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Re: ENSC 440 Design Specifications for Auto-Splice Conductivity Analyzer
Dear Dr. Bird:

The attached document from Prospect] Inc. outlines design specifications for the Auto-
Splice Conductivity Analyzer (ASCA). ASCA is a device that can be used to analyze the
imbalance of current flow in splices of an ACSR (Aluminum Conductor Steel
Reinforced) overhead wire joint. By investigating current flow patterns, the user can
identify the extent of damage present in the splice connecting the wires.

The ‘Design Specifications’ outlines necessary design considerations that need to be
taken care of in order for the ASCA device to perform its desired tasks. This document
also lists test plans to ensure proper operation of our product. Design improvements for
future iterations of the device are also discussed here, but, will not be implemented at this
stage of development.

Prospectl Inc. consists of four enthusiastic and hard working fourth year Engineering
Science students: Sam Hoque, Amir Najafzadeh, Milad Moezzie and Zhouhao Cui. We
are very excited about the opportunity this project may hold in lessening the failure rates
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prospect-1@sfu.ca
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Executive Summary

This list of design specifications mentioned here is suited for the proof-of-concept model
and will detail our proposed implementation of phases I and II of the Functional
Specifications for Auto-Splice Conductivity Analyzer (ASCA) [1]. This document outlines
the design of the ASCA device as well as theoretical and practical justifications for these
design choices.

This document contains an overview of system specifications for the ASCA Device. It
includes high level system design, graphics, comparison and evaluation for chosen
components, as well as low level descriptions of major functional units as the user
interface unit and control unit. This document also details the choice of hardware
components as the MCU, Hall Effect Sensors utilized herein and the choice of software
environment and the reasoning behind it. General software program process flow is also
included here. Moreover, the functional, performance, and user acceptance test plans
have been detailed here as well.

Development of the ASCA device is divided in to two phases. Upon completion of the
first phase, the device will be able to obtain data regarding magnetic field intensity
around live wire utilizing the Hall Effect Sensors and store them in a microcontroller.
The microcontroller will read inputs from the Hall Effect Sensors, apply a differentiating
algorithm, and save the data on the built-in memory.

In the second phase, this data will be sent to the output and displayed on the user
interface unit. The user interface unit consists of a few LEDs and an LCD. During this
phase, the casing of the device will also be prepared and the product will reach
completion. The first prototype is expected to conform to these design specifications by
the scheduled completion date of December 15, 2009.

Copyright ©, 2009 Prospectl Inc. -3-



T).em . N ' Schoal af Engineering Science,
(FT0s I f?[j ( } Simon Froser University, Burncaby, BC V54 156

Table of Contents
LUISE OF FIGUIES ...ttt et ettt e sttt e st e st e e st e e sbee e 5
LASE OF TADIES ...ttt et st 5
GLOSSATY .uevieeiiieeeieeeeiee ettt e ettt e ettt e et e e sataeeestaeeantaeeasseeeassaeassaeanssaeansseeenssesansseesnsneennseesnnses 6
L. INEEOAUCTION ...ttt ettt ettt st eb e saeeeeees 7
Lol SCOPE .ttt ettt et e et e et e e st e e st e e eabae s 7
1.2 Intended AUAIENCE .......cooueiriiiiiieieeiieeteete ettt sttt 7
2 SYStEM SPECITICALIONS ....vveeeiiieeiiieeiiieeiieeeeeeeiee et e e stee e tbeeesereeeabeeesaeessaeesnseeesnseeennnes 8
3 Overall SYStemM DESIZN ....cceiuiieiiiieeiiieeiiee ettt et e e e e e e eens 8
3.1 High Level System DeSi@N .......ceecuiiiiiieiiiiieciieeeiee ettt e sveeesvee e s 8
3.2 Control UNIE...coiiiiiiiiieiieeieeeeeteee ettt ettt et et eneesane e 9
3.3 User INterface UNit.......ccc.eovueeiiiiiiiieeieecee ettt 9
4 CONLIOL UNTE ..ttt sttt e sttt e sabe e b e saaeenees 9
4.1 DN6847 Hall Effect SEnSOrs. .....ccceeiiiiiiiiiiiieenieeieeee ettt 9
4.2 Arduino Duemilanove Micro Controller ............cocoueeviiiiiiiiiiiiiiniieeeieenieesieees 11
4.3 Software ENVIFONIMENT ......cocueeiiiiiiiiiieeieeiieeeeie ettt 13
S USEr INterface UNt......cc.eoiiiiiiiiiieiiieieiieeee ettt st 14
TR I 110 LSRR 14
5.1.1 On/OFE SWILCR ..ttt 14
S.2 OULPUL 1ttt ettt et e st e et e et e e e bt e e e bt e e s bt e e sabb e e s baeesabeeenanee 15
5.2.1 LCD DiSPIAY .ttt ettt ettt ettt 15
5.2.2 3mm Type 01 553-XXXX-300 LEDS ....cccuvtviiiiiiiiieiie et 16
5.2.3 Tyco FSM Series tact pushbutton ...........ccooueeeiiiiiniiieiiiieeieecieeeieeeeee e 17
6 MechaniCal DESIZN......cccuuiiiiiiiiiiieeieeeieee ettt st e st e st e s e e sabee e 17
7 Environmental ConSIAETatiONS ......ccc.uerteiriiiriiieniieeieenite ettt ettt ettt esaeeens 20
8 System TSt PIAN.......coiiiiiiiiiieeee ettt et e et e e aaaee s 20
O FULUIE UPZIAAES .....eeeiiiieeiiieeeite ettt ettt et e et e st e st e e st e e sabeeesabeeesanee s 24
9.1 Hall Effect Sensor Noise Reducing CirCuit ..........ccueeevuieeriieeniiieeniieeniieenieeesieeens 24

Copyright ©, 2009 Prospectl Inc. -4 -



T )pr . - ' School of Engineering Science,
(FT0s I E?{;f ( } Simon Froser University, Burncaby, BC V54 156

9.2 Integrating Hot Stick and separating the user interface unit...........cc.cccoceenieeenne 24
1O CONCIUSION .ttt ettt et ettt et et e s it e bt e sabe et e e saeeenbeenae 24
I1 RETEIEICES ....eeeueiieiiieete ettt ettt e et e st e st eesbteesbeeesabaeeas 25
List of Figures
Figure 3.1: High-Level Functional Block Diagram 8
Figure 4.1.1: Pin diagram and Positioning Instructions for DN6847 Hall Effect Sensors.....10
Figure 4.2.1: The Arduino Duemilanove PIC board which uses the Atmel ATmega328
chip 11
Figure 4.2.2: Pin diagram and CPU Architecture of the Atmel ATmega328 chip............. 13
Figure 5.1.1: Push Button.......cccvveiiiiiuiiiiiiiiiiieiiiiiiiiiiiaiiireeseesirssesessessesssssssssssesses 14
Figure 5.2.1: TS1620-1 LCD....ccuiiiiuiiiieiiiiiiiiiiiiiiiiiiiiiiieitieietiecatistscessscassscesnscnns 15
Figure 5.2.2: 3mm Type 01 553-XXXX-300 LEDS......cccccttetiiiiniricersnisrcersnrsnsensonssnssns 16
Figure 6.1: Mechanical Design of the ASCA device.......ccoeiveiiniiniiiiiaiiniiniiecieciaciannsn 18
Figure 6.2: Flowchart of functionality for the ASCA device.......ccccoeviieiniiiiniiiinnnnnnnne. 19
Figure 8.1: High-Level Block Diagram for System Test Plan..........cccoccivieiiniiinicinecenn 21
List of Tables
Table 4.1.1: Properties of DN6847 Hall Effect Sensors 10
Table 4.2.1: Properties of the Atmel ATmega328 chip......cccccvveiiiiiiiiiiiiiiiiiiiiiiiiiinnn 12
Table 5.1.1: Properties of Tyco FSM Series tact pushbutton............ccccoviiiiiiiiniinninni. 14
Table 5.2.1: Properties of the TS1620-1 LCD.....cccciieeiiieiiieiiniiieiearcnsscssssnscsnscsssssms 15
Table 5.2.2: Properties of 3mm Type 01 553-xxXXX-300 LEDS.....ccccectieeiiieiinininiccnrcnannne 17
Table 8.1: Unit test deSCription.....ccciiiieiiieiiieiiiiiiiiieiisiesstcsatsestssssssscsssssssonssssssnns 21
Table 8.2: Constituent test desCription.......cccivieiiieiieeiiieiiiiieiiaiesaictsrosscsescsnscsnsonne 22

Copyright ©, 2009 Prospectl Inc. -5-



Siprvory Froser University, Burnchy, 5C V34 156

kj ,}‘r’( ] '5 IEJL{ [_' (-Z— : School af Engincering Scicnes,

Glossary

ASCA
ACSR
LCD
LED
MCU
Splice

Hot Stick

User

PIC
CPU
PVC
RoHS

Auto-Splice Conductivity Analyzer

Aluminum Conductor Steel Reinforced (overhead wire)
Liquid Crystal Display

Light Emitting Diode

Arduino Duemilanove Micro Controller

An electrical splice is the joining of two or more electrical
conductors by mechanically twisting them together or by
using a special splicing device [2]

An insulated rod usually made of fiber glass. It can be of
extendable length [3]

Certified Technicians/Electricians who are authorized to
perform maintenance and testing on overhead transmission
lines

Programmable Intelligent Computer
Central Processing Unit
Polyvinyl Cholride (A durable, easy to use polymer)

Restriction of the Use of Certain Hazardous Substances in
Electrical and Electronic Equipment Regulations
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T).em . N ' Schoal af Engineering Science,
(FT0s I f?[j ( } Simon Froser University, Burncaby, BC V54 156

1. Introduction

Auto-Splice Conductivity Analyzer (ASCA) is designed to determine current imbalance
in overhead transmission line cable splices [2]. As splices age, Aluminum components
oxidize to form an insulating barrier, thereby increasing their resistance and causing a
current imbalance in cables’ strands [4]. From the resulting magnetic field around the
cables’ strands, this imbalance can be found, and used to verify if the splice is faulty. The
device has an LCD on it, which shows the intensity of the magnetic field around the
splice. There are also a couple of LEDs on the device, which lets the user know if the
intensity of the magnetic field is within range or out of range. ASCA can be attached to
the overhead wire as a slide-on device to obtain data using a hot stick [3]. The design
requirements for the ASCA device, as well as the reasoning behind it are described in this
document.

1.1 Scope

The design specification shall meet all requirements for a proof-of-concept system and a
partial set of requirements for a production model mentioned in the document: Functional
Specifications for Auto-Splice Conductivity Analyzer [1]. As we are focusing on the
proof-of-concept system for now, design considerations pertaining to the functional
requirements marked Type I will be primarily discussed here. Simplified algorithms and
design schematics will be used to explain various concepts. More detailed diagrams will
be included as appendices for referencing purposes.

1.2 Intended Audience

- Project managers shall use it to evaluate progress throughout different
development phases. It will also assist them in complying with necessary
manufacturing and usability standards.

- Design engineers shall follow this document to meet overall design requirements
from production to implementation of device.

- Test engineers shall use this document to assess the match in functionality
between the actual device and the guidelines outlined here.

- Marketing department may also use this document to develop marketing
materials and identify similarities in features (if any) with competitor’s products.

Copyright ©, 2009 Prospectl Inc. -7-
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2 System Specifications

The ASCA device will assist in locating faulty splices on overhead transmission lines.
Once the user uses a hot stick to mount and slide the ASCA device along the length of a
splice on overhead transmission lines,
- The device will measure the intensity of magnetic field along the length of a
splice which connects two live wires.
- The device then compares this measurement with an ‘ideal scenario’ measurement
(which has been taken earlier) where all the strands in a splice were intact.
- The MCU built in the device then sends this measurement as output to the user
interface unit. The user interface unit consists of a LCD and a few LEDs.

3 Overall System Design

This section provides a general, high-level explanation of the ASCA device, as well as a
short summary of the design characteristics of each component. More detail information
about individual components will be furnished in a well fashioned manner later.

3.1 High Level System Design
The ASCA system can be modeled at a high-level as shown in Figure 3.1.

Data Output
User presses
> ‘View Data’
User Input Data Input Memory Button to view
output
On/Oft Hall Effect Data is stored in
Switch »| Sensors detegt > MCU _| Datais displayed
Voltage'level in on LCD
Snlices
R LEDs indicate
"l condition of data
User Interface Control Unit User Interface
Unit (Input) Unit (Output)

Figure 3.1: High-Level Functional Block Diagram
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3.2 Control Unit

It is made up of an Arduino Duemilanove Micro Controller (MCU) and a couple of
DN6847 Hall Effect Sensors. This is the heart of the device and takes care of most of the
functionality of the device. Primary functions of the control unit include:

- To obtain data through the Hall Effect Sensors.

- To store data in MCU.

- To convert the information received from analog to digital.

- To send the output display to the LCD.

- To send output information to appropriate LEDs.

3.3 User Interface Unit

The user interface unit can be subdivided in to two components, the input and the output.
The input is an ‘On/Off” switch while the output consists of a push button, LCD and three
LEDs. The device is turned on by pushing the ‘On/Off” switch by the user. After
obtaining data, the user presses the ‘View Data’ button to observe captured data. This is
when stored data is displayed on the LCD along with an LED indicator. There are three
LEDs on the device and they represent the following:

- LED: Data is within optimal range.

- Red LED: Data is out of range.

- Blue LED: Data is irrelevant or there is insufficient data.

4 Control Unit

The control unit consists of two primary components: two DN6847 Hall Effect Sensors
and an Arduino Duemilanove Micro Controller (MCU). The software and the
environment used to integrate the control unit with the user interface unit are also
discussed here.

4.1 DN6847 Hall Effect Sensors

DN6847 Hall Effect Sensors are chosen to measure the magnetic field intensity around
live wire splices. An alternating current carrying conductor produces a magnetic field
around it. The functionality of these chips is very simple in nature as they are able to
measure this magnetic field intensity directly, once placed near (within mechanical
tolerance) a current conducting splice. Two sensors are used instead of one for precision

Copyright ©, 2009 Prospectl Inc. -9-
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of measurement. Attached is a pin diagram and positioning instructions for a DN6847
Hall Effect Sensor [5].

DNEBJ? DMB247T Unit: mm

4502

=3I

[ 1 :1r'.:'|:'
- 1: GND
=2 3 : OQlput
SSIP0O3-P-0000A

Figure 4.1.1: Pin diagram and Positioning Instructions for DN6847 Hall Effect Sensors

Advantages of the DN6847 Hall Effect Sensor:
- High sensitivity.
- Low drift.
- Stabilized temperature characteristics.
- Wide operating supply voltage range (VCC =4.5 Vto 16 V).
- Compatibility with the Atmel ATmega328 chip.
- Low cost.

Some useful properties of the DN6847 Hall Effect Sensor are mentioned below [5]:

Table 4.1.1: Properties of DN6847 Hall Effect Sensors

Property Value
Supply voltage (Vcce) 45t016V
Supply current (Icc) 6to 5.5 mA
Operating ambient temperature -40 to 100 °C
Power dissipation 150 mW
Storage temperature -55to0 125 °C

Copyright ©, 2009 Prospect! Inc. -10 -
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4.2 Arduino Duemilanove Micro Controller

For the core of our control unit, we chose the Arduino board. The current basic board
from Arduino Duemilanove uses the Atmel ATmega328 chip. Once the Hall Effect
Sensors obtain data, it is sent to this chip. Analog data is converted to Digital data and
then stored here. Later, when the user presses the ‘View Data’ button, this data is sent as
output to the LCD and appropriate LEDs are lit.
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Figure 4.2.1: The Arduino Duemilanove PIC board which uses the Atmel ATmega328 chip

Advantages of this PIC:
- High pin count.
- Compatibility with many programming Kits.
- 32kb built in flash memory.
- On-chip 2-cycle Multiplier.
- Built in Bootloader.
- Built in Analog to Digital converter.
- Multiple Power Supply options.
- Dedicated software provided by manufacturer.
- Can be made portable.
- Built in LEDs. Can be utilized in future models.
- Low cost.

Copyright ©, 2009 Prospect] Inc. -11-
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Some useful properties of the Atmel ATmega328 chip are mentioned below [6]:

Table 4.2.1: Properties of the Atmel ATmega328 chip

Property

Value

Operating Temp

—40°C to 85°C

Power Consumption

At 1 MHz, 1.8V, 25°C

— Active Mode: 0.2 mA

— Power-down Mode: 0.1 pA
— Power-save Mode: 0.75 pA

Operating Voltage 1.8-5.5V

Memory 32KB

Registers 32x8

Speed Grade: 0-20MHz @ 1.8 -5.5V
Timer/Counters Two 8-bit or One 16-bit

I/0 and Packages

23 Programmable I/O Lines

Write/Erase Cycles 10,000 Flash/100,000 EEPROM
Single Clock Cycle Execution 131
PWM Channels 6

Data retention

20 years at 85°C/100 years at 25°C

Copyright ©, 2009 Prospect] Inc. -12 -
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The pin diagram and CPU architecture of the chip is shown here for reference (Figure
4.2.2) [6].

Data Bus 8-bit

PDIP Flash Progmm Status
pmgmm Counter and Control
Memory
» X Unit
Instruction General Ly
Register Purpose SPI
[*— Reqgistrers
7 o imer
[PCINTI4/RESET) FCa 1 281 PCE (ADCHSCLIFCINTI3) 2 a
(FCINTIERXD) FO0 0] 2 27[1PC4 (ADCASDAPCINTIZ) 8 g
(PCINTIZTHD) PO ] 3 26 []PC3 (ADCIFCINTI1) Control Lines § 3 Comparator
(PCINTIBINTD) FD2 0] 4 25[1PC2 (ADCZFCINTIO) g g N
(PCINTIRIOCZB/INTY) PD3 T 5 24[1PC1 (ADCUPCINTE) £ 5
(PCINT20XCKTTD) PD4 [ 6 23[1PC0 (ADCOPCINTE = VO Module1
veedr? 72[1GND »
GNDO2 21[JAREF J DA )
(PCINTRIXTALITOSC1) PRE ]9 20[JAVCC SRAM
(FCINT7IXTALZITOSCZ) PET L] 10 19 [1PBS (SCKPCINTS)
(PCINT21/0C08/T1) PDS O 11 18 (PB4 (MISOIFCINT4)
[PCINT22/0COAIAIND) PD6 [ 12 17 [1PB3 (MOSUOCZAFCINT3)
(FCINTZAINT) PDT ] 13 18 [1PB2 (SE/OCIRFCINT)
(FCINTOICLKONCRT) PBO O] 14 15 [FB1 (OCIAFCINTT)

\4

Figure 4.2.2: Pin diagram and CPU Architecture of the Atmel ATmega328 chip

4.3 Software Environment

There is no additional need to utilize a certain software/coding language as the
manufacturer has prepared a pre-developed software environment to program the
Arduino board. The software is very easy to use and tailor made for the simplicity of
users. The communication interface makes uploading and compiling data very
straightforward. Once a piece of code has finished running, it is uploaded on the board
and compiled. Also, there are additional tutorials offered by the manufacturer on their
website. These tutorials provide helpful pointers in accomplishing different tasks through
this PIC.

Some key features [7] of this software and the software environment are:
- The environment is written in Java and based on Processing, avr-gcc, and other
open source software.
- Both the simulator and the PIC are produced by the same manufacturer. Thus it is
easier to obtain help and support.
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5 User Interface Unit

The user interface unit is divided in to two parts, the input and the output. The input
consists of an ‘On/Off” switch. And the output comprises of a push button, a LCD and
three LEDs.

5.1 Input

A momentary-on pushbutton is used as the ‘On/Off” switch for this device. The user
presses this switch to turn on the device. Once turned on, it is mounted on a hot stick to
slide along a splice’s length.

5.1.1 On/Off Switch

We will be using momentary-on Tyco FSM Series tact
pushbuttons. Once the switch is turned on, a blinking
LED on the device will indicate that the device is turned
on. An image of the switch is attached for clarification.
Key features of the button are listed in the following
table [8].

Figure 5.1.1: Push Button

Table 5.1.1: Properties of Tyco FSM Series tact pushbutton

Property Value
Contact Rating 50 mA @ 12 VDC
Initial Contact Resistance 100 milliohms max
Insulation Resistance 100 megohms min@ 500 VDC
Dielectric Strength 500 VAC for 1 minute
Actuation Force 13050 gms
Actuator Travel 0.254mm [.010 in.]
Life Expectancy Up to 20,000 cycles

Copyright ©, 2009 Prospect] Inc. -14 -



School of Enginearing Science,

EP?/(}S ng C TJ Siprvory Froser University, Burnchy, 5C V34 156

Advantages of the Tyco FSM Series tact pushbutton:
- Low cost.
- Durability.
- Long Lasting.
- Easy to use.

5.2 Output

The output has three components: a TS1620-1 LCD, three 3mm Type 01 553-xxxx-300
LEDs and a Tyco FSM Series tact pushbutton.

5.2.1 LCD Display

The TS1620-1 LCD is used in
the ASCA device. Once the
MCU has captured data it is
displayed on this LCD as output.
This shows users the reading
obtained through the Hall Effect
Sensors. The properties of the
LCD are mentioned in the
following table [9].

Figure 5.2.1: TS1620-1 LCD

Table 5.2.1: Properties of the TS1620-1 LCD

Property Value
Operating Temp Min.0C ~ Max. 50C
Storage Temp Min. -20 C ~ Max. 70 C
Viewing Area 61.0 (W) x 16.0 (H) mm
Outline Dimensions 84.0 (W) x 44.0 (H) x 11.0 max. (D) mm
Weight 50g max
LCD Type STN / Neutral-mode / Reflective
Display Format 16 characters x 2 lines

Copyright ©, 2009 Prospect] Inc. -15-
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Display Fonts 5 x 8 dots ( 1 character)
Viewing Angle 6:00
Backlight None

Advantages of the TS1620-1 LCD:
- Can display two lines of characters and numbers. This feature can be utilized for
future upgrades on the model.
- Low cost and durable.
- Light weight.
- Long Lasting and easy to use.

5.2.2 3mm Type 01 553-xxxx-300 LEDs

The LEDs are designed to show the state of conductivity on the overhead wire splice.
Since we have predetermined a reference voltage value as the minimum accepted value,
once the data is acquired from the Hall Effect Sensors, it can be easily found if this is
below or above the ‘ideal scenario’ value. It provides an alternative way of showing the
result to the user. Three 3mm Type 01 553-xxxx-300 LEDs are used in this device. The
green 553-0122-300 LED is used to show that data is within optimal range. The red 553-
0110-300 LED is used to indicate data is out of range. While the blue 553-0188-300 LED
lights up when data is irrelevant or there is insufficient data. Along with the LCD, these
three LEDs complete the visual display aspect of the output. The properties of the LEDs
are mentioned in table 5.2.2 [10]. An image and specification of the LED are also
attached here.

SURFACENOTFLAT 710w
D4]016

Ji 31
wm um 08[0%)
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| [ %:‘*Hii}H K\
2018 S E B & Q‘\ S
ﬁml]u —-—-\.—i- = H[ﬁ_:L ﬁ#ﬂﬂ] L{aj ~ <

|
1[071
DE 12(041]

) B4
ke T

Dimensions in mm [inches]

Figure 5.2.2: 3mm Type 01 553-xxxx-300 LEDs
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Table 5.2.2: Properties of 3mm Type 01 553-xxxx-300 LEDs

Property Red Green Blue Unit
Peak Wavelength 635 565 428 Nm
LV 10 16 12 mCd
VF 2 2.1 3.5 \Y%
Test Current 10 10 10 mA
Viewing Angle 45 45 70 °
Operating Temperature Range -40~85 °C
Storage Temperature Range -25~85 °C

Advantages of 3mm Type 01 553-xxxx-300 LEDs:
- Low cost and performance.
- Optimal operating range of temperature.
- Durability.
- Long Lasting and easy to use.

5.2.3 Tyco FSM Series tact pushbutton

Another Tyco FSM Series tact pushbutton is used to View Data. This is the same
pushbutton switch used to turn on the device. Due to its similarity, lightweight and ease
of functionality this switch is used. Specifications and advantages of this switch can be
found in section 5.1.1.

6 Mechanical Design

Casing for the ASCA device and its dimensions are shown in figure 6.1. The device is
mostly made of PVC material. The LCD, switches and LEDs are mounted on the user
interface unit, which is made of PVC cuboids. Underneath the user interface unit lays the
Arduino Duemilanove PIC. All the wire connections and soldering are hidden by this
case. There is also a PVC hook in the middle of its top surface. This is used to mount the
device on a splice using a hot stick.

The cylindrical shaped component, also made of PVC material, holds the Hall Effect
Sensors. Wire connections are etched along its walls and connect to the PIC.

Copyright ©, 2009 Prospectl Inc. -17 -
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PVC is used for its low cost, durability, ease of use and non-conducting nature of
electricity and heat [11]. This also reduces the risks of arcing and static current damaging
the device.

M | —» LCD

Indicator —x ik _.-'_‘:

i b "-"-;
& Output € o [S5g veiH ReMGE PR N
LEDs [ . Kt iy ombre N
- - QL AR LATA = y X
x‘{/ e . ; = 7 » Switches
-f",. e | : 4 —~ = i k
I,fJ f_T\:'\:.,Y. \.f i e S \
."r. ;,." :_ / f. _ll l
f g .f / 4 i | — PCI Board
. .': ||.-' | X v ,.';
Mo o gl (IO B 5 2y
CRN F, I o, L
ke f./ : F=] A
\ R L ' Hall Effect
o, |-
™ » Sensors

Figure 6.1: Mechanical Design of the ASCA device

A flowchart of how the device performs from the beginning to the end is attached in
figure 6.2. This explains step by step how this device functions.
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Figure 6.2: Flowchart of functionality for the ASCA device
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7 Environmental Considerations

Prospectl Inc. has paid utmost attention and degree of care to the environmental
aspect of the design during the device’s production and distribution. The
components chosen for the device adhere to RoHS directives [12]. It limits the
release of dangerous chemicals such as lead, cadmium and mercury into the
environment. It also protects the user from emissions of these dangerous
components. The device is ‘lead’ free; both in its components and during
soldering.

The device is able to run and operate with minimal power consumption. The
ASCA device does not need a lot of power to function.

In case the device reaches the end of its useful life, the user is provided with
complete information on proper disposal and recycling of the electronic device
and battery.

8 System Test Plan

In order for the system to function in a reliable manner, it is necessary to test it during
different stages of design and implementation, prototype building and manufacturing. To
avoid errors, the general test plan is to test each module as it is built, and to retest the
modules upon integration into a complete unit. Device specifications mentioned in
functional specifications [1] emphasize on boundary conditions that should be taken care
of throughout the design. From designing this device to building a prototype, the tests
associated with various stages can be divided in to three main categories. For this project,
they will be named as unit testing, constituent testing and prototype testing.
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Figure 8.1: High-Level Block Diagram for System Test Plan

There will be five primary unit tests; one each for the switches, MCU, Hall Effect
Sensors, LCD and LEDs. These tests ensure that the design and each individual internal
component are functioning in a desired manner. Different steps associated with these
tests and expected results are mentioned below.

Table 8.1: Unit test description

Test No. Functions of Test Description/Results

1.1.1 ‘On/Off” Power Switch | By pressing it once, the device turns on. Pressing it
again turns the device off. A blinking LED
indicates power is turned on.

1.1.2 ‘View Data’ Switch LCD display starts and an appropriate LED lights
up as the switch is turned on.

1.2 Hall Effect Sensors Measurement is taken by the sensor in presence
and absence of a magnetic field to ensure accurate
data measurement.

1.3.1 MCU Power A blinking LED indicates power is turned on.
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1.3.2 MCU Data Storage A stack register can be used to note if the MCU
memory is getting filled as the sensors keep on
capturing data.

1.3.3 MCU Output LCD display shows measurement and an LED
lights up accordingly.
1.4.1 LCD Display (idle No data is displayed before the ‘View Data’
state) Switch is pressed.
1.4.2 LCD Display (active Measured data is displayed after the ‘View Data’
state) Switch is pressed.
1.5.1 LED (idle state) None of the LEDs are lit before the ‘View Data’

Switch is pressed.

1.5.2 LED (active state) According to range of data, suitable LED lights up
after the ‘View Data’ Switch is pressed.

Once satisfactory results are obtained through unit tests, next step is to perform
constituent testing. At this stage, the design gets divided into smaller building blocks. For
example, the user interface unit and the control unit.

Table 8.2: Constituent test description

Test No. Description of Tests

2.1 Hall Effect Sensors and MCU

- When the sensors are placed close to an alternating current conductor,
they measure the magnetic field intensity and this data is then sent to
the MCU to convert from analog to digital and store in its memory.
Once again a stack register can be used to notice if the memory is
getting filled. As the sensors are connected to the MCU here, if the
memory starts getting full, this test will confirm that the connection
between the sensors and the MCU are as desired.

- This would also ensure that the sensors are placed within threshold
distance form the conducting wire/splice to measure magnetic field
intensity.

2.2 LED, LCD and the MCU
- The following three tests determine if the connection from the MCU
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to the output (LED, LCD) is intact and if the device is providing its
output as desired.

2.2.1 LED and the MCU

- The MCU sends output to the LEDs when ‘View Data’ button is
pressed. According to the range of data the corresponding LED lights
up. The LED display should also be in sync with the LCD.

222 LCD and the MCU

- The MCU sends output data to the LCD when ‘View Data’ button is
pressed. Measured magnetic field intensity is displayed on the LCD.
The LCD display should also be in sync with the LEDs.

223 LCD and LEDs

- According to the measured reading on the LCD a corresponding LED
should light up. For example, if the data is out of range, the red LED
lights up. Thus the display on the LCD should match the LED light to
confirm the device’s accurate functionality.

The last step in the system test plan is prototype testing. After the smaller blocks pass
constituent testing, they are ready for integration. Once integrated, prototype testing can
make sure that the smaller blocks put together are functioning well and are in cohesion.
At this stage, boundary conditions shall be tested in greater details again. This may give
the designers an idea on how well the functionality of the device in different conditions
matches its functional specifications. It may also be a good idea to have potential users
try the prototype before commercialization or mass production of this device is done.
Their feedback may point to any negativity in the device or lead to possible upgrades and
improvements for future.

At this stage of testing, the ASCA device is tested by the user as a complete unit. Detail
functionalities described in functional specifications [1] are tested and made sure the
device is working as it is supposed to.

If at any point of the building process, a change in either design or raw material was
found necessary, the system shall be tested again from the stage where changes were
needed.

Copyright ©, 2009 Prospect] Inc. -23-



T).em . N ' Schoal af Engineering Science,
(FT0s I f?[j ( } Simon Froser University, Burncaby, BC V54 156

9 Future upgrades

9.1 Hall Effect Sensor Noise Reducing Circuit

This is a very simple circuitry that might be used to reduce introduced noise. Although
the effect of this circuit can be minimal, this can be particularly useful where the data is
irrelevant. In such cases, some data signals exceed the maximum or minimum allowable
range. This circuit can then be useful in distinguishing between useful and distorted data.

9.2 Integrating Hot Stick and separating the user interface unit

The ASCA device has multiple power sources. This of course gives the device added
portability as well as a chance to power/operate the device from a laptop or an alternating
power source. In future models, for instantaneous observations, the user interface unit can
be separated and held in hand while the rest of the device is mounted on overhead wire.
For this model to be produced, wiring needs to be incorporated with the hot stick.

10 Conclusion

The ‘Design Specifications for an Auto Splice Conductivity Analyzer’ provides a clear
and concise overview of our projected design. This is very much in correlation with the
functional specification [1]. There is a comparative analysis outlined here for each
component, which explains why they were chosen for the ASCA device. Extensive test
plans ensure the device meets its goals during the manufacturing and production phases.
This is not a rigid design as there is room for future improvement.
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