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Abstract— A temperature-based embedded programming
algorithm for conventional machines condition monibring is
being discussedMachinery health deteriorates day in day out
as they are being used for production purposes. l& proper
check, maintenance activities and monitoring are rtoput in
place, such machinery would not perform optimally ad
production efficiency would be affected. Based onhts, the
present work focuses orprogramming a temperature sensor
AD595 and K-type thermocouple using a C programming
language as a means of embedding them into the
microcontroller with a real time clock (RTC) incorporated to
keep the time of events and temperature readings othe
machines’ components for effective maintenance planThe
whole design is embedded in production machinet keep
monitoring the machines’ conditions and behavior aselated to
temperature induced faults and breakdown matters. Te
algorithm interprets and reports the fault class name to the
operator, diagnosis and proffer solutions based onthe
embedded decision block. Thehardware resulting from the
design was tested using a conventional elevator,los and
hammer mill (which are parts of the production setup line for
the production of vegetable oil) for a period of far months.
The output performance is satisfactory as maintenace
decision and machines’ health monitoring are optinded.

Keywords-Temperature; thermocouple; algorithm;
conventional machines; condition monitoring; microcontroller.

l. INTRODUCTION

Machinery is required to operate within a reldinveose
set of limits. These limits, or operating conditonare
designed to allow for safe operation of the equipnaad to
ensure that equipment or system design specifitatare
not exceeded. These limits are usually set to opdim
product quality and throughput (load) without oe¥ssing
the equipment.
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levers, or screws. Examples of these machines atleel
grinding machine, flaking machine, extruder andt jtes
mention a few. They indeed needed special attemticafe
guard or vouch safe for their functionality and ioyat
performance as compared to the non conventionahimes
which are controlled automatically by integratedngaiter.

Manufacturing process objective focuses on efficien
production of products with specific shape, accdptab
dimensional accuracy and quality. Slight deviatwinthe
machine conditions from a prescribed plan will efféthe
final product quality and standardGlobal industrial
competition and the current economic conditions ehav
geared up many manufacturing organizations to ingro
product quality and cut production costs simultarsip
The requirements for increased plant productiviigfety,
and reduced cost on maintenance, have resultedtowah
in popularity of methods for condition monitoring &id the
planning of plant preventive maintenance and operat
policies [1].

Malfunctions in equipment and components are often
sources of reduced productivity and increased reaarice
costs in various industrial applications. For thesason,
machine condition monitoring is being pursued wognize
incipient faults in striving towards optimizing nménance
and productivity in conventional machines.

From literature, current production systems have
unsatisfactory overall availability due to excessiv
downtime caused by either quality related issues or
machine/component failures [2]. Current single istes$
mean-time-to-failure (MTTF) and mean-time-to-repair

Conventional machines are machines which are ogzrat (MTTR) assessment does not reveal overall system

manually. These machines are controlled by camatsge
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performance and dynamic resourcing which is notesiskd
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in today's total productive maintenance (TPM) and Neelam [6] researched on condition monitoring aaudltf
manufacturing execution systems (MES) [2]. diagnosis of induction motor using motor curremgnsiture
In real life applications, measuring temperaturen@g  analysis. Neelam’s research consists of experirhenta
really a problem especially in practical applicatiolike characterization of rotor faults in induction maaperating
medical and air conditioning systems. In industsietting  under different loading conditions in which the Ifau
on the other hand, temperature signal conditiobiegomes algorithm developed monitors the amplitudes oveneti
a concept that needs to be given special attention And five different faultsvis a viz, rotor fault, short winding
convention machines. That is why very high precissamd  fault, eccentricity fault, bearing fault and loadult are
accuracy is the ultimate goal of any model thagets practically implemented and their effects on mataurrent
programming ambient physical parameters like teatpee. are considered with help of different signal coioditng
In order to achieve the above, an embedded proghagnm techniques.
model is established to ensure sensing temperatndce Condition-based maintenance is the diagnosis of
delivering the accurate result. component failure or a prognosis of a componeit tto
failure [7]. Jasperet al. [7] aimed at formulation of
Il LITERATUREREVIEW empirical postulates regarding the technical system
Condition monitoring is a maintenance process wkieze managerial system and workforce knowledge.
condition of equipment with respect to overheatangyd Mahanteshet al. [8] developed and tested a condition-
vibration is monitored for early signs of impendifaglure. monitoring sub-module of an integrated plant maiatee
Equipment can be monitored using sophisticatednanagement application based on artificial intetizge(Al)
instrumentation such as vibration analysis equifgnoerthe techniques, mainly knowledge-based systems, having
human senses. Where instrumentation is used, donitd  several modules, sub modules and sections. Ther pape
can be imposed to trigger maintenance activity. d@n  cojlectively deals with the analysis of the statéhe-art
Monitoring (CM), Predictive Maintenance (PM) and expert systems for diagnosis and maintenance oérgen
Condition Based Maintenance (CBM) are other tersedu purpose industrial machinery.
to describe this process. Christian [9] researched on competing through
Machine condition monitoring involves the intermaitt  5intenance strategies in which the competitivetofac
or continuous collection and interpretation of dekating  \yere examined. The research work shows that equipme
to the operating condition of those critical compois of a  aintenance and reliability management are imptigtan
machine. Monitoring can greatly reduce maintenar@#s  5ssociated with an organization's competitiveness be

by giving adequate notice on pending failures tomie  given adequate attention in the organization’s tetia
planned repairs, as opposed to costly emergencyjanning.

breakdowns with their attendant lost productionertime, Liliane e al. [10] evaluated the effectiveness of
and expediting costs [3]. maintenance strategies under four frameworks that c
Failure occurs when a component, structure, 0e8ys$  jdentify and evaluate the effectiveness of a given
unable to fulfill its intended purpose, resulting its  maintenance strategy in a company. The four framksvo
retirement from usable service. Possible failuredeso implored are minimization of manufacturing’s newati
include component deformation, fracture, surfacanges potential, achievement of parity (neutrality) with
such as cracks, material changes, displacemekadeaand  competitors, provision of credible support to thesiness
contamination [4]. Secondary effects, or symptowf®en  strategy and aiming a manufacturing-based comypetiti
occur prior to total machine failure, providing icators for advantage. And it is found that the framework ipl@able
predicting failure onset. Frequently used indicst@re gnd useful for the strategic management of the t@aamce
vibration signals; noise, heat generation, andigartvear  fnction as well as enhancing the competitive athga of
levels as measured in machine lubricants. a company.
Condition-based maintenance is a maintenance gjrétat Jihong [11] modeled a prognostic algorithm for niaeh
recommends maintenance actions based on the informa performance assessment and their applications expla
collected through condition monitoring. And the aifithis performance model through the advantage of logistic
strategy is to improve the equipments reliability, regression analysis with maximum likelihood techuigand
availability, or its associated life cycle cost [5 predict the remaining useful life, which would lead
proactive maintenance processes in minimizing diomet
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of machinery and production in various industrigs s T, = measured Temperature befd'rié
increasing fficiency of operations and manufacturing. They

buttress their research with two kinds of applmati
situations with or without enough historical data.

Today's technology has given room for invention of
computer numerically controlled machines for prdaturc Therefore,
purpose in which integrated circuits and sensolstee to ~ Otherwise do not.
maintenance information are embedded to keep todck
machines’ health for effective and optimized parfance of B. Factorsinfluecing the choice of Temperature sensor
the machines. But there is need to bridge the gayden The difference between serial and special manufiagtu
these computerized and conventional machines aghato is only the mechanical structure of the sensorse Th
the conventional machine users can effectively ertffee  criterions used in choosing temperature sensoagaésted
machines’ throughput with minimal breakdown andbelow:
compete in the industrial world without abandonitigp

T, = Critical temperature limit level

b : is a function of speed, environmental conditiand
demand frequency.

if TS>T=, then maintenance is required,

conventional machines. Hence the needs for thisareh « At which position is the temperature to be
work to provide a medium where temperature sensmufd measured?

be embedded in conventional machines for monitotfiegy + The medium at which temperature is to be
health status and functionality. Therefore the @nésvork determined?

describes temperature algorithm for temperature®ethat «  Which diameter can be installed in the production
is needed in assisting, monitoring the behavianathines’ process?

performance or health status ahé maintenance activities .

Mechanical process connection to be used

The type of electrical connection

*  Which mechanical and thermal stress is the sensor
subjected to?

required for maintaining or preventing temperattetated .
faults or breakdown of conventional machines sush a
elevator machine, silos and hammer mill.

. METHODOLOGY

A. Temperature Modd Equation

Temperature measurement (e.g., temperature-inaicati
paint, thermograph) helps detect potential failuetated to
a temperature change in equipment. Measured tetopera

changes can indicate problems such as excessiveanieal A block diagram of the AD594/AD595 thermo-couple
friction (like faulty bearings, inadequate lubriiced), signal conditioner IC is shown in Fig. 1. A Type K

degraded heat transfer and poor electrical cororezt{for  thermocouple is joined to amplifier differentialnBil and
examples, loose, corroded or oxidized connectiombe 14 so as to reference the local temperature. W#HE also
below equationl. is used in modeling temperatureit the local temperature, an ice point compensatioit

The answers to these questions are the basis éor th
choice of special temperature sensors for mechlanica
machines and these have assisted in choosing k-type
thermocouple for this research.

monitoring for machines. develops a voltage equal to the deficiency in teally
@ o ; referenced thermocouple loop. This voltage is tapplied

T =T [A+U]y (1)  to a second preamplifier whose output is summet thie

where output of the input amplifier. The resultant outgsitthen

applied to the in-put of a main output amplifier thwi
A feedback to set the gain of the combined signdie iTe
measuring time point compensation voltage is scaled to equal theage

T.° : the current temperature value that would be produced by an ice bath referenced
thermocouple measuring the IC temperature. Thitagelis
o o then summed with the locally referenced loop vadtaiipe

U : temperature deteriorating factor and it is expeelsas  result being a loop voltage with respect to anpioint [12].

T -T, The circuit description diagram for this thermocleuis as

() shownin Fig. 2.

Ti‘a: the predicted value of temperature at next pldnne

t, : periodic time numbering of readings

T, : initial temperature value
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Figure 1. AD595 Block Diagram

Figure 2. The AD594/AD595 Circuit Description

C. Embedded interface

The following components are used in keeping tiack
the system:
i. Analog Digital Converter (ADC)The output from

the sensor is usually an analog signal that needbet
converted to a discrete signal for proper digitaat In
order to achieve this, an analog to digital conearsnodule
is required. For this model, a 10 bit ADC resolatis made
used of.

ii. Microcontroller:  The microcontroller used for
developing this model is Atmel Atmega 16 MCU, tlisan
8 bit MCU but with internal 10 bit resolution ADCadule.
This makes the MCU a choice for this model.

The block diagram shown in Fig. 3 depicts the peggb
arrangement of the embedded temperature sensofasge
with the machine
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Figure 3. Block diagram of proposed arrangemeitemiperature sensor
interface with conventional machine

D. Mode Algorithm

The code for the microcontroller is developed in C
language which is not included in this paper. The
preliminary exercise carried out in order to get tasis of
the conventional machine is to:

i. study the temperature behavioural pattern of the

machine to model; and

i get the trend of the temperature pattern of the

machine system by recording ten to twenty
readings of the temperature over a wide period of
time and noting the performance rating of the
machine against the corresponding temperatures.

While the algorithm developed for the model is as
stated below:

Step-1 Setting up: set up display, set up rea ttlock and
set up the internal analog to digital converter

Step-2 Wait for responses

Step-3 Set timer T to zero second and the counteero

Step-4 Initialize timer

Step-5 Is timer equals 10seconds?

Step-6 If no, go back to timer initialization, elget the

ADC value

Counter stores value to RAM

Has counter counted to ten values?

If no, continue with timer initializatioalse counter
reset to zero

Step-10 Calculate average temperature

Step-11 Store value in EEPROM, convert temperatahae

to ASCII and get real time

Step-12 Display value and time
Step-13 Use inference decision block: for examjpfe,

Step-7
Step-8
Step-9

TS 2T , then maintenance is required, otherwise

do not; make inference on machine parts affected
and give suggestion

Step-14 Is decision made? If yes, display decision

Step-15 Delay sets in to cater for decision dispiayelse
back to reset

Step-16 Go to start
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This algorithm is therefore translated into flowtha system.
shown in Fig. 4, so as to have a better understgnafi the

SET UP INTERNAL  |— SET UP DISPLAY |—1 SETUP REAL TIME
ADC AND SPI CLOCK

SETTIMER T =0s
COUNTER =0

T=0
&)
'S COUNTER:
++
QUHTER ==10 L STORE VAL GET ADC VAL f
TO RAM VIBRATION YALUE
THS
= CALC AVERAGEH STORE IN
COUNTER =0 TEMP & RES EEPROM
VIBRATION

|
CONVERT TEMP VAL
TO ASCI

GET REAL TIME ‘

DISPLAY VALUE AND
TIME

DEHLAY
TRANSMIT BLOCK

Figure 4. Flowchart of the Temperature sensor Médgbrithm [12]

four months. The readings taken are as shownhlela
IV.. MODEL VALIDATION The machine components being affected by temperainer

The stated algorithm had been transformed into cade listed with their corresponding readings. N denatesmal

C programming so as to ensure the practicalithefrhodel machine temperature reading on on-load conditioth An

(though this aspect will not be discussed in thisnsission).  connotes abnormal temperature reading.

The whole system is tested by using a conventielesiator,

silos and hammer mill which is a part of the prddutset

up line for the production of vegetable oil foreripd of
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TABLE |. GEARBOX TEMPERATURE TREND READINGS AND MINTENANCE MODEL SUGGESTION DECISION OF
ELEVATOR, SILO AND HAMMER MILL MACHINES

Sampling Elevator's Gear box temperature Silo’s Gear box temperature {C), Hammer mill's Gear box temperature
dates (°C), conditions and decision conditions and decision (°C), conditions and decision

Temp. | conditi Model decision | Temp. | conditions Model decision Temp. conditions | Model decision

ons suggestion on suggestion on suggestion on
maintenance maintenance maintenance
activities activities activities
01/11/2011 | 40.0 N 49.5 N 69.6 A Poor lubricatipn
10/11/2011 40.8 N 50.0 N 42.6 N
15/11/2011 | 40.8 N 50.0 N 42.7 N

20/11/2011 | 46.C N 50.C N 43.C N

01/12/2011 | 46.0 N 51.0 N 43.0 N
05/12/2011 | 46.2 N 51.3 N 43.2 N
10/12/2011 | 46.1 N 52.0 N 44.1 N
15/12/2011 | 46.2 N 52.0 N 44.1 N
22/12/2011 | 46.5 N 52.0 N 44.5 N

01/01/2012 | 46.€ N 52.( N 46.€ N

10/01/2012 | 46.7 N 52.0 N 48.9 N
20/01/2012 | 47.0 N 65.0 A Stop  machine50.0 N
Check for
foreign materials
and dirt in ball
bearing
01/02/2012 | 45.9 N 50.0 N 45.9 N
25/02/2012 | 75.0 A Stop  maching.50.0 N 46.0 N
Check ball
bearing

As seen from Table 1, on thé' bf November, 2011, the key factors affecting machine performance cdogd
the temperature readings sampled from the productiomonitored to aid maintenance plan. It is to bedubthat the
process revealed that the temperature values dflévator tool herein described will assist conventional equént
gear box, silo gear box and hammer mill gear baxir40  maintenance and personnel in decision making ag the
°C, 49.5°C and 69.6C respectively. And the corresponding progress towards optimizing maintenance plans.
health status of these machines indicated that #rey The present work could not give the overall trugtyie
normal except that of hammer mill which is abnorm@h  of the machine health status, therefore the futwoek
this note, the model gave a maintenance suggedtierthat would entail building an integrated sub-system e
the temperature abnormality is as a result of poothat incorporates other machine condition monitrin
lubrication. Looking through the Table 1, it ha®wim that indices such as vibration and machine wear sensbish
the model algorithm is correct as it could distishu will assist in having a full diagnosis of the maws, and
between when the machine conditions are normabrated  thus enhancing its functionality.
and display maintenance suggestion messages wihéh a
valid and result oriented.
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