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L. DESIGN REQUIREMENTS

Many challenging design consiraints must be set m order to make the Memory Driven Screwdriver
Antenna Controller a viable product. The fellowing design requirements define the constraints that the
product will need to meet Techmical design constramsz are discuzssed m Section 2.1, Prachical design
consiramts are discussed m Section 2.2. At the end of the semester, the project will be compared agamst
all the histed constramnts to show each constramt was aclieved.

Z.1. Technical Design Constraints

The techmical desipn constraints determine the condrions at whuch the coniroller wall be required to
operate. The ability to store the memory positions accurately 13 crucial to the suecessful operation of the
final product The major obstacle the team wall have to overcome 1z makang the controller as accurate as
possible using the single sensor that 1s built mto the antenna. The constramnts chosen for this project are
listed mn Table 2.1-1.

Name Description
. : The contreller must return the antenna to a programmed location within |
Tuning Accuracy 15 e

: The supply voltage for the controller circuitry must be regulated to five |
Voltage Regulation | _jje. within +/- 3%.

EF Exposure The controller must operate properly when exposed to 100 watts of RF.
Memory The memeory must be non-volatile and hold ten antenna locations.
The relay mustpassﬁveampsnf{:unentfnrmenhre cycle of the |

Relay Specifications '

Tahlell—l. Techniral Dezign Constramis

1.1.1. Tuning Accuracy

The controller will furn the motor inside a screwdnver antenna. Thiz will chanpe the rezonant frequency
of the antenna A magnehc senzor located mzide the antenna allows the controller to track the mumber of

rotations the antenna makes when it 1z bemng tumed. Since DC motors have momentum after they are

switched off, the antenna dnfiz beyond the desired stopping point. With only one sensor, 1t 13 difficult to
determine where the antenna has actually stopped. If this drift is not taken into account, the controller
becomes mmaccurate. The poszitions that are stored m memory as well as the mdicated pozhon wall be

invalid Software will be written to compensate for the drift of the motor and insure an accurate count at
all imes.

1.1.2. Voltage Regulation

The controller circut requires five volts DC to power the microcontroller, memory, and display. This

voltage mmst remain constant for the coniroller to operate properly. Damape wall oceur if the ciremt
supply voltage is not maintained. Since the controller will be used in automobiles where the electrical
system 15 based on 13.8 voliz DC, a regulator will be uzed to mamtain the five volts DC needed for the
circuit.  Vanations in the supply 1:u:|}tage ococur commonly as the load on the velncle's electnical svstem
changez. The regulator will be able to mamtam the five volts needed with an mput ranging from £-16
volts. Thiz range will take mto account any surges from the velicle and keep the five volt oufput to
within a 5% margin of emror.
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1.1.3. Radio Frequency Exposure

The coniroller will be exposed to electromagnetic radiation m the form of RF. Electromic components
and traces on the circwt board may be sensitive to sirong RF fields canzing them to operate incomectly or

causing damage. Themntmllermustﬂperaiemﬂmpresmmufﬁ'f A radio comnected directly to the
antenna typically outputs one humdred watts of RF which will be radiated by the anterma. The controller

must operate m a vehicle while exposed to the RF from the antenna which 1z mounted on the vehicle.
1.14. Memory

A memery chip will be used to store antenna pesitions. These positions wll be programmed by the user.
The memory will alzo store the postticn of the antenna each time the antenna 1 moved. The last active
antenna ]:u:nsltmn will be relcaded mto the PIC when power 13 restored to the controller. The memory chap
will commumicate with the PIC microcentroller usmg I2C communication protocol.

1.1.5. Relay Specifications

The relay supphes power to the motor when a pozition 13 recalled with the press of a memory button. The

relay also provides power when the user manually adjusts the antenna by pressing the up /down switch.
The relay must pass five amps of current to the motor for rotation. This continuous flow of five Amps
must be sustained by the relay for a complete cycle to fully extend or contract the antenna

1.1.  Practical Design Constraints

The practical design constraints address mamuifacturabibity and economic 13suez. These constraints wall
determine the overall success of the product. The pra::tlml consframts include cost, production,
packaging, life expectancy, and welfare. Each of these constraints wall improve the quality and nsability

of the final product. The practical constramts for thiz project are listed in Table 2 2-

Tvpe Name Description

: The antenna controller parts and azzembly will be produced
S o for less than $100.

' Mamfacturability ' Prodnction The controller will utilize surface mounting techniques for |

most components to mcrease production efficiency.
- , The controller wall be azzembled n an enclosure with
Durability Packaging dimensions 3 %7 (H) x 3 %" (W) = 1 27 (D).
N [ | The relayz chosen for the design have a life expectancy of |
sustamabilify | Life Expectancy 150,000 cycles [1]. |
- . The controller wall be useful to amateurs and beneficial to
Sl R the public during emergencies.

Table 2.2-1. Practical Design Constraints
1.21. Cost

The cost of matenals and parts must be considered on all dezign projects. These costs determine whether
the project 1z feasible for an mdnidual or company to pursue. If the cost of producthion and parts becomes

too lgh, the profit made on a product quickly detenicrates. Also, ligher costs for the manufacturer
ultimately result in higher prices for the consumer. The enc]nmlre_ circuit board, and microcomntroller
contribute the majority of the production costs. The overall manufacturing costs for the controller will not
exceed $100. The components are commonly used off-the-shelf electromics that can be purchased
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through any major distnbutor. The design team wall fry to use parts readily available at MFJ Enterpnizes
Inc. to minimize the cost of the antenna controller.

2.2.2. Production

The antenna controller must be designed for production in large quantities. Most electronic components
will be placed onto the circwit beard by machine using surface mount technology. Cnly large components
will need to be mounted by hand Surface mounting the compoenents reduces the amount of time and

labor required for pmduchu-n_

2.2.3. Packaging

The primary mstallation of the screwdnver anfenna 1= on autemobiles. The antenna contreller must be
designed to operate and withstand the harsh, demanding environment often found with vehicles. The
controller will be enclozed in a metal contamer for protechon. The enclosure allows amateur operators to

eazily mount the umit mside a vehicle. The design of the display and controls will make operation simple
for the operator.

1.2.4. Life Expectancy

The life expectancy of the antenna confroller 15 limited by the number of cycles of the relays. The

maximum amount of current the relay coil will encounter is five Amps. At this current 1&12]11131‘&]3\?531’&
expected to function 150,000 eveles without failure.

2.2.5. Welfare
In times of natural dizsaster and emergencies amateur radic has proved to be very useful [2]. The antenna

controller will give amateurs the ability to fune their screwdrniver antennas qm::]dﬁ. and easzily. These
stations may be used in vehicles, which allow stations to be setup in any location It will zlso be safe to

nse while the operator 1z dnving.
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