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Abstract
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This project is a complete design of a conveyor system which used usually in
material handling, this system works depending on AC motor and gears for moving
the belt and the materials on it. also it depends on a DC motor for controlling the
variable angle to transmit the matetial to the needed position.

Mostly. the conveyors that used for matertal handling in the market althouwh it is
expensive it is manually position control which need time and power. so it is

important to built this svstem in order tv save the time and the power also.
This project is arranged in four chapters . the first one contains the most kinds of
conveyors arc used and mtroduction of all over the ideas in brief description to the

project .

The sccond chupter provides ideas of mechanical design and analysis of the

mechanical component in Lhe project such as column, and beams.

The third chapler contzins the electrical svstem and it is main component that

will be used in this system such as DC motor, AC motor, and PLC device.




Ihe last chapter will provide some information aboul the control system in

the project such as the position control, and programmable logic control
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L1 Owverview

Conmvevors are used when material must be moved in relatively large quantities
setween specific locations vver a fixed path. The fixed path is implemented by a tack
swssem. which mav be in-the-floor, abave-the-floor. conveyors divided into two basic
cmegories (1) powered and (2) non-powered. In powsred conveyors, the power
mechaniem is contained in the lixed path, using chains, belt, rotating rolls. ar other
@=vice to load along the path. Powered conveyars are commonly used in aulomated
saserial transport systems in manufacturing plants, and distribution center. In non-
sewered conveyors, materials are moved either manually by human workers who push

e loads along the fixed path or by gravily from one elevation to a lower elevation [1].

12 Twpes of conveyors

sareny of conveyor equipment is commercially available. In the following
s we will describe the major types ol powered conveyors, organized according
of mechanical power provided in the fixed path [1].

= and Skate wheel conveyor: these conveyors have rolls or wheels on which the

mde Loads must possess a flat bottom surface of sufficient arca fo span several
mollers. Pallets. (ote pans, or carton serve this purpose well.

W =ller conveyors, the pathway consists of a series of tubes (rollers) that are

ar to the direction of travel. as in figurel .1 (a). The rollers are contained in a

i Same that elevates the path above floor level from several inches to several feet.

e sallets or tote carrying unit loads are moved forward as the rollers rotate. Roller

wers can cither be powered or non-powered. Powered roller conveyors are driven




bv belts or chains, Non-powered conveyors are ofien driven by gravity so that the
pathways has downward slope sufficient to overcome rolling friction. Roller conveyors
are used in a wide variety of applications, including manufacturing, assembly,
packaging, sortation, and distribution |1].

Skate-wheel conveyars are similar in operation w roller conveyors. Insted of rollers,
they use skare wheels rotating on shafts connected 1o a frame to roll pallets or oic poans
or other containers along the pathway, as in figurel 1 (b). This provides the skate wheel
conveyur with a lighter weight construction than the roller conveyor. Application of
skafe-wheel convevors are similar o those of roller conveyors, expect that the loads
must generally be lighter since the contacts between the load and the conveyar are much
more concentared, Because of their light weight, skate wheel conveyors are some times

built as portable equipment that can be used for loading and unloading [1].

Figure (1.1); () roller (b) skate wheel conveyor

2-helt canveyors: belt conveyors consist of a continuous loop: hall its length is used or
delivering materials, and the other hall is the return run, as in figurel 2. The belt is made
of teinforced elustomer (rubber), so that il posscsses high flexibility but low
extensibility. At one end of the conveyor is a drive roll that powers the belt. The flexible

belt is supported by a frame thal has rollers or support sliders along its forward loop.




Belt conveyors are available in two common forms: (1) lat bals [or pallets, individual
marts, of even certain types of bulk materials; and (2) woughed belts for hulk materials.

Materials placed on the belt surface travel along the moving pathway [11-

Forward
loop

- |dler roll

=~ Support siwder

— Return loop

Figure (1.2): belt (flat) conveyor

3-conveyors driven by chains and cables: the conveyors in this group are driven by a
powered chain or cable that forms an endless loap. In some cases, the loop forms &
Sraight line, which a pulley at sach end. This is usually in an over-and-under
confipuration. In vther conveyors, the loop has a more-complex path, with more than
ww pulleys needed to define the shape of the path. Also it has the following conveyors

in this category:

Chain conveyors consist of chain loops in an over-and-under configuration around
powered sprockets al the ends of the pathway. (e or mare chains operaling in parallel

may be used to form the conveyor. The chains wavel along channels in the floor that




provide support for the flexible chain sections. Either the chains slide along the channel
or they ride on rollers in the channel. The loads are gencrally dragged along the pathway

using bars that project up from the moving chain,

The slat conveyor uses individual platforms, called slats, connected to a continuously
maving chain. Although the drive mechanism is a powercd chain, it operates much like a
belt conveyor. Loads are placed on the siats and are transported along with them,
Straight line flows are common in slat conveyor systems. [However, because of the chain
drive und the capabilily to alter the chain direction using sprockets, the convevor

pathway can have turns in its continuous loop [ 1],

Another variation of the chain conveyor is the in-floor towline conveyor. These
conveyors make use of four-wheel carts powered by moving chains or cables located in
wenches in the floor as in figurel.3.The chain or cable is called a Lowline: hence. the
name of the conveyor, Pathways for the conveyor system are defined by the trench and
cable, and the cable is driven as a powered pulley system. Switching between powered
pathways is possible in a towline system to achieve flexibility in routing. The carls use
steel pins thut project below floor level into the trench to engage the chain for towing.
(Gripper devices are substituted for pins when cahle is used as the pulley svstem).The
pin can be pulled out of the chain (or the gripper releases the cable) to disengage the cart
for loading, unloading. switching, accumulating of parts, and manually pushing a cart

oil the main pathway. Towline convevor systems are used in manufacturing plants.

All of the preceding chain and cable drive conveyors aperate at floor level or slightly
sbove. Chain —drive conveyors can also be designed ta operate overhead. suspended

from the ceiling of the facility so as not (o eonsume floor space. The most common types




are overhead trolley conveyors, These are available either as constant speed

(synchronous) or as power-and-free (asynchronous) systems.

Figure (1.3): in-floor towline conveyor

A wolley in material handling is a wheeled carriage running on an overhcad rail from
which loads cun be suspended. A overhead trolley conveyor as in fiourel. 4 consists of
multiple trolleys, usually equally space along fixed track. The trolleys are eonnected
together and moved along the track by means of a chain or & cable that forms a complele
loop that suspended from the trolleys are hooks, baskets, or other receplacles to carry
loads. The chain or cahle is attached to drive wheel that supplies power to move the
chain at a constant velocity. The conveyor path is determined by the configuration of the
track system, which has turns and possible ¢hanges in clevation. Overhead tralley
conveyors arc often used in factories to move paris and assemblics batween major

production departments. They can be used for hoth delivery and storuge.




2|
'lf from ralley

Figure (1.4): overhead trolley conveyor

A power-and-free overhead trolley conveyor is similar @ the overhead trolley
conveyor; expect that the trolleys are capable of being disconnected from the drive
chain. providing this conveyor with an asynchronous capability. This is usually
sccomplished by using two tracks, one just ahove the other .The upper track contains the
continuously moving cndless chain, and the trolley thal carry loads ride on the lower
wack. Each trolley includes mechanism by which il can be connected to the drive chain
wd disconnected from it. When connected, the trolley is pulled along its track by the

moving chain in the upper track. When disconnected. the trolley is idle [11.

Other conveyor types: other powered CoNyEyoOrs include carl-on-track, screw,
Jibration-based systems, and vertical lift convevors. Cart—on-lrack conveyors consist of
dividual carts riding on & track a fow fect above Moor level. The carts are driven by
means of a rotating shaft as in figurel. 3. A drive wheel, attached to the bottom of the
cart and set at an angle to the rotating tube. rests against it and drive the cart forward.

Ihe carl speeds is controlled by regulating the angle of contact between the drive wheel

sad the spinning tube, When the axis of the drive wheel is 457, the cart is propelled




frward. When the axis of the drive wheels is parallcl to the tube, the carl does not
move. I'hus, control of the drive wheel angle on the cart allows power-and-free
operation of the conveyor. One of the advantages of cart-on-track systems relative W
many other conveyors is that the cart can be positioned with high aceuracy. This permits
their use for positioning work during production. Application of cart-on-track-systems
include robotic spot welding lines in automobile body plants and mechanical assembly

systems [ 1]

Vihration-based conveyors use a flat track connected to electromagnet that impart an
sngular vibralory motion Lo the track Lo prapel items in the desired direction. Vertical lifi
comvevors include a variely of mechanical elevators designed Lo provide ve rtical motion,
such as hetween floors or o link floor-based conyeyars with aver hend conveyars. Other
convevor types include a non-powered chutes, ramps, and mbes, which arc driven by

gravily.

Spmming il =

Figure (1.5): cart-on-track conveyor




1.3 Conveyor Operation and Features

As indicated by our preceding discussion. convevor cquipment covers a wide varicty
of operulions and features. Lel us testrict our discussion here 1o powered COnVEyors,
excluding non-powered types. Conveyor systems divide into two basic types in terms of
the characteristic motion of the materials moved by the sysiem:

(1) Continuous and (2) asynchronous.

Continoous motion conveyors meve at a constant velocily (Ve) along the path. They
nclude hell, roller, skate-wheel, overhead trolley. and slat conveyors. Asynchronous
conveynrs operaleé with a stop-and-go motion in which loads, usually contained in
carriers (e.g., hooks, baskets, and carts), move between stations and then stop and
cemain at the station until released. Asynchronous handling allows independent
movement of each carrier in the system. Examples of this type include overhead power-
and-free trolley, in-flaor wwline, and cart-on-track conveyors. Some roller and skate-
wheel conveyors can also be operated asynchronously. Reasons for using asynchronous
conveyors include: (1) to accumulaie loads, (2) temporary storage, (3) to allow for
differences in production rates between adjacent processing arcas, (4) to smooth
production when cyele times vary at slations along the convever. and (3) lo

sccommodate different conveyor speeds along the pathway.

Conveyors can also be classified as: (1) sinple direction, (2) continuous loop, and (3)
secirculating. In the following paragraphs. we describe the operating features of these
categories, We present equations and techniques with which to analyze these conveyor
svstems. Single direction conveyors are used L ransport loads one way from origination
soint to destination point, as depicted in Figurel.6 (a), These systems are appropriate
when there is no need to move lvads in hoth directions or to return containers or carriers

from the unloading stations back to the loading slations. Single direction powered




somvevors include roller, skale wheel, belt, and chain-in-floor types. In addition, all

sravity conveyors operale in one dircetion.

Continuous loop conveyors form a complete circuit, as in Figurel 6 (b). An overhead
wolley comvevor is an example of this conveyvor type. However, any conveyor Type tail
be configured as a loop. cven those previously defined as single direction conveyors,
simply by connecting several single direction conveyor sections into a closed loop. A
continuous loop system allows materials to be moved between any two stations along
the pathway. Continuous loop conveyors ate msed when loads arc moved in carriers
(c.g., hooks, haskets) between loads and unlead stations and the carriers are affixed Lo
e conveyor loop, In this design, the empty carriers are automatically returned from the
unload station back 1o the oad station.

The preceding description of a continuous loop conveyor assumes that items loaded at
the load station are unloaded at the unload «ution. There are no loads in the retum loop;
the purpose of the retum loop is simply to send the cmpty carriers hack for reloading.
This method of opetation overlooks an important opportunity offered by a closed loop
conveyor; to store as well as deliver parts. Conveyor sysicms that allow parts to remain
an the return loop for one or more revolutions are called recalculating conveyors. In
providing a storage function, the conveynr svstem can be used to accumulate parts to
smooth out effects of loading and unloading variations at stations in the conveyor, There
are two problems that can plague the operation of a recirculating conveyor system. One
is that there may be times during Lhe operation of the conveyur that no empry carriers are
immediately available at the loading station when needed. The other problem is thal no
loaded carriers are immediately available at the unloading station when needed. Tt is
possible to construet branching and merging poinis info & canveyor track to permil

different routings for different loads moving in the system. In nearly all convevar




itches. shuttles, or other mechanisms to achicve these

svstems, it is possible to build sw
In some svstems, a push-pull mechanism or lilt-and-carry device is

allernatc routings.

required to actively mave the load from the curtent pathway anto the new pathway [1].
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Figure {1.6); (a) single direction conveyor and (b) continuous loop conveyor

1.4 Aims of the project

| his project aims 10:
1- Design of the system and achieve optimizalion.

Optimization can be achicved with best design and lowing cost.

2. The need of the market.

We as a group did a visil to industrial placement in Hebron .and we asked their a

e also saw it is a very uselully project because they are nead il
v

bout the project

(or stone industrial ,and lor another material handling like sugar. rise........
3- This praject will be a basic stone in conveyor sysien manufacturing in Palestine.
All of conveyor which used in local industrials it depends on importing from Israel

or outside which it is a very cxpensive one ,and in our project we will give a

a gond manufacturing with acceptable cost.




1.5 Thie mechatronies design Appraach

Mechatranies is a methodology used [or the optimal design of ¢lectromechanical
products; Mechatronics system i multi-disciplinary embodying four fundamental
diseiplines: electronical, elecirical, mechanical, computer science and information

lechnology:

The mechatronics design methodology is based in a concurrent design, instead of
raditional or sequential, approach tw discipline design, resulting in products with more
synergy, this synergy is generated by the right combination ol parameters so thar this

system design offers solutions to all problems in design.

1.5.1 The mechatronics design process

I'he process of mechatronics design starts with modeling, prototyping and deployment.

Windr gt Shrmabmisie Pardrring Creployrecntdidle | relE
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Figure (1.7): machatronics design process




1.6 Coneeptual design

Figure (1.8} conceptual design at 0= 0

Figure (1.9): conceptual design at 8= A




Figure (1.10): top view at 8 = 40"

Lecording to the introduction of the conveyor types, needs of the market, the conveyor
will build of 3m length, and with controllable variable angles (@) from 0 to 407, by this
wength and the variable aneles thal will give a variety of moving malerials, which means

moving material from the ground to the truck, or from the ground 1o tne first, and secomd
floor, and that the market which needs exactly. Also the conveyor will be a bell
convevor type and that because the belt has good coctlicient friction which help of no
materials slipping also the belt has low cost. Also the conveyer will be a continuous
motion convevor type and has a constant velocity when traveling materials from one
nlace to another. The conveyor will move vertically using screw mechanism, uses this

mechanism because it has low cost compared with hydraulic system.



1.7 Scope of the project

This project includes the following chapters:
1- Chapter 1 includes the introduction of the proj

conceptual design, and the mechanical glements.
of the project. mathematical modeling and

ect: the overview of the project, the

2- Chapter 2 includes the mechanical design
the reasons for choosing each of the elements specilications.
3- Chapters 3 & 4 include the motors AC and DC and it is specifications and the design

of closed loop control circuit for angle controlling.

15




Chapter Two

System Analysis and

Design

2 | Introduction

2.2 T'he physical laws that we need in the analysis

2.2.1 Suatic laws
2.3 Mechanical Analysis
23,1 Analysis at maximum angle (8=40)
932 Analysis at maximum angle (8=07)
2.4 Mechanical components
7.4.] Mechanical companents in details
24.1.1.1 Conveyor side
2.4.1.1.2 Driving shaft
2.4.1.1.3 Ball bearing units
3.4.1.1 4 The sheet of the conveyor body
2.4.1.2 Supported beams
2.4.1.3 Power screw
2.4.1.4 The base of the conveyor
2.4 1.5 The rack
2.4.1.6 T he wheels
2.4.1.7 Gear box
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1.1 Introduction

This chapter explains the analysis of the system that includes the mechanical analysis
which gives us the maximum load that acts on every column and benm, and this data
will help for determining the cross cection of every calumn and heams with help ol the

ANSYS program.

2.2 The physical laws that need in the analysis

2.2.1 Static laws

The stalic laws that needs for calculating the loads which ncis on cach beam or column
which a special case of Newton second law (the acceleration =0}

Newton second low F=MX

1) Summation of the force inany diraction equal zcro
Y Fy=0
¥ Fx=l

2) Summation of the moment al any point (x) equal zero
Y Mx=0




this distributed load lor a 3m of length will be a single load in the middle with 4.5KN of

it is magnitude.

W

Total Lood Pr= BE0 Mim

|, (T T

Hosc Srrew  Supported Beaw

R RE =5

Figure (2.2): the distributed load and the reactions
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Ficure (2.3): free body diagram ar angle 0°
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2.3.1 Analysis at maximum angle (0=40)
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Figure (2.5): free hody diagram at angle 40




From figure (2.5) the maximum angle that the canveyor can be raised is 40 degree, so
[or this angle the static analysis is important and the data {the Toads which acts at basc,

serew. and supported beam) which will get from this analysis have to use at ANSYS
analysis.

Yo, the following analysis at 40 degree will show:

The summation of the force in Y direction=0.
2. Fy =0
Ryl4 Ry2+ Ry3 —4 5*cos(40)
Rvi+ Ry2+ Ry3 -3.45 (2.1

The summation of the moment around the point R1=0
T MI=0
1.25%Ry2+ 1.4*Ry3-3.45*1.5=0
1.25%Ry2+ 1.A*Ry3 =5.2 (2.2)

| 'hie summation of the moment around the puint R2=0

T M2=0

-125*Ry 1+ 0.157Ry3=3.45%0.25

_1.25%Ry 1+ 0.15*Ry3= 0.86 (2.3)
By summing (2.2) & (2.3)

| 75*Ry1~ 0.1875%Ry2= 042 (2.4)
By summing (2.1) & (2.4)

L.3*Ry2+ L.75*Ry3 =06.5 (2:3)
Ry summing (2.2) & (2.3)

Ry3 =33 KN
Then.

21




Ry2 = 0.464 KN
Ryl=-0314K

L

Figure (2.6); the screw and 1t1s angles

From the previous caleulations the force that acts on the screw in Y- direction is 0.464

KN but the wtal force that acts on the serew(Fs) sccording to the figure (2.6) is:
Fs=Ry2/cos(30)
Fs— 0.464 / cos(30)
s= (.54 kN




2.3.2 Analysis at minimum angle (6=0")

T AA
T! i ol _-,-| l,‘_’:-‘.l:r
Figure (2.7): free body diagram at f=0"
The summation of the foree in Y direction=0
Y Fy =0

Ry 1t Ry2+ Ry3 =4.5 (2.6)

The summation of the moment around the point R =0

T M1=0
| 25%Ry2+ | 4*Ry3-4.5%1.5 =0
[ 25¢Ry2 1 4*Ry3 = 6.75 27

The summation of the moment around the point R2-U
T M2
.1.25%Rvl + 0.15%Ry3=4.5%0.25
125*Ryl4 0.15%Ry3= 1125 (2.8)

23




Figure (2.10): the slot of the convevor side

24.1.1.2 Driving shaft

This component uses for connecting the AC motor on it o drive the belt which a

sounded the driving shaft to handle the materials lrom one place to another .

Figure (2.11): driving shaft




Also the driving shaft has the following components:
- Outer ¢ylinder
2- Two inner cylinders,

3- Rod.

Figure (2.12): outer cylinder

bl s 7 ks -

Figure {2.13): rod and the two inner eylinders of driving shafi




Figure (2.15): the two inner eylinders of driving shaft




2.4.1.1.3 Ball bearing units

Three kinds of ball bearing which used ot the upper part of the conveyor

|- UCF?2 ball bearing.
2. LICP2 ball bearing.

3. LICT2 ball beuring,

Al the information about those kinds of bearing explained in details at appendix (A).

Figure (2.17): UCP2 ball bearing

a0




Figure (2.18): UCT2 ball bearing

Figure (2.19): the driving shaft with U-beam, and UCE, UCP ball bearing







=4.1.14 The sheet of the conveyor body

This component uses for joining the two [-heams together. in addition to carry the helt

which the materials carrics on it

Migure (2.22): the sheet ot the conveyor body

~4.1.1.5 The conneeting shafl

% function of this mechanical compenent is to connect the conveyor sides,

Figure (2.23): the connecling shaft




2.4.1.1.6 The base shaft

The function of this mechanical component is to connect the base of the conveyor to

the conveyor body also the conveyor body is rotating ahout it to pel Lhe desived angle,

and it is from stainless steel.

Figure (2.24): the base shall

Figure (2.25): the conveyor with connecting shaft(1), and base shall(2)
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14.1.1.7 Muts and Bolts

According to the standard of this compenents the dimensions of nuts are M10, MIZ2,

snd WALG are vead,.

Fizure (2.267: M10 nut

WE" =5 | -

Figure (2.27): M16 nut




Figure (2.28): M12 bolt

2.4.12 Supported beams

This mechanical component from structural steel, and it has 4 [uniction as assistance in

carrying the load when the conveyor angle more than 0.

Figure (2.29):supported beams




Figure (2.30): breaking part of the supported beam

2.4.1.3 Power screw

An important mechanical element from structural steel which has a basic function in

moving the conveyor body at different angles; from 0" 0 407, and it has the following

COMpOnents:
i The connection part between the screw and the conveyor bady, figure (2.29).

- ‘The inner and outer cylinders, figure (2.30).
- Puwer screw base, figure (2.31).

4- Compression bearing,
s. Nut that lixed in inner eylinder with 50mm ol width, and 44mm of outer diameter,

also a 30mm of inner diameter




Figure (2.3 1) The connection part belween the screw and the conveyvor body

Figure (2.32); the inner and outer cylinders
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Figure (2.35): power screw at the conveyor
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1.4.1.4 Conveyor base

The base of the conveyor desizned to carry the conveyor bady from structural steel,
alse 1o give a height from the ground for putting the motors, in addition to get more

normal height and this help for carrving malerials from ground to first and second foors.

Figure (2.36):the hase ol the conveyor
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2.4.1.5 Rack and pinion

Another mechanical component from structural steel a the base of the conveyar which
miake the supported beam [lexibility to move when the conveyor body moving vertically.
al=o for fixing the supported beam when the conveyor body stop it is move, the pinion can
b rotated easily when the conveyor body moving up . the pin fix it to mave down | 5o the

magnetic coil are nsed to move the pin in the moving down process

Figure (2.37.a): the rack (1) with supported beam

Figure (2.37.h): rack and pinion with the pin




Iigure (2,37.¢): rack and pinion
24.1.6 The wheels

The wheels, an important mechanical component hecause it give fexibility to move
e conveyor lrom one place to another, also it designed according to the standard with

“ameter of 12.5 em and braking unit, and every wheel can carry abour 2.5 KN,

Figure (2.38): the wheel of the conveyor
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2.4.1.7 Gear hox

l- A warm gear used fro DC molors

iy iy
A ATALE

Figure (2.40}:friction gear




2.4.1.8 The belt

This mechanical component betwecn divining and driven shaft. and il is from rubber
kind, ultimate sirength is 15 MPa. also with 0.5 of passions ralio, and the modulus of
clasticity is (0.01-0.1) CiPa

2.2 ANSYS results

Tn this chapter each part of the machine will be tested using ANSYS 9.0 program 1o
ensure that cach parl of the system will be salc under the applicd loads and the selected

parts with the dimensions given in appendix C were suitable.

[Jsing Ansys each part will he plotted , simulated . meshed . and then solved with von
misses theory to ensure that the maximum stress sraaller than the vield strength in all
parts and the parts in the safe range ., the dimension of all part determined depending on

the ansys result and the final dimension that satisfy safety are given in appendix

I'he van misscs theory states that the failure occurs when the cnergy of distortion

reaches the same encrgy of vield.

Mathematically:

] ;. .21 w
(e =02)* +lez=as) +le3—1) l”-"l

B | =+

Where:
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ay - The yield strength of the material.

o1.02.63: Principle stresscs.

Units thal were used in analysis are mm for lengths, seconds for time, Newton for

forees and MPa for pressure.

L2 |

= wn e

- Mg rrieTy wh s

Fipure (2.41) Von misses Stress
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2.2.1 The Conveyor side analysis:

The load which is applied to this part is the distributed load and the wei ght of the
conveyor hody which is equal to 4.41 kN and affect mostly the supported places (the
hollow places). And the tension ol the belt which is equal to 1.9 kN affect the hollow

ol ball bearing unit.

Von Misses stress:

| The Von Misses stress is 90.762 MPa which is less than the vield strength of

‘ structural steel (250 MPa), and the maximum deformation is 1.092mm, which means

that the part can withstand the load safelv, as shown in figure (2.4] ab).




Figure (2.42) Von misses Stress of Conveyor side

Siress comnponents:

The [ollowing figures (2.43). (2.44), (2.45) show the stress components in the x, v

and £ axis, it shows thar Z-=component stress which is mostly affected by

distributed
load; is more than ¥ and ¥ components.



X-component:

Figure (2.43) X component of stress an the convevor side

Y-companent:
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Figure (2.45) Z component of stress on the conveyor side

Maximum deformation:

The maximum deformation due to maximum load oceurs at the end of the
convevor side as shown in ligure (2.46) which is equal to 1.092Zmm, and thisis a

small value thal will have no elTect on the structure.




Figure (2.46) Maximum deformation of the conveyor side

2.2.2 Driving shaft:

The force applied to the shafi is the lifling force needed to 1ill the objects found on
the conveyar at the maximum inclination. This lifiing force is considered to be 1900 N
and acting vertically on the upper edge of the groove, where the shaft is coupled with
the motor. The analysis execuled hy ANSYS includes the Von misscs siress, X

component, Y component, Z component and maximum deformatian.

Von misses stress:

The simulating results of the Von misses stress analysis is shown in fipure (2.47).
the maximum stress which is 192.23 MPa is less than the yield strength of the sleel
(230 MPa), and the maximum deformation DMX is 0,13 ] mm.

Thus, the shafl is in the safe region under the preceding conditions,




Figure (2.47) Von misses stress of driving shaft

SIress Components:

The result of stress components in x. v and = direction are shown in figures {2.48),

(2.49]), (2.50), the maximum stress is in the y direction (in the same direction of the

load) and il is equal to 182.814 MPa.




X- component:

Figure {2.48) X component of stress on the driving shaft

Y- Component:

Figure (2.49) Y component of stress on the driving shaft
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£-Component:

Figure (2,30) Z component of stress on the driving shafl

2.2.3 Sheet analysis

I'he load applied to the sheet is the maximum distributed load (3KN) applied at the
surface of the sheet. it is considered as o pressure acts at the surface area (0.0024
V {mmi ), the analysis cxccuted by ANSY'S include the Von misses stress, x, v and z

components of stess and maximum delormation,

Von misses siress:

I'he Yon misses stress analysis of the sheet in fisure (2.51) shows that the

maximum stress 15 98.205 MPA oecurs at he hole of bolt and this maximum stress is




less than the yield strength of the steel (250 MPa). thus the sheet can withstand the

load =afely.

Figure (2.51) Yon misses stress of Sheet

Siress componenls:

The fieures (2.52), (2.53), show the stress companents in the x and 2 axis, It shows
that % component stress (normally to the side of the sheet): 1s more than z component

slress,

e
=



]
X~ component: |

Figure (2.52) X component of siress on the shest
-component;

Figure (2.53) Z component of stress on the sheet {
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Maximum deformation:

The maximum deformation duc to maximum load on the sheet is equals to 1.2 mm
oceurs in the area shown in the red color in fipure (2.54, this deformation is a

maximum veclor deformation.

Figure (2.54) Maximum defosrmation of the Sheet

=24 Driving pulley analysis:

"he force applied to this part is the torque required to lilt the load at maximum
“<ination. this torque acts at the grove edge of the driving pulley as shown in figure

= 55) and equals to Y5.0 KN.mm,

ih
e |




Figure (2.55) the torque applied to the pulley.

Yon misses siress

The maximurmn stress is 14.476 MPa occurs in the grove edges as shown in figure

(2.56), this value is less than the yield strength of the steel (250 MPa) und the part
can withstand the applied torgue safely,
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Figure (2.56) Von misses stress of the pulley

slress components:

The figures (2.57), (2.58). (2.39) show the stress component in x, ¥ and 2 axis, It

shaws that the variations of stress in v axis is more than x and 2 axis



X- component:

Figure (2.57) X component of stress on the pulley.
Y-component:

Figure (2.58) ¥ component of stress on the pulley.
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Z-component:

Figure (2.59) £ companent of stress on the pulley.

Maximum deformation;

I'he maximum deformation due te maximum load on the pulley is equals to .0003%
mm occurs in the srove edge as shown in the figure (2.60), this is small deformation

and can be neplected.

6l
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Figure (2.60) Maximum deformation of the Pulley.

2.2.5 Supported beam analysis:

I'he force applied o this parl is the maximum force acts on the supported beam, this
maximum force acts on the supported beam at the smallest angle of inclination ahove
ihe zero angle, so il considered to be | degree , at this angle of inclination the
supported beam angle is 7 degree and the force acts on it is 27KN; thus the applicd
farce is 27KN acts on nodes in the upper shall of supported beam, analysis exceuted

by Ansys for this part includes the Von m isses stress, X, y and 2 components ol stress

and the maximum deformation.




Von misses stross:

The maximum stress is 230 MPa oceurs in upper shaft at the loaded area as shawn
in figure (2.61). this value is less than the vicld strength of steel (250 MPa) and the
parl can withstand the applied torque safely

Figure (2.61) Von misses siress of the supporled heam

Siress compunents:

The figures (2.62), (2.63). (2.64) show the stress components in X. v and 7 axis, It
shows thal the variations of stress in v axis is more than x and 7 axis.
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X- companent;
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Figure (2.62) X component of stress on supported beam,
Y- component:
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Figure (2.63) Y component of stress on the supported beam.



Z- component :

2

Figure (2.64) Z component of stress on the supported beam,
PP

Maximum deformation:

The maximum deformation due to maximum load on the supported beam is equal
W (145 mm as shown in figure (2.65), occurs in the region appear in red color, this is
@ small deformation and can be neglected,
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Figure (2.63) Maximum deformation of the supported beam.
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Chapter 3

Electrical svstem

3.1 Tntroductions
1.2 DCanotors
3.2.| Introduction
3.2.2 Advantapes of DC Motors
3.2.3Construction of DC Motor
3.2.4 selecting the DC motor
13 AC-muotors
3.3.1 Intruduction

3.3.2 Advantages ol AC molors

L]

.3.3 selecting the AC mator
3.4 Patentiometer

3.3 Power circuit
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3.1 Introductions

The electrical system the main important part of mechalronics system, its concerned
with the heaver of three [undamental quantities: charge, current, and voltage (or
patential), When a current exisl electrical energy is usually being transmitted from one
point to anther. Clectrical system is consisting of two catcgorics: power systems and
communication systems. Communicalion systems are designed to transmit information
55 low-energy electrical signal between points .such as information processing, and
ransmission are common parts of communication svstem. ‘This area of eleetrical
ensingering is called elecrronics. On the other hand., power svslems are design to
transmit larpe quantitics of clectrical emergy, nol information, belween pointes
cificiently .frequently, rotating machines are used to convert energy between electrical,
2nd mechanical domains. Generators are convert energy from mechanical to electrical

z2nd motors are used to convert it back.

In this project will use the lwo categories: power systems and communication
svsiems. In power system will use two electrical motors. AC motor for drive the belt,
=d DC motor for control of the angle of convevor. And in communication systermn will
we twio potentiometers for control of the input of DC mator, and will use logic-control

¢ conveyor which need other switches for used in the PLC connection.
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3.2 DC-mntors

3.2.1 Introduction

The direct current (DC) motor is ane of the firu machines devised to convent
¢lectrical power into mechanical power, for design this system the de-motor will be in
the position that the number one refir to in figure 3-1; this motor used to drive the screw
(number 4 in figure 3-1), which drive the support beam (number 2 in figur3-1) that is
used for moving the conveyor in different angles,
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3.2.2 Advantages of DC Motors

The de motors advantapes are generally the reason for its choice, which are: First] y
the excellent speed control with very good torque and horsepower characteristics
because its armature design and function Jt has very smooth lorque from zero pm ta

base speed .the de motor alsa has full-rated horscpower above hase speed.

3.2.3 Construction of DC Mator

The armature and the stator gre the main parts of the DC motor; the armarure wind Ing is
composed of coils embedded in slots in the rotor. The rotor of & de machine usually js
simply called the armature. The armature has a cylindrical core consisting of a stack of

slotted laminations see the fipure (3-1),
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Figure (3:2): Construction of DC mator

3.2.4 Selecting the de mator

Ta select the de motor vou will know the torque and speed nesded for driving the

serew ta pet a different angles of conveyaor. then wou know the power of motor that is

satisly this values.

Tl



From the design of the screw, the following equation will gives the value of the
lorque:

o Fedy Ldmogkd, G0
P9 S -wl

The patameters of this eguation are:

I=7mm

d. =26.5mm

F=18&KN

#=06
Then:

p- 8% 10%)(.0265) . (0.007 + #(0.6)(0265)
- 3 (0.6)(0.0265) - (0.6)(0.007)
Tr=101.82 Nm
P,=TW (32)

P, = (101.82)(12)
P, =122184 W

p=ta (3.3)

Ty
1221.85

T 084

P =1454.57 W
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P =2 ip

This means the motor that drive the conveyor in different angles will be pive a Zhp in

previous specilications.

3.3 AC-motors

3.3.1 Introduction

AC motors can be divided into Lwo major calegories: asynchronous  and
synchronous, ‘1 be induction motor is the most common form of asynchronous motor and
is hasically an ac translormer with a rotating secondary. The primary winding (stator) is
connected t the power source. and the shorted secondary (rotor) carries the induced
secondary current. Torque is produced by the action of the rator (secondary) currents on

the air gap flux.
The AC single phase induction motor that will be used in this project is in the

position that the number three refer o in figure 3-1, the funetion of this mutor is to drive
the hell of conveyor that is used Lo ransport the malcrials on conveyor

3.3.2 Advantages of AC motors

AC induction motors are the mosl common molors used in industrial motion

control systems, as well as in main powered home uppliances. Simple and rugged




design, low-cost, low maintenance and direct connection Lo an AC power source are the

main advantages o’ AC induction motors.

Various types of AC induction motors are availahle in the market, ifTerent motors
are suitable for different applications. Although AC induction motors are gasicr 1o
design than DC motors, the speed and the lorque control in various types of AC
induction motots require a greater understanding of the design and the characteristics of

these molors.
3.3.3 Sclecting the AC motor

To select the AC motor vou will know the speed of the lpad on conveyor, and the
wrgue that is needed to drive the load. and then when you know the efficiency of the

sear you will know the power of the AC motor,

I'he desired speed of the load is (0.5 m/s). and the radius of the shaft that drive the
bell of conveyor is (.05 m).

If vou know the maximum forgue will don at the angel of (40 degree), then the

caleulation will be as the flow.

T.=F* W N-m (3.4)

F = mesindl in N (3.5)

F=300*%9.81*sin40
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F=1391.72 N

T, =1891.72%0.03

I ~94586 in N-m

P=T*W i W (3.6)

F=94586*10

P =945.86 W

Fram data sheet of worm pear that will use for transmit the power from motor to the

load, the efficiency of this gear is 85%, then the outpul power of the AC motor will be :

P =945 R6* S
p=113 W
=133 hp

I'his mean the AC motor needed will give output power ol (1.5hp), to drive the load.
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3.3.4 Power circuit of AC motor

Ry using an inverier which controls the speed of AC motor by using frequency
inverting, an inverter which accept AC signal and output is AC signal can be joint
directly to AC motor.

Also here we use a VID015521 inverter type which available for 1.5 hp by the
following external wiring as shown in [igure (3:3), and another specification of this fype

shown in

Framet TDupply

FaseFra i 5

s e -

I

Nt A :
Linag Rysiln o=

Figure-fi:i]: external wiring
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3.4 Patentiometers

Patentiometers measure the angular position of 2 shall using 4 variable resistor. A
potentiometer is shawn in Figure 3-3. The potentiometer is resistor, normally made with
a thin film of resistive material. A wiper can be moved along the surlace of the resistive
film. As the wiper moves toward one end there will be a change in resistance
proportional to the distance moved. If a voltage is applied across the resistor, the voltage

at the wiper interpolates the voltages a the ends of the resistor.

resisiive

fil

WiDer

SO

Figure (3:4): Petentiomeler

The potentiometer in Figure 3-3 is being used as a voltage divider. As the wiper

rotutes the output voltage will be proportional to the angle of rotation,
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Figure (3.5): Potentiometer as a Voltage Divide

(3.15)

Potentiometers are popular because they arc inexpensive, and don’| require special
signal conditioners. But, they have limited accuracy,

they are subject to mechanical wear.

normally in the range of’ 1% and

Polentiometers measure absolute position, and they are calibrated by tolating them
in their mounting brackets,

and then tightening them in place. The range of rotation is

aormally  limited

to less than 360 degrees or multiples of 360 degrees. Some
potenliomelers can rotate without limits,

resistar to the other.

and the wiper will jump from one end of the




3.5 Power circuit

The power circuit will be used because the output voltage of dilferential

amplifier is
small , the power circuit will

uses to amplifical the voltage that is used as g input to the
DC moter,

The following figure is the power cireuit that is contains the Timit switches used in

lugie control.

- _F
L2 L2 [ &
oo
—ps 4

figure (3.6):the power circuit ol position control

The symbols in ligure 3-3, (T1,2 24 )is a transistors used in H- -BRIDEG to amplily

the voltage and inverting the rotation of de motor.

(LT ):limit switch for motor at angel
(40 degree), (L2):limit switch for the motor al

angel (0 degree), (13):limit switch when
the pin of supperted beam is potted in the supparted beam.(F0): is the
motoy |

wver load of the
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Chapter 4

Control system
4.1 Introduction
4.2 position control
4.2.| Potentiometers
4.2.2 Differential amplifier
4.2.3 Power circuit
+.3 Position control transfer functions
4.3.1 The input and output potentiometers transfer function
4.3.2 Differential amplifier and Power circuit
4.3,3 Motor and load
4.3.4 The transfer function of the all system
4.3.5 Matlab analysis
+.3 schematic diagram of speed control

4.5 Logic control flow chart
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4.1 Introduction

Control system is an integral part of modern socicty numerous application are all
around us: the rockets fire \and the space shuttle lifts off w earth orbit; in splashing
cooling water, meallic part is automatically machined; a self-guided vehicles delivering
material to workstation in an aerospace assembly plan glides along the floor seeking its
destination. These are just a few examples of the automatically controlled systems that

WE Lan create.

In this chapter will talks how use the pusition control for control of the angle of
comvevor; and will use logie control for control of the sequence of operations in the
conveyor system in the same loop of position control. also will talk how 1o use the speed
control to drive the AC motor in constant speed.

4.2 position control
The pusition control system canverts a position inpul command to a position output

response position control systems find widespread application in antennas, robot arms,

and computer disk, for this system its uses for control of the angle of convevor.
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The position control design of conveyar System is required the following
component thal is shown in tigure 4.1:-
1-Two potentigmeters
2_Diferantial amplifier
J-Power circuil

4- Motor and load plant

4.2.1 Potentiometers

As shown in fgure 4.1, {he two potentiometers: one for input the desired angle by
changing the resislance of the polentiometer; and the other potentiometer for fecdback

the output angle by the sume way.

4.2.2 Differential amplifier

The differential amplifier is used for summing the voliage proportional to the input
from the [irst polentiometer and the voltage proportional to the output from the feedback

potentipmeter, the outpul of the differential amplificr goes ta the power amplificr.

4.2.3 Power cireuil

‘I'he power circuit is used lor convert low electrical power to high electrical power
<hat can drive the de motor, the voltuge which is the outpul of differential amplifier
(error) can not be wm on (he DU motor because its always small value, the power circuil

amplity this value 10 vive the mutor the Voo voltage that is appear in the figure (3.3) in




chupter three which is can drive the DC motor regardless the value of the error, this

means the motor will he work under any value of error.
-'[ Fotenmometar

e TR WSS Mlator b Tl L P
CIESLIT L ‘ =
<

Potenticmater |«

30

Figure (4.1) schematic diagram of position control

In figure 4-1 when vou tumn the first potentiometer w desired angle, the resistance
of putentiometer will be change, the same story for the inpul vollage Lhis means the

output voltage of differential amplifier nat 7zero. and so the power circuit will be give the
power needed to turm un the molor.

When the motor is turn on the load of de motor is moved and the angle(8) in lgure
4-2 will be change ,this cause Lhe [cedback potentiometer to turn and feedback the
output angle, when the input angle equal to the output angle the differential amplifier
drive the output to zero and the dc-motor will be tum off,
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Figure (4.2): conveyor sysiem design

4.3 Position control transfer functions

For the schematic diagram ol position control the transfer function of each sub

system will be determined.

4.3.1 The input and output potentiometers transfer function

Since the input and output potenticmeters are Plant of configured in the same way,
then their transfer function will be the same, the relation between the output voltage and
the input angular displacemen, since the input angel is (40 degrec). the outpul voltage
will be (2.667 V).




Vis) 2667 12

=T = 4.1
Gix) D227 =

4.3.2 Differential amplifier and Power circuit

The transfer function of the differential amplilier which is the vollage from (he
differential amplifier (1, () divided by the voltage from potentiometers (V (x)), will

be determined later by root locus desipn in matlab program is:

ey e
— R (4.2)
¥ (5}

The transter [unction of power circuit where the £, () is the valtage to motor and

F.(s) is power from differentinl amplifier is:

Fol8)

T Lo (4.3)
¥ (s)

85




4.3.3 Motor and load

The transfer function of DC motor and load is described in the tollowing equation [4]:

i, (%) = K Rl ) - (4.4)
"Eq.- {.j‘.} [ I r II&"“r 'E:-h -"I—[
s+ O, +— |
S R

IF you know the (T, =850 Nm), (@ s =145 rad/x). (e, =100 ¥), and the

gear ratio (a=1), 1278), then:

LZE —Eﬂ:&j (4.5)
R, e 160

e S (4.6)
U B S

Jo=Jt +a'J, =15 (4.7)

D, =D, +a*D, =12 (4.8)
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The transfer function of'the 2hp de motor is:

\ 5/15)
im{s-J; : J (8.5/15) (4.9)

A oo Lan, fs.jnﬁ.mﬂ

L3 J

& (%) )

,.,[U:__H*'J’ _ (4.10)
E (3) s(z+47)

When the gear ratio is (a =0.178), then the transfer function is:

2. (8] 12780567
.(5) _ (0.1278)0.567 (4.11)

£ (s) sls+4.7)

LI" the ratio between the oulput angle at the load and the mput angle to the serew is

(D.8%) then the all transfer function of the motor and the load will be:

O,(5)  0.072(0.88) (4.12)
E (5) s{s347) A

2i(s) __0.0634 463 |
E (5) s(s+4.7)

G, (5=




4.3.4 The transfer function of the all system

The wansfer function of the syslem is the combination of all subsyslems; figured-4

(transfer function black diasram) will illustrate that.

St ] DR
I iy L2 12 £y | =5 00634 U=
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Gain } &3 Tianstar Fen ‘ :
| I J
F E
Fainl
(a)
3 [ F e | —
I i A o 120X —p RGN | i ,_F'__I I
'_TI__ X | ad J Hr+4T | _J |

— ——d

T =
Gala Trarfar Fan

(b)
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figure (4.4):transfer function block diagram
The transfer function of the all system as showing in figure 4-4 is:

.634K4

Gis) = (4.14)
o sy +4.7) :

The closed loop transfer function is:

.634K

iru}——u
F4.Ts +0.634K)

(4.15)

For closed loop transter function when the percent vvershoot is (10%), then the

damping ratio is (0.6). w, =~ 0L634K and 2 28w =4.7 and then:

@, =3.98, from the last values ( K = 25), this mean the closed loop transfer function

of the all systam will be:
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15.83
T(5)=— e
(8" + 4T+ 06345
And

_ 158s
s +4.7)

4.3.5 Matlab analysis

From the matlab program the root locus of this transfer function is:

| [rmrghaoct (% 10
1 Frrepuoncy (radisect 338

Iy e
F

ol A

Figure (4.5): root locus of the transfer function

20

{(4.16)

(4.17)




From the rool locus in figure 4-5 the value of dominant poles is (-2.35=3.21) . this

meanar, =321, and o7, =3.98. the settling time ( 7, ) and the peak time (1, ) is:

o A

T, = —=1.67 (4.18)
&,

7. =208 (4.19)
(3

The simulink of this wansfer function will gives:

n

i 589 I |
—_ + e - ==

o rd7e b|
Stap Tiarrster Fan SEnpe

Figure (4.6) closed loop transier function simulink
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Figure (4.7) the behavior of the system when a step function is applicd




4.5 schematic diagram of speed control

The speed control system used to control of the AC motor speed. when the angel of
conveyer is different and when the motor is lift and down the load at the molor will be

vary, which means the speed of the motor is vary in function of load, lor this prohlem

the speed control used Lo forced the motor to work in a constan! speed.

L ——m 3 -
[nertar Matot H Load
i = 2

Fipure {4.8) : schematic diagram of speed control

4.5.1 description of the circuit

when the load is varying thiat means the inpur voltage and the frequency of the motor
will change then the speed of the motor will change, but we need a [ixed motor speed,
and this will achieve by using the inverter which contains PID controller internally that
will keep the ratio hetween the voltage and the frequency relates Lo the motor fixed, then

the speed of the motar will he constant.




Conclusion

Conveyors are used when material must be moved in relatively large quantities
between specific locations over a fixed path. The fixed path is implemented by a tack
system, which may be in-the-floor, above-the-lloor. Canveyors divided into two basic
categories (1) powered and (2) non-powered. In powered convevors, the power
mechanism is contained in the fixed path. using chains, belt, rotating rolls, or other
device to load alung the path. Powered conveyors are commonly used in aulomated
material transport syvslems in manufacturing plants, and distribution center. In non-
powered conveyors. materials are moved either manually by human workers who push

the leads along the fived path or by gravity from one elevation to a lower clevation,

This project was designed a conveyor with variable angle and achieved the aim of the
project which determined in the introduction which are design the convevor with
flexibility in the work and low cost, also it achieves the need of the markst by moving

the material in variable heights by controlling the angle of height.

The mechatronics design approach was appear in the project specially when determiine
the conceplual design between every conceptual desien we studied the problem that
nccurred then by this way we change the conceptual design more than one to achieve

aptimization.

After the conceptual design determined. the following is the design of cach mechunical
component separately, by using the CATYA program in drawing the mechanical
elements and the ANSYS program Lo determine the stress, deflection that happens to

each clement then comparing, that will give us the size cach mechanical element by
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comparing the results which ANSYS give us of each element o the maximum result in

the design table we notice that our result is logic and true, also it is able to apply.

By calculating the torque which the maximum load acting, we chose the motor one is
DC ncarly with |.5hp motor which using for controlling the angle then controlling the
height of the body of the conveyor, and this result is logically and able to apply, also we
have an AC motor with 2hp which using for maving the materials from one place 1o

another, and this motor is available and logically to use,

At the end we apply the result which get from ANSYS program and the result of
clectrical elements. AC & DC motor, e a prototype that achieve all the evals of this

project specially the control of the angle of the conveyor height.



Appendix A

Ball bearing unit

A.1. Construction

The NTIN bearing unit is a combination of a radial ball bearing, seal, and a
housing of high-grade cast iron or pressed steel, which comes in various shapes.
The outer surfacc of the bearing and the internal surface of the housing are spherical, so
that the unit is self-aligning.

The inside construction of the ball bearing for the unit is such that steel balls and
retainers of the sume type as in series 62 and 63 of the NTN deep groove ball bearing are
used. A duplex seal consisting of a combination of an oil-proof synthetic rubber seal

and 4 slimger, unique to N'I'N, is provided on both sides,

Srease fitting

f.-ﬁj!;‘ér Housing

e .f;p:_{ Spherical outer ring

¥ 7 ' _“?\
(|l f’iﬁ e singe

X :? Special rubber seal
| t !
e

iy i~

g6




A.2 ball bearing unit

Three kinds of hall bearing that used as mechanical clemant

- LICFD
2-UCP2
3-UCT2

Figure (A, 1): UCF2 hall bearing
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Table (A.1}: UCK2 hall bearing characreristics
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Figure (A 2): LICP2 ball bearing
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Table (A.2): UCP2 ball bearing characteristics
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2- UCT2 ball bearing
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3. Tolerance

The telemnces of the NTH beanng waks are in accord ance

with the falliveing JIS specifications

3.1 Tolerances of ball bearings for the unit

The ifcrancesof ball bearings usad m s unt 3 shown

in the lollowing tables, 3 1103 4

w7 |

Hel soirw lypo

Tahle 3.9 11} Cy indtical bore (U, LIES-._AS ASS UEL UELS, AEL AELS) Uplt - o, 0001 inct

Maminal bore diemata’ L'l'flndl_'h:-j] B Rimedial

: £ - Bere dizmeler Width hnoid
Atap Vigp Ak, Aok h

i) =t Devistons Variatons Daviations (fefetonce) (elemnce]

i nch T lrzh high luw b " 1 igh 18 (-] tman)
0 a3EaT 1B 0 7087 19 v 1o g h 12K 15
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7. Lubrication

At bearings In NTN bearng units have sufficient high-
grade grease sealed in at the time of manutaciure. there ja
no need for replenishmeant while In use. The amount of
grease necessary for lubrication is, In general, very small.
With the NTN bearing units, the amount of grease occuples
about a half to a third of the space inside the bearing

7.1 Maximum permissible speed of rotation

The maximum speed possitle while ensuring the saltety
and long lite of ball bearings used in the unit is limited by
their size, the circumiferentlal speed al the point where tha
saal comes Intc contact, and the load acting on ham.

To indicate the maximum speed permissible, It Is
cuslomary to use the value of o or daos ( I8 the bore of the
bearing; J . Is the dlametsr of the pitch circle== (1. D_+0.0 )
f2; 1 I8 the numbar of revolutions).

G- LT
e TTN] I
30004 LN
2000 R
B T e = |

=
[
£
o
G
5 _]
(%]
{ 1

Maximum speed permissiol nin
,f.:




Problems connected with the lubrication of Eaarings ars
the generation of heat and selzures cocurring at the sliding
parte inside the earing, in particular at the Points whea re
tha bal = 6 contact with the retainer Inner arndd ocUuter rings.
I'ne cantact pressure at the Feints where friction ooccurs an
the retalner 2 only alightly affected By the load acling on
the bearing. the amount of heat generated there |s
approximatsly i proportion Lo the sliding velecity. Therefora
this sliding velocity setves as a yardelick to measure the
limit of the rotating speed of the bearing. Inthe case of a
Bearing unit howswver, there s anclher large lactor that has
lo be taken into account— the elrcumlerential spead at the
part where the seal Is in contaoct

The graph In Fig. 7.1 indicates the maximum spasd ol
ralation permissible, taking Into account tha aforementioned
factore

Thera are two commoen methods of lreking the bes ring
uril oo tha shaft— the set screw sy=tlaem amd the sccaenlric
collar gystem. However, in both of Ihese systams high-speed
operaticn will cause delormation of the Inner ring, which
may result in vibration of the bearing. For nigh-spasa
cperation. theralore, it & recommendeaed that an intederwmnce
Nt ar a clearance il with a near-zers clearance be used
with a shaft of the larger size as shown later in this manual
inFig. 8.1, Flig. 8.48.

For standard bearing units with the contact type saal, the
Maximum spead parmissible s 120 0D0% . Whare a higher
Spead | required, bearing units with the non-contact by e
scal. ara advised. Pleasa contact NTN regarding the uss of
ihe latter type. Additionally . it is necassary thal the surfaces
on which the housing is mounted be finilshad to as a high a
degrae ol accuracy as possible. A regularity of within ==
0.05mm, 4 0.002 Inch I8 required.
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Project cost

The total cost of this project are
cost of each p

Appendix B

determined with respect to local market so that the
art indicated separately, the total cost arc indicated in the tollowing table

part | Description Cost NIS
! DC motor and Used for driving bell 1600
friction gear
2 AC motor and helical | Using for change the height S0k
gedr
3 Rubber belt With area 2.7 m’ 1400
4 Sheet of steel With area 1.5m* and thickness of 3mm | 400
3 LU beam UPN 140 Conveyor side T
] Rectangular beam For building cenvevor hase | 1500
| REC 80X40X4 mm :
i) Other structural steel | As shafts . cylinders, screws. nuts, rack | 2000
| parts
2 Rall bearing unit and 210
i compression bearing
9 Electrical component | As overloads, limit switches | wires | 1000
potentiometers ,power circuit. ..,
10 | wheels For wheels 5 inch 60
11 inverter To control the speed of AC mator | 500
Jie Tuotal cost | 10300
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Appendix D

VFD Inverter

User Manuaf

Compict Law Coft Laswtn ifse
I'ﬂ!'nﬂ’ll-l’n:,p-:mq:.i.l.'r‘immrmm

115V Sades IIOV Sarfes ARV Borias -

1 Nameplate Information «Example for THP 230V AC drive

AC Drve Moge

Input Spep. —

Cutput Spee. —sp
OutputFrequency Range ~—b

Serial Number & Bar (o ge—

MCDEL - VEDO07S294

i

INPUT - AC 374 200250V 50 80L2
OUTPUT : 1.8UAS 28

Frecusncy Rarge 14004z

JOTSZSA0TT000

DELTA ELECTRONICE INC.
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1.2 Medel Explanation

<ED Q07 5 23 A— arsion Type

' Input Violtage
11:Smyle phasa 118W
21:3Ingle phase 230V
23 Thiee phase 230V
43 Trree phase 460V
S Serjey

e e—

DiF2- 0, 25HP 0, 2KW)
o< 0 SHPI ARW)
07 1 —Ejl; TR

Sanfes Namea
1.2 Serial Number Explanation
Tio1 %1
Production number
Praduction week
Production year 20023

Froduction factory
fTaoyuan}

Applicalle motor capacity

If there s any nameplate mformation

not comesponding o your purchase
order or any problem, please
contact yvour supplier.
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2.5 Environments

Avard rain and moisture,

Avaid diract sunlight,

Avoid corrosive gases or iquids,

Avoid arbome dust or metallic particles
Avoid vibration

Avoid magretic interference,

Envitonment temperature - 10 - 50°C.
Erwvironment humidity: below 90% RH

Environment air pressyre: 05 kpa ~ 104 kpa

2.6 Installation Steps

DISI0N

Installation Steps

l- Remave front cover screw and open

Remove Divizion Plate

i using optional conduit bracket,

please refer to next page.

3. Connec! AC Input Power and motor
leads.  Never connect the AC drive
outpul terminals U1, ViT2, WiT3 w
main AL Inpurt power

4. Reirstall Division Plate.

P
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3.1 Baslc Wiring Diagram
Users must connect wirng according to the following circuit diagram shown Delos.
For VFDXSXSXXXABID

Main Circult Fosset L—T(J‘,”_u -

Braking resisiar lopticnal)
gn el B0C0 720N, 20T 130
AW

v E3
NES.- e o )
R —. —s i ALt
Qi p—0 - 5542
; S —— % 7 ]
fila—< i g T 1

e e e e T e
EF‘l—'cﬂ-—uqdud[ |;j1| |"{{‘| r@'* _¢p5!
Tiwkar pamarsussly | 3 =
ils tummEaTIF- By 3 I_EHEI?.‘__ o h;__!
F..}l.hcumt OFE-| .;'—.;...I-.l.C.; H 2 4RO

Fation defoult 1T 1
FOrWardiSion,— MO
5 L}

Grounding res:stance
tess than 1000

Potantiomarar( K L)

w =3 ] Aunial by culp
- oCo-1ov

RevsrasStop

¥ Faciory defsull: ingicals
putpul frequancy

2OVAL lass than 254
Factory defauil
indicatas martenerion

.
Comminn signal L

—-T:;I.Em'ﬂm

Angicg volta _E—H-TJVHIMA
RN e g I fi o MCH

Potanis mzlerh.m -

JK - SKL}
Anglog currard j -
-2 0my !
Factory defauly cutputfreg [Pol )
deierminad by the Polentiomeator

an lhe eanliol panel
O Macn el roalt (powes ) lerminals @E:nr.:-'c corcuil lermingls .""'u Shizided ‘coan

cultpys bolow 48VEG SUmA

By M ulti- Tun ction Photaaauplar
)
O Factory dafault Indizatas

SRR CTT R
wl 1.
.
2
3
A

NOTE: Bonot plug in g Medem or te'aohone linato the RS-24% commur cation
sarl, perranecl damage may resull, Tarminal 18 2 are the power
sources (or tha nptional copy seypad and shoild not ha used whiae
Jging RS- 85 communication

it s mingte phess model, pleass selact any ol S bwo i npul pawer

tErminale in main sircut powonr




2. Temninal Explanations

Terminal Symbel Explanation of Terminal Function
RAY, 842, T3 AL line inpit terminals {thrae phase)

LY, NiL2 AC line input I=rminals (single phase)

LT, VT2, WiTS | Motor connections

+2BZ2 — 81 Connachions far Brakirg Resistor {(optional)
+2i+1 - B1 Connections for DC Link Reactor fopional)
- Earth Ground

3. Terminal Dimensions

GU2S114/8, DO2S2TA'RIE, J07S11A Fi 015521AB/DIE,
DCZS23AE, D04S 1A DISS2308, M5S4IABDIE

Modo! VFD- 0045 21AB/E, DD4S23a0B, DE."_;-“-'T'INE' DVE
04S430BE DOTSHIABL D225230B/D

OOVS23AD. DOTS43A/BE 0145230 022542 4/R/DNE

Termiral Spacficator

(Terruinal ¢ M35 Nk

3.4 Control Terminal Wiring (Factary Satting)
A XXXSXXA/BID

24 m—u!.'l"' ME|LS M WT E
=Sy oCWSTNT citohl
@G@G@G@‘@G Ea 'E.l '—a."_:‘y g Faid ndiosen

TeEraich b - I I Fhes soupiss sumgt
e, RN i e e e "’CM Froisy satany - lnworl
frear - - l - |

-"' e * i =1 |—I-—-|-'3-1§!- e T e

LI T
I l
L ottsten spesa s |LIHILI
(8 l‘ Y - W
R R b ]
”_:__I ‘ _'F::.i'_ e = o
R e LEomriieg Wire Gauge: 24-12 AWG
Wire Type Copper Ciily
Torque: 4 kagf-em (3.5 in 16
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