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ABSTRACT

Ihis pruject "Tilt Tahle Ratio (TTR) Unit" was designed and small scale prototype madel
was build. The apparams is able 1 measure the rollover angle of the vehicle at rest. 1o
mieasuee the angle we use polentiometer and use lead sensor to measure the traction betweert
the outer wheels and the stand. a hvdranlic power was used to lift the cuter side of the stand
at full seale project and electrical one was used I protoly pe. This project van be used 0

vehicle modification center.
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Vehicle tendency to rollover i one ol the most important vehicle safety
stribuies. |n this chapter, the rollover mechanism. and present scenarios in which

rollover could happen will be introduce.

1.1 Rallover Scenarin

Much atrention has been paid to sutomotive rollover accidents during recent
decades. Rollover accidents are serious threat to the life of automobile accupants.
Rollover is delined as a vehicle rolalion of %07 or maore around its longitudinal axis.
e vehicle body will contact the ground, and the occupants will be injured, Figure 1.1

shows a vehicle rollover seenariv. [5]

N2

Figure 1.1 A vehicle rollover seenario. [4]

b3

Several factors will affect the vulnerability of a vehicle to rollover. Amaong these
{=ctors are tire and vehicle characteristics, environmental conditions, and drivers, A
combination of vehicle und Lire design is among the reasons [or rollover, For example.
vehiicles with a higher center ol gravity (CG) such as trucks are more vulnerable o
rollover when 2 simple but severe steering input is given. Environmental conditions
aleo may cause rollover, Such conditions are related primarily to road conditions such
25 ice or bumpy reads, Drivers with dangerous driving habits such as police, ambulance
dovers likewise miny cause rollover. Rollover accidents may result from one or a

combination of these factors, [3]

Rollover can happen on a flut road, on a cross-slope road, or oft roud, Rellover can
e divided inle two categories: tripped rollover, and untripped rollover. Tripped

sollover = cansed by a vehicle hitling an obstacle. This rollover is caused by vehicle

==




inelination where the center of gravily ol the vehicle exceeds the smhle point. National

Highway and Traftic Safety Administration (NITTSA) reports show that only 10% or

fuss ol all rollover crazhes oceur under untripped comditions for the on-road

environment. However, major collovets occur in an ofl=road environment where the

road conditions are unpredictable. Rollover for on-road accidents is usually caused hy

dungerous maneuvers thal are mduced cither by high lateral accelerution or by yaw

mstability. The high lateral acceleration produces sulficient centrilugal force W pull the

vehicle and cause it 1o rotae arcund is outside tre. During vaw motion. the tires

produce saturated forces hat cause tire sliding and rollover. Mest rollover occurs under

the following conditions: |5

Traveling at high speed on a curved road: When a vehicle travels on a
curved read lateral centrifugal foree will pull it in an cutboard motion,
Scvere comering maneuver: This case is similar o the preceding case
where the centrifugal force pulls the vehicle w rollover, For example. a
driver avoiding an accident and stzering rapidly can cause a vaw
disturbance.

Traveling on a collapsing road and suddenly providing sleering input
for a vehicle with a low level or rall stability: 'Lhis kind of rollover is alse
caused by a vaw dismurbance.

Losing control due to a rupid decrease of friction, such as driving on an
icy roud: Steering can cause yaw ination because forces on the tices in the
lateral direction are strong enough to nil the vehicle. The forees alse produce
lutera! ueccleration on the vehicle center of gravity, 1he forces are produced
by the friction betwoen the tires and the road, therefor, these rollover
scenarios are ealled frietion rollovers.

Laterally sliding off the road: An cxumple of this case would be o vihicle

that can be decelerated by a barvier.

Sliding from a cliff: in which a vehicle is sliding from a cliff,




1.2 Importance of Rollover

Rollever has been an important safety issue of vehicles. Rollover is & major
reason for severe and fatal injuries. especially for trucks and sport wtility vehicles
(3UVs), National Aatomotive Sampling Systam (NASS) data (Hinch et al 1992)
shows that approximately 85 o 90 percent of rellover accurred in single-vehicle
accidents. The vehicles were out of control prior overtuming. In these single-vehicle
crashes, more than 30% resulied in fatalivies with the vehicles ralling over. Rallover
crashes are the most dangerous type of collision [or all classes of light vehicles. The
rute of rollover accidents for SUVs and small trucks is higher than thit of passenger

cars. [5]

Rollover accidents account for a small percentage af all vehicle aceidents, but
they account tor a large percentage of fatal accidents, [n 1997, NASS (James ef i,
PG reported thal only 8% of car accidents resulted in rollover but rollaver eccounted
for 17% of all fatal injuries. In 1996, roliovers were 1.8% of all crashes in the United
states but represented 9.9% of all Pulal crushes (SAE Paper Na. 1999-01-0122). Some
reports showed that approximately 50% of single-vehicle accident famlities resulied
wom rollover, and approximately 10% of multi-vehicle accident fatalities were causad
oy rollover (SAE Paper No. 9530313). Almost 10,000 pevple die each year in rollover

sccidents in the United States (Hinch ezl 1992), [4]

13 Existing Tilt Table

There arc. basically three settings in which tilt tables currently exist. namely,
sesearch. menufacturing, and regulatary enforcement arganigations. Each of these will

de descussed in tumn. [4]

In the first area. the primary facility on which research work is currently in
soeress 15 in Australia, The facilily was buill by the Australian Rood Research Board,

uiade of Melbourne, and resesrch was funded through a group of sponsors which

=




i luded the Department ol Transport, the trecking industry, and various manufacturers

ol motor trucks. trailers. suspensions. und hitch mechanisms. |4]

Another device. upon which the pionecring research by [sermann was based. is
currently in Munich. West Germany and is used by the M_A M. Corporation. The device
wis originally built in Wollsburg in cooperation with the University of Hacover, under
original sponsosship which included at least MLAN, 'The device is no longer used in

public demain research, bul is used by this vehiele manulacturer. [4]

A third tilt table used in a research contest is at the National Road and Trattic
Hesearch Institute of Sweden. This device employs one hydraulic geluator 8l each axlz
position, The deviee is portable and requives adjustment of the actuator locations to

match axle positions of each vehicle which 18 measured. [4]

14 Project Overview

Figure 1.2 is a simple Ll test table, with a vehicle placed on its surface. The
ahle is tilted trom the horizoneal by an angsle b, The vehicle is in steady state, The
vehicle weight. in Mega grams (Mg), can be divided in twe directions: one
perpendicular to the Ll iable surtace, and the other paralle] to the rilt table surface. The
weight perpendicular to the 1ili 1eble surface is the actual weight acting on the vehicle.
called the simulated weight, and the correspending force can he expressed as the

owing where & rollover angle, ms! simulated mass (companent of the mass acting

perpendicular w the plate). [5]

o E R T T R R e e SRR S e S EIR R ) P 3




Figure 1.2 Till test table with a vehicle placed on it [4]

Ihe weight parallel to the tilt table surface models the simulared centrifupal force.
Assume that g simulated ateral seceleration, a-, isacted on the vehicle, and a centrifueal
orce pulls the vehicle into rollover. The centrifugal torce can be expressed as the

llowing where ms 15 the simulated mass, as 15 the simulated lateral aceeleration. | 5]

| S U SRS 4 )
|
' During the test. the Gl of the able is increased slowly until the lire i the high

losgs contact with the surface of the table. The angle at which this occurs is called

=e tp-over angle. Dividing Eq.l.l by Eg. 1.2, the ratio of the simulated lateral

eration over g 15 obtained and 15 called the tilt table ratio (TTR), which is ¢apressed

T OO




The tilt wble ratio is an estimator of the vehicle static rollover threshold, 1t is a
simple test to estimate the vehicle rollover threshaold because it is determined only by
the rilt angle and does not need any additional measurement, such as the vehicle center

of gravity or weight. Furthermore, the wst is safe and nondestructive to the vehicle. [3]

Some vehicles could slide due to the limited surlace-tive frictinn betare rollover
sccurs, To prevent thar, a small curb usoally 15 placed next o the Tower tires, as shown
m Figure 1, 2. THowever, the presence of a curb can raise the effeclive side force of the

<enter ol the tire. That is, the effective center of gravity height is reduced. and the static

rollover stability is overestimatad. [3)
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21 Introduction

I'his chapter contains project parts and their propertics and locuses on the

chnical speeificativn.

-2 Mechanieal Structure

Figure 2.1 structure of the (TTR).

A5 shown in figure 2.1 the structuie of the projecl consists ol steel beams that

e e Smemework, two joints, and two extra beams to fix the joint to the ground.




2.2.1 lLoad Analysis

Fi=mg'cos ¢|

CENTER OF ROTATION

Figure 2.2 Loads on the Structure.

In fig.2.2 Fi is the purallel component of the weight. and F» is the nommal
=oonent of the weight, ¢ is the angle of rotation, Mg is the moment causad by the

somponent, Me: is the moment caused by the Fz compoenent.

om the fgure above it noticed that the vehicle weight is divided into two
sampeeenis, the first component Fz is parallel to the tahle, and it will nor be aeted with

o the table, but itwill cause the vehicle to rollever. Asshown in figure 2.2.

he szcond compenent acts perpendicular o the wable, it will increase the
Sl tencency to rolling at a large angle because al large angle the center of the

s o B vehicle becomes al the left of center of rotation. As showa in figuee 2.3,

= | 1
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1 aitwr LH{IniARI Crrnr O Raswan

Figure 2.3 lucition of center of gravity according to center of localion.

e (asc | the vehicle center of gravity 1s al the Lill side of the vehicle
rOTation center.

s (Caose 2: the vehicle center of gravity is at the same line with its rotation
center.

e Case 3¢ the vehicle center of gravily is al the right side of its rotation

center.
222 Joints
I Both joints that we will use will be designed Lo endure against the load produced
& ssnion of the stand; also it should handle with the load from the vehicle weight
Wi affects with shear force on the pin of the joint, as shown in the Figure 2.4,

Figure 2.4 the joint

=




2.3 Hydraulic System

To Lilt the wakle from the outer =ide a hvdraulic system will be used which is
setter than the electrical motor with power screw, because the hydraulic system gives
a0 oulput power higher than the electrical one. moreover the hydraulic sysiem must

osercome all loads in the system.

The hydraulic system consists oft reservoir, hydraulic pump, pressure relief
valve. 43 direct control valve (DC V), double acting cylinder (Cap Fnd Trunion), und

meter out flow control, oil filter, oil and pipes.

231 Resarvpir

The proper design of & suilable reservoir for a hvdraulic system 1s essential to
S overall performance and life of the individual companents. The reservoir serves nol
seis =< a2 storage space [for the hydraulic fluid used by the system but also as the
e pal location where the fluid is conditioned, The reservair is where sludge, waler,
el metal chips settle and where enmained air picked up by the oil is allowed to cscape.
The d=wpation of heat is also accomplished by a properly designed reservoir, [1

Oil Filter

Modern hydraulic systems must be dependable and provide high accuracy. This
= hiehily precision-machined components, The worst enemy of @ precision made

companent is contamination of the Muid. Essentially, contamination is any

serial in the fluid that resulls in detrimental aperation of any component of

== { onmmination may be in the form of g liquid, gas, or solid. [1]



233 Pump

[t circulates the fluid around the system and provides the pressure necessary (o
overcome Lhe load at ils outlet porl. All pumps usad in hydrostatic svatems ara pear

pumps.

A suttable pump is to be chosen to give enough pressure W supply the svslem

with required power to Lifi the table. [1]
Setzction of the pump depends on;
* Flow rate requiremenis,
s Operalion specd.

+  Pressurc rating.

& Performance.

Figure 2.5 Gear pump,

=4 Pressure Relief Valve (PRY)

18= function of the relist valve is o limit the maximum pressure that can exist
sesiess. Under ideal condition the reliel valve should provide an alternative bath to
S e svstem vil while keeping the maximum pressure constant.

- 13 =




It is typically located near the pump outlet, used ta protect the pump and pips

from pressure overloads, as shown in figure 2.6,

1 RV G
| |

la sy

Figure 2.6 Pressure reliet valve,

255 473 Direct Contral ¥alve

4 — Parts and 3 — posilion. Used foe (stop- start- shurtle) the flow of hydraulic

el in two ways as shown in figure 2.7, T's electrically actuated and relumed using

gecric solenoid.

Figure 2.7 4/3 direct control valye.

L




236 Daooble Acting Cylinder

Pumps perfarm the function of adding energy W a hydraulic system for
Sensmission to some remote peint. Fluid power actuators do just the opposite, They
ewmract energy from a fluid and convent it o0 a mechanical ouiput 1o perform useful

o,

Double-acting evlinders are used on equipment where force is needed in two
Sesstions. Lnlike the single-acting cylinder, the double-acting cylinder contains seals
W Seeh ends of the piston where the piston rod passes through the end of the cylinder.
WS e pes of thic evlinder, fluid can be directed to gither side of the piston and cause

e seson rod to extend or retract under pressuse. [1]

1he double actuating ¢ylinder is used to lift the whle and to make sure that the

e wws will be smoothly with constant speed.

La end Trunion type is chosen because of its ratation ability. and it's

iy with the design.

Figure 2.8 Double acting cvlinder,



=27 Fluid

The single most important material in a hvdraulic system is the working Auid
seif. Hydraulic fluid characteristics have 2 eritical effect on equipment performance

enc life. It is important 1o use a clean, high-quality Muid in erder to achieve efficient

S»craulic svstem operation. [ 1]

Most modern hydraulic fluids are contplex compounds that have been carelully
seepared o meet their demanding tasks. In addizion to having a base fluid, hvdraulic

Shds contain speciul additives o provide desired characteristics. [1)

Essentially, a hvdraulic tluid has tour primary lunctions:

e Totransmit power
s To lubricate moving paris
* o seal clearances between mating parts

* Todissipate heat

=28 Distribution Line

= 2 Huid power system, the Muid Oows through a distribution system consisting

W Samtuctors and littings. which carry the [Tuid from the reserveir through operating

sammeeents and buck Lo the reservoin. Sinec power is transmilted throughout the

s S means of these conducting lines (conductors and fittings used to connet

s componenis ), that they must be properly designed such that the system work

et Today's fluid powser systems use primarily four types of eonductors:

Steel pipes

Steel wbing

Plastic tubing

Flexible hoses




The choice of which type ol conductor to use depends primarily on the system's
sperating pressures and flow rates. In addition. the selection depends an envirenmental
conditions such as the type af Huid, operating tamperaturcs, vibration, and whether or

st there is relative motion between connectad components. [ 1]

24 Electronic System

The electronic system used inthe project consists of: potentiomeler, load sensor,
Sueal o anulog converter (DAC), microcontreller {Arduino), seven segment screen,

e relay, onfoft buttons, veltage regulatar, power supply, and software,

Ficure 2,10 shows Block diagrams that describe the electric contral system for

4 U

Fiz 2.10 elecironic system diagram




2 4.1 Porentiometer

Informally 2 pot. is a three-tenninal resistor with & sliding contact that torms an

scustzble voltage divider, If only two terminals are used, one end and the wiper.

Fig 2.11 Potentinmeter

—422 Load Sensors

it will be placed between the cuter wheels and the frame. It is used to indicate

e oot at which the vehicle will start colling over the project will use load sensor that

s = oz signal.

Figure 2.12 Load sensors.



1.4.3 Mieroeontroller (FIC)

It's the heart ol vur electronic system, it receive the input signals. process it, and

then order the aclualors,

Figure 2.13 Microcontroller {PIC).

244 Seven - Segment Screen

It is used to display the reading of angle {output).

Figure 2.14 seven- segment serasn.

S&5 ONOFT Buttons

Comnect (disconncct the electrical pawer to the systom. Mareover we will use

ey bullons.



1.4.6 Voltage Regulator

i To muke sure that the input voltage of the ¢ontrol cirenit will not exceed the

requirsd voltage, we will use the voltage regulator.

Figure 2.15 voliage regulator.

247 Software

In our project we will use some software's, MATLAB [ur curve fitting and

sathematical molding, Arduine pragram, and “PROTEUS “for circuit simulation.




CHAPTER THREE

Mechanical Design

= 1 Introduction.

= 2 Strength Calculations.




321 lairoduction

Design is an iterative process with many interaclive phases, Many resources
st o support the designer, ineluding muny sources of inlormation and an abundance

f computational design tools,

In this chapter the mechanical structure of the device is going to be designed,
ssvecially the joints and the heams buased on the equations and tables from the

Mechanics of Material for FERDINADD P BEER. [2]

After visiting the Vehicle Inspection Center and svan Lhe data base (Catalogs
ot PO software). collecting data from vehicles that visit the center, and taking advices
Seam the cenler manaper into a consideration, the dimensions of the mechanical
Sture assumied to be 3 merer long (L) and 2 meter width (W) as shown in figure 3.1,
e assumed to carry 3000k weighl and the table in appendix 2 show rhe calculation

S e force acting on the mechanical structure.

Figure 3.1 Mechameal Structure.

= important to determine the mimmum dimensions for the heams and joints

St it frigan foilure,




The forees that affect the structure are W be analyzed. and the suitable material

swsmesaral stee] ASTM-A36) is chosen from the materials properies tables, which has

e sbear siress '[}, of 240MPa, vicld normal srress Uy, of 655MPa, and facrure of

= 1 s accumed to be 1.5

Seremgth Calculations

Joiarns

TBe joints in thic structurs are affecied by shear and bearing stresses, which

S the load of the vehicle and the load of the structure itself. The maximum

S sticcts the joint is calculated by using Microsoft Txeel program which comes
BL &7EN.

The dsameter (D) of the pin in the joint is gssumed 1o be 0.03 meter. and the

8 050 of the joint’s body is (.02 meter. as shown in figure 3.2 belaw,

Figure 3.2 Joint.

e e siress () is oblained from equation 3.1




Where:
I: lurce effect on the joint.
A: cross sectlon arsa of the pin,

B substituting the force and the area in the cquation 3.1 the shear stress () is:

e 11.67 KN
T 2+ 0.0007.6 m?

= 8.34 MPu

S the maximum allowable shear stress (Tinax an) 15t

Tmlﬂx.ﬂ“ —_ -S-Q}!r l'll ]1 ......................................................................................... {3.2:'

= 145 MPa/ 1.5

L G667 MPa

Trrwx.at
S0 the real (actor of salety ( n')is:

yield stress

~ allwahble stress

240MPa
T 96.67MPa

= 248

The bearing stress (0 ) is obtained from equation 3.3

"
e — T aasaeenr
=

Where;
F: farce effect on the joint,
t: thickness of the joint body.

T e



D: diameter ol the pin.

_ 11L67KN
© .02 = 0,03

Fp

oy, = 19.45MPa

a0 the maximum allowable bearing siress (”""ﬂﬂt ﬂ”} is:

R TR i R N Rt S ) P IR e Sl X

= 250MPa /1.5

= 166.67MPa

Uhmﬂx.mi

So the real factor of saltty (n') is:

, yield stress

ny =
allwaoble stress

_ 655MPaq
T 166.67MPa

= 3.93

As noticed from the previcus caleulations. the calculated shear end bearing
snesses are less than the vield stresses values, which mean that our assumptions for the

Sensions are valid, so the real Tactor of salety (mY) is taken as 19,

e a2 Beams

Heams in this structure sre allected by shear amd normal stressas, which come

he load of the vehicle, The free body diagram in fig 3.2 shows the maximum load

e affects the beams,




Figure 3.3 beam’s free budy diagram.

The beam chosen for this desion is T beam (W200719.3), from properties of

led steel shapes table, using the same material that chosen [ur joints.

The eritical paint i the beam is shown in figure 3.2, having a shear force (V)

sf DN, and bending moment (M) of 1.8KN.m,

Ihe shear stress T is oblained from equation 3.5:

-

V: shearing [oree.

(0 first moment ol area,
t:width of the elerment at the cut.
I: moment of inertia.

Moment of inertia (1) and firss moment of area () are oblained from equation

& ==d cquaiton 3




Where,

: A cross sectional ared
¢+ distance from centroid to the neutral axis.

Ry using diminution from figure 3.3 and substitute in equation 3.6 and 3.7 and

sing parallel axis theorem, and using faclor of saferv (n) = 1.5:
[ =30315+ 107 "m"
0 = 65.14 + 107 °m*
By sub. (1) and (Q) in equation Fo
T= 627 MPA
Sa the maximum allowable shear stress (Lmuxan) i8¢

| R T3 S———e SR (3.8}

= 145MPu ,‘rlﬁ
Tmaxan = L]E.ﬁ?MPﬂf n

%o the real factor of safery (n') is:
yield stress

==
allwable stress

240MFPa
96.67MPa

= 248

The normial stress () is obtained from equation 3.3.:

i A (33

M moment.
¢: largest distance from the neutral surface:
1 moment of inertia,



1.BKN « 0.1015m
16.12 = 10~ %m*

iy =

o= 1133MFPu

So the maximum allowable nermol stress is:

B i =S e e e e e (3.4)
= 250MPa = 1.

= 166.67MFPa

Db maxail

So the real factor of safery (n') is:

: yield stress
e

~ gllwable stress

655MPa

= 166.67MPu

= 3.93

%5 poticed fram the previous calculations. the caleutated shear and normal stressas
W= bess than the yield stresses value, which mesn that our assumptions for the

. : 4 . T :
Sensions are valid, so the real Faclor of safety (') istaken as 2.48




CHAPTER FOUR

Hydraulic Design

4 | Introduction
4 2 Calculations
< 3 Buckling

4 Conductor Selection




2.1 lntroduction

The hydraulic circuit containg & group of companents such as puinp, actuatars,
comtrol valves and conductors arranged to perform a useful task. When designing &

S draulie cireuit, the following considerations must be taken in (o account: [3]

Vurialde Noo Remn
Thorwiile Valve

£3- Way NC - Doubile

Figure 4.1 hydraulic system.

® Safety of operation.
» Performance of the desired function.
= Efficiency of aperativn,

W s chapter the hydraulic svstem will be designed to perform its task which is
mble in u safely.



First of 211, from the lead analysis the maximum force that the hydraulic sysiem

o overcome L is 25KN, then we gsswne the maximum pressure in the hydraulic

e 50 b 160 bar (160%10° pa).

So the arca of the cylinder is obtained from eguation 4.1:

¥ foree;

A cross section arca of the piston.

Then by substituting the force and pressure in equation 4.1

Ly 25KN
160 + 105

=156 +10"¥m?
<. the dismeter of the eylinder (D) is equal 0.0446 m*.
S from Rexrath Busch group catalog for ovlinders, the diameier of the cylinder

e 5 Be 50 mm. and the rod of the piston diameter is 32 mm, and the velocily

geton assumed to be 0.026 m/s,

A ctusl flow rate can be obtained from equation 4.2

A ¢ross sectinnal arca of the piston.
Vs velocity of the fluid.
B setstnating in cquation 4.2

0. = 0.00196=0.026 =51 + 107" m%/s

_31-




Ry assuming the volumetric efticiency to he 95%, theorstical flow rate (Qie)

can he ahtained from eguation 4.53:

(o actual flow rate.
T+ velumertric efficiency.
By substituting (€ 2) and v in cquation 4.3:
Qirco = 534 + 107 mi/s
S0 hy choasing 1400 RPM maotor to drive the pump and the displacement
volume (v) is chosen to be 4 em’/rev the acwal flow rate can celeulated by equation
4.4
Where:
V: displacement valume.
MN:motor RPM.
Q,=4+107%+1400=9334+«107* m?/s

The velocity can he ohtained from equation 4.5:

Where;
Qu: actual flow rate.

A cross section area ol the piston.

So hy substituting in equation 4.5:

V = 4762« 10 *m/s




4.3 Buckling of the Hydraulic Piston:

The force causing buckling can bz caleulated from equation £.6:

; n2rEsl :
F Buckllng :IE;TU b R T A e S i s {-l-'f.l]

Where:
Iz elasticity module.
|: area moment.
I.:: free buckling length,
U: satety factor (2.5 = 3.3)
Sa by substituting in eguation 4.6:
Fhuckiing = 13.56 = 109N > Fjooq =25+ 10° N

So the design is safe from buckling.

4.4 Conductor Selection

The main [unction of the conductars is interconmect the various compenents of

the system, and it has many type. steel pipes., steel Wibes, plastic tubes, flzxible hoses,
So the chivice of type depend on:

l. Opcruting pressure.
2. Tlow rale,
3, Typeof fluid,
4, Tempsrature.
5. Vibratien and relative motion between parts
Lines must withstand pressures as high as FOUR times the working pressure

so the material selected for the conductor is steel SAE 1010

=33 -




As noticed from previous caleulation flow rate is cqual 33.4% 107 (-6) m*/s and
veloeity of the Huid 15 equal $7.6%10% (-3) m*'s so the required areq for the conductor
can be valeulated from equation 4.2, which equal (A 0.00121 m* 56 the diameter of the
pipe is (D) equal 37 mm, the from metric tube size tahle the tube with vuter digmeter
(DO=50mm), and inner diameter (Di=3 Tmm). and thickness (=6mm) have heep

selected.

The burst pressure (BP) fur the selected (ube can he determine fram the equation

4.7
e Se—— SRR (4.7 [1]
Where:

L thickness of'the tuba,
5: tensile strength of the tube material.
Di: nner dismeter of the tube,

By substituting in equation 4.7:

_2#0.006=379+ 101

2 (.05

= 89(.96 MPu

The working pressure (WP) for the selected tibé can be determing from the

equation 4.8;

np
o=t e —— L

By substituting in equation 4.8:

90.96 - 108

WP = 1

= 22.74 MPa

50 the working pressure ol the tuhe is larger than the working prassure of the

system these mean that the tube design is safe.




CHAPTER FIVE

Software Programing

5.1 Introduction.
5.2 Load Cell Reading and Calibration.
5.3 Angle Reading.

5.4 Flow Chart.

- 3,5 3




5.1 Intraduciion

Software is installed on the microcontolier (PIC IBF4550), and the
microcentroller is connected to the hardware {Load cell. Potentiomeier. Push bultsns.

LCD). it process data colleeted from the sensors, and then execute the inswalled

instructions, and displays on LCD as shown in figure

Figure 8.1: Electronic board cireuit,

3.2 Load Cell Reading and Culibration.

Ihe lond cell is connected 1w an operaticnal amplificr tw amplificd the outpur sipnal,
then the amplified signal is entered to chanrcl AN | (Pin # 3 in PIC) as shown in figure

i




Figure 5.2: Load cell conrection,

The load cell reading determines the point at which the lifting system must stop.

5.2 Angle Reading,

The angular potentiometer is connected direelly to the microcontroller in ANO

{Pin+ 2 in PIC) as shown in figure 2.3,

ANGULAR_POTENTIOMETER

THENEL

Figore 53: polenliometar connaction,

When the microcontroller decides that the lifting option must stop, it takes the

reading of the potentiometsr, and process it then displays it on the 1.CT a5 the rallover

angle.




5.4 Flow Chart.
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CHAPTER SIX

Safety

6.1 Introduction.

6.2 Safety in Lifting Equipment.

6.3 Moving Vehicles Safely.

6.4 Hydraulic Systems Safety.

6.5 Safety in Tilting.




L1 Introduction

Successtul health and safety management in small engineering workshops is ahout
identifving the most frequent and possihle risks and adopting the right precaitions.

Laking into account time. mone ¥, and resources,

6.2 Safety in Lifting Equipment.

Althaugh lifting, supporting and handling cquipment can lighten the load of
manugl handling when properly used. many accidents happen when loads are dropped
from lifting equipment, either becanse ol poor slinging, or equipment failure or

overloading. [6]

Always:
. Muintain all lifting equipment, including thar used anily occasionally, such as
attachments to fork 1ifl ucks.

2, Train all users, particularly in the use of slings where nccessary.
3. Plan lifts in advance.
4. Ensure that the weisht and the distribution of any load is fet beyand the capacily

of the equipment being usad.

3. Provide safz places of work from which ta maintain hoists and lifts, particularly

ar heights.
6. Check the condition, tvpe and size of any evcholts used and ensure that the

thread type maiches the hole into which it is to be screwed,

6.3 Moving vehiclex safely,

Lorries, vans, cars and other vehicles and mobile plant are involved in many accidents,

when reversing and maneuvering in or around small workshops. These aceidents canse

mjuries and occasionally deaths when vietins are run ever or crushed. [8]




Vo reduce risks:
I Identify and clearly mark sale routes and locations for deliveriss and dispatches

which are;

Away from pedestrians as much us possible,

- In good eondition,

- Well litatall times when being used.

- Away from vulnerable plant.

- Marked clearly with suitably low speed limits,

ta

Provide loading bays with an exit from low level or a refuge t prevent

crushing.

3. Do not allow untrained drivers to drive vehicles.

4. Aveid reversing (eg by suitable traffic routing for example) or provide help for
reversing drivers if possible (eg a guide),

3. Use speed bumps to limit talfic speeds where necessary and make sure there

are gaps lor any lift trucks which have to cross them,

6. Select and Lrain your own drivers with care,

6.4 Hydraulic Systems Safetv,

Hydraulic systems are papular on many types of cyuipment because they reduce
the need for complex mechanical linkages and allow femote cantrol of numercus
operations. Hydraulie systems are used to lift implements: change the position of
implement components: (v uperate remate hydraulic metors; and to assist steerin e and
bruking. [7]

Many svstems store hvdraulic energy in accumulators, These accumulalors are
designed to store oil under pressure when the hydruulic pump cannor keep up with
demand. when the cngine is shut down. or when the hydraulic pump malfunctions, Even
thaugh the pump may be stopped or an implement disconnected, the svstem is still

under pressure, To work on the system sulely. relieve the pressure firsi. [7)




6.4.1 Pinhale Leak Injuries

Probably the mast common injury associated with hvdraulic systems is the resull
af pinhule leaks in hoses. These leaks are diffieult o locate. A persan may natice a
damp, oily, dirty place neara hydraulic line, Not seeing the leak, the person runs a hand
or finger along the ling to find it, When the pinhuole is reached. the Muid ean be injecred

into the skin as if from a hvpodermic syringe. [7]

Immediaely after the injection, the person experiences anly a slight stinging
sensation and may not think much about it. Several hours later, however, the wound
begins to throb and severe pain begins. By the time 2 doctor |y seen. it is oflen o late.
and the individual loses a finger ot entire arm.

Unfortunately, this kind of aceident is not unconunon. To reduce the chances of this
fvpe ol injury, run a piece of woad or cardboard alone the hose (ruther than (ingers) 1o

deteet the leak (sce Figure 6.1), | 7]

Figure 6.1 Pinhale Leak. [7]

6.4.2 Impraper Coupling

An improperly maintained hydraulic system can lead te component failures. Safe

hvdraulic system performance requires gencral maintenance. [7]




- Periodically check for oil lcaks and worn hases.
- Keep contaminants from hydraulic oil 2nd replace [ilters periodically,
- Coat eylinder rods with protective lubricants to avoid Tusting,

6.4.3 Tips for Safe Operation

Fallow these rules for safe hydraulics operation:

- Always lower the hydraulic working units to the ground before leaving the
machine.

- Block up the working units when you must work on the s yslem while
raised: do not rely on the hydraulic [ifi,

- Neverservice the hydraulic system while the machine engine is running
unless ubsolutely necessary (bleeding the sysiem).

- Donot remove eylinders until the working units are resting on the ground
or securcly an safety stands or blocks: shut off the engine.

- Before disconnecting oil lines, relieve all hydraulic pressure and discharge
the accumulator (if usad),

= Besure all line connections are tight end lines arc not damaged: escaping
oil under pressure is a fire hazard and can cause personal injury,

= When washing parts. use a nonvolatile cleaning solyvent,
6.5 Salety in Tilting

Ta insure the safety while tilting the table. the vehicle un the mble is going o be
connected with the ground ro make sure that the vehicle will not rellover,




CHAPTER SEVEN

Prototype

7.1 Introduction.

7.2 Hardwar Change.




7.1 Introduction

A protolype is an carly sample, model or release of g product built ta tesl a concepl
CT Process ar to act as 4 thing 1o be repliceted or leamed from. (s a term used in a
variety  of  contexts, including semantics, des ign, electronics, and  software
programming. A prototvpe is designed 1o rest and trial a new design to ¢nhance
precision by system analysts and usess, Prototyping serves to provide specifications for

a real, working system rather than a theorstical one, [8]

7.2 Hardwure Change.

Protolyping in this project is dune on the hardware only, and the software remalns
bl BRRLLY prayj h

almost the same,

First the body of the prototype is made of steel structure with smaller scale, as

shown in figure 7.1,




Figure 7.1: Prototype.
Second. lifting system used in the protatype is electrical system instead of

tydraulie svstem, because it's more suitable for the prototype in s1ze and cost,

Finally the software remains almost the same. with small change in the output

signal and the number of load cells.
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