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CHAPTER.5 

APPLICATIONS OF PMN-PT 

5.1 Piezoelectric Micro Pump 

5.1.1Introduction  

 

 

 

  Micro-pumps  are  suitable  an  important  part  of  several  Micro-fluidic  devices, 

example  Micro  total  analysis  systems,  also  called  labs  on  a  chip Ref. [40 &41].  The

Micro-Throttle   pumps   are   pleasing   and  have  the  potential  to  use  for  biomedical 

applications  owing  to their  process  standards  in  which  the  control mechanism does

not  fully  close  for  the  period  of  action,  but   close  only  partially,  the movement  is 

restricted  on  the  alteration  of  a  piezoelectricity  stimulated  film.   The  control  device 

throttle  and  the  process  standards  of  throttling  was  first  described  by  Johnson  in  2004

Ref. [43] and further improved by the universalization of device geometry Ref. [44] and 

by  the  presence  of  a  ring  from  a  polymer  photo  resist  to  improve  translation  in  an

elastomeric  substrate.  In  the  thorough  inspection,  we  scrutinized  an  alteration  to  the 

present  known  Micro  Throat  pumps  by  interchanging  the  geometry  of the  actuator

(piezoelectric),  the  film  and  the  void.  The  geometry  of  the  examined  actuator  is 

rectangular and this is an alternative to a disk-type (round) actuator, we have called this

type  of  MT  pumps  as  strip-type  Micro-pumps  (STMT).  The  merit  of  this  method  is  the 

selection of load up the  Micro-pumps in parallel  which would make this kind of pumps

appropriate for versatile lab on chip devices, where simultaneous and isolated pumping of 

some liquids is required. In order to substantiate the capability of these modifications and

in  the  process  of  assistance  we  used  arithmetical  device  virtual  reality  software  to 

develop a complete three dimensional model of the suggested pump. The working of the

suggested tool has been replicated by cracking a whole set of equations labeling electro- 

fluid-solid  mechanics  combination.   Arithmetical  simulation  software  based  on  finite

elements analysis Comsol Multi-physics (ver 4.2a) was used for this determination. Due 

to the coupled physical phenomena and 3D modeling, this type of modeling necessitates

careful design and rationalization policies that will be calculated in the following stages. 
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5.1.2 Structure design used in numerical simulation 

 

 

 

Fig 5.1  presents  a  three dimensional model of  a  strip-type  Micro Throat pump

(STMT)  with  a  cross-section presented  in  Fig. 5.2. The projected new structure of a 

Micro-pump contains poly dimethyl silcaoxane silicon based organic polymer frequently

used  in  MEMS  Micro-fluidics  fabrication  using  soft  lithography  (PMDS)  amalgamated 

on a sustaining base  glass.  PDMS fluid way parapet and two throttles are thrust on the

top of the substrate. A thick glass membrane is merged on fluid way wall margin. Micro- 

pump  is  driven  by  a  PMN-PT  actuator  (Lead,  Magnesium  Niobium–Lead  Titanate and

inorganic  compound  with  marked  piezoelectric  effect)  that  is  glued  on  top  of  the 

membrane. Ref. [45].   

 

(a) 3Dmodel                                 (b) Wire frame model 

 

(c) 3D model with dimensions 

Fig 5.1 (a, b) 3D model of a strip type Micro-throttle pump.(c): dimension details. 

 

Fig 5.2 Cross-section of the proposed structure  
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5.1.3 Use of COMSOL Multi-physics 

5.1.3.1 Equations, materials and boundary conditions 

 

  To  develop  Micro-pump  plan  and  for  its  construction,  an  entire  electro–fluid–

solid mechanics  coupling  model  for  arithmetical virtual reality of piezoelectric Micro-

pumps have been established by using finite element analysis software COMSOL  Multi- 

physics   (COMSOL,  Inc.).  The  Fluid  flow  is  modeled  using  Navier-Stokes  equation

which  is  rationalized  due  to  low  Reynolds  number,  subsequent  in  a  model  of  stealthily 

flow  that  does  not  take  into  account  fluid  inertia.  By  applying  a  stimulation  signal

Piezoelectric  actuator  distortion  is  modeled  by  a  coupled  electro-structural  mechanics 

model in which a coupling matrix takes into account curve depending on the direction of 

the  electric  field.   A  full  3D  modeling  was  essential  due  to  multifaceted  design

geometries.  

 

5.1.3.2 Meshing and solving strategy 

  

    

  

  The Micro-pump’s Fluid rate of flow at the outlet is dogged as a surface essential 

velocity of  the  fluid.  To  attain  Micro-pump  volume  flow,  the  rate of  flow  of  fluid is

combined another  time,  but  now  over  the  period  of  time.  The  possible  fluid  velocity 

computing  errors  are  therefore  enhanced  for  the  period  of  combination  process  which

sternly  deteriorates  the  precision  of  the  figured  volume  flow.  For  this  purpose, 

appropriate meshing and cracking strategy are desirable for the precision of virtual reality

outcomes.  To  be  precise,  we  initiate  optimization  of  critical  mesh  density  for  reliable 

simulation outcomes. The vital exchange is among a large number of mesh points where

higher precision of the solution is anticipated, limitations of processor RAM and solution 

time. Our limitation lay in the usage of 16 GB of RAM, which was a  severe constraint

due   to   multifaceted   device   geometry,  to  be  precise  a  large  geometry  with  small

(80000:25µm) but  critical  particulars  such  as  areas  around  the  throttles.  For  this  reason

It  enhanced the limitation Resolution of Contracted Regions that allowed the generation 

of improved mesh density near the throttles (RNR up to 0.5). The final mesh for fluidics
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is composed of 63791 tetrahedral, pyramids and prisms.  The Fig 5.3 presents an outcome 

of local meshing around the throttle area. 

 

Fig 5.3 A  detail  of  meshing  at  the  edge  of  a  PMN-PT and around the right throttle. 

 

  

 

  The  final  result  and  the  accuracy  depend  on  the  backgrounds  of   the   solver, 

however, from  our experiences,  the accuracy was high after the  correct  meshing  of the

structure.   This   was   manifested  in   the   phase   of  optimization   of   few   geometrical 

parameters were  in without suitable  meshing  the final results were unpredictable.  The

entire  mesh  is  fabricated  from  126585  tetrahedral  elements.   The  practice  of  the  few 

essentials leads to in non-exact solution for the fluid flow at the outlet.  A potential signal 

of 450 V with a response of 1 Hz was applied to the PMNT-PT. Time simulations were

performed  for  1sec  with  a  time  step  of  0.01sec.  A   time  contingent   simulation  with 

direct  pumps,  linear  solver  and scaled total  acceptance  of  0.001sec  was  chosen.  It

was  found   that   fluid   inlet/outlet   (move  stealthily   flow  module)   non-zero   pressure 

boundary   condition  was   critical   for   direct   solver   to   attain   a  solution.  Likewise,

appropriate setting of this parameter importantly extends the solution time. Fujiwara [46] 

 

5.1.4 Results 

 

Fig 5.4  demonstrates  the distinctive  virtual reality  result  of  a bending  of  a  

piezoelectric  actuator  and  excitation signal of a film at 450 V and -450 V. The best 

affirmative movement occurs in the middle of the PMN-PT while a negative movement is 

noticed away from the edge of the PMN-PT.  This vital information  of  exact  bends  of  
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a PMN-PT  with  a  glass  film  is  essential  for suitable  placement  of  the  throttles.  In 

Fig. 5.5 for a longitudinal cross-section, an in depth view of film movement, for 

deviations of the applied voltage signal is shown.  The film fluctuates about six nodes. 

The two inner nodes are found in the PMN-PT area close to the edge and the one 

originates outside the PMN-PT area.  The largest bend  occurs  in  the  middle  of  the  

PMN-PT while  another  peak  of  bending  occurs outside but near the PMN-PT. This 

bending is contrary in the direction of the main deformation, and is highlighted in Fig 5.5 

by marking one bending plot with a thicker line. From the Fig 5.5 we can presume the 

probable positions of the two throttles, one is located below the maximum of the negative 

peak while the other positions in the region of a positive peak below the PMN-PT region.

 

(a)                                                            (b) 

Fig 5.4  3D  buckles  of  a  piezoelectric member  and  a  membrane  with  a  color  scale 

representing displacement at current excitation of 450 V (a) and   -450 V (b). 

 

 

Fig 5.5 Deformations  of  a  membrane  in  a  central longitudinal  cross-section  for  

different  applied voltages. 
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Few additional simulation results are presented in Fig 5.6. The process of the 

device can be deliberate from  poles distant  perceptions  either  from differences  in  

pressure  that  appear  near  the throttles  (the difference in the  flow  resistance  close  to  

the throttles) or directly through the annotations of the fluid flow rate (Fig 5.6). 

 

(a)                                                                     (b) 

Fig 5.6 Pressure profile in the channel (a) and fluid flow rate (b) at the right throttle at 

0.57s time. 

 

The time captivated on fluid flow of the fluid may exit as a function of 1 Hz 450 

V deformation is shown in Fig 5.7. Equally predictable the shape of the mass flow rate at 

outlet has a similar pattern as the excitation signal (sinusoidal) representing that the mass 

flow is not only engaged in the counsel of the outlet but also in a negative direction, 

toward the inside of the pump. In Fig. 5.7 (broken line) net pumped volume is 

represented as a discharge rate at the outlet in time. At the starting of second portion of  

the time period, the  net volume  flow  is  negative, the fluid  flows in the direction of  the  

pump.  However, during the second half of the cycle time the voccum pressure generates, 

due to that pumping volume towards the exit is positive and remains  positive  after  one  

cycle time. This implies that  even though  during  one  time  period  the fluid  flows in  

whole cycle, i.e. towards the inlet and  the  exit direction.  The result is a “small” positive 

flow from one terminal to the other terminal, i.e. exit side. The throttle is located 

accurately is critical for the proper pumping; Fig. 5.8 presents the results of the 

determination of the optimal position of the throttles. The  right  throttle  was  located 
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below a region of the greatest negative film bending  that  can  be  seen  in  Fig 5.5. The 

optimized location of the left throttle can be determined  from  Fig 5.8  showing  

simulation results of net pumped fluid volumes at different locations  of  the  throttle. 

Results show that for this specific structure the optimized location of the left throttle is 

nearly the edge of the PMN-PT, more precisely, 2.6 mm from the left edge of a PMN-PT.   

   

 

 

Fig 5.7  Fluid  Flow  Time  dependent  at  the  channel outlet,  as  a  significance  of  1  

Hz  450  V  sinusoidal excitation signal. 

 

Fig 5.8 Fluid volume through the exit depends on distance from the left edge of the 

PMNT-PT. 
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5.1.5 Conclusions 

 

A strip-type Micro throttle pump was analyzed by arithmetical virtual reality.  

Such  devices  may well authorize  compacted  parallel  pumping  of  several discrete  

liquids  what  is  of  great  importance  in several  micro  structures  and  so  called  Lab  

on Chip devices.  The suggested  device  is  examined  and concluded using arithmetical  

simulation  by  the design  of  a  full  3D model of a pump. A three-dimensional time 

field electro-mechanical-fluid flow numerical simulation was completed. To attain 

accurate results, the replication mesh has been densified in the areas near the throttles.  

Replications  established  that  in  this  type of  pumps  fluid  flow  is  largest  at  the 

largest deflection  rate  of  the  piezoelectric  actuator, this is noticed when  the  driving  

sinusoidal voltage  signal  changes  sign.  Even with the excitation signal also fluid 

volume rate nearly follows sinusoidal shape. However, due to dissimilar bends of the film 

close to the throttles a positive total fluid volume flow is accomplished. The optimal 

throttle locations  have  been  determined, the  right throttle is located directly at the place 

of the negative distortion, peak; even though the location of the  left  throttle  was  

determined to  be  a few mm from the left edge of the PMN-PT. 
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5.2 Active Vibration Isolation Using PMN-PT material

5.2.1 Introduction

  In  regular  environs  we  come  across  where  automatic  stern  features  can 

unfavorably affect the minor devices devoted to it. One instance of vehicles is generated

fluctuating vibration from 15 G with a 15 Hz bandwidth in 2.5 ton truck to 50 G balanced 

state  800  G  fleeting  with  a  20  kHz  bandwidth  in  minor  arms Ref.[47]. The  most  recent

example is some audio systems as well as mechanical systems are made to resonate more 

than the considerable frequency of the human ear. Generally smaller devices are mainly

delicate in these  environs,  for  example high  frequency MEMS  gyroscopic  sensors,  and 

some great response vibrators.  The  outcome  can be limits from increased noise  floor  to

poor failure.  Mechanical  blow charging can  disturb  a  large variety of  devices  and

additional micro  devices, due  to  this  physical  damage  occur  at  the  micro-structures 

themselves.

The primary purpose of justifying this problem is typically to eliminate vibration

sensitive mechanisms  for  applications  in  mechanical  testing  surroundings, some 

machineries  occur  that  will  permit  the machine to the job satisfactorily.  The  other

alternative is to reduce macro level vibration into the structure to protect large portions of 

the structure from  the  environs. Recently, isolation  approaches  in  fundamental level

vibration  have  been  inspected  to  segregate  a  separate subtle element  of  experience  to 

ambiant vibrations.  Since  many micro  or  macro  level devices  are basically sensitive  to

even  under  medium frequency  vibration applications,  and  may  uniformly  necessitate 

realistic  admittance  to  low  frequency  components,  an  active  vibration  segregation  sieve

can hypothetically be consumed as an isolated vibration system for the complex device.

5.2.2Contemporary designs of Active Vibration Isolation

5.2.2.1Active Vibration Isolation System

  In this study, according to a novel manufacturing method at room temperature, the 

unimorpheus pre-stressed  piezoelectric was  made,  and introduced  the unimorpheus  pre-
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stressed actuators (UPSA) in an active vibration segregation system.  The unimorpheus 

made-up of piezoelectric material, is called PUMPS, is a flexible beam in which the 

excitation level is improved by the movement strengthening device. Without giving up 

the excitation load, This revamps extension of piezoelectric effect and reduction of large 

deformation in transverse direction. Initially in the lab environment conducted some tests 

on PUMPS as actuators for active vibration control in a lab surroundings. As applied for 

active vibration control. There are 2 response regulator arrangements as follows: the 

positive position response (PPR) and negative velocity response (NVR). Taking in a 

insolent vibration segregation machine with enhanced force capability attained by load up 

of UPSA, approximately ten dB vibration decrease of the machine was attained close the 

echoing frequency area. Association of piezoelectric effect taken before and after the 

process of vibration control system designates that actual wiping out of vibration troubles 

can be attained by means of the established vibration segregation system with PUMPS 

actuators. 

5.2.2.2 Adaptive vibration isolation system for diesel engine 

Active two-stage segregation on which servo-hydraulic system is derelict as the 

actuator and a diesel engine is derelict as the chief vibration source, has been constructed. 

The upper mass of the getting higher is self-possessed of 495 diesel and an electrical 

eddy current dynamometer. The lower mass is separated into four small masses to which 

servo-hydraulic actuator and rubber Isolators are involved. Congruent to the periodical 

appearances of diesel vibration signals, a multi-point, adaptive policy based on adaptive 

examine sieved algorithm is applied to lively multi-direction coupled vibration control of 

the engine. The investigation results proved that a good conquest of the actual range of 

phase recompense in less important path (within 100Hz) to altered process situations is 

attained, and affirm that this approach is operative. The topographies of the active 

system, the extension events carried out on the system and investigation results are 

discussed in detail. 
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5.2.3 Capacitors 

5.2.3.1 Principle of capacitor 

Capacitor is a submissive of two electrodes storetoused electrical energy 

  electrostatically in an electric field. Ref.[48]. 

S.I unit of capacitance = FARAD. 

5.2.3.2 Explanation 

The below figure demonstrates that one electrode is movable and the other 

electrode is fixed and there is a fixed frame on the top of the movable electrode where a 

spring is supported between them. The voltmeter is connected to the fixed frame and the 

fixed electrode. Initially as voltage is zero movable electrodes is at rest position and the 

distance between them is 𝑥 + 𝑥𝑜. 

 

Fig 5.9 Theoretical Design 

As the voltage is increased gradually the movable electrode tries to move towards 

the fixed electrode due to electrostatic force and the distance between movable and fixed 

is 𝑥𝑜. 

𝐹𝑒 =
𝜀0𝜀𝑟𝐴𝑉

2

2(𝑥0+𝑥)2
  (5.1) 

As the movable electrode moves downwards and spring force is developed in spring as  

𝐹𝑠= kx   (5.2) 
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𝑘𝑥 =
𝜀0𝜀𝑟𝐴𝑉

2

2(𝑥0+𝑥)2
   (5.3) 

As the voltage decreases gradually, spring force developed in spring tries to pull 

the movable electrode to its original position in order to cancel the vibrations. In this 

way, electrostatic force and spring force balance the vibration by controlling movable 

electrode in the required position. Ref.[84]. 

5.2.3.3 Capacitance 

 

Capacitance  is  an  electrical  limitation,  which  is  very  easy  to  define,  but  often

misinterpreted. Technically, a capacitor has two electrical conductors separated by a non- 

conducting (or very high resistance) medium. Consider the two metal plates of area (A)

in Fig 5.14 these plates are separated by a distance (D). Ref.[49]. 

 

Fig 5.10  Capacitance 

𝑪 = 𝑲𝑨/𝑫 (5.6) 

5.2.4 Springs 

5.2.4.1 Design of Spring 

Selection of a new spring requireds the following deliberation: 

• Selected spring is suitable to fit and operate in the machine spaced. 

• Check applied forces are suitable for selected spring or not. 

• Accuracy and stability needed. 

• Tolerances and acceptable deviations in terms. 

• Selected spring is suitable for Environmental conditions or not. 

• Economically selected spring is satisfies for design or not. 
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According to these factors (especially application of forces) the designer selected

suitable material, suitable spring sizes(wire diameter, number of turns, length of the coil, 

mean diameter of coil and helix angle) and the type of ends. The main design limitations

are  that  the commercially  existing wire  size  and constrained  mechanical  material 

properties. Ref.[49]. 

 

5.2.4.1.1 Stability of the spring 

Spring was treated like column, buckling of the column is an acquainted marvel. 

We have observed that under heavy load application, due to this load buckling occurs 

when the free length of the spring is larger. When the deflection for a given free length is 

too large, the open coil springs will have a leaning to buckle.  

 

In the spring constants according to its performance are twobyclassified

dimensionless parameters those are: critical length and critical deflection. 

Critical deflection = deflection (y) / free length (Lf) of the spring.  

(It is a function of critical length) 

Critical length = free length (Lf) /mean coil diameter (D).  

From observation of figure. When critical length is within the limits, the system 

can be absolute control. 

 

5.2.4.1.2 Fatigue Loading 

 

According to endurance limit of the spring. consists of infinite life when variable 

loads act. The helical springs are two types those are never used at a time (open coil 

helical spring and closed coil helical spring). When these two springs are assembled it 

consists preload so that the operational load is inserted. For example: the spring operating 

the valve of an engine, have infinite life cycles of operation (more than 10
6
 cycles) 

without breakdown. Actually, they are frequently accumulated with a preload due to this 

here working load is supplementary. It results stress-time diagram is irregular. According 

to Goodman criterion, the spring was designed (calculated stress amplitude and mean 

stress value), after that great information on endurance limits of torsional of the spring 
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steels are folks illustrated by Zimmer. Zimmer revealed the astonishing the size of the 

spring, material and material properties has no influence on the infinite life cycles of 

spring steels in sizes under 10mm.  

  

The design and subsequent feature of protection will depend on the selected 

material and its material properties.  

 

5.2.4.2 Spring manufacturing processes 

If the springs are of a fixed diameter and the wire diameter is smaller than the 

springs, then the springs are usually fabricated by a cold drawn process through a mangle. 

However, very large springs with large coil and wire diameter one have to generally 

manufacture by hot working processes. In this process, the heated wire is used to mangle 

to wind the coils.  

The two types of springs, which are mainly castoff, are helical springs and leaf 

springs. We shall discuss in detail the design aspects of these two types of springs.  

 

5.2.5 Piezoelectric Material (PMN-PT) 

Piezoelectricity reveals the association between the pressure and electricity that 

take materials.sameplace within the Already materialsPiezoelectric indescribe

chapter.3 and chapter.4. 

 

5.2.6. Control Unit 

5.2.6.1Introduction 

 

 

  

  

The working amplifier is  called  operational  amplifier  (op-amp).  It  means  a great

achievement of Direct Current coupled amplifier with two inputs and a single output. 741 

op-amp is the contemporary combined famous circuit version. Ref.[50].Features of the IC 

version are:  
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 Great improvement 

 Great input impedance, little output impedance 

 Used with split supply method,  usually +/- 15V 

 Castoff with response, with gain dogged by the response network. 

 

 

Fig 5.11 OP-AMP circuit 

  

Fig 5.12  OP-AMP circuit unit 

 

 The operational amplifier was meant to achieve mathematical operations. Even 

though currently outmoded through the digital computer, op-amps are a collective 

attribute of advanced equivalent electronics. It is made from 3 transistor steps, those are: 

variance input step, an intermediate improvement step and a push-pull output step. 

Transmits a huge current to the load and hereafter has minor output impedance. The op-

amp is a undeviating amplifier with Vout/ Vinp. The improvement is great that the greatest 
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frequent response is applied to receive an exact transfer job and regulates the 

dependability.  

5.2.6.2Definition of 741-pin functions 

the 741 op-amp is One of the popular devices, it’s generally available as an IC in an 8-pin 

dual.  

Pin 1 (Offset Null) The op-amp is the variance type, for minimizing offset sake input 

offset voltage must be controlled. Due applied voltage opposite polarity to the offset. So, 

the Offset voltage is cancelled out. For compensating for offset voltage using 

potentiometer for controlling of an offset-null. This potentiometer also covers the 

indiscretions in the Op-Amp fabrication process which causes an offset.  

Pin 2 (Inverted) in this pin, input signals would be inverted at the output pin 6. This is 

used to create the exact input signals. 

 

Pin 3 (Non-Inverted Input) compared to pin 2. In this input singles would be processed 

without inversions. This is also used to create the exact input signals without inversion. 

 

Pin 4 (-V)  This negative Voltage-pin is supply voltage terminal.  The negative voltage, 

741 working limits are -4.5 volts (minimum) to -18 volts (maximum) (DC). 

 

Pin 5 The 741 device will work generally -5V to -15V range without any modification in 

normal timings. Here it could be maintian of time interval to supply voltage change is 

0.1%/V.  

 

Pin 6 (Output) This pin is generated opposite flow of current against to input current 

direction. 

 

Pin 7 (V) This positive Voltage-pin is supply voltage terminal.  The negative voltage, 

741 working limits are +4.5 volts (minimum) to +18 volts (maximum) (DC). device will 

work generally +5V to +15V range only without any modification in normal timings. 
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Here it could be maintian of time interval to supply voltage change is 0.1%/V.  

 

Pin 8 (N/C) The 'N/C' stands for 'Not Connected'. There is nothing connected to this pin, 

it is just there to make it a standard 8-pin package. 

 

Fig 5.13  OP-AMP circuit results 

5.2.7 Design of vibration isolation unit 

5.2.7.1Concept 

 

 

    

  

     

   

  Let take the parallel plate capacitor as showed in Fig.5.9, where A is the area of 

contact  between  the  each  electrode, V  is the potential  difference  between the  two

electrodes, and a rest xo is parting space between the two electrodes. When V= 0 V, & I

(t) is the current flowing into the capacitor. Ref.[51]

Large voltage is applied on two electrodes of parallel plate electrostatic actuator,

due to this produces an  electrostatic  force Fe between the plates. This forces to pull the 

two electrodes along the x-axis. Electrostatic force Fe for the first order model is equation 

5.7. 

Fe = (εoεrΑν
2 
⁄ 2(x+x0)) (5.7) 
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  Fig 5.14 schematic vibration isolation unit 

Where 𝜺𝝄,𝜺𝒓 dielectric constant (permittivity of dielectric material) between the 

two parallel electrodes, and x+xo is parting space. If maintain there is no potential 

variation between the two electrodes, these two electrodes separated with the rest space 

xo. As potential difference (V) is increased, the movable electrodes move toward the 

fixed electrode until the spring force equals the electrostatic force. The force balance 

equation is 

             kx = (εoεrΑν
2 
⁄ 2(x+x0))  (5.8) 

Where k is the spring material constant, for a nonzero potential difference value 

of V, stable condition results exist for x it’s always less than 1/3 of xo  and also the 

unstable condition results exist for x. As potential difference (V) is increased, the 

movable electrodes move toward the fixed electrode, and finally converge to the same 

value, 1/3 of xo. The potential difference where this occurs is called the pull-in voltage, it 

indicates with Vpo. For any voltage V ≥Vpo, the movable electrode will contact with the 
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fixed electrode. Therefore, the stable working limits of the parallel plate actuator are 0 <x 

< 0.333xo. Ref.[87]. 

The vibration is cyclical in nature it changes its magnitude and direction with 

time. Therefore to isolate a component from vibration we need to imbibe a force of same 

magnitude but from the opposite direction such that force vibration gets cancelled.  

Let us assume that the vibration is of positive magnitude and trying to push the 

bottom plate upwards, but piezoelectric material PMNT PT is attached to the top plate 

using a center spring. So the vibration exerts a force on the piezoelectric material causing 

a strain in the piezoelectric material and due to this a corresponding voltage is generated. 

Hence we can conclude that the voltage generated by piezoelectric material is a function 

of force acting on the plate and this voltage is sent to the control unit. Thus, by this we 

can find the exact magnitude of the force which has to be applied from the opposite 

direction to cancel the force.  

This is performed by changing the voltage across the plates, as the voltage is 

increased the plate pushes it down and a downward force exerts which cancels the 

vibration as well as compresses the spring in the process. When a reverse force acts on 

the bottom plate the voltage between the plates is reduced so that the energy stored in the 

spring is used to drive the plate upward. Consequently the opposite force cancels each 

other.  

5.2.7.2Design of plates 

We know that, Fe = 
⋲ ∗𝐴 ∗ 𝑉4

2 ∗ 𝑥2
 

Where (A = 50 * 50 cm
2
, V= 1000 V, x = 2cm, ⋲ = 8.854 * 10

-12
 m

-3
kg

-1
 S

4
 A

2
 

Fe = 2.76 mN 

Weight of the plate Fe = m * a (since a = 1 m/ s
2
) 

2.76= 1 * m 
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∴ Mass of the plate m = 2.76 grams. 

    

Fig 5.15 (a) fixed plate                            (b) movable plate 

5.2.7.3 Design of springs 

Due to plates weight Fe = load acting on spring Fk 

Fk = -kx (where k=spring stiffness, x=displacement) 

Maximum possible distance x = 2cm = 2 * 10
-2

m (between plates) 

Assuming one spring stiffness K = - 0.138 N/m  

Total spring stiffness KT = 4 * k(4springs are in parallel) 

Total spring stiffness k = 0.0345 N/m 

Diameter of spring wire d = 0.5mm 

Number of turns N = 5 turns 

Total spring stiffness k = 
𝐹

ᵟ 
=

𝐺𝐷4

8𝐷3𝑁
 

Where G = 78 * 10
3
 N/mm

2
 (Spring Steel) 

0.0345 = 
78∗103∗ 0.54

𝐷3∗5∗8
 

Mean Diameter of spring D = 15mm 

Spring deflection due to weight of the plate 𝛿 =
8𝐹𝐷3𝑁

𝐺𝑑4
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𝛿 = 
8 ∗ 2.76 ∗ 10−3 ∗ 5 ∗ 153

78 ∗ 103 ∗ 0.54
 

                           

Fig 5.16 open coil helical spring 

5.2.8 Analysis 

5.2.8.1 Analysis of piezoelectric material 

 The piezoelectric material is the brain of the device. The more precisely the 

material  senses  the load,  and the more reduction of vibration.   In   this  analysis,        

 the COMSOL 4.2.a software  was  used  to find the voltage generated by the material    

as load is applied to it. 

 

Fig 5.17  3Dmodel for PMN-PT sensor 
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The deflection observed (Fig 5.21) in the material was 3.9038 micrometers at 

Eigen frequency was 9472.561 Hz. Due to this deflection an electric potential of 8mv was 

generated. Hence the sensitivity of the device is augmented enormously.  

 

   

 

Fig 5.18 (a) potential energy due to vibration (b) displacement due to vibration

5.2.8.2 Analysis of bottom plate

During the reduction of vibration the bottom plate of the unit will be subjected 

to pure vibration as no cancellation is there. Hence, it’s important to analyze the failure of 

the bottom plate for the analysis of spring under frequency and load. Ref.[52]. 

 

Fig 5.19  Bottom plate 
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Fig 5.20 simulation of spring under frequency and load. 

5.2.9. Conclusion 

Though hypothetically vibration can be nullified, but in actual practice the 

vibrations cannot be eliminated completely. The extent of reduction in vibration will 

depend on the accuracy and precision in measuring the force and generating the opposing 

force. Hence the components that were brought on to to heavy vibration will now be 

subjected very light vibrations and the monetary value of constructing very robust 

components will also be reduced.   

Micro machined submissive vibration isolation strainers have been established to 

isolate individual modules from resonant vibrations current in some mechanically severe 

working applications. Regrettably, the operation of these virtuously submissive strainers 

is usually boundless by an absence of tunning ability later construction &little damping. 
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This kind of actuators is willingly used in MEMS devices. The features of this actuators 

to articulate speed response regulates the laws are, semi-active damping and, on-off 

skyhook control. This can be utilized in a prototype MEMS isolator in small disturbance 

surroundings where the response regulator condensed the vibration from roughly 55% to 

60%. 
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5.3. Optimization of Vibration Energy Harvesting On Wind-Spear 

5.3.1 Introduction 

from piezoelectricgathering vibration energyofmethodmost familiarThe

 

 

elements  is  shown  in  Fig  5.24.  A piezoelectric  generator  has  a  disrupting  output 

capacitance, which is connected to a diode full bridge rectifier. This is through the project

known  as  the  standard  full  bridge,  and  abbreviated  STD.  When  the  piezoelectric  output 

voltage  is  superior  than  the output  capacitor  voltage,  positive  diode  bridge  forward

voltage energy is harvested. Ref.[53]  

 

    

 

 

 

 

 

     

  

 

 

Fig 5.21 PVH with commonly used rectifying circuit.

5.3.2 Energy Harvesting Application

The  vibrational  energy  harvested  in  this  project  is providing a  sensor  node,  but

can  in  general  be  used anywhere there  is  low  frequency  vibrations  and  low  power 

electronics.

The  sensor  node  being established at  the  Danish  company  DELTA  is  a  small

figuring device accomplished of gathering data,  joining  a  mesh  network and concluded 

this  transmitting  its  data  to  a  base  station.  A  mesh  of  such  nodes  is  known  as  a  sensor

network. Such sensor nodes are frequently provided with power from batteries, but these 

require  maintenance.  To  avoid  this,  the  nodes  can  be  made  energy self-sufficient  by

means  of  energy  harvesting.  The  sensor  node desires an  energy  amount  of  680  µJ  to 

perform a cycle of start up, sensor measurement and data transmit. Ref.[55].  
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5.3.3 Wind-Spear Structure design used in simulation

  This wind spear structure needs a Plexiglas rod stuck into the soil with a spherical 

plate on the top which increases the air resistance and causes the rod bend in the wind as

exemplified  in  Fig  5.25.  An  MFC  piezoelectric  material  is  hedged  on  the  sides  of  the 

spear.  Even  when  the  wind  blows  gently  at  around  1  m/s,  the  spear  bends  and  vibrates

around  its  resonance  frequency  of  1  Hz  and  energy  is  generated  in  the  piezoelectric

material.  The  pinnacle  of  the  wind  spear  in  this  case  is  vibrating  with  displacement 

amplitude ≅1  cm and  this  corresponds  to  a  movement  of  the  piezoelectric  element ≅ 1

mm. This produces an open circuit voltage of 8 V, which is used as an example all over

the  project.  The  generated  energy  is  harvested  and  supplied  to  the  sensor  node.  The 

sensor node in this application will monitor weather and ecological data. The power level

at this vibration scale and frequency is very low, Eg. In the microwatt range. Thus, there

is  a  need  for  optimizing  the  output  power.  The  MFC  piezoelectric  material  mounted  on 

the  Wind-Spear  has  a  capacitance  measured  to  be 𝐶𝑃=  42  nF.  This  capacitance  is  an

imperative parameter,  which will be castoff  all over the whole project. The Wind-Spear

at the  end of this project will serve as a test application for evaluating the implemented 

prototype. Ref.[56].

5.3.4 Synchronized Switch Harvesting on Inductor (SSHI)

In Fig 5.26 (a) the P-SSHI circuit diagram is seen and in Fig 5.26 (b) the S-SSHI circuit 

diagram  is  seen.  The  only  alteration  between  them  is  the  placement  of  the  rectifying

bridge with the output. A photo of the P-SSHI prototype is seen in Fig 5.26 (c). Ref.[54]  

 

Fig 5.22 Wind Spear schematic  diagram  
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(a)                                (b)

Fig 5.23(a ) Wind-Spear mounted in hanging configuration for the prototype test.

  (b) FDC motor is in connection with the end of the Wind-Spear via the green stick and 

makes it vibrate at frequency of 1.2Hz. 

    

Fig 5.24  Simplified P-Spice simulation circuit for analyzing the P-SSHI topology. 

 

Fig 5.25 Simplified P-Spice simulation circuit for analyzing the S-SSHI topology. 
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     Fig 5.26 Implemented P-SSHI prototype. 

5.3.5 RESULTS  

This area will label the capacities of the applied circuit tested with the Wind-

Spear. The circuit can be arranged as both Series-SSHI and Parallel-SSHI just by 

inserting the inductor in series or parallel with the piezoelectric element. The prototype 

presentation is illustrated and allied with the outlooks. The power feasting of the 

regulator circuit is assessed and the output powers increasing the results is evaluated, 

saying which parts of the circuit could be optimized. 

5.3.5.1 Wind-Spear Test  

The spear is attached upside down like a pendulum, hanging from a fixture and 

vibrated by a 1.2 Hz motion created by a DC motor, simulating a light wind breeze 

(images of the hanging Wind-Spear can be seen in Fig 5.26 a & b). Fig 5.27 shows a 

measurement of the open circuit piezoelectric voltage. This is estimated to 𝑉𝑝 = 7.6 V. 

The waveform is uneven due to the mechanical setup non-idealities. 

 

Fig 5.27 Wind-Spear open circuit piezoelectric voltage. 
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5.3.5.1.1 Parallel-SSHI  

The piezoelectric voltage of the P-SSHI circuit in action is seen in Fig 5.28. If it is 

anticipated that the voltage peak (optimum switch time) is just before the voltage begins 

to fall, it is seen that the voltage inversion occurs. It is assessed that the vibration period 

is  T = 0.54 s ~ f = 1.2 Hz and the inversion occurs t2 ~ t1 = 0.07s after the peak. This 

time delay is above the limit of 0.05s, and capacity reason less power output. The 

inversion factor is from Fig 5.28 estimated to be    𝛾 = −
𝑉𝑔+

𝑉𝑔−
= −

1.2𝑉

−3.4𝑉
= 0.35. This 

could be higher and this is just at the state line of when the circuit raises the total output 

power. 

 

Fig 5.28 P-SSHI piezoelectric voltage with an output load of R = 2.7 MΩ. The voltage 

peak is a t1 and the actual inversion happens a t2. The inversion factor is estimated to be 

  𝛾 = −
𝑉𝑔+

𝑉𝑔−
= 0.35.    

Table5.3.1 shows the main parameters of the P-SSHI circuit test. 

MOSFETs  

Inductor  

Load 

IRF7307 (𝐶𝑂𝑆𝑆=300pF) 

L = 180 mH 

R = 2.97 MΩ 

Inversion factor 

Time delay 

𝛾 = 0.35 

𝑡𝑑 = 5𝑚𝑆 

Inversion: In Fig 5.29 the inductor inversion voltage is seen, where the PMOS turns ON 

and initiates the inversion. 
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Fig 5.29 P-SSHI inductor inversion voltage when PMOS turns ON. The load connected is 

R=2.7 MΩ. 

5.3.5.1.2 Series-SSHI  

The piezoelectric voltage of the S-SSHI circuit test is understood in Fig 5.30. The 

test parameters are realized in Table 5.3.2. The inversion factor is estimated to be  

𝛾 = −
−1.5𝑉

7𝑉
= 0.21. This is knowingly lower than the P-SSHI inversion factor. The main 

purpose is originated to be the inductor series resistance. When the S-SSHI circuit is 

switching the inductor in series with the piezoelectric capacitor, power is provided to the 

load, the remaining time, the piezoelectric material is in open circuit. This signifies that 

all the time power flows to the load, and thus concluded the inductor series resistance, 

where power is lost. 

Table5.3.2 S-SSHI Test Parameters 

MOSFETs  

Inductor  

Load 

IRF7307 

(𝐶𝑂𝑆𝑆=310pF) 

L = 185 mH 

R = 1.7 MΩ 

Inversion factor 

Time delay 

𝛾 = 0.25 

𝑡𝑑 = 6𝑚𝑆 
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Fig 5.30   S-SSHI piezoelectric voltage and comparator output with load R = 1.7 MΩ 

Inversion: in Figure7.31 the inductor inversion voltage when NMOS turns ON is seen. 

To show the resonance dependency on the MOSFET output capacitance. 

 

Fig 5.31 S-SSHI inductor inversion voltage when PMOS turns ON. 

5.3.5.2 Peak Detection Method  

To show the effect of switching the SSHI inductor ON before and after the 

optimal example, a test was completed where the piezoelectric element was vibrated at 1 

Hz and an external square wave control signal controlled the MOSFETs slightly offset at 

1Hz. The P-SSHI circuit used was loaded with a resistive load. This test is demonstrated 

in Fig 5.32. The inversion craving of when the MOSFETs are switched ON. The 

inversion factor in the test is small, but the resolution is to display its requirement on the 

peak detection. It demonstrations the effect of switching ON the inductor beforehand the 
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capacitor current has reached zero, i.e. there is still current flowing into the piezoelectric 

capacitor charging the voltage again. This creates the small voltage bumps seen after the 

switching. When the switching take place now where the current into the capacitor is 

zero, i.e. the optimal time, the voltage bump is not seen. There are no bumps as well, 

when the piezoelectric is switched after the optimal time (later), but the inversion is 

reduced. 

 

    

 

 

 

    

Fig 5.32 Piezo generator vibrating at 2 Hz and SSHI circuit with 1 Hz external control

signal slightly off sync. 

 it's necessity on when the switching is done and that it needs to be a bit after the voltage 

peak due to reduced phase shift when resistive loading of the piezo.  Red  arrow indicates  

voltage  bump  after  switching  directly  on  the  voltage  peak. The missing time/voltage 

scale is 250 ms/div  and 2 V/div and the  figure is two merged oscilloscope screenshots.

  Voltage bumps seen on the graph corresponds to the piezo capacitance receiving 

charged again by the current left in the source but only up until a diode forward voltage

drop due  to  the  blocking  diode,𝐷𝑛 𝑜𝑟 𝐷𝑝.  The  explanation  for  why  the  optimum

switching instance in this test is after the voltage peak can be explained by the resistive 

load. In  the  open  circuit, the  piezoelectric  element  is  it  can  be  seen  as  only  having  a

capacitive load consisting of its output capacitance. Here the phase shift -90
0
 will occur  

 between  the  current  and  the  voltage. When  applying  a  resistive  load,  this  phase  shift  is

decreased. That results in shifting the optimum switching instance after the voltage peak, 

as  shown  in  Figure5.32.  The  main  challenge  with  the  peak  detection  circuit  used  in  the
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prototype is the balance between the phase shift and the gain. The gain is -20 dB at 1 Hz. 

adjusting the feedback component values can increase the gain but will decrease the 

phase shift. The optimal point for switching the inductor ON is when the current in the 

piezoelectric capacitor is zero. This happens when the piezoelectric element reaches its 

maximum displacement. When it is loaded with a resistive load, the phase shift between 

the current and the voltage will not be exactly 90
0
, but less. The piezoelectric generator 

does not only see its internal capacitance as it does in open circuit, but the external 

resistive load makes the phase shift drop. This will individual is an issue with the parallel 

SSHI circuit as the load is connected to the piezoelectric element all the time. In the 

series-SSHI, the load is only intermediately connected, when switching, and the rest of 

the time the piezoelectric element is left in open circuit and the phase shift will thus not 

be affected by the resistive load. 

For optimal control, one would need a zero current detector and this is not 

feasible. The optimum switching instance shift in P-SSHI can instead be resolved by 

applying a small secondary piezoelectric element only for the control. This will not be 

loaded and thus the voltage peak will precisely correspond to the extreme displacement, 

which correspond to the instance with zero piezoelectric capacitor current. 

5.3.5.3 Power Results  

The measurement results of the prototype output power are seen in Fig 5.33. Here 

the P-SSHI and the S-SSHI prototype results are shown together with measurements of a 

standard full bridge with 4 diodes (1N4148) and 𝐶𝑂𝑈𝑇 = 10𝜇𝐹. It is seen that the P-SSHI 

circuit does increase the power output of the piezoelectric element in comparison to STD 

by a factor of 2. S-SSHI however, does not increase the power output of the piezoelectric 

element and the reason for this is mainly the low inversion factor. 
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Fig 5.33  Measurement results of the Parallel-SSHI and Series-SSHI prototype along with 

the standard full bridge, STD. 

5.3.5.4. Prototype Evaluation  

To evaluate the measurement results, the expected theoretical power output of the 

SSHI circuits with the realized inversion factors from the test, are shown in Fig 5.34. 

One has to keep in mind that the power levels are very low at 1 Hz. Eg. The force 

applied, is dependent on the frequency required. The Wind-Spear is operating around 1 

Hz due to its structure. To give an impression of when the prototype in theory would 

produce more power than the standard bridge. 
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Fig 5.34  Theoretical maximum output power of P-SSHI (𝛾 =0.35) and S-SSHI     ( 𝛾 

=0.21) with the estimated control power consumption subtracted. Compared with the 

maximum output power of the standard full bridge for vibrations at 1 Hz as a function of 

the piezoelectric open circuit voltage,  𝑉𝑝. 

It is seen that the P-SSHI gives a net power output rise when operating with 

piezoelectric voltages  𝑉𝑝 > 7𝑉 , in evaluation to STD, agreeing to an output power of 

5µW. The S-SSHI inversion factor is very low and is thus not expected to deliver a power 

increase, before a piezoelectric open circuit voltage 𝑉𝑝 > 17𝑉, corresponding to an output 

power level of 25 µW. At this level, the P-SSHI circuit is predictable to output 80µW. 

This shows the importance of the inversion factor.  

5.3.6 CONCLUSION  

A prototype was prompted as both a series and a parallel version of the SSHI. The 

prototype was verified with Macro Fiber Composite Piezoelectric (MFCP) material 

attached to a vibration harvesting device called the Wind-Spear, and the results showed 

that the prototype Parallel-SSHI circuit increased the power output of the piezoelectric 

material to 11 µW compared with the standard full bridge rectifier of 5.9µW. However, 

since the power, ingesting of the control circuit was higher than the prototype output 

power, the total net output power of the SSHI prototype was lower than the standard full 
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bridge. The power output from the prototype was lower than predictable owing to a low 

inversion factor. The limiting components were calculated and along with the losses in 

the oscillation path, primarily the loss in the diode and the series resistance of the 

inductor, the peak detection control circuit originated to be the main reason for the low 

inversion factor. The control circuit was predictable to make the circuit switch at every 

voltage peak with a time delay of 12 ms, but was found to be unable of this due to a low 

gain in the differentiator. The control circuit response was thus modified which caused an 

augmented time delay to 70ms. The time delay made the circuit achieve the switch after 

the optimal point, which is expected to be the main factor decreasing the power output of 

the prototype circuit. 
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5.4 Fabrication of Car Parking Prototype Using Piezoelectric & IR Sensors  

5.4.1 Functional Description as per the Diagram  

This chapter is envisioned to describes the function of each and every element in 

step by step procedure, i.e. based on the block diagram. By reading this flow chart 

sensibly, we can easily understood the basics of this work. The complete flow chart, 

circuit diagram, program flow chart, etc. are provided in the following topics shows the 

elements & mechanisms that is objective to control the Rolling Mechanism used for 

parking the cars‘project work. 

 

Fig 5.35 Block Diagram 

5.4.2 Circuit Analysis and Working  

The subject focuses on current designs of advanced parking systems in this regard 

here and an automated motorized memory type of parking system is intended which 

consumes less floor area and accommodate more cars. As discussed in the previous 

chapters, this technology comes under the subject of mechatronics. The main aim of the 

construction is to place the empty platform at ground level and when the vehicle number 
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and password are entered that compartment is elevated automatically. The key electrical

devices  used  to  control  the  mechanism  are  DC  motor,  relays,  etc.  All  these  devices, 

including  electronic  hardware  are  controlled  through  Micro  controller  chip  according  to

the  input  data  fed  through  keyboard.  The  vehicle  positioning  mechanism  compartment 

will  be  adjusted  automatically  by  the  controller.  The  overall  functions  are  controlled  by

the single controller chip, so the Micro controller plays a major role in this project work. 

This  section  mainly  focuses  on  Micro  controller  and  its  architecture  to  understand  the

internal  mechanism  and  the  working  style  of  Micro  controller.  The  infrared  proximity 

detection circuit is utilized for sensing the vehicle that is present over the compartment,

and  the  following  is  the  description  about  vehicle  sensing  circuit  designed  with  IR 

sensors. Ref.[56].  

 

Fig 5.36 Circuit Diagram of Rolling Mechanism Used For Parking the Cars 
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5.4.2.1 Infrared Generation and Detection Circuits

  The sensors are designed to work on the principle of infrared light  radiation and 

detection. The infrared sensor circuit is designed using IC 567, which consists of a tone

signal generator and the detector circuit. The tone signal generator is used for energizing 

the  infrared  LED,  which  acts  as  an  infrared  transmitter.  The  detector  circuit  is  used  for

detecting  the  infrared  energy  in  the  form  of  tone  frequency.  The  IR  sensor  is  used  for 

detecting the IR signal and it is connected at the input side of a signal detector section of

IC, hence it is called as an IR signal receiver. Finally, both sections of the chip perform 

the  function  of  trigger  action,  that  means  whenever  the  IR  sensor  detects  the  IR  signal,

the chip will be triggered and generates a logic signal to the Microcontroller. Ref.[57].

The IR LED and IR sensor both these devices are arranged parallel to each other

at the ground level where the cubicle is placed. The IR signal detector is a photo diode so 

it  is  also  called  as  an  optical  sensor. The  tone  generator  is  part  of  the  IC  configured  to

produce  an exact square  wave  of  5-6  KHz approximately and  it is  amplified  using  a 

transistor. The RT  and  CT  connected  at  Pin  No  5  and  6  of  the  Tone  Decoder  IC can

decide  The  frequency.  Pin  5  of  LM  567  IC can  access  this  frequency. This is  a useful

PLL tone translator IC. The IR LED is connected in series with the 47 ohm resistor. Here 

this resister limits the IR-LED current. Therefore it is acting as a current limiting resistor.

IR LED is transmitting the amplified signal. This signal is delivered in a line like

a LASER beam. If any object is interrupted this signal, this interrupted signal can convert 

in to the radiating signal spreads in the air, at this time the sensor doesn’t receive any IR

signal from the controller, which can identify the vehicle’s presence over the platform. If 

the  platform  is  empty,  the  IR  sensor  detects  the  IR  energy,  on  receiving  this  signal  the

tone translator identifies the radiating signal through the optical sensor and it is produces 

a low signal for the Micro controller based on which the controller can estimate that there

is no vehicle present over the platform. In a similar way the controller gets signals from 

sensing  circuit  and  based  on  the  information  received  from  the  sensors,  the
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Microcontroller  performs  the  function  of  parking  vehicles  according  to  the  inputs  (i.e. 

Entering the vehicle number and password). Ref.[100 -102].

The  IR-LED  used  here  is  highly  efficient  to  deliver  the  IR  energy  into  space.

Depending  upon  the  signal  strength,  the  signal  is  transmitted  up  to  a  certain  distance, 

after  that  the  signal  will  disappear.  In  our  trail  run  module  we  found  that  this  energy

traveled approximately up to 8 to 9 inches. As the cubicle size is limited, and it is within 

the  range,  it  is  enough  to  detect  the  vehicle  presence  over  the  platform.  But  for  real

applications, this range is not enough, it has to be increased according to the width of the 

platform.  The  output  of  the  IC  must  be  amplified  further,  to  increase  the  range  and

increase the signal strength.  

5.4.2.2 Keyboard  

 The keyboard designed with 12 keys is aimed to enter the vehicle number and the 

password for parking car. This keyboard configured as 3 X 4 matrices (3 rows X 4 

columns) mode of operation is integrated with Microcontroller as a source of 

information. The controller is programmed to acquire information from the keyboard and 

operate the motor to place the vehicle in the space provided. Out of 12 keys, 10 keys are 

used for typing the numbers from 0 to 9. The 11
th

 key is used to clear the information, 

and the 12
th

  key is used for entering purpose. Ref.[58].  

 In this work we used very familiar IC. That is ATMEL 89S51/52 Microcontroller,  

and most applications with the help of keyboard these IC’s are used to translate the data 

and to display that data in the LCD. For creating an interface between the input and out 

put devices, more I/O lines are required and so, that 32 I/O lines controllers are selected, 

it concludes for digital communication sake this IC is best suited. 

 Initially we should select the type of keyboard. It means that keyboard consists 

either detection mechanism of the operating key or pressed key. And also we should 

know how many rows and columns are required for our application. Then only creat 

interface between the keyboard and the controller. The CPU of Microcontroller accesses 

both rows and columns through ports. Which keyboard is designed with 64 keys can 
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engage two 8–bit ports completely. This is possible when all the keys are arranged as 8 x 

8 matrix format. In this project work 12 keys are used and they are arranged as a 3 x 4 

matrix formats and 7 I/O lines of Microcontroller are engaged to detect the pressed key. 

While pressing the key signal is passing through a row and a column makes a contact to 

the Microcontroller. The microcontroller can identify the pressed key. Selected 

89S51Microcontroller contains all facilities invented in like it can protect as well as 

control the hardware and also with the help of software to create an interface with the 

keyboard. In such coordination between keyboard and microcontroller. For scanning of 

keys continuously we should make the function of programs. That programme is stored in 

the EPROM of the Microcontroller. After recognizing the triggered key, the 

microcontroller stores this information for additional process. 

 Two seperate ports of Microcontroller should be connected to the keyboard rows 

and columns. It means one port of Microcontroller is integrated to rows. It should be 

programmed as an output port. And the columns are integrated to the other port. It should 

be programmed as an input port. Actually how interfacing is placed between the 

keyboard and micro controller means, when the system is in the inactive of state the 

microcontroller reading the input port will harvest high for all columns since they are all 

connected to +5V DC source. If any disturbance occurs while pressing of key due to 

interrupted of flow of electrons.  In this way the microcontroller can identify the at which 

column and which row point signal was interrupted. This is the function of 

Microcontroller to scan the keyboard continuously to detect and identify the key pressed. 

While a pressed key, Microcontroller grounds all rows by providing 0 to the output line, 

in this way it reads the columns. Microcontroller read the data from the D3 D2 D1 D0 is 

equal to 1111 until a key press is detected. If any one of the keys pressed. That relevant 

column bits has a zero.  For example, D3 to D0 = 1011, it means that a key in the D2 

column has been pressed. Microcontroller checkS the signal from D3 to D0 which 

column consist 0 value. After column is detected, the Microcontroller will go through the 

process of identifying(Starting with the top row, the Microcontroller grounds it by 

providing a low to row D0 only; then it reads the columns.) the key in that column. In this 

manner microcontroller can easily identify which row and column are being accessed by 
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key. The Microcontroller should be easily identified the accessed key until continuous 5V 

power supply to the microcontroller. 

 The detection and identification of key activation sake of Assembly language 

program are prepared. In this program, it is assumed that Port 1 is output and Port 2 is 

input respectively. The program goes through the following four major stages: 

1. To check the previous key has been stopped to press are not, if in case any key is 

pressed 0s are output to all rows at once, and the columns are read and checked 

repeatedly until all the columns are 1s. When all columns are established to be 1s, the 

program waits for a little period of time before it goes to the next stage of waiting for a 

key to be pressed. 

2. To check if any key is pressed, the microcontroller reading over and over in an infinite 

loop until the input port will harvest 0 on it. After detected the accessed key, the 

Microcontroller waits little time (20 ms) for the revert and then reads the columns again.  

This helps two functions: (a) it confirms that the first detection of key access was not an 

erroneous one due to a spike noise, and (b) for being interpreted as a multiple access key 

this 20-ms delay can help to identify.  It means If we want to make access of the same 

key once again. Once we press the key, after the 20-ms delay the key is still pressed, it 

goes to the next stage to detect which row it belongs to, in this manner we can give the 

desired signal to controller. 

3. To detect accessed key is belongs to which row, the Microcontroller is read grounds 

one row at a time, &scanning the columns each time.  If it found that all columns are 1s, 

it means that the accessed key was not belonging to that row; therefore, it grounds the 

next row and continues until it detects accessed key is belongs to which row.   

4. To identify the key press, the Microcontroller continuously read the column bits; one 

bit at a time, into the carry flag and checks to see it is 0. While the key access detection is 

standard for all keyboards, the process for finding which key is accessed varies.    
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5.4.2.3 The Role of Microcontroller  

  

  

 

   

    

  

  

   

   

  

  

 

    

    

      

      

  

   

  

  

  

    

  

 

   

  

  At  present, Microcontroller  was  essential  for  running  of a new  generation 

instrument or machine. Microcontrollers is the main part in instruments and also it’s very

hard to create an interface with instruments. It can easily handle for simple tasks as well 

as complex tasks, and resolve in the desired way. The ATMEL 89C51 Microcontroller is

castoff  in  this  work. This ATMEL  89C51  (IC) belongs  to  8051 groups. In1980’s,  Intel 

Company invented  a  8-bit  Microcontroller. Ref.[59-61]. It is  designated  with

8051.This microcontroller is consists of :

(1) 128 bytes of RAM

(2) 4Kbs of ROM

(3) two timers

(4) one serial port

(5) and four ports.

This 89C51 is  called  as  a  8-bit Microprocessor. It means  that  the  Central

Processor Unit will function with  only  8-bits  of  data  at  a  time.  The  8051 controller  is 

consisted of four ports and each port have 8 inputs / 8 output lines. This 8051 IC grows

into the standard later Intel allowed other corporations to  manufacture and  market  any 

version of the 8051. This IC controlled in several varieties of the 8051 which enhanced

fastness and many  companies  are  promoted sum  of  on-chip  ROM. One  of  the  chief 

producers of these devices is ATMEL and these devices are suitable with the actual 8051

microcontroller as  concerns the  commands  are  concerned.  The actual 8051  of  Intel 

isconsisting  an extreme  limit  of  64Kbs  of  on the  chip  of ROM,  whereas  the  ATMEL

89C51  is consisted of only  4Kb  on  the  chip.  ATMEL  89C52  is premeditated with  8Kb 

memory,and also this company invents similarly up to 20Kb on the chips.. The ATMEL

company has a various selection of 8051 IC’s and among these, AT 89C51 is a standard 

and cheapest chip generally used  for  many  applications.  It  has  4Kb of  flash  ROM,  ‘C’

stands for ‘CMOS’, which consumes low power.

  The ATMEL AT89C51 is required low power, it is a high end processor CMOS 

with  8-bit  microcomputer,  it  runs 4Kb of  flash  Programmable  and  Editable  Read  Only
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Memory (PEROM). The influential controlling the delivers highly flexible and cost 

effective solution to control applications sake of generally preferred the standard MCS51. 

It’s high-density and non-volatile memory well-matched for this function. According to 

the loaded program files, the Micro-controller was functioned. The new generation of 

Microcontrollers is manufactured on the Harvard manner, which illuminates the 4 

fundamental essential modules for an embedded system. Those are: 

1. CPU core  

2. Memory for the program (Read Only Memory or Flash memory)  

3. Data Memory (Randum Axis Memory)  

4. One or more timers (editable timers and overseer timers), as well as I/O lines to 

interconnect with external peripherals and balancing resources all this in a single 

combined circuit.  

A controller can function for multi-purpose with a minimum of external support 

chips.  For example it can work for a general-purpose CPU chip as well as a working 

computer. The Microcontroller will be treated like the device manager, until unless any 

interruption occured in the power supply and if incase any information is required, and 

the outmoded microprocessor is not allowing you to do this. It requires all of these jobs to 

be figured by other chips. For example, additional flexibility in the traditional approach if 

required. It should be provided  for the quantity of memory by adding some number of 

RAM memory chips. It means should be added at least a few external memory chips, and 

it requires that several associates need to be finished to permit the data back. For this 

purpose, a classic Microcontroller contains a made in clock initiator and a small amount 

of RAM and ROM, for do this work. These desirable functions are controlled by software 

and a timing crystal. Microcontrollers usually also need a change of input/ output 

devices. Those are  digital converters, timers, specific serial conveyances boundaries, 

serial marginal boundary e.t.c. Frequently these pooled devices can be controlled by a 

particular microprocessor instruction. 

Initially, in the assembly language is used to write program for  microcontrollers, 

later than write program in C code’s. new generation microcontrollers are combined with 

on chip clear up circuit recovered thru in circuit emulator by joint text action group has 
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permitted  an operator  to resolve the  software  of  an  embedded  system  with  a  debugger.

Which chip have the latest apps, that chip  can be called as a mini  computer. The major 

practice  of  a  Microcontroller  is  to regulate the  action  of  a device with a permanent

program i.e. stored in ROM and it doesn’t alter concluded the generation of the machine. 

The design of Microcontroller operates procedures are the numerous extra narrow set of

commands. these are castoffs to interchange code and data from internal  memory to the 

ALU. Pins  on  the  IC  package  consist  Several  inbuilt commands.  These self-sufficient

programmable pins  are  accomplished  by requiring some altered tasks labeling  of  the 

program. The Microcontroller  is facing  difficulty of  interfacing  its  own  pins,  like  for

getting data from its own pins; the construction and working out’s is enhanced to manage 

the data  in  bit,  byte,  and  word  size. Usually for all applications,  designers are  regularly 

preferred to select the 8–bit microcontroller, for the reason that they are the most standard

Microcontrollers in this generation, and they are economical. Ref.[59-61]. 

The following are the features of 8051 Microcontroller 

1. Registers with 8–bit CPU  

2. Data pointer and 16–bit program counter  

3. Status word of 8–bit program  

4. 8–bit stack pointer  

5. 4kb Internal ROM  

6. 128 bites of Internal RAM  

7. 4 register banks, 32 registers ( each register bank containing eight registers)  

8. Bit level is 16 bytes  

9. General purpose data memory requires 80 bytes  

10. In a arrangement of  four 8–bit ports having 32 input / output pins  

11. Two sixteen bit timer / counter  

12. Full duplex serial data receiver / transmitter  

13. Two external and three internal interrupt sources  

14. Oscillator and clock circuits  

15. Control registers   
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All-internal operations are coordinated with help of motherboard that produces 

the clock pulses. Characteristically, Microcontroller oscillator pins are associated the 

quartz crystal and capacitors. The final internal clock frequency of the Microcontroller is 

nothing but crystal frequency. The frequency range of the 8051 devices specified by 

manufacturers, less frequency than the stated range could be editable or erase the data, 

i.e. stored in ROM, this frequency must be continuously greater than the above normal. 

The crystal formed the oscillator and capacitors produces a series of pulse at the crystal 

frequency. The convenient time of one microsecond per cycle harvested by a 12 MHz 

crystals. 

5.4.2.4 LCD Interfacing  

      

  

   

    

 

   

    

 

  

  

  

    

  

 

 

 

  This  part  of  the  project  work  is  planned to  explicate  the  technology  of the 

interfacing  LCD  to  the  Microcontroller.  Before  interfacing  the  LCD  with  micro

controller, we should know the LCD’s process modes and using assembly language & C 

how to write a program. In the new generation, the LCD panels became universal for the

reason  that  of  their  extensive  use  of several electronic devices,  for  example devices to 

read  the limit values, sharing  the digital  communications or transfer the  information in

the  form  of  text,  data  gaining devices etc. For  providing  of  more  features,  we  should 

control by seven segment displays of the display unit. It can display numbers, characters,

and graphics. But seven segments LED’s display only numbers. So maximum engineers

willing  to  select LCD’s for  this  purpose. What  the data send to  the  LCD, it  will  be 

displayed as it is and until it becomes an erase signal from the controller. Ref.[62].

The Microcontroller  can  be  sent order  command  codes  to  the  LCD for clear  the

display. It contingent up on the order the pointer could be transported to home location. 

Internally  the LCD contains two  important  resistors.  Those  are command  resistor  and

data register; RS pin is castoff to select any one of these two registers. RS = 0, signifies 

the instruction command code register is activated and authorizing the operator to guide a

order to clear the display.  If RS = 1 signifies the data register is nominated, thereby the 

operator  is  permitted  to guide data i.e. to  be  displayed  on  LCD  screen. if  the  LCD  is

ready to obtain information by making RS = 0, we can also check the busy flag bit to see.
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The LCD pins are 8–bit data pins. Those are D0 to D7 and here D7 is the busy flag, it 

means that when R/W (Read or Write) is zero (R/W = 0) and RS = 0 that D7 pin 

activated, as follows; When D7 pin is high (R/W = 1, RS = 1), at this time  the LCD is 

the eventful taking care of interior tasks and also it will not approve any new information. 

If we required the LCD is ready to obtain new information. It is suggested to verify the 

busy flag highlighted or not before writing any data to the LCD. 

The LCD panel castoff in this work is having 16 pins. The purpose of each and 

every  pin report with table is as follows: 

Where  

• Vcc is provide+5V 

• Vss is ground  

• VEE is used for controlling LCD contrast. 

 

Register Select (RS )  Inside the LCD contain two very important registers. Those are 

the command register and data register. The RS pin is used for selection of the register as 

follows. If selected the command code registers. RS is equal to zero (RS=0). It means 

permitting the operator to guide an order to clearly display, cursor at home, etc. If in case 

of RS = 1, it shows that the data register is designated. It means that permitting the 

operator to guide a order to be displayed on the LCD.  

 

Read or Write(R/W) it shows that permits to the programmer to write data to the LCD 

or read that data from it. R/W = 1 signifies reading; R/W =0 signifies writing.  

 

E - Enable the LCD to handle data obtainable to its data pins using enable pin. When 

data pins are received the data, a high to low pulse essentially be acts on this pin in order 

for the LCD to latch in the data existing at the data pins. This pulse must be a minimum 

of 450 ns wide.  

 

D0 – D7  The 8 bit data pins are D0 – D7, are castoff to guided the data to the LCD or 

scan the matters of the LCD’s internal registers. To display letters and numbers, while 
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making RS = 1. we guide ASCII codes for the letters A – Z, a – z, and numbers 0 – 9 to 

these pins. There are also instructions order codes that can be sent to the LCD to clear the 

display or force the cursor to the home position or blink the cursor.  

 

Table 5.4.1 LCD pin description. 
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5.4.2.5 Circuit Diagram   

 

The following is the circuit diagram of LCD that is interfaced with 89C51 

microcontroller.  Ref.[107]. 

 

                                                  Fig 5.37  Circuit Diagram 

 

5.4.2.6 Relays for Driving the DC Motor 

 

Pin numbers 21 and 22 of Microcontroller are castoff to operate the two relays 

self-sufficiently. Those pins belong to port 2, and these lines are kept as output lines. 

Each output is used to conduct a low power-switching transistor, every time an output is 

energized, that particular transistor is accompanied, which in turn invigorates the relay. 

Here BC 547 general-purpose switching transistors are used, this is a NPN transistor and 

its emitter is connected to ground. The relay used here is a single changing over contact 

relay and the working voltage of the relay is 12V DC, means when the coil is energized 

through 12V DC. Relay will be activated. One end of the relay coil is connected to +12V 

DC source and the other end is associated with the ground finished transistor emitter. 

When the transistor is conducted, the emitter collector junction is closed and the supply is 
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on  condition  that  to  relay  coil.  These  relays  are  energized  and  de-energized  liable  upon 

the input data that is received from keyboard and magnetic switches. Ref.[63].  

                                                   

  Fig 5.38 Relay 

5.4.3 Details of Components  

5.4.3.1 Power Source  

 

   

   

  

  

The power supply is a primary requisite for the project work. Before designing a

power  supply,  first  we  must  estimate  how  much  current  is  essential  to  drive  the  entire 

circuit. According  to the  controls  and established on  the  assumption, power  source is

expected that  the whole circuit’s  power feeding collectively  with a stepper  motor  and a 

DC motor should not exceed more than 1000 milliamps. The maximum amount of power 

is  consumed  by  the  stepper  motor.  This  stepper  motor  consumes  660  milliamps

approximately, whereas the DC motor consumes nearly 150 milliamps and the remaining 

circuit  including  digital  display  may  consume  190  milliamps  approximately,

consequently a higher rating transformer of 1500 milliamps, i.e. for safe side secondary is 

to be selected 1.5Amps. Ref.[58-63].  

  

The essential power supply of circuit diagram is shown in Fig 5.39 
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Fig 5.39 Circuit Diagram of Power Supply. 

 

5.4.3.2 Dc Motors  

The DC motor is a popular motor why because it responds to voltage as well as 

current. The motor’s working speed is defined by the steady state voltages, and 

framework windings regulate the torque is concluded by the current. When starts the flow 

of current through the DC motor, it will start to rotate in one direction; if flow of current 

in reverse and the direction of a DC motor rotation will be reversed. If in case mechanical 

load is acts on the motor shaft, DC motor will consume more current, if the power is not 

supplied sufficiently for doing work. Due to this voltage will drop and the speed of the 

motor will be reduced. In overall, with the help of suitable voltage we can regulate the 

speed of the motor. Whereas torque is measured by the current. In many applications, 

fixed DC power supply is using in theDC motors. Consequently the DC motor is more 

effective to use a circuit. 

The Pulse Width Modulation (PWM) means “an applied voltage to a motor is 

hastily switched ON and OFF in such a way that the rate of the pulses shall remain 

constant. Nonetheless the width of the ON pulse is varied”. The PWM waveform by the 

flow of current through the motor thru the ON portion. The mechanical inertial effect of 

the DC motor cannot be reacted to the ripple wave when the response of the PWM input 
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is high. In its place the motor executes as an average of the ripple wave (in the form of 

DC). As a result, we can regulate the motor speed by changing the width of the pulse. 

Fundamentally,electric motor is a machine. It can convert the energy from one form to 

another. It means translating electrical energy (kinetic energy due to the flow of 

electrons) into mechanical energy (kinetic energy in the form of torque occurs in the 

shaft). In the market various types of motors are available, but the majority working shaft 

is use DC motors in some form or another. DC motors are consist very high torque 

capabilities and are easy to scale down and it can be "throttled" by regulating their 

voltage supply.  

In 18
th

 century Ersted, Gauss, and Faraday are invented “The basic principles of 

electromagnetic induction”. By 1820, Hans Christian Oersted and Andre Marie 

Ampere are discovered that ‘a magnetic field generated by an electric current’. After 15 

years extensive testing and modernization that finally found to a simple DC motor.  

5.4.3.2.1 Operating Principles  

All electric motors are worked is based on simple electromagnetism. Magnetic 

field generated by an electric current. It means strength of the external magnetic field 

(capability a force) is proportional to the current in the conductor. As we know that like 

poles are repel and unlike poles are attracted. For generating rotary motion purpose the 

design of a DC motor is to regulate the magnetic interface between a current-flowrate of 

conductor and an external magnetic field. Studying a simple two-unlike pole DC electric 

motor, here a magnet or winding with a "North" polarization is indicated with dark color, 

and a magnet or winding with a "South" polarization is indicated with light color.   

Every DC motor contain six basic parts they are: 

1. Axle, 2. Rotor (armature), 3. Stator, 4. Commutator, 5. Field Magnet’s, and  

6. Brushes.  

Maximum DC motors are having high-strength permanent magnets. This kind of 

high-strength permanent magnets generated from an external magnetic field only. The 

stationary part of the motor is stator; the stator consist of the motor casing, as well as two 
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or more permanent magnet pole pieces. The rotor (armature) rotates with respect to the 

stator. The rotor consists of windings (generally on a core). The commutator is 

electrically connected to the windings. Generally a mutual motor layout is the rotor 

placed centre of the stator (field) magnets. The assembly of the brushes, commutator 

contacts, and rotor windings is lined up in that manner. When a current is started to flow, 

the polarizations of electrons is the energized winding and the stator magnets are 

misalignment due to repel, and the rotor will rotate until it is aligned with the stator field 

magnets. When the rotor reaches aligned with the stator field magnets, the brushes 

transfer to the next commutator contacts, and excite the next winding. For example, two-

pole motor, the rotation opposites the direction of current through the rotor winding, 

foremost to a "flip" of the rotor's magnetic field, due to this continues rotation occurs.   

 If DC motors consist of more than two poles also, this process is quite common. 

DC motors are generally avoiding "dead spots" in the commutator. Through our case, 

two-pole motor, we recognize that, stucking occurs when the rotor is precisely at the 

center of its rotation (accurately aligned with the stator magnets). In the interim, with a 

two-pole motor, where the commutator shorts out the power supply at there is a moment 

(i.e., at the same time contacts occur between the both brushes and the both commutator), 

due to this will be terrible for the power supply (wasting the energy), and also damage the 

motor components. DC motors are having another disadvantage of such that it will show 

a great amount of torque is called "ripple.  

5.4.3.3 Relays  

In 1836, Samuel Morse was described and invented a device. That is called 

“relay”. The “Telegraph Amplifying Electromagnetic Device” (relay device) invented by 

Morse. The “relay” of signals are facilitated a little amount of current passing through the 

coil to switch on a more current passing through another circuit.  

 A relay is a device. It treated like controlling valves for flow of current to the 

circuit. That releases or stops an additional circuit under some constraints in the main 

circuit. The main purpose of a relay is generally to act as one kind of electric magnifier, it 
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means, it allows a reasonably little current to a greatly stronger current. It is also can 

arrange for whole electrical segregation between the controlling circuit and the controlled 

circuit.  

 Relays are generally used for many years to handle their automatic and remote 

control problems in factories, and heavy duty signaling operations e.t.c. Relays are used 

most of the traffic control signals on our cities. Relays are used in several applications 

like Fax machine, Telephone, telegraph and telemetry devices be governed by in relays to 

provide circuit selection and switching. The relays are extensively used in completely 

automatic and many semi-automatic control processes in the industrial plants. The relays 

can be also used to provide mathematical tasks and to count in the computer circuit. To 

be particular relays is used to do a wide variety of jobs in electrical and electronics 

engineering applications.   

 However, the relays are simple devices, the designer of electronic equipments are 

rarely fully understood about relays for the reason that there are so many variations.  

Designer has been established to address a more varieties of necessities. Durability of 

relay is depended upon appropriately under good climatic conditions.  

 In this work are used in the electromagnetic relays. It is basically a switch (or a 

combination of switches). It can be worked by the magnetic force produced by a flow of 

current through a coil. Fundamentally, relay consists of several parts. Those are: 

 An electromagnet comprising a coil  

 A magnetic circuit 

 A movable armature  

 A set of contacts 

 A frame 

 To mount all these components in proper alignment is called electromagnetic relay.  

  This electromagnetic relay is a switch, it can control electro-magnetically, it 

opens or closes the flow of electrons in a circuit, it means that the current passes through 

the coil are started or stopped by this relay. When the contacts are closed and due to this 
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electromagnet the coil is wound up the armature is attracted. In this manner, we can 

conclude that how the power is applied to the signals (indicators).   

The typical relay structure contains a code bounded by a copper wire coil. The 

core is mounted on a metal frame. In the electromagnetic relay, copper wire is a movable 

part. This movable part as called armature. When a potential difference is applied to the 

coil terminals, the current flowing through the coil. Due to this magnetic field is in 

produces the core. In simple words, the core treats like an electromagnet and attracts the 

metal armature. When the armature is attracted to the core due to magnetic effect, 

between the core through the armature magnetic path is from, also through the frame, and 

back to the core. On eliminating the potential difference the spring attached to the 

armature yields back to its original position. At this time, in the magnetic path consist of 

a small air-gap.  

The terminals are attached on an insulated board. Simultaneously the relays are 

contacts. When the contact arm (or pole which is attached on the armature) is, touches the 

“top” contact it signifies the no current flows through the relay coil. When the armature 

along with the contact arm moves downwards and touches the “bottom” contact is 

signified the coil is excited by the flow of current.   

 When a relay coil is allowed to pass an electric current. It means that to be 

energized, and when the current not allowed to flow, the relay is that to be de-energized. 

When the electromagnet pulls in the armature by They have a set of parallel contacts, 

which are all pulled. Relay being energized. That armature purely depends on the design 

of contact arrangements whether a relay makes contact or not. Even when the contacts 

are open or close, the series of jobs cannot be definite in this of assembly. For getting a 

definite switching sequence, stacked contacts are used. 

5.4.3.3.1Relay Characteristics  

A relay is a vlave kind of device. This opens or closes a supplementary circuit 

under constraints in the main circuit. The object of a relay is generally to act as one kind 

of electric magnifier. It facilitated a little amount of current passing through the coil to 
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switch on a more current passing through another circuit. It is also can arrange for whole 

electrical segregation between the controlling circuit and the controlled circuit. 

 Relays are used to do a wide variety of jobs in electrical and electronics 

engineering applications. Many types of relays are established to utilize the different 

necessities of industry. Relays are sensitive to situations of voltage (depends upon 

voltage), current, temperature, frequency, or some combination of these conditions. The 

fundamental operating principle of an electromagnetic relay is easy to understand. 

Durability of relay is depended upon appropriately under good climatic conditions. 

However,  the knowledge of relay characteristics and that of the circuits in which the 

relay is used is required. 

5.4.3.4 Sensors  

5.4.3.4.1 Piezoelectric Sensors  

piezoelectric material is treats like a sensor. This sensor is distinguished by 

having a transduction element. These sensors also called active sensors for the reason that 

(piezoelectric effect principle) no external energy is required to attain an output signal. It 

is greatest passive sensors. a perfect difference between the sensing element and the 

transduction element can be fabricated using piezoelectric material. For example: In a 

strain gage force sensor, bending beam is sensing element, strain gage as the transduction 

element. But, piezoelectric sensors are treated like the sensing element as well as the 

transduction element. Piezoelectric sensing force is transmitted directly through solid. 

The transduction element consist of metal parts as well as sensing materials. The crushing 

force is induced polarizes by the piezoelectric effect. An elastic sensing element, all is 

practically force sensors. Whose deformation is dependent on the acting force. In order to 

achieve an acceptable sensitivity, this sensing element essentially needs an appropriately 

high compliance in order to yield a sustainable deformation. Meanwhile, in piezoelectric 

force sensors yields the output directly. It is not essential to measure its deformation. The 

force sensors must need a rigidness, then only can be measured with a minimum error. 
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5.4.3.4.2 Infrared (IR) sensors  

  Infrared radiation is nothing but electromagnetic radiation. IR wavelength is 

lengthier than that of normal visible light, but smaller than the microwaves. The name 

Infrared means "below red" (In the Latin infra means below), visible light color is red. It 

being the longest wavelength. Infrared radiation wavelengths is between about 730nm 

and 1mm, across three orders of magnitude. Humans at normal body temperature can 

radiate at a wavelength of 15 micrometers.  

  Generally objects discharge infrared radiation through a field of wavelengths. 

Nevertheless only an exact state of the spectrum is of interest. It means that within a 

precise bandwidth only to gather the radiation purpose these kind of sensors are 

frequently designed. This infrared band is subdivided into smaller segments. The visible 

and infrared light is not exactly defined with the help of boundary flanked. The human 

eye is not recognizing the large light wave length, i.e. markedly light above 720nm wave 

lengths, if light consist of shorter frequencies (wave length is large) make unusable 

assistances to acts brightened by common light sources. But principally intense light can 

be noticed up to around 765nm, and intense light will be shallow as red light. The 

infrared light wave length is varied according to different standards. That various values 

characteristically between 650 to 850nm. 

 Everyone knows that Infrared radiation is as heat. Sometimes they think it is a 

heat radiation. Since many people point of view all radiant heating is generated by 

infrared light or all infrared radiation to be a result of heating. This is completely 

misunderstood. Therefore any waves frequency of light and electromagnetic is heat faces 

that absorb them. Sun generates by Infrared light, that only accounts for approximately 

45% of the heating of the Earth, and remining heat is triggered by visible light that is 

absorbed then discharged of infrared light. If intensity of Visible light or ultraviolet-

emitting lasers is increases, it can burn paper and hot objects discharge visible radiation 

due to heat them. It means that when body at high temperature its glow red & hot, that 

object is at room temperature will emit radiation, mostly that radiation wave length is 7.5 
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to 12.5 micrometer band, but this heat is generates by not only from the releases of 

visible light by incandescent objects and ultraviolet by even hotter objects.   

 In many applications, we are used infrared sensors, and advantages of this 

infrared sensors are abundant, especially IR sensors are utilized for security systems by 

applying closeness detection concept. Other important applications are for identifying as 

well as counting objects in inventory controlling systems, and also counting revolutions 

of a rotating object like of our currency. Infrared light is used in two ways. One is the 

proximity detection package by infrared light emitting diode (IR LED) and the other way 

is signal detector (IR sensor). The IR LED is passing the light continuously, and the 

sensor is sensing this light. This IR sensor is Connected with a triggered circuit to 

produce logic pulses. If the pulse is low, the disruption created by any object. This kind 

of circuit system is suitable for many applications. Nevertheless, this design is suitable 

for low power applications, with more power is uncontrollable and is not suitable for 

large distance, in this design the radial distance can be from 1 to 15cm, and also 

depending on the environment lighting conditions.  

5.4.3.4.2.1 Object Detection using IR light 

The IR sensors are not suitable for little special application. For example; photo-

diodes, phototransistors, a transistor and a pair of resistors. In critical applications, an IR 

is used for controlling and also the perseverance of detection. The circuit is extremely 

simple, and can easily be understood and build. To prove the concept practically, as 

shown in the figure, we required two simple IR LEDs, and they must be arranged side by 

side as shown in Fig.5.48, if any object is interrupt the light (spontaneous the reflected), 

here one IR light is treats like IR LED and another one is IR sensor.  

 The Light Emitting Diodes (LED) is an electrical property. It means that it 

consists of two terminals, if we maintain voltage difference across their due this lightning 

is occurring. As showed in figure, the infrared rays supplied by one LED strikes the 

object and that rays are reflected, that reflected rays are sensed by another infrared LED. 

The signal strength depends upon the current that is passing through the infrared LED. 
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Signal strength can be defined as radiating power which is measured in mill watts. The 

range depends upon the signal strength. 

 

Fig 5.40 Infrared signal detector 

 

The IR rays sensing circuit is deliberated with operational Amplifier. This Op-

Amp is even detect very small voltage changes accurately. 

 For this application. Two unlike designs are anticipated, each one IR is most 

appropriate for different applications. One is treated like signal emitter and another one is 

receiver. The chief alteration between the two designs is the infrared rays supplied by one 

LED strikes the object and that rays are reflected, that reflected rays are sensed by 

another infrared LED. That receiver IR LED of the circuit is the same. It means that both 

the source circuit and receiver circuit can be built on the same board. The another 

concept, the receiver can be kept parallel to the transmitter.  Protecting from ambient 

light, the IR leads encapsulate, this kind of encapsulation is suitable for indoor 

applications, this one treats like shield to overcome all noise due to ambient light.  

  5.4.3.5 Microcontrollers  

 The Microcontroller is playing a major role in this work. Yet we discussed the 

importance of 89C51 in 5.4.2.3.1 topic, 89C51 is used in this work. The major use of a 

Microcontroller is to reason like a minicomputer by means in ROM chip, we stored a 

specific program and that is a permanent program of over the lifetime of the system. The 

Microcontroller is typically designed with using more constraints like a very narrow set 
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of guidelines that are castoff to move code and data from internal memory to the ALU. 

Many guidelines are given in pins on the IC package. These pins are independently 

programmable. Several functions capability purely depending on the program. The 

Microcontroller is facing difficulty of interfacing its own pins, like for getting data from 

its own pins; the construction and working out’s are enhanced to manage the data in bit, 

byte, and word size. 

            Maximum applications are demanding a Microcontroller. It means that in the 

current generation for every electronic instrument or robot that works without 

Microcontroller. Usually for all applications, designers are regularly preferred to select 

the 8–bit microcontroller, for the reason that they are the most standard Microcontrollers 

in this generation, and they are economical.      

All-internal operations are coordinated with help of motherboard that produces 

the clock pulses. Characteristically, Microcontroller oscillator pins are associated the 

quartz crystal and capacitors. The final internal clock frequency of the Microcontroller is 

nothing but crystal frequency. The frequency range of the 8051 devices specified by 

manufacturers, less frequency than the stated range could be editable or erase the data, 

i.e. stored in ROM, this frequency must be continuously greater than the above normal. 

The crystal formed the oscillator and capacitors produces a series of pulse at the crystal 

frequency. The convenient time of one microsecond per cycle harvested by a 12 MHz 

crystals. 

  Microcontrollers is playing the main role in the development of technology of 

multi circuits. This kind of  development is allowed to store thousands of transistors into 

one chip. This kind of ability was an essential for the fabrication of microprocessors, and 

the first generation computers were made by accumulation external components such as 

hard disk, input-output lines, timers and other. Current generation computers are 

additional increasing of the combined circuits, and these combined circuits contained 

both processor and peripherals.  
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5.4.3.5.1 Memory unit  

Microcontroller consists of several parts, memory is one of the parts of 

Microcontroller, its purpose was to store data. For example; it as one big secretive with 

many drawers. We are not confused to identify of our drawers using simple pin points, 

and are easily manageable. In this manner, we know that description of the drawer and so 

its substances. Memory components are also each work like that. If we give input we will 

get the matters of a certain addressed memory location. We can observe that two new 

observations are: addressing and memory position. Memory knows all of memory 

locations, and addressing is nothing but choosing one of the memory locations 

approximately. Memory unit is used in this manner: R/W=1 signifies reading is done, and 

R/W =0 signifies writing is done on the memory locating. Memory unit is the primary 

element of microcontroller, and we essentially required of Microcontroller for doing a 

few operations.  

5.4.3.5.2 Central Processing Unit (CPU)  

The central processing unit consists of three locations of memories to a precise 

component. This component has a constructed in ability to subtract, add(move), multiply, 

and divide its matters from one memory location on to another memory location. For this 

purpose which component we just added in is called “central processing unit” (CPU). In 

that memory locations are called registers.  

These memory locations are to help with executing many mathematical operations 

or remaining functions with data wherever data can be found. Consider the current 

situation. The system has two independent units. One is memory unit and another one is 

the Central Processing Unit. These two are interfaced, and thus held up of any exchange 

of data, as well as its functionality. For example, if we desire to add the matters of two 

memory locations and reoccurrence the outcome again back to the memory. For this sake, 

we will need a piecing together between memory unit and CPU. Simply says that, it 

essentially required some approach through data that goes from one unit to another. 
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5.4.3.5.3 Bus 

  Which component can allow to transfer the data from one unit to another. That 

kind of component or way is called “Bus”. Physically, it signifies a group of  8 wires or 

16wires or more wires.  buses are two types: addressing bus and data bus. The addressing 

bus consists of as many wires as the amount of memory we desire to address and the data 

bus is used to transfers the data, in this work 8 bits or the connection line are required. 

Addressing bus helps to transmit address from CPU memory, and the data bus to connect 

all parts inside the Microcontroller.    

 5.4.3.5.4 Input - output unit  

For every component have two sites. Those sites are called “ports”. Here ports are 

two types: input or directional, output or bi-directional ports. All components are 

functioning with ports, first of all the suitable ports are essential to select for particular 

work, and then only send the data to, or take the data from the port. If our operation with 

it, that port acts like a memory location. In simple words we can say being written into or 

read from it. These ports can be identified on the pins of the Microcontroller.   

 5.4.3.6 89C51 Microcontroller – Description  

 Intel Corporation introduces 89C51, is called as a 8-bit Microprocessor. It means 

that the Central Processor Unit will function with only 8-bits of data at a time. The 8051 

controller is consisted of four ports and each port have 8 inputs / 8 output lines. This 

89C51 Microcontroller consists of 128 bytes of RAM, 4Kb of on ROM-chip, two timers, 

one serial port, and four ports of 8-bits. Thease all are kept on a single chip. 89C51 is 

Flash ROM variety of 8051 group. 89c51 is a 40 pin Dual-in-package. Block diagram of 

89c51 is as shown in Fig.37, i.e., hardware details.  

The main features of 89c51 Hardware can be labeled as below:  

1. 89c51 has 8-bit CPU with registers A and B.  

2. 89c51 has 16-bit program counter and data pointer.  
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3. 89c51 has 8-bit program word status. 

4. 89c51 has 8-bit stack pointer. 

5. 89c51 has Internal ROM of 0 to 4K.  

6. 89c51 has Internal RAM of 128 bytes. 

7. 89c51 has 32 I/0 pins arranged as four 8-bit ports: P0-P3  

8. 89c51 has Two 16-bit Timer/Counters (T0 and T1) 

9. 89c51 has Full duplex serial data receiver/transmitter is SBUF  

10. 89c51 has Control registers, those are TCON, TMOD, SCON, PCON, IP, and IE.  

11. 89c51 has Two external and three internal interrupt sources.  

12. 89c51 has Oscillator and Clock circuits. 

5.4.3.6.1 Pin Descriptions  

1. VSS (pin-20) Ground=zeroVolts reference.   

2. VCC (pin-40) This is the power supply voltage for different modes.   

3. P0.0 to P0.7 (pin-39 to pin 32 i.e., port 0) Port 0 is an open-channel, bi-directional I/O 

port. These 7 Pins of Port 0 on which there is a high logic with help of this Port 0 will 

glide and can be used as a high impedance inputs. Port 0 is the multiplexed low order 

address and data bus. The duration of the admissions to an external program and data 

memory, for this Port 0 is uses strong internal pull ups for emitting one‘s in this 

application  .  

4. P1.0 to P1.7 (Pin-1 to Pin 8 i.e., Port 1) Port 1 is an 8-bit bi-directional I/O port with 

internal pull ups. Port 1 pins are can be used as inputs are pulled high by the internal pull 

ups, when that have ones written to them. As inputs, for the reason that of the internal 

pullups, the port 1 pins will source current that are externally pulled low.   



Applications of PMN-PT                                                                                      Chapter 5 

 

   133 
 

5. P2.0 to P2.7 (Pin-21 to Pin 28 i.e., Port 2) Port 2 is an 8-bit bi-directional I/O port with 

internal pull-ups. Port 2 pins are can be used as inputs are pulled high by the internal pull-

ups, when that have 1s written to them. As inputs, port 2 pins that are externally being 

pulled low will source current, for the reason that of the internal pull-ups. Port 2 releases 

the high order address byte during brings from external program memory. During 

admissions to external data memory. In this duration uses 16-bit addresses. In this 

application, when emitting 1s  it uses strong internal pull-ups.  

6. P3.0 to P3.7 (Pin-10 to Pin 17 i.e., Port) Port 3 is an 8-bit bi-directional I/O port with 

internal pull-ups. Port 3 pins can be used as inputs that have 1s written for them are 

pulled high by the internal pull ups. As inputs, Port 3 pins that are externally being pulled 

low will source current by the pull ups. Port 3 assists the superior sorts of the 89C51. 

Features of 8951 listed below: 

 RxD (P3.0) 

 Serial input port. T*D (P3.1)  

 Serial output port. INT0 (P3.2)  

 External interrupts. INT1 (P3.3)  

 External interrupts. T0 (P3.4)  

 Timer 0 external input. T1 (P3.5)  

 Timer 1 external input. WR (P3.6)  

 External data memory writes strobe. RD (P3.7)  

 External data memory reads strobe. 

7. RESET (Pin-9) this pin is a reseting pin of the device for two machine sequences while 

the oscillator is working. An internal gentle resistor to VSS permits a power-on reset by 

using an external capacitor to VCC. 

8. ALE (Pin-30) this pin is use for during an access to external memory. Catching the low 

byte of the address by output pulse. the oscillator occurrence in normal process by ALE is 

emitted at a constant rate of 1/6,  can be used for external timing or clocking. one ALE 

pulse is skipped in each access to external data memory.  
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9. PSEN (Pin-29) This pin is read strobe to external program memory. In each machine 

cycle, executing code from the external program memory by PSEN is activated twice. 

These two PSEN activations are skipped during each access to external data memory.  

10. EA/VPP (Pin-31) To enable the device, EA must be externally held low. To fetch 

code from external program memory locations 0000H to the maximum internal memory 

boundary. If EA is held high, the device executes from internal program memory, unless 

the program counter contains an address greater than 0FFFH for 4 Kb devices, 1FFFH for 

8 Kb devices, 3FFFH for 16 Kb devices, and 7FFFH for 32 Kb devices. The value of the 

EA pin is latched when RST is released and any succeeding changes have no effect. This 

pin also receives the 5V/12V programming supply voltage (VPP) during FLASH 

programming.  

11. XTAL1 and XTAL2 (Pin-18 and Pin-19) Input to the inverting oscillator amplifier 

and input to the internal clock generator circuits.       

5.4.3.6.2 Criteria for choosing 89C51 Microcontroller  

1. The first and prime criterion in choosing a Micro controller is that it must meet the            

task at hand capably and cost effectively. In our project we have chosen an 8-bit 

Microcontroller, which can handle the computing needs of the task more effectively.  

2. This Micro controller can support the highest speed up to 12MHZ. 

3. To fulfill our requirements in terms of space, assembling, we have chosen the.  

4. 40-pin DIP is chosen to support the memory requirement as it includes 4K ROM and 

128byte RAM.  

5. It supports our input-output constraint significantly as there are 32 I/O pins and 2 

timers. 

6. Battery power product has been used like an RTC as the power consumption is critical 

for it. 
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7.  In  selecting  this  controller  we  have  considered  the  obtainability  of  an  assembler, 

debugger, simulator etc.

8. Present and Future availability in needed quantities were considered. Currently, of the

leading  8-bit  microcontrollers,  the  8051  family  has  the  largest  number  of  diversified 

suppliers.

5.4.4 Deisgn procedure for rolling car parking system

5.4.4.1 Vehicle Sensing

5.4.4.1.1 Piezoelectric Sensor

Although  optical  and  electrochemical  transducers  are  the  two  most  popular

transducers for biosensors, piezoelectric transducers have also gained some popularity in 

the  past  couple  of  decades.  Like  optical  and  electrochemical  transducers,  piezoelectric

transducers can be used as physical sensors (to sense mass).

  In this work a piezoelectric material is attached to the ramp of parking slot. The 

ends  of  piezoelectric  material  are  directly  supplied  to  the  microcontroller  as  the  voltage

generated  is  very  low  to  harm  the  circuit.  Its  aim  is  to  detect  the  arrival  of  car  into  the 

system. As shown in Fig 5.4.2. Ref.[64] 

5.4.4.1.2 Infrared Sensor (IR)  

 

This circuit designed with infrared sensors is aimed to detect the parking vehicle

that is present over the rotate compartment. This circuit is designed with IR sensors and 

LM 567 (tone generator) IC that generates logic signal for the microcontroller. Based on

this  information,  the  controller  can  identify  weather  the  vehicle  is  present  over  the 

platform or not.

  The circuit contains one IR LED and one IR signal detector; these two devices are 

arranged  parallel  to  each  other  at  both  sides  of  the  compartment  (externally).  The  IR

energy  delivered  from  the  IR  LED  will  be  fallen  on  the  IR  sensor,  by  which  the  IC 

generates  logic  low  signal  for  the  microcontroller.  [57]  based  on  this  signal  the
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controller can understand that there is no vehicle present over the platform. Whenever the

vehicle is placed over the platform, the signal beam will be interrupted and hence the IR 

sensor doesn’t detect any  IR energy. This in turn circuit output will become high; based

on this signal the controller identifies the presence of car over the compartment as shown 

in Fig 5.41. Ref.[58] 

 

 

 

 

Fig 5.41  Total structure  With IR, PIEZO sensor, magnetic switch 

5.4.4.2 Keyboard  

After parking the vehicle in the compartment the process begins with the 

keyboard, this keyboard interfaced with microcontroller as input source is aimed to enter 

the vehicle number and the corresponding password. Now the keyboard used here is 

configured in matrix mode of operation, 12 keys are used and they are formed as three 

rows and four columns. Out of these 12 keys, 10 are the numbers (0 to 9), one is the clear 

button and the last is the enter button. The function of this keyboard is to dial the vehicle 
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number (3-digit) and by pressing the enter button, the display (LCD) asks to enter the 

password. As shown in Fig 5.42. 

 

        

   Fig 5.42  Key Board                Fig 5.43 LCD Screen 

 

5.4.4.3 Display Section  

 For displaying of  the status of the parking placesis used diplay section, means 

which car is parked in which place. Status of entire 8 parking places (i.e. full or empty) 

will be displayed simultaneously in short form. Means if any particular number of slots is 

empty it shows ‘E’, similarly if it is full then the display shows ‘F’. Like that all the slots 

status will be displayed. While parking the car its number and password has to be entered 

and while entering, the number will be displayed in the LCD. And for retrieving the 

vehicle again vehicle number and password has to be entered. The compartment number 

need not to be entered as the empty slot will be automatically placed at the ground level. 

The vehicle number, password and the compartment number are stored in the EEPROM 

by the controller. Likewise occupied car positions with their numbers are displayed in the 

LCD. Similarly vacant containers numbers will be displayed as ‘E’, which means empty. 

As the display section is designed with 2 - line LCD, all the 8 slots status can be 

displayed simultaneously. As this LCD contains 16 characters in each row, and 32 

characters together in two rows, all slots information can be displayed in short-cut 

manner. As shown in Fig 5.43. 
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5.4.4.4 Microcontroller  

 

  Here, the 8051 family architecture controller is used & regularly it is stated to as 

MCS-51. This 8051 microcontroller is consist 8-bit data bus. As shown in   Fig 5.4.5. In

this  group  some  of  the  microcontrollers  are  storing  the  memoryin  two  ways  those  are:

addressing 64Kb of program memory and a separate 64Kb of data memory. In the 8051

microcontroller  consist  of  4Kb  of  code  memory  is  required  for  as  on-chip Read  Only 

Memory (ROM). The 8051 microcontroller consist of 128 Kb of internal Random Access

Memory (RAM). The 8051 microcontroller consist of  two timer a serial port, 4 common 

purpose parallel input/output ports and interrupt control logic with 5 sources of interrupts.

Moreover  internal  RAM  of  the  8051  microcontroller  having  different Superior  Event 

Registers (SER), those are the regulates and  stores the data (registers) on-chip memory.

Ref.[59-63].  

the CPU flags are contains: 

1. The Superior Event Registers’s also consider as data collector 

2. the B register  

3. the Status Program Word (SPW) 

These  three  are  contains  the  CPU  flags.  Programming  the  various  internal  hardware

facilities of the 8051 microcontroller is attained by hiring the suitable control words into 

the conforming Superior Event Registers’s also s. [59], As shown in Fig 5.44.  

 

 

          Fig 5.44 Processor   Fig 5.45 Control 
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5.4.4.5 Magnetic Switches  

  The  magnetic  switch  arranged  at  a  fixed  position  of  metal  structure  is  for 

identifying  the  home  positions  at  both  mechanisms.  In  idle  condition,  the  compartment

should  always  remain  at  its  home  position,  i.e.  ground  level  when  compartments  are 

empty. As shown in 5.36. Ref.[65] 

5.4.4.6 DC Motor  

 

   

 

Generally  DC  motors  are  used  in  asmall  application  to  powerful  applications,

&inexpensive. It is very easy to operate as well as easy to control. It means DC motor can 

work  with  two  signals.  DC  motors  lead  +ve  and –ve  signals.  It  can  work  under  reverse

the voltage without any damage to the motor. When it connected to +Ve to +Ve and –Ve 

to –Ve  to  a  DC  voltage  source  rotates  motor  in  one  direction  (clockwise)  and  by

reversing  the  connection  (+Ve  to -Ve  and –Ve  to  +Ve),  the  DC  motor  will  rotate  in 

reverse direction (counter clockwise). As showed in Fig 5.44. Ref.[66]

Microcontroller  is  programmed  to  give  outputs  at  port  pins  which  are  fed  to  the

DC motor driver circuit i.e., relays. The driver output is fed to the DC motor, responsible 

for driving the mechanism. Crystal frequency used in the circuit is 12 MHz .The code to

drive DC motor is written in 89C51 using assembly language and consequently simulated 

on  "Keil  µVision".  The  program  is  uploaded  on  80C51  controller  using  "Flash  Magic”.

[67].  

  

Fig 5.46 DC Motor 
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Fig 5.47 Programming 

5.4.5. Design of Mechanical Structure  

5.4.5.1 Design  

Design is not only creating a model. It is a combination of modeling and analysis. 

Design has dissimilar applications in different areas. In some applications, the direct 

creation/construction of an object (as in pottery, engineering, management, and graphic 

design) with the help of traditional data is also considered to be design. As showed in Fig 

5.36. 

5.4.5.2 Cabin Design 

  Under  design  of  cabin  there  are  certain  assumptions  to  be  made  such  as  car 

dimensions  (as  length,  width,  height)  based  on  which  the  dimensions  of  plate  can  be

assumed. So car dimensions (length × width × height) = (6 × 3 × 3) inch. In addition to 

that  cabin  should  withstand  the  load  of  car  which  was  assumed  as  500  grams.  Taking

clearance of 1.5 inch between each cabin, we had assumed eight cabins in our Prototype 

model of “rolling car parking”. Based on that cabin dimensions are assumed as (7.5 × 4.5

× 4.5) inch. Ref.[68]. 
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Fig .5.48. Cabin, Center rod & Cabin rod 

 

5.4.5.3 Cabin Rods 

Cabin rods are joined to the bottom plate by welding technique called arc 

welding. We know the strength of arc welding so joined the cabin roads to the bottom 

plates by arc welding technique.  

(Since total weight of the cabin with car = 0.5kg) 

σ =load/area   =  
0.5 𝑘𝑔 × 9810𝑚𝑚/𝑠2

𝜋

4
 × (4)2

    = 390 Mpa 

 Maximum Stress on the welded joint is calculated which is less than 470 Mpa. 

5.4.5.4 Centre Rod  

Centre rod is attached to cabin by welding, cabin rods are welded to centre rod at 

two different points. The two point load is acting on centre rod at two different points at 

equal distance from both ends. So all reaction forces acting at the respective points are 

equal, due to symmetrical load is acting at equal distances. 

Maximum deflection will be at the centre of the rod so deflection is found at the centre. 

Ymax = 
−𝑤𝑎(3𝑙2−4𝑎2)

24𝐸𝐼
  = 

0.5 × 9.81 × 8.5 (3 × 25.5 2 − 4 × 8.5 2)

24 × 2 × 10 2× 
𝜋

 64
 × 7 4

    = 1.44 × 10−5  mm 

Deflection is very less hence the design is safe. 
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5.4.5.5 Centre Distance  

At any given instance there are three cabins between the two vertical gears as we 

assumed eight cabins in project accordingly calculated.  

Height of the cabin = 4.5 inch. 

Clearance between cabin = 2 inch. 

Based on the height of the cabin and clearance between the cabins vertical height of side 

wall is taken appropriately.  

Centre distance between cabins = (4.5+2) × 2.5 × 3 

          =48.75 OR 50 cm 

5.4.5.6 Gear Selection  

    

      

 

 

There  are  3  types  of  chains  hauling  chains,  conveyor  chains,  and  roller  chains.

Generally  for  transmission  of  mechanical  power  on  many  kinds  we  used Roller 

chain or bush  roller  chain.  For  example  in  applications  domestic cars, motor  cycles 

industrial machinery,including conveyors, wiredrawing machines, agriculturalmachinery,

and bicycles.  The  chains are having a series of short cylindrical rollers  held together by 

side links. Ref. [69&70]

  Because  for  silent  roller  chains  there  should  be  minimum  number  of  teeth  is  18. 

Based on number of teeth the gear we have chosen is spur gear. 

For silent gears minimum number of teeth is 18 for 10 r.p.m speed. 

Speed ratio = 1, Speed of gear = 10 r.p.m 

Hence number of teeth = 18 

5.4.5.7 Chain links  

A chain is connected in a series of rigid kinematic links which are naturally made 

of metal. A chain may consist of more rigid kinematic links. More complex methods may 
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be used to link together indices that overlap by more than period. We know the pitch of

the  chain,  center  distance  between  the  gears  and  number  of  teeth.  Accordingly  the 

calculation  of  the  number  of  links  required  and length  of  the  chain  was  done. Ref.[71

&72]

Pitch = 1.3 cm

Centre distance = 50 cm

Z1 = Z2 = 18 

Number of Link = 2 (
50

1.3
) + 18 + 

(18−18)2

2𝜋
 ×
1.3

50
= 96 links 

5.4.5.8 Motor rating calculation  

Motor required specification for our application. 

Total weight of cabins = 8 × 0.5 × 9.81 = 40 N  

Total weight of 8 cars = 8x 1x 9.81 = 78.48N 

 Torque required = 
118.48×6

1000
= 0.71088 N-M 

 Power = 
2πNT

60
 = 

2 × π × 10 × 0.7108

60
   = 0.7444 watt 

 Motor is of +12  volt  rating  so, 
V

P
IVIP       ∴I = 0.744/12 = 62 mA 

So our design was safe. These values are suitable for prototype model. 

 

5.4.6 Result and Discussion  

 Eight cabins in our Prototype model of “rolling car parking” ,  based on that cabin 

dimensions are presumed as (7.5 × 4.5 × 4.5) inch. 
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 Cabin supportive rod functioning, stress was 390MPa, but Extreme Stress on the 

welded joint is considered, which is less than 470 MPa. So safe dimension for cabin 

supportive rod diameter is 4mm. 

 Center distance between cabins is 50mm. 

 Spur gears are 18 for 10 R.p.m speeds with the lowest number of teeth. 

 Number of links essential are 96 and the length of the chain required was 124.8 cm. 

 Requirement of DC Motor  with +12 volt rating.  

 Micro controller is automated to give outputs at port pins. These are fed to the DC 

motor driver circuit, i.e., relays. The driver output, which is responsible for driving 

the mechanism is fed to the DC motor. 12 MHz of crystal frequency used in the 

circuit. To drive DC motor, the code is written in 89C51 using assembly language 

and subsequently simulated on “Keil µVision”. “Flash Magic” was used for the 

program to be  uploaded on 80C51 controller. 

 

5.4.7 Conclusion 

The benefits of this parking model are 

 Fast Mechanized Parking and retrieval of vehicles. 

 Maximum of 8 cars can be effortlessly and carefully parked. 

 Minimum cabin space is required, which is equivalent to just 2 surface car parking 

spaces. 

 Parking assistant is not required. 

 Easily built in a lesser area, with a simple wooden base and phase supply. 

 This system is reduces cost for parking area when limited land is available.


