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ABSTRACT

This device makes two shafts rotating in synchronized angular displaceme he sensors are potentiometers.

The device is designed for use in a driving simulator. The first shaft is wheel and

software

the follower. The two shafts must rotate in

lator System International (SSI). It has three screens to show the

surroundin i iver to see. We need to build a device that can make EMC and SSI systems
There are two possi for reaching the synchronized rotation mechanical and electrical devices. After a
length consideration, ¢he final decision was on electrical approach.

Once electrical device is chosen we looked into existing literature but to our surprise we could not find any in
our university library or any nearby libraries. Although we were pretty certain that synchronized motors have
been used in instrumentation of large airplanes but no information is found. Anyway the existing device may not

fit what we want, so we start to design the circuit all by ourselves.
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I DESIGN OF THE CIRCUIT

The circuit required is to operate a motor which has enough power to rotate the steering mechanism of the SSI
system. The direction of rotation can be clockwise and counterclockwise. The size of motor is chosen to be
similar to the servomotor used in the EMC system. The power of the motor is 93 watts with the torque of 8.7
n-m. The motor is a geared DC motor. Because there is no precise position required in the operation,
analogue circuit is chosen in the design. Potentiometers are used for the position indication and
relays areused for the control of motors.

2.1 Differential Amplifier

compared to the motor power.

F 1 Differential Amplifier

The output is given by

Vour=(Vinm - Vins) [1+RyRs]

For R;=R,, and R,= R;. ef 3 for details. The specification of AD706 is given in Appendix.

2.2 NAND Gate

Because the output voltage of AD706 is not high enough to turn on the power MOSFET to operate the relay,
a NAND gate is used to further amplify the positive signal. TC4011 is chosen for achieving this purpose. TC4011
is a 2 input positive logic NAND gate. There are four NAND gates in one IC. The specification of TC40 11 is
given in Appendix. One input of the first NAND gate is connected to a fixed positive voltage, hence only a
positive signal will go through the first NAND gate. Two of the 4 NAND gates are used for amplifying the
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positive signals when the output of AD706 is positive. However when the output of AD706 is negative we must
lead the signal to go to other branch and to make the motor to turn in another direction. A negative latch is used for

that purpose.

2.3 Negative Latch

A negative latch is a resettable memory block. The switch is closed when input signal is positive. The switch opens

and the output goes to high as soon as the input signal goes to negative. This is exactly we need. Two NAND gates
are needed. The circuit diagram is given as follows ‘
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igure 2: Negative Iltch

2.4 Power MOSF

With some detali whole circuit can be presented as shown in Fig. 3. The input signals are from the
potentiometers, one ted to the EMC system and one is with SSI system. These signals go through the
differential amplifier AD706. When the difference is positive, the signal goes through the upper branch in the circuit
diagram because one of the inputs in the NAND gate NTC401IB is set to +5 vdc. This positive signal turns on the
power MOSFET and makes the motor to rotate. As the output of AD706 is negative, the signal triggers the negative
latch and the power MSFET in the lower branch in the diagram is turned on, consequently the motor is turning in the

another direction.
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from AD706 is nearly zero. This will severely shorten the tor. So the circuit is modified and brief

saving of space and cost for the de

that the sensitive to the voltages applied. Follow the

Also we experienc

of the po i cted. The connection of these wires is controlled by this modified input circuit
ircuit the input to 1IC AD706 is through a full wave rectifier. When the signal is
nearly zero, the o f AD706 is not strong enough to trigger the relay in this circuit so that the relays for the
motor will not be turn . Consequently the motor will not be turned on. Now the EMC steering wheel rotates
approximately 45° the” motor in SSI will start to rotate in the same direction. And the motor will stop as the
difference between the potentiometers is within 45°. Since when we make a turn the steering wheel is usually turned
more than 180°,the addition of 45° is not significant. To make a small correction on a straight road the additional
45° is a problem. If this is not acceptable, then the circuit should go back to the original one. However we tested it in

our simulator, after several tries we find that is acceptable, so this circuit is kept working for our simulator.

55|Page




International Journal of Advanced Technology in Engineering and Science http://www.ijates.com
Volume No.02, Issue No. 04, April 2014 ISSN (online): 2348 — 7550

#4 of TC401l for Positive Inpute—y=— G of IRFPESON
T~ K
H4 of TC4011 fron Negotive Input T7173 G _of IRFP250N

AD
7061t
ADROG
4
& |15V
Ry R, 33\ R4
_L e 27< 2N *

0 make the information completely presented. The

s Gielen and Willy Sansen, A Computer-aided design and synthesis for Analog
Academic Publishers, Boston, MA, 2002.

[4]. The ARRL H ok for Radio Communications 2006, 83rd Edition, A.R.R.L. 2005.
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APPENDICES

AD706 - SPECIFICATION
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Fig. 5 Connection Diagram

Features:
High DC precision, 100 IV max offset voltage fset drift
200 pA max input bias current 0.5 pV p-p voltage noisef0. rrent

Maximum Ratings:

Supply Voltage........... 18V
Differential input voltage...0.7 V
Operating temperature range: AD706J....
Lead Temperature (Soldering 10 sec)....

Notes:

only. Exposure to max rating co

The input pins of this amplifier &

»
.
ol
=
w

Fig. 6: Pin Connections for TC4011
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Maximum Ratings:

DC Supply Voltage........ 18V Input Voltage.............cooeeeenn. 18V
Output Voltage............ 185V DC Input Current.................... 10mA
Power Dissipation......... 300 mwW Operation Temperature Range.....-40 to 85°

Storage Temperature Range...-45 to 150°C

Note: Exceeding any of maximum ratings even briefly, lead to deterioration in IC performance or even
destruction.

IRFP250N SPECIFICATION

Vpss=200 V
Syl (3 Inpg<°n_)= 00750
S Ip = 3%

Maximum Ratings:
Ip Continuous Drain Current.............. 30 A

Power Dissipation........................ 214 W

Single Pulse Avalanche Energy..........315 mJ
de Recovery.............. 8.6 V/ns

ring Temperature (10 s)....300°C

Repetitive Avalanche Energy....... .21'md

Operating Temperature Range........
Mounting Torque........................)
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