR W + 5%
4.7k CFR ¥W + 5%
10K CFR *W + 5%

1K CFR ¥W + 5% =

1 KPF CERAMIC DISC 50V

IC 4093

BC 107

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

-19A-
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4-7

COUNTER DISPLAY DRIVER:

This pert of the circuit is the most important one and it designed

t

using a 7217 ATPI which is a universal presettable counter and a common
cathode display driver. It is a 28 pin IC with a built-in oscillator to
operate the four displays in a multiplexed mode so as to minimize thé power
consumptiion. the reset \and latsh pulses are active low. Two monostables
(using IC 4093) are connected in ceries. The 1 Hz clock pulse is fed to
the first monostable whose output is connected to the latch pin of 7217
AIPI. During the falling edge of the 1 Hz pulse monostable gets triggered
and goes low. Hence the counted output is latched to display and kept
there till the next pulse goes to pin 9 of the 7217 AIPI. puring the rising
edge OF thie pulse the second monostable gets triggered and resets the
counter to 2Zero. The input pulses are once again counted from zero and
jatched to the display till the next reset pulse reaches pin9. This process
is cyclic and the readings are updated for every second. As a result the
value of parameters for every second are obtained.

Detailed circuit diagram is shown in fig.4.7.
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PARTS LIST FOR COUNTER DISPLAY DRIVER

1C 4093

1 4093

1C 7217 AIPI

10 MFD 25V

0.1 MFD DISC 50V
0.1 MFD DISC 50V
0.1 MFD DISC 50V
22K CFR + 5% W
22K CFR + 5% W
560E CER + 5% W

IN4001

-



2-8

MODE SELECTION METHOD:

his unit offers eary mode celection which involves the closing of
toggle switches corresponding O the circuit of the relevant parameter.
the closing. of 2 toggle switch puts the necessary circuit into use. All
the three inputs to the switches are permanently connected to the inputs
of the AND gate while the fwitah onde are connected to the cther inputs.
During selection any one‘gate ;s kept in enable position by pulling the
respective other input of the gate to high. All the outputs of the gate

-

(Red via diode to the counter inputs. fig 4-8 shows circuit of mode sele-

fig 4-8 MODE SELECTICN METHOD

SPEED PUSE

5V U

EXTERNAL FREQUENCY

U4

5y I PULSE OUTPUT TO COUNTER
e

LINE FREQUENCY

—

A=



4-9

PRINTED CIRCUIT BOARD DESIGN:

ror making the printed Circuit Board 1.8mm thick hylum based copper
sheet was used. The layout was made using computer aided technology.
SMART WORK software package supported the computer. Glimpses of some COmm—

ands are as follows.

\

S F1 - Initiate @ liqs
FZ—EﬁmeaIMe

73 - To make & hole

r4 - To erase & hole
5 — To thicken & line
&6 - To thin a line

w7 — Tc make 2 finish point

The PCB is @ single cided one. That is the circuit is on one side
and the components are placed on the other. Fig 4-9 depicts the circuit

side of the PCB.



S AND WAVEFPORMS

5.0 TEST RESULT

1 SECOND PULSE

LATCH
5V
RESET
0
8V
SPEED SENSOR 0o/P
0

SPEED INTERFACE O/P

LINE FREQUENCY

LINE FREQUENCY
INTERFACE o/P




Max imam measurable speed

Max imum measurable frecuency
Line freguency |
Re-olution

hccuracy

SENSCR:

mype of sensor used
Supply Yoltage

Cutput

Maximum criving capacity
Maximum sensing distance

Qize

ve

X3

Minimum 30 Hz
Max imum 75 Hz

n.1 Hz for line frequency/speed

+1 %

Tnductive type proximity switch

3y to 30V

3mm
115
six teeth

Seven Segmeﬁt Common Cathode



7.0 SCOPE_FCR IMPROVEMENT :

Ry cascading another 7217 AIPI with the existing one four more digits
may be added to the existing display. Thus the maximum r.p.m and maximum

frequency that can be measured may be increased.

The PLL Technology used in our system is X10. Instead of this same
technology with component values redesigned can give X100 which inturn incr-

cases the resolution of the requirement.

\

puty cvcle of any sguare wave form may also be measured. Instead of
the to be measured pulse should be fed to the Latch-Reset monostables.

For clock external lms pulse should be given for counting.

The Universal Counter 7717 AIPI has an in built preset facility alsc.

W

mhie npreset f cility can be yeed o creset the maximum or minimum values
of the counter. This values are constantly compared with the counter contents

and equal 1is given out by the chip which may pbe used to activate a warning

for some other system.

The same circuit with a little bit of modification on the peripheral
circuit of the 7217 can be used as a preset counter of the number of events.

The scheme for the above is given in fig 7.1.

28~
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8. CONCLUSION

The various aspects of the project have peen explained in the preceeding
chapters. this circuit enables digital measurement of speed, line frequency
and an extermal frequency. AS pointed out pefore (Chapter 7) if a few modi-
fications are made in the existing circuit of the 7217 AIPI, the unit can
pe used as & warning system if a parémeter exceeds preéét"values. Due to
its low power consumptions this,unit may be used to mon%tqr parameteérs for
any length of time as designed . The project was fabricated and tested
and found working satisfactorily at the time of testing.

EEEECEEEEE
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