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The obhiective of this research work 15 to develoo a
micronrocessor—hased system to monitor the load state and
insure *he safervy of a mobile telesconic crane. The need for
an ot omat e and intellinont system that determines the
lifted load. im replacement *o hthe existing desiagn based on
analoo elepctronics, is to serve +he National Crane
Maru facturing Company ENMTRP-CRPG, Nin—-Smara, Algeria. The
rearventinnal micronrocessor-based systems use the searching
Fochricoue (look-up tables) to read the allowed load stored
LN nemory. The drawback of such technigue is that 1t
recuires a large amount of memory space which would increase
the searching time and the size of the hardware.

The soplution adopted in the prooosed design consists of
developing an eocuation relating the specific working
con-inura+tinns to the allowed load. The relation is obtained
fhragoh a numerical analysis method. THis approach reduces
areatly the memorv space. since the microprocessor computes
the allowed load from the corfficients proper to each
cont Ltiuration,. Thie resull waw checkod by bhe data of the
1040 crane mocdel, which are in good agreement with the data

nrovided by the manufacturer.

KEYWORDS: Microprocessor—based. Crane safe load. Monitoring,

Crane load
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PREFACE

Ty neenogad research WOk deals With a
mLTroarocessor—hased monitoring system that governs the load
“ate and i1nsure the safety of a mobile telescopic crane.
This nirabhlem of monitoring the load state of a mobile
PeCconlic Ccrane was nresented  +to  INELEC bv  an Algerian

CTrane Tactory at Nim—-Smara (ENMTP-CPG) who are willinag to

supoert the project. The need for an automatic and
intelligcent system that monitor the crane load state 1s to

renlace the existing system based on analog electronics.

Tte design approach of such a system consists of three
stenae: +*he crae mechanical analysis. the crane mathematical
mode Ll ing, antd the hardWaWE and sottware desion.

The mechanical analysis step describes the mechanical
hehavior of the mohbhile telescopilic crane under different
stress conditions, and allows understandina the working
envirotment this cranme tvoe is subliect to.

Thanter 1 defines the cramne type énd gives a general
~rane descripntion., It explains the causes of overturmning and
The need of designing such a sy<tem. At the end of this
~ranter, a hbrief discussion, concerning the major designers
0f such systems in the world, 1s given.

Cranter 7 descrihbes the existing system design principle

whicn is based on analog- electronics, and states the major

/

disadvantages, especially those related to the transducers

srten resolutions.,
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A hrief discussion 15 Qlven to describe the new svstem
nrincinie. Tt 1llustrates the position of the .
mrraoesed transducers and shows the control display panel
Frrouch which the operator can select the configuration and
rme data to he.displaved. A listing of the system advantages
i5 giver at +the end of thi% chanter.

Thapter 3 gives a detailed crane static analv515‘ under
varioua working conditions. These conditions are defined as
the secuovlity level, the crane sitting mode, and the crane
confiourations. Thelwdetermination of the allowed load 1is

obtairesd througch a numerical analvsis, whereas, the lifted

Tmad determinatiorn i1s based on the proposed transducers.

The determination of the allowed load needs to
undersatand neviectly the cramne mechanmical behavaior under

different strecges., The identification of these wvariance
denends on spneclal mechanical rtheory and rules, namely.
those related to the norms DIN which are applied to this
crane tvne. Becauvse of these difficulties, chapter 4
explains how the mathematical mocda2!l 1is used to approximate
the o allowed load. This was achievecd by  uUsing numerical
analysis methods that leads to the best optimum formula
which coverns crane operation, and gives the allowed load as
a key parameter to the solution of the problem depending
pege~tially on both the boom angle and length. Thus. the
dererminationn of the allowed load is by computation, unlike
the ronventional microprocessor—-hased crane load state
monitorino systems, where the allowed load values afe stored

in memories. These values are read from memories according



fo the selected confiouration.

Chapter 5 gives a detalled descriptiaon on th?_ control
dieplay nanel and the function related to the different
swltrmhes. Nlso 1t gives a svshtem hardware description. This
Rardware was carefully desianed in such a way o minimize
the nomber of camponents used and hence the cost. )

The system software 1s treated in chapter &6 where the
snftware routines are e%plained. All the process of solving
the various equations is fully described.

Tre last chapter, describes the difficulties in
seslianing such a monitorinag svsetem and gives an approximated
cost. 'F oalso sucoests the possibility  to standardize the
syster electronics bv pronosing a set of points for further

wWaork .
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CHMP T ERR 1

L TN

A cTrane 15 a mechanical system ecquipped 1n such a way

LRI o ¥ o S loars from one nlace and carries them to
ancther o generally ot drLtterent altitude. this load is

vt by unhniown Lot he O g tbor , angdd may et thes oy ane L

dancoer sirtuation. The proposed research work 1s designed to
prevert the crane from any  danger by taking some actions
Such as shopping instantaneocusly the crane movement,
crgnlayaing sore usetul antormation that help the operator an
ad ugy ina some narameters to insure & safe manoeuvrabilility.
The operator A nermanently informed on the load ratio
throuagn the nanel!l display, nlaced on the board. This design
anproach 15 haged on a mohile telescoplc *“ype which 1s
maruYacturer hy an Algerian CTrane Factory, the ENMTP-CPG at
Nim—Smera, and the manufacturer recuirements (11, The model
chyme ey 19 the RGO L0040, which 15 shown in Fig.d.1, and

rfomrriBad helow. Therefore all the analvsis and the derived

formueles are only anplied to this model.

L. Crane Descrintion

e TS HO40 0 a mohtle telesconic crane, which has a
ol e Tola heor with o a maximum lenghtih =of 320 m. The boom is

moun Yot on g rotating disc nrovidlng a slew through 360°,

AN hae, g o max imeen capac sty nf a0 tonnes,. Trols equliponed as
s introduction



stancdard with four hydraulic four-point foldinao outrigagers
Ceallon aluo wtabilizer). indenpencdently controtled from the
~ah. Tre crame manoeuvre can he on outrigogers or on  wheels.
Tt mMag a fully synchronized telescopina hoom with a standard
3
lattirms sxitonsion which can he mournted ov removed. The
Tiftad range angle ise 95° (minimum 10° and maximum &63°), SO
many n¥ these parameters may change while the crane 1S
ppera+ting. Therefore, some combinations of these parameters

may nnt he allowed denending on the crane position and

nravoke a danger o the crane.

1.7 QVERTURNING FACTORS
N mphile telescopic cranme 1s usdally exposed to the risk
0% ovarturning due to overloading or/and i1mproper
nositicning, This may result in A substantial damage to
oo ag well as ko perasona., The ococurrence of nverturning
1o odum o tthe moment of the lifted load with respect to the
rotatinon axis. This axls 1s normal to the vertical plane

coantarning the bomom. This moment depends on the weight of
hath +he lifted load and the hoom, the length and the angle
nf che hoom, the Swimqihq rate of the load, the sitting mode
of the crane, the  overbalancing reference axis, 1f  the
Liftad 1oad 15 over the side or the front of the crame as
Fig.1.7. and other snecific parameters considered

SOOwa LN

1in the  dynamics  of the crane. Generally snoeaking this

“ . introcduction



nverTor-mino moment 1s due to a lack of operator technical

Fraining and misiudoement of the lifted load.

N RMime Aecree of popnerators skirll o and nerformance 1s required

o keon such o an aneration within a safe tolerance.

FORON MONITORING SYSTEM

T Fime e nOnSEe needod for  controlling the above
narammaiarg requlres a man—-machine interface to assist the
aneratoar 1n monitoring the 1ifted load. The proposed system

inned to serve the nurpose of this interface. However

bnis control should not bhe left to the Judgment of the

ot}

noerato- hecause of the following reasons :
- " Bvaluation of Ehe crane@ operation neaeds
instantanenuys and cumbhersome computations and nrecise

moacuroements,

-

i Sonerally., the l1ifted loads are unknown to the
onerarnr.,

=N human e subhjerct to the concentration and the
artentinn decavy at any instant.

4- The experienced operator can do the job but with a
maroin of security and this results in loss in  operation
efiiciency.

5— Tre onerator attention is normally directed towards

exrterns! manosuvres rather fhan monitoring the load state on

the crane.

X rntroduction
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nomne other hand, an el

m

ectronic syvstem can always be
desicned to fulfil the above requlrements and manv‘ others.,
he interpatinnal conventions which regqulire the Dresence of
Guet ayosrteoms 0N the crane oo beyond that, and specifv thelr
rharacrferi bl sueh a5, Y he ability to stop the crane

meywomeEn e decide the ma X L mum allowed toad ratio, and

calculete The allnwed load nercentage that canm overturn the

Witn the advent of microelectronics. 1t has become clear

Fhat a crost-effective and intelligent microprocessor-hased

i

rontorisag system 15 feasible. Recause MOS technoloay
redyces he cost of hRardware 10 computer systems by reducing
the cnre of “he nackages and 1ncreasing the component

dApng ity . Thia has opened the door to complex and impor tant

arnloootione 1N varinus fields, The most important point

JInCLT o micranrac sss0rs 1s that, they have maximum flexibility

ot
3
2l]

ior Interfacing larce variety of devices. Real—-time
anplications need an interface to connect a phvsical system
b a micronrocessor. The  Iinterface consists of a minimum
circuiiry needed to condition the signals that originate in

mon: teoun the crame to meet  the input reculrements of the

micron-ooassor, 1t alse freats  microprocessor  oriliginated
-

L1nmals to nrovide what 19 needed by the operator. Such a

svetom 1s oenerally called © Load State Mopnitoring System 7.7

b introduction
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Overturning axie

Onvosite arie

. Dtrippeare made [ Ranm nernendicu’ar to the crane axia )
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Crane avis

Y. Wrroale made { Boom to the rear in +he crane axis )

T, 1.2 Sittine mode.Aand hoom positions
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The aroRosed s/eTem will assist the operator during crane
1 (- TSR0 VA & -4

Mo nvr e ane wi bl bake decisiona on hohal f of the operator

.

ationes. Sucrh o sysbem can bDe governed by an

3
o
&
=

Gmel L e mpraan winh little ftraining and experience.
Nem e Rihat a sate sysbtem ex1ta in the international
mavios 21 it different technoloav. rhe most popular ones
sre miven im the followinno sechion.
CLa CRANS SAFE LONAD MANUEACT LIRERS

Ly T TATON car-noration has hemn a ma1or producer of
Franme monilrorino egulioment in the Ynited States, it is
MFfe- a0 analon  devices  that  glves a  aross mement  and
ner-ortanns of aperating Limits, 1t ouses 3 tensiometer to
Mpacen Fhe Vifred load.,

>y O TTTON Industries nas cdevelooed a monitoring gystem

>

e o & mimicomputer amnd strain gaunes to measure
ae oo forcos at oivob moyinte on the Crane. and 1t 1s a

1

veary cormnloy method and exoensive.

T YRUGITR Camnany of Wesh Sermany 15 the current leader

in mechanical monitors based on cams and gears. this system

1

T mocerately pxpensive and reliable svstem. tut is not

Flax mle from aone crane tao another.
vPYE Limited in the U.K. through 1ts ECYD subsidiary is

L@ leadino fFirm o in the UL nroducing crane monitoring

= introduction

.



devi-ee hased on electromechanical principles

TYOVARGANTTE . of LK. e another leading Ccompany 1in
Micr anrornasor—hased crane 'oad monitoring gvatéhs and
prme cee dif farant models  hut all uses  the same measur Lna
Pl L@ khat 1s adonted o Yhe pronnesed asystem. Praices of
nearly all systems avallable., are very high compared to the
sire of the hardware required. spfrware programming  and

Effc -+ mut—in, anct it ranaes from 282000 FF +o 50000 FF  and

reic framandes on number of units to be nurchased

Q introduction



CHaPTER 2

EXIST ING AND PROPOSE D

SYSTEM DESCRIPFPTION

2.1 Existing system description.
2.1.1 Existing system.
2.1.2 System principle.
2.1.3 Disadvantages.

2.2 Proposed system description.

2.2.1 Advantages.

10



CHAaP TER 2

2.1 EXISTING SYSTEM DESCRIPTION

2.1.1 Existing System

The existing system 1is based on an analog electronics.
which occupies a large space. The design principle uses
three type of transducers to acquire information. These
transducers are:

- Angle transducer, placed in such a way to measure the
angle with respect to the vertical. It is based on a
rotative mechanism with 12 sector tracks, each sector
represents 5 degrees, thus the full range measurement is 595
degrees. During crane manoeuvre, only one sector track can
be selected, the first sector represents 10° and the last
one 65°. Notice that, the measurement principle 1s based on
discrete points with a step of 5 degrees, thus 1t has a noor
resolution.

- Length transducer, is partitioned into three sections.
and simulated by a serial switching mechanism made to
activate each of the three micro-switches. The full length
section is given by the three-section boom {when the three
micro-switches are closed, 3/3), extend to 30 m and may be
evén more when the standard lattice extension boom is
mounted. Alternatively the crane can be supplied with a
two—-section fully synchronized boom (2/3) with 23.9 m long.

or a one-section boom (1/3) of 17.9 m length, or working

11 existing and new system



Just with the boom-base with 11.9 m long. The appropriate
electronic card which contains a large amount of analon
comparators is selected by the angle transducer sector, thuxs
depending on the length used, a voltage 1is picked-up to he
compared with the output of the force transducer at
different working conditions. Notice that, this switching
mechanism is based on a discrete measurement.principle with
a step of 6 m. All reference voltages need to be calibrated
during installation process.

- Force transducer, i1s based on the bending force f at a
point P placed on the boom. A strain gauge is used to
measure the force f and attached to the side of the boom at
the point P as shown in Fig.2.1a. The unigque feature of this
design is that the strain gauges bonded to the web of the
"I" section inner beam respond to shear force., not bending
moments. This strain gauge 1s subject to variations s
temperature. All voltages required are provided by Z4v crane

battery.

2.1.2 System Principle

The existing system block diagram 1is shown in Fig.2.1c.
During calibration, the 3 length partitions and the 127 angle
sectors are combined with the crame configuration to set up
the maximum allowed load tables, which 1is 1llustrated 1in

Fig.2.1b. These tables are stored in memory. During normal

12 existing and new system



operation, the selected configuration (using the program
preselector), and the length are coupled to address the
memory. These represgnt 5‘ stored angle points whDS; values
are applied to the angle potentiometer. Depending on the
actual amgle a voltage i1s picked up and driven to the
comparator. this voltégé represents the max 1mum allowed
load. The force ‘transducer is uéed to measure the lifted
load. Comparison 1s made Between the lifted and allowed
load, then decision is taken, either to allow lifting, or to
stop the crane movement by indicating the corresponding
fault through relay, and lamps on the display console unit.

At a load ratio greater than 100%, the overload state 1is
declared by stopping the crane movement, whereas between'BSZ
and 1007 a warning state is declared, and fimnally below B85%
indicating the safe working conditions. These states are
indicated through the amnalog display.

However, such a system represents some disadvantages
which are described below and because of these reasons and
others, the manufacturer have been expressed the need of a
sophisticated design based on a microprocessor to monitor
the lifted load and also providing a new display console
that may help the operator 1in adjusting some parameters to

insure the crane manoeuvre,

13 existing and new system



Fig.2.1 Existing system principle

Angie(" Volts méonditions

15 ° 2.80 Program N°® 6

20 ° 1.95

25 ° 1.85 Not Stabilised

35 o 1.70 ( to rear )

70 ° 1.30 5.5t T1/3

b. Load table

a. Bending

Length Transducer

] .
. Program Preselectory % »
oogo/‘ OD " l—w

Memory ]
Y J
-
A Mransd Load Transducer
ngle, Transducer o
<
1 i

I v :
omparator . .
S -

c.. System block diagram

14 existing and new system



2.1.3 Disadvantages

- A big analog circuitry occupying a large space, which
increase the risk of fault, and need more maintenance.

- Limited precision, due to the type of transducers.

- Low system efficiency. due to large length and angle
resolution.

- Large angle and length measuring steps that may lead to
a non—-indicated hazardoqslconditions.

- Less informative.

- Reqguires manual and point-to-point time consuming

calibrstion.

2.2 PROPOSED SYSTEM DESCRIPTION

The oproposed system 1s based on the evolution of
microelectronics technology and its great revelation, the
MICroprocessor.

This system uses three proposed type of transducers as shown
in Fig.Z.lb)a :

- Angle transducer {linear potentiometér 1% error).

- Length transducer (linear potentiometer 17 error).

- Pressure transducer (range of 500 bars).

Three approaches have been developed to monitor the 1lifted
load. First, the determination of the lifted load is based
on the crane mechanical analysis using the proposed

transducers. Second, the evaluation of the allowed load 1is

15 existing and new system



obtained through a relation, wilthout passing through the
complex mechanics theory, this evaluation 1s defined as the
crane mathematical model. Third, the boom moment isicomputed
using a linear relation, 1nstead of us1ng decomposition
theorem. These approaches are detailed 1in the next - two
chapters.

The system description diagram is shown in Fi1g.2.2, which
illustrates the crane type, and the display console unit. On
the display console unit we find some commutators from S, té
Ury made available to the operator to et the crane wor ko tng
configuration as weell as . the data to be displayed. This 15
used so, to inform the operator on difterent parameter to

perform a good functionihg.

2.2.1 Advantages

- Real time monitoring system.

- Fast respond time.

— Precision depends directly on the transducer rather
thamn on the microprocessor system.

- Continuous step of length, angle and pressure.

— Small size of circuilitry.

- Software programming offers a great flexibility in the
system modification.

- Possible diagnosis software facilities system

¢

maintenance.

16 existing and new svystem



Fig.Z.1la Lengtnh transducer

Fic.2Z.1b angle transducer (on orme o ian: o

16D =R NS SR N S VS B SV BT R



- The design can be implemented on a wide versatility of
crane type without any modification in the hardware. The

particular design specification for each crane are

consadered 1n software routines.

17 ~existing and new system
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CHAOP TER 3

CRAaNE ST a1 1 ANAL. Y S 1S

3.1 Crane static analysis.

J.1.1 Security level.

3.1.2 Sitting mode.

.2 Allowed load determination.
3.2.1 Proposed solution.
R Lifted load detevrmination.



CHAarP T TER =

3.1 CRANE STATIC ANALYSIS -

Rased on the " three proposed transducers, the
international standard norms r31, and the crane model

particularity,. a crane mechanical analysis is studied and
formulas of different parameters were derived. They are
given in a compact form as tunction of the measured
variables. These variables are defined as the outputs of the
three transducers, where g, L, and Px expresses respectively
the boom angle, the boom_ length, and the pressure. Other
parameters are also considered, which are constants and
known as the data crane personality.
Sel.l Security Level
According to the International standard norms (norm DIN),
which defines many mechanical rules namely the load swinging
rate, the wind force, the safety factor, the crane material
constraint, and many others. The most important is the norm
DIN 15019, which specifies that, only 7574 of the maximum
allowed load 1is to he lifted. This 1s due to the fact that
many parameters are uncontrollable, and may change under the

dynamic behavior of the crane.

20 crane static analysis



3.1.2 Sitting Mode

The sitting mode is one of the most important parameter
which defines the allowed load. The CPG 1040 offers two
sitting modes which are:

a) Wheels mode: The crane can operate on 1ts wheels, where
the boom has to be oriented to the rear, because 1t 1s the
only possibility to have a good stability which correspond
to a maximum load that can be lifted. Note that, the
rotational axis is in the middle of the crane chassis. which
is defined as the virtual ground. The boom orientation 15
shown in Fig.l.Zb. A magnetic switch is used to detect this
orientation, and it 1s placed on the rotating disc upon
which the boom is mounted. The maximum boom length 1is 17.9m.

b) Outriggers mode: The crane is on 1ts outriggers having
a boom freedom of 360°, theretftore the boom can swap over all
the crane axis. Because of this freedom, the crane anaivsis
considers two overbalancing axis references. The first, 18
defined as, when the boom orientation is in front of the
crane, the second, 1s defined as, when the boom 15 Oover the
crane side. Since that two overbalancing axis are possible.
it will automatically lead to two free ranges, where the
free range is defined as the distance from the li1fted loaa

(projection to ground) to the overbalancing axls refrterence.

F,, represents the free range when the boom i1s parallel to

21 crane static analysis



the crane axis., and F+=z when the boom is perpendicular to
the crane axis, as shown in Fig.l1.2a. The use of outriggers
offer more stability to the crane, because 1t has an
appropriate sitting on the ground. The maximum boom lengtn

is 30m, and the orientation switch should be disabled.

3.2 ALLOWED LOAD DETERMINAT ION

Based on the crane mechanical analvsis, the maximum

allowed load 1is given by:

(r.t)

Where : Ms 1 the overbalancing moment

F., 1s the free range

P. 1s the maximum overbalancing load.
Referring to Fig.3.1, which shows the static equilibrium,
and the distributed weights overall the crane parts. The
overbalancing moment is computed from mechanical data, sSuch
as those related to counterweight, chassis weight, rotataing
disc weight and other weights as specified 1in Fig.3.1. These
data are provided by the manufacturer and used to compute

Me .
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Fig.3.1 Overbalancin
m
Counter Weight g moment

:distance between Cw and axis of rotation
:telescope weight acts at the lower end
:distance between Twl and axis of rotation
::Turret (rotating disc) weight

:distance between Dw and axis of rotation

:telescope weight acts at the upper end

;distance between T\, and axis of rotation (may +ive or -ive)
:1ift cable weight

:distance between Lc and axis of rotation {(may +ive or -ive)
:chassis weight

dehy:centre of chassis and axis of rotation

MS:Chw. dCh
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The evaluation of the overbalancing load needs the
identification of the free range. This free range depends on
the overbalancing axis reference and the load axis projected
to the platform. Since the crane can have two overbalancing
axis as mentioned previously, the considered retarence  will
depend on the load axis and the boom orientation. The boom
orientation can change continuously while the operator 15
manoeuvring. However, trying to identify the free range, and
the overbalancing load need a complex mechanical analysis,
and because of this complexity, the manufacturer proviages
these loads 1in tabulated form referred to as '~ (oad tables .,
which are given in Appendix A, and speclify under what
configuration (different crame positioning) these data are
valid. A proposed solution has been given, which leads to a

good results as those given by the manutacturer.

3.2.1 Proposed Solution

The dynamic analysis of a crane is required to determine
the allowed load to be lifted. Because of the complexity of
the equations governing the crane behavior under dynamic
conditions, the manufacturer provides a set of Load " Tables.
These data are used to develop a mathematical model which
gives the allowed load through a numerical analysis methad.

This model is implemented by software in the system memory
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and can be easily used by an electronics engineer with
limited knowledge in mechanical design. This matbhematical

model 1s described 1in the next chapter.

3.3 LIFTED LOAD DETERMINATION

The lifted load is the !oad hooked by the crane and not
necessarily represents the overbalamcing load. If the lifted
load exceeds the allowed load, it can then be called as the
overbalancing load. Hence, as the crane should always
operate at only 75%4 of its overbalancing load, the lifted
load can be determined by anmalysing the static state of
forces acting on the crame boom, and considering the crane
chassis as a platform on virtual ground. The force and the
data needed for determining this load are given by the
output tramsducers.
The advantage ot using these transducers is that, it gives a
continuous signal to the system, and the step can be decided
by software.
Referring to Fig.3.2 which shows the different forces

exerted on the crane.

at equilibrium:

ZV,O'XI’,.*'M,"'VT*V,C'O (1.2)
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¥Fip. 3.2 Load expression

crane static analysis
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Where '0° 1s the crane rotational disc axis. The oparallel
gutrigger boxes are welded integral to the frame, giving the
crane o virtaally gguare hlocking bages Thiy refterencg AX 1Y
15 considered to be the middle of the square blocking base
for both sitting modes. The determination of each term of

Eg.1.2 is given below:

a/ Lifted Loa

d Moment M,

Referring to Fig.3.2, the lifted load moment is given by:
Mp=PY, (1.3)

where Yo=Lsina+e,cosa (1.3a)

b/ Tension Cable Moment pm.,
Referring again to Fig.%.2, the tension cable moment 1s as

follows:

Mr=Te, (1.4)
where P
T=N (N =number of shoots) (1.4a)
c/  Boom Momen®t M,
Since the gravitational centre of the boom changes

depending on its length, and the distribution weight of the
boom is non-uniform along its length, the mechanical

engineers use the decomposition theorem to find the boom

27 crane static analysis



moment. This process needs a lot of computations, and hence
more consuming time ot the processor. The approach given in
the proposed design 1s to look for a relation between the
boom moment and its length. In fact there exist a linear
relationship bheotween them. This relation is demonstrated
referring to Fig.3%.3%, as follows:

The boom completely IN is shown in Fig.3.3a. 1ts moment is:

M = AP+ AP+ AP,
The boom completely OUT i1s shown in Fig.3.3b, its moment is:
Mou=AgPo+{A +C)P +(A,+2¢)P,

The distance (2c) is fix with respect to the distance (c)
because the hydraulic system synchronizes the three
sections. As an example, 1if the second boom section moves
out by a distance ¢, the third section will be automatically

at 2c.

C L max L min
at any distanmce x, the moment will be:

My=M_+(P +2P,)X

In the general form :

My=al+M, (1.5)

where Mw_.M€

(1.5a)
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As the boom moves upwards to form angle g , a correction

factor sing is to be added in Fag.l1.5.

cl/ Hydraulic Jaclk Moment M, R
Referring to Fig.3.4a, the hydraulic jack moment is given
by :

M, =1 (1.6)

N

The determination of the distance d 15 demonstrated as

follows:

Ac

d=0C-M'C tan ff = AC= A0 +0'C

OC= —— CM =CO’sinp
cos f3

CO'=AC-AO0"=htan - AO’

h hsin?
d = -(htanf—- A0 )sinf = -2 B+AO’sinB
cos fR cos f3 cos f3
therefaore d=hcosf+ A0 sinf (1.6a)

replacing each Moment’'s term in Eg.1.1, we end up with the

following equation:

p o Falhcosp+ A0 sinB) - Mysina (1.7)

. e,
v)(l_smow-ezcosa N)

since f=90~-a’

and we know that: b4 )
cosfF=cos| ~-o’ |=sina
A
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therefore, the final lifted load expression i1s given by:

lalhsinag + A0 cosa’ Y- M ysina
M = lalhsir o *F A0 cosa’) - Mysina (1.8)

. €1
z/)g(Lsma-ezcosa—;)

where the three variables are ¢, Ly Pmay, With Pm being the
output of the pressure transducer. The remalining terms are
constant, and constitute the data crane personality, $ 1s
the safely cogfficxent which takes the value of 1.2; and 1f
S is the piston area of the hydraulic jack, Fm=Px.S . Note
that, P=M.g , g is the gravitational acceleration.

These variables are fed into the microprocessor through
three transducers located at selected points on the crane
(see F10.2.72). Note that, the determination of o' 1s based on
the illustration given Fig.3.4b, and the equation 1s as

follows:

Mna,BL.,sina,+egcosa—O'A (1.8a)
A3 ; .
L,cosa—-egsina+h

The other useful quantities needed by the operator to be
displayed on the
console unit are the height, Zo, and the free range, Yo,
respectively qgiven by:

Zo=lLcosa-e,sina+h (1.9)

Yo=Lsina+e,cosa—-0"A (1.10)
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CRAaNE MaTHEMATICAL MODEL
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Crame mathematical model.

Lo Crane controuration.,

Relative Errors.

.1l Relative Error as Function of the Angle.

.2 Relative Error as Function of the Length.

Crame data personality.
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- 2.0t countorwelght using wheels (2 tables),
In order to approximate these load tables, data representing
the allowed load at fixed length were plotted acguired
difterent angles and graphs  were examined. For the purpose
of this demonstration, 1t is considered that the crane 1is
mounted on outriggers with a counterweight of 5.5 tonnes,
and without lattice extension boom. This configuration is
defined by the curves shown in Fig.4.1. These data are given
in the first four tables in Appendix A.

Firset table, is defined for L=11.9m

Second table, i1s defined for L=17.9m

Third table. 15 defined for L=23%.9m

Fourth table., 1s defined for L=30.0m
Notice that. these curves are smooth, regular, but there 1s
no linear 1interpolation between two different length steps,
which means that, the curve for L=17.9m 1s not in the middle
between L=11.9m and L=23.9m. The Least Sguare me thod is
adopted to approximate those curves. This method 1s  defined
as “find the values of the constants 1n the chosen equation
that minimize the sum of the sqguared deviations of the
observed values trom those predicted by the eqguation’ . The
form of the general relation, is of the polynomial form
which 15 among the easiest empirical equation to fit. For
more details about the Least Sguare method known also as the

Multi—-Nonlinear Regression method because for the study case
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Manufacturer data
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the allowed load depends on two variliables, and 1t is agiven
in refererce T41. Thig method is applied to the third order
tar wach oo yo g U U obLtarmdd egualtian tyw of the farm

of:

Fyla)y=Ko+ K o+ K, o+ K, o (4.1)

This function represents the allowed load as function of the
angle ( o), where L 15 a conatant parameter. The subset N,
and the coefficients K stand only for designation. 1+t
L=11.9m, then N=0 and K=A. The same attribution will be for
the second curve, when L=17.9m, then N=1 and K=B and so on.

Thus., the four equations of the first four curves are:

Fola)=Ao+ Ao+ Aza?s Aya? (4.1a)
Fi(a)=Bo+B,a+Ba*+ R0’ (4.1b)
F;_(OL)-C0+C,(}(,+C2<],2+C30,3 (4.1c)
Fala)=Do+Dya+Dya+Dya’ (4.1d)
Therefaore, for the considered configuration sixteen

coefficients bhave been derived. Since, 1t is possible to

approximate these data as function of the angle ( ¢g), thus,
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the same approach can alaso bLe Used to ook tor Lhe PR
load as a funciion ot the length tL, thesr tine
equations are ot the torm:

Fy(LYy=A+BLy+CLL+DLy
Therefore, 1t 15 possible to eguate these Tunctions

they represents the same load tables.
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MAT (AY = MAT (g} = MAT (L) x MAT (COEF)

MAT (COEF) = MAT INV (L)Y » MAT (A) x MAT (d)

After determining the MAT (COLF), the allowed load tormula
as function of both the angle and the length 1s obtained and

written as follows:

Ao, L)y=A+RL+CL*+DL? (4.4)

where these coefficients are the form of

A=Ag+ Ao+ A,a+ A,a® (4.4a)
B=Ry+R,a+P,a”+ B a’ (4.4b)
C=Cy+C,0+Ca”+C,a° (4.4¢)
D=Dy+D,a+D,a?+D,a’ (4.4d)

Replacing the obtained coefficients in Eqg.4.4, the curves of
thevstudy case were plotted and shown in Fig.4.2. Based on
the precision requirement of the system, the results of the
computation are in good agreement with the data provided by
the manufactuFer. The validity of the present procedure 1is
verified by calculating intermediate curves which, indeed,
exhibit their nonlinear distribution on the graph with
varving L as shown in Fig.4.3. Notice that the numerical

method and the proposed one leads to the same results.
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Fir.4.2 Approximated data
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Fig.4.3 Approximated data with interpolation
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4.2 RELATIVE ERROR

i

4.2.1 Relative Error as Function of the Angle

The relative error was calculated to show the goodness of
the approxamotion, Thia reolative  orror was computed, first
as function ot the angle, and second as function of the
length.

First, consider the relative error as function of the angle.
Since the manufacturer provides only four tables for the
studyv rase, thus the relative errors were computed only for
these curves without any extra curves. These curves were
plotted and shown 1in Fig.4.4.

For L=11.9m, most of the relative error is less than 3%,
except that for o =6%9°, where 1t rises up to &7%.

For L=17.9m, the error is partitioned into two intervals,
first, less than 27 foraq <92.%°, and second, between 4% and
7.97% for 92.5°<Ca<65°, with a peek at o =60°.

Fgr L=23.9m, most of the error is less thanm 2% for o < 57.3°
then it increases abruptly to 11.5%4 for g >60°.

Fimally, for L=30.0m, the error lies between 2% and 4.5% for
< 45°, then 1t oscillates 4% and 10% for 45° C A< 65°, This
oscillation is may be due to the error given in load tables.

Examining all the curves, 1t is possible to say that the

N2 mathematical model



approxima*tion is cood for small angles where O <45° with an
error of 9%, and then it increases relatively for large
angles because thig parameter is rised to the power 3.
4000 Relat vy Error au Punct ton ot the Loength

Considering the relative error as function of the length,
where the angle 1% constant at different values, starting
from a =20 up to o =60° and 1ncreasing by a step of 10°,
The correspanding error were calculated and graphs were
plotted and shown in Fig.4.95.
For a =20°, the relative error 1is less than 2% for L<23.9m,
then it increases to 4.5% when L=30.0m.
For o =30°, tﬁe error is less than 27 over all the range,
thus, this error can be estimated to be a good
approximation.
For a =40", the error 1s less than 4% tor all lengths, it is
still a aood approximation.
For @ =50°., the error starts decreasing from 2.5% down to

1%, and then increases abruptly to 9%, for L=30.0m. This

error can be interpreted again to the fact that the length
parameter 1s rised to the power 3.

Fimally, for 0 =60°, the error starts increasing then
decreasing abruptly, this is due may be to an error at

L=17.9m. Because, the error is less than 3% except for that

length.
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Examining closely the relative errors for both graphs, there
exlst some abnormalities, specially for the relative error
as function of the length, where an abrupt discontinuity is
sensed at L=19.0m. This abnormality can be interpreted as a
change of some mechanical coefficients table that led to the
allowed load tables. The maximum error in both cases is
about 12%, thus 1t is possible to conclude that, this error
is acceptable, because it 1s within the range of the 2574 as
required by the mnorm (DIN 15019),

In the derivation of the relevant equations, in conjunction
with the crane model 1040, and the possible configuration,
sixteen coefficients have been obtaimed. This will amount to
64 coefficients when the four configurations are considered.
This approach permits the evaluation of the allowed load faor
any crane position. Note that, the allaowed load does not
characterize the crane capacity, as 1t changes with the

different confiqurations.
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(ZRANE DAaToe PERSONAL I TY

CENMTE O — OGS 1040

An = 33178 102 A, = -156 10-* Am = 3207 10-% Ax = -228 10-°

Bo = -3771 10-F B, = 2009 10-T Bz = —44724 10-® Bs = 3255 10-7

Co = 1531 10-T C, = -8772 10-® C= = 1998 10~ C= = —-1494 10-®

Do = -2091 10-° D, = 1253 10~ Dz = -2909 10-® D = 2195 10—~

| CRANE STABILISED ON 360° - S.5 t COUNTERWEIGHT — 9 SHOOTS |
f - NO EXTENSION |
Ao = 15664 10" N, = -5997 (0T A = 7322 10-° As = -2598 10-7

Bo = —1299 10-= B, = 3342 10~ Bo = -2067 10-® Bx = —-1555 10-®

e = 4054 1074 C, = -7792 10-¢ Caz = -2815 10-%® Cx = 4043 10-©

Do = —474 10-= D, = 6721 10-° D = 1061 10=® Dy = -2344 10-%

- o o o .

' CRANE ON WHEELS - 5.5 t COUNTERWEIGHT - § SHOOTS |
t |
B e e L i it T e et e e et T A T et e L e e e g i
Aw = 309 A, = —1316 10-= A= = 2447 10-% Ax = —1631 10-7

Bo = -35 By, = 1727 10-® Ba = —-3557 10-® By = 2519 10-7

Co = 1429 10-T C, = -7705 10-® Ca = 1663 10~ Cx = —-1205 10-°

Do = —1965 10-® D, = 1119 10-® Dz = —-2476 10-® Dz = 1813 10-1e

w CRANE STABIL ISED ON 360° - 2.0 t COUNTERWEIGHT - 9 SHOOTS

I -~ NO EXTENSION

I fhiietd i I T L s

Ao = =3712 10~* A, = 497 10-= An = —1735 10-* A= = 1563 10~

Bo = 7912 10- B, = -1347 10-T Bz = 379 10-% By = -3142 10-7

Co = —4737 10-F C, = 7777 10=® Cu= = -2082 10-® Cx = 1686 10-®

Do = 8797 10-= D, = —1303 10-% D= = 3408 10-® Dz = -2727 10-1o

; e o

g CRANE ON WHEELS - 2.0 t COUNTERWEIGHT — 9 SHOOTS f

— NO EXTENSION

|
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CHRANE DAaTA PERSONAL ITY
TENMTRE, — CPRPG 1040

(i s i

Il Designation Values ! Comments ”

\ | R e R

H Lo ; 32.40 m Length from pivoting axis to the hydraulic

E% | | jack fixation

z ; !

" I |

: h 5 0.81 m | Height from pivoting axis to the crane

) ] chassis z

it L |

g i

" e, ‘ 0.2 m ; LLength of the upper end boom to the

1 ‘ Z tension T !

i | ; !

i ex O0.61 m . Length from upper end boom to lifted 1Dad;

[t } !

I ] P 1

: ; I i

! ‘ Z i

g e ; 0.58 m | Length from the hydraulic jack %

. : ; ) . . ] |

' : i articulation to the boom fixation i
E i

. o’ 0.97 m i Distance of the rotational axis to the |

i ! !

b | bydraulic jack ‘

| ]

"t

g H 2.80 m Height from the earth to the cramne chassis

ﬂ ] . | ..

; 4 1.2 ! Safety coefficient l

“ bt Lures - e e e e S i
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SYSTEM

CHAaP TER S

.1 Svstem description.
.2 System hardware.
5.7.1 Regset interrupt.

HARDWARE

Storage memory organtsation,

Analog to digital

‘Digital to amalog

Data bus display.

System interrupt.

49

converter interfacing.
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CHARFRP TER 5

2.1 SYSTEM DESCRIPTION
The system description 1s  shown in Fig.2.2, which
1llustrates the position of the transducers on the crane,
and the display console unit.
On the displav console wunit, commutators are provided from

5. to S5, to set the crane configuration, and the data to be

displayed. The description of these switches i1is as follows:

1. displays angle & allowed load
Si: P, displays free ranqge & 11 frted load
I, displays length & height
Sz use of 9.9 or 2.0 tonnes counterweight
Sx: use of outriggers or wheels
Sa: use of extension boom or not

Sm & So: shoots in making the cable

) 0 ———==——- > 3 shoots
O 1 - > 4 shoots
1 O ————=——- > 9 shoots
1 1l ~=w=-———=> 9 shoots

1, normal scaling

S>: 2, offtset

The offset 15 used for an unskilled operator who is not

familiar with this crane type to offer more safety, meaning

S0 system hardware



thereby. the system will be 1in the warning state at 85% of
the maximum capacity, which represents 34 tonnes, i1nstead of

40 tonnes.

3.2 SYSTEM HARDWARE
The system hardware 15 based on the Motorola MC 68000,

running at B Mhz clock cvecle which is sufficient to monitor

the load, because of the following reasons:

- The crane orientation speed 1s 2.1 rpm.

- The maximum lifted time is 50 sec at 82°.

- The time taken to move out the maximum boom length (30.0m)

1s 100 sec.

Then, the orientation time taken by the crane to swap 360°

is 2.1 %« 60 sec. The critical time to execute the main

program is approximately 200 msec, thus for this short time

period, the boom can swap by an angle of:

360°x 200, 10‘3_

6°
2.1 x60
the lift angle can only change by:
B2°X L1073
82°x200.107° _ _ .,

50

These results are negligible to provide any danger to the

crane manoeuvre. The system hardware is shown in Fi1g.5.10.
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operation as the 68000 writes a word of data to a |l
memory. The write bus cycle that is performed to write data
to the scratch memory storage begins with the 68000 outuut
the address of the storage location that 1s to be accessing
on address bus lines A; through Azx=. Then 1t switches the 4s
output to 1its active O logic level. This signal tetls
external circuitry, that a valid address 1s avallable on tne
bus. At the same time, the 6B000 sets R/W to logic 0 1o
signal that a write bus cycle 1s in progress. Moreover , o
sets both UDS and IDF to their active O logic level 1
signal that a word data transfer 1s to take place over t e
data bus. Finally, the word of data that 1is to be wraitt.n

into memory is output on the data bus lines Do through Dy

—-—

SCRATCH _
P'EWY D(:x’D?
2016

2Kx8
RAM
0E R/W CE
20 [21] i8
IR -

Aa

O 0000 0000 000 O  lowest RAM add. 001000
0 1 1 1 highest RAM add. OOL7FF

Fig.5.4 2K RAM selection
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CLK
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0808
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RESET

Fig.5.5 A/D 0808 Inte-facine
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Fig.5.1 Interrupt interfacing circuit.
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5.2.1 Reset Interrupt

The system initialization is performed either at power
up, or by depressing the push-bottom located on the display
console unit. It consists of a reset flip-flop constructed
from two of the NAND gates on the 74LS00 and a monostable
multivibrator formed with the 5%% timer as shown in Fig.5.1.

The monostable multivibrator circuit 1is used to
initialize the complete microprocessor—-based svystem at power
ON. When the power switch is turned ON, capacitor Ci which
is connected from pin 2 of the 9%% to ground., acts like a
short circuit to ground, and forces the trigger, TRIC 1input
of the 9559 timer *to logic O. This causes the output at pin 3
to switch to the 1 logic level. As time elapes, Ci charges
toward the 1 logic level threshold of the TRIT input.. As 1t
excéedg this value. the OUTPUT returns to the O logic level.

In this wav. a sinaole pulse to the 1 logic level 1s produced

at the timer s QUTPUT pin 3.

The one shot pulse is generated as follows:

Tw = 1.1 RC

where R=|MQ0O, C=0.47ufF

T = 1.1.10® x 0.47.107*= = 517 ms
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This is a good choice because the system reset requires a
duration between 3050 and 600 ms.

The system can also be reset without turning OFF the main
power. Thisg is daone by depressing the reset push-button
placed in front of the operator. This reset, when depressed
gives 1 at pirm &6 of the flip-flop, and as 1t is released the
output i1s rocset to 0. This mechanism represents what is
called a warm start. The main objective of this push—~button
reset 1s to avolid the operator to switch QOQFF the system,
select a new configuration, switch ON again the system, or

after any halt state of the processor.

5.2.2 Storage Memory Organization
5.2.2.1 Proagram and Data Storage Memory
Figure 9.2 shows the 648000 MPU with the program and data
storage part. Notice that, it involves three key elements of
cireuitry: the EPRCM, the EPROM address decoder, and the

EPROM DTACK circuit.

a/ The 2716 EPROM
The kEPROM chipn that will be using for program and data
storage can hold 2x2048 eight bit words. Eleven address
lines are requlred to form 2048 different combinations,

since 2t*=72048. The 68000 has 23 address lines, so 172 lines
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(A, through As=x) are not required for address selection. We
may use any, or all limes for chip selection, that 1is for

determining whether or not we are accessing the EPROM.

b/ Chip select by address decoding

t
o

Figure

-
.

S hMows how 7 nput O gate selects the ERPROM,
This is the 4-K block from 000800,, to OO0OFFF... Notice that
the low order 11 address lines are used to select locations
within the N —~K block., where the MPU supplies address
information to bhoth ERPROM over address lines A, through Aio,
the address map in Fig.5.9Y shows that EPROM resides in  two
page ot the 62000«  address space, one used for the lower
byte and the other 1s for the higher byte. It 15 in this
section of memory that the instructions and the data crane
personalilty are stored. The starting space memory is

allocated with the exception vector.

- _,
PROGRAM | | PROGRAM
& DATA : J 1 & DATA
De — Dim 2716 fo = Pre > 2716 Do — D7>
KB < ! 2K X8
EPROM | EPROM A
e E E_CE
DS —— 20 | 18 (D5 20 |18
| l ﬂ'—oQ—— Avs
Wﬁ;
Azo Pie Arz Pe Aa R

000 O 000 0O QOO0 O 000 0 000 O OO0 O lowest EPROM address 000800
000 QO 000 O OO0 O Q11 1 111 1 111l 1 highest EPROM address OOOFFF

Fig.5.3 The 2-K EPROM selection (Data and instruction)

u
[
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‘ el s |
S . |I | ‘
! B 2 k7K | CE | . CE
e _ 5 ( | | _EPROM 1 . EPROM 1
| s [ 1z |4 . DROGRAM l . PROGRAM |
o 7] b i J |
' D D D p | | | DATA |
T o Ul I — e |
C | g OE | - 0= |
l : ~n o7y 0 ~ ~ - :
| RN Q6 QQ QQ 20 20
oo T T T ‘, j
27 5] ne 7 8
e | -
_ | — SR
| TS LD3 |
!
’ MC 68000
| DTACK ROV1 DTACK
PR | 5

\ i
—

DTACK RAM

Fig 5.2 Program and Data Storage memory.
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Whenever an address 1n these ranges 1s output on the address
bus lines A, through Azo=-, the address decoder circuilt

detects 1ts occurrence and produce the EPROM enable signal.

c/ ERPRUM DVTACK Signal

The EPROM DTACK circult 1s used to produce the  DTATKRON
signal that tells the MPU to complete asynchronous bus
cycles that are nerformed to the program memory. This
circult 15 actually  a counter constructed from the D-type
flip—flops ot the 7415175 IC., The flip—-flops on this IC are
connec bed to form o oa 4 bit bimary counter., The clock 1nput at
pin ? of this counter is supplied by the 8-Mhz clock signal.
As a memory bus cvcle is initiated to program memory, EPROM
Fnable 1s switched to 1 and the counter increments toward a
count of 1000. When this count is reached, the ¥ output at
pin 14 switches to the O logic level. This makes the signal
UDW?RUV to logic O and the output of the 741,511 AND gate
signals the 68000 +that the bus cycle can be completed by

switching DTACXY to logic O.

5.2.2.2 Scratch Memory
The scratcﬁ memory interface is similar to that described
for the program and the data storage memory. Now thét, 1t
has been described the operation of the circuits involved in

the memory interface of Fig.5.4, let us trace through their
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5.2.3 ANALOG TO DIGITAL CONVERTER 0808

The A/D 0808 data acquisition device contains an B 10t
A/D converter, 8-channel multiplexer with an address Thipaat
latch and associated control logic. For this application., it
has been used only 3 input channels, INa, IN,, and [N=. Y
8 conversions time are about 100us, when using a 640 L
clock, but can convert a single 1input 1n as littte o
approximately S5ous. One conversion takes B8 approximat i,
and one approximation takes B8 clock periods.

Y conversion time = 64 clk peraiods.

5.2.3.1 Interfacing with the Microprocessor
Taking into account the parameters given by the o1
sheet:
1/ 3 channel select input (A, B, C).

2/ ALE is pulsed positively to

clock the addr.o .-
into the multiplexer address register.

3/ START is pulsed to begin the conversion internal registes
are cleared on the rising edge of this pulse and conversiun
igs initiated on the falling edge. Conversion starts at tiie
beginning of the next B8 clk cycle.

4/ EOC is low at the beginning of the next 8 clk and stay -0

until the end of conversion after 64 clocks.

5/ OE is rising high to enable the control outputs and data
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are read.
6/ Dutput buffers are necessary to  interface with e
external signal.

The A/D interfacing is shown in Fig.5.5, 1t 1llustrat.y
the selection of the three parameters, the angle. Ul
length, and the pressure needed for solving the derivid
equations is commanded by the two flip—-flop FF,; and i .
Since the system needs only three input parameters, thus two
channel select (A and B) will be sufficient for selectiny
these inputs, the third channel select (C) is grounded.

At a reset, the output of the two flip-flops, FFi1 and FF oy
are at logic O, this means that, the channel select 1npuls,
are both set to logic O (A=0 and B=0) which allows the
selection of the angle. The process of selection L
illustrated in Fig.5.6.

The VNA signal is used to trigger the'ALE of A/D, at the

starting of the operation which accede to the angle 1npat.

The CPU writes a dummy data on the address specified by the
address decoder to write on the A/D, this causes the signals
to be set. As=0,R/W=0 gutput of the address decoder 1s 1, now

the start input is at logic level 1. When the conversion 15
accomplished the A/D will generate 1 through the EOC puin.
this signal is used to trigger the flip—-flop, FF= to setaout
bne priority level through the 8x3 encoder. The three

outputs of the encoder are connected to TIPL;, TPL;. TPL., when
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the processor 15
Fes, Faro Fea at 1, these 1

interrupted,

are used

1t will automatical iv proit

to clock the FF,. g e

causes a change on the output of the FF., which switches Lo

logic 1, thus, the
logic O1 respectively,

of the length, this signal

two flip—-flops.,.

FF- and FF, are now ot

this combination allows the selection

is inturn through the i1nverter ‘1o

trigger the VPA signal to the CPU.

To read the conversion data,

trigger the output

data bus. This procedure
needs to convert the three
The DTATK circuit 1s just
after the CPU address the

counts/ (one bus cycle), 1t

which enable to

the CPU sends a read cvcle condd

thie

latch data through

1is used each time when the b

input parameters.

a counter which starts count i

A/D peripheral., at the end ot i

sends a signal at DTACK 1nput te

allow the CPU to end the cycle. The same pracedurco ol
reading data, is used to read the configuration, white b
allows the processor to select the COrresponitiil

coefficients of the allowed load given by the Eq.4.4.

After converting the three variables,

coefficients of the selected configuration,

and reading the propoer

the processoar 19

ready to compute the four needed values which are:

— The allowed load A (a, L)
- The lifted load M

f ~ The free range Yo
- The height lo
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and through the digital to analog converter (DAC 1408), AT
processor displays permanently the percentage load ratio 1O

the analog coded display.

S T fhut | tnput] Input|var
FPa | FFP= | .0 B oL
0 0 0 o | o la |
1 0 1 o | 0 L “‘

Fig.5.6 Selection Input Variable

5.2.4 DIGITAL TO ANALOG CONVERTER

The DAC 1408 1is an 8-bit multiplying Digital-to-An.ioq
Converter, designed for a system where the output current i
a linear product of an g-bit digital word and an an:dtog
input voltage. The specifications are:

1/ 8-bit accuracy available in both temperature vanoe
relative accuracy 1s + 0.19% maximum error

2/ Fast setting time 300 ns typical

3/ Non—inverting digital inputs are MTTL and CMOS compatit:iv
4/ QOutput voltage swing +0.4 volt to -5.0 volts

5/ Standard supply voltages +5.0 V and -5 VvV to —-1% V

5.2.4.1 Interfacing with the Microprocessor

Notice that, the DAC 1408 do not have a latch. so 1t -

necessary to add an g-pbit latch, the IC 748373, to be ol
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to trigger it when ever a new data is set. Figure 5.7 ol
the circuit diagram wusing the 7405373, and the DAL Ledeng,
Notice alsoc that, a separate -15 volts supply is requir .
for the DAC 1408. The output 1is capable of assuminy .
different levels, s0 a nearly continuous waveform can i
produced.

The address decoding of the B8-bit latch data will Do
converted in about 300 ns, the analog signal will ented S
operational amplifier LM 741 connected 1n such a wday oG .,
to make an adjustment to the reference of the anaton
display, which is done during calibration.

The analog display>is portioned into three ranges deucr il

as follows:

-Dark range ---> Load ratio is less than 65%.
-Blank range —---> Load ratio is between 65% and 85%.
-Doted range —---> Load ratio is between 85% and 10V%.

If the lifted load exceeds 100%, a sonar alarm 15 actisv.

to indicate the overloading and the lifted crane maovement .

immediately stopped.
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Fig.5.7 D/A 1408 interfacing
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5.2.5 DATA BUS DISPLAY

There exists a very convenient (but rather expensive) L
package that will not only latch 4-bits of data. but decoue
the data to a hex digit O through F and display 1t on a ./
dot-matrix LED. It is called a TIL 311. Figure 5.8 shows 1ow
they can be connected to the 68000 data bus to display 1L

needed parameters.

e :
FUNCTION TYPE | ADDRESS in HEXADECIMAL K
(- ST : 4
Data & Program EPROM 1,11 000800 - OOFFF ‘
Scratch Memory RAM 001000 - OQOtL/FF :
i i

Peripherals ADC 0808 BOOOOO - BFFFFF

DAC 1408 | COoO000 -~ CFFFFF
Config. FO0000  —  FFFFFE 3

Up. Display EOOO00 — EFFFFF

Low. Display AO0000 —  AFFFFE

oil-pump relay DOOOOO - DFFFFF

| .

Fig 5.9 Memory Address Map
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MC 68000

L

14

TIL 311 D
DO 3 1 - "+ 1
> MWD ] L
'R L
3 8 13 8
12 7 | 12 7
D‘ll 5? 6444 D7 ?5
+5v
3 msp 14 >
- 2’ 14 - 2 1
13 8 13
{1
' 1

. Fig.5.8 TIL 311

A2

ICs

Interfacing
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5.2.6 SYSTEM INTERRUPT

Two more switches are provided to the system, and iy
are capable of stopping the crane lifting movement. I he
first one, is the hoist switch, which can be ON only when
the lifted load reaches the boom top. This detection 1S used
to avoid collision between the lifted load and the boom end
frame, and it is based on a single pole switch placed on the
appropriate place. The second, is the orientation swituli,
which is used to detect the position of the rotating itio
where the boom is mounted. If the whéel sitting mode 1
chosen by the operator, the boom should be oriented only to
the rear ~therwise, this switch will be ON. Both of these
switches, when activated put the CPU in the halt state, and
switch on the corresponding lamp on the console unit.

They are mounted in parallel so that only a logic 1 will tris
sufficient to stop the crane movement by energizing (e

oil-pump relay through the power transistor. The o

ewitch is used to turn on the lamp EZE; , and Ul
orientation switch is used to turn on the lamp EZEQ. I ne
FFe is used when a dummy address is signalled by the CPU 1n
case of overloading and it will maintain the DO

transistor ON until the generation of a reset signal.

{
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CHarP TER &

SYSTEM SOF TWARE

6.1 System software.

6.1.2 Resolution process of the allowed load.

6.1.3 Resolution process of the

6.1.4 Resolutioh process of the

height.
6.2 Main software routine.
6.3 Exception vector..

6£.3.1 Exception vector table.
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CHOARP T EL R ¢

The system software was developed on
68000 educational microcomputer, (MEX
microcomputer is an educational tool.
configuratibn constituted by a terminal,
audio cassette tape recorder. All the prog
developed in assembly language. The
consists of solving the derived eguations,
monitoring of the lifted load and the data
The computation of these equations will be
solution to facilitate the programming. As
trace a BCD addition. If two numbers are
are supposed to be in an integer form wit

(0.021=21.10"%). Two cases are considered

the Mo tor O e
LEKELCB/DS . ty
wlth A IIREEN IR

a printer , an o

ram rout e

softwar v TETIE

which allow. !

to be dar oo

hased on thi:

an example e

to be added, e

h their € PO

'

. el1ther the Lo

numbers have exponent or only one number which haoa o

exponent. First, if there 1s only one
exponent, thus, the resolution process 1s:

a.10~™ + b = (a “"shifted n times right"
Second, if the two numbers are with their
the resolution process is:

a.10— + b.10™™ : with m < n if not e

= (b "shifted m times left

71
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Based on this technique, all the coefficients Ol Ui
equations are in integer forms, and the resolution fr o

adopted is explained below.

6.1.2 Resolution Process of the Allowed Load

First of all, the computation of the allowed load Avia b
given in Eg.4.4, 1is based on the proper coefficients O

crane model 1040. The process of resolution 1s as tallow

3

A (a,L)=a,102=-b,10"a+c,10*a’~d, 10 "a
+(—a210‘2+5210‘3a—c210“5a2+d210‘7a’~’)1.
?

+(@2107°-b,410%a+c 10 %a’ - d,10"a’)/

+(—a410'5+b410’°a—c‘10'212+d410’%1wL”

All the exponents can be represented as coetficients §o

simplification:

AlL(a, L)=(2a,~1b,0a+4c,a’~5d,a”)
+(—2a2+3b2a—5c2a2+7d2aﬂL
+(3a3—5b3a+6c3a2—8d3a3)L2

+(-5a,+6b,a-8c,a’+9d,a’)L’

By executing the shifting left operator with respect to

highest exponent we obtain the following form:
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AL(a,L)=(3a,-4b,a+1c,a*-d,a’)S
+(-Sa,+4b,a-2c,a*+d,a’)7L
+(Say-3bya+2ca?~d,a’)8L?

+{-4a,+3b,a-1c,a’d a’)9L?

At this level we multiply by L coefficient and apply RS
shift operation over the whole expression, usually with

regspect to the highest exponent.

AL(a,L)={4(3a,-4b,0+1c,a’*~d,a’)
+2(=5a,L+4b,0l-2c,0*L+d,0’L)
+1{Sa,L2-3byal?+2c 0% L?~dya’L?)

+(-4a,L+3b,al’=lc,a’L®+d,a’L®)}9 ()

how to choose the standard length number, the expeotod
largest term in the Eq.6.1 1s the term given Dy’d4a3L3

Notice that, the maximum value of the angle and the Vet b
as they are defined in their corresponding confiqgurat tom o
a=656°.L=-30m respectively, thus the largest term will take s
bits. Since we expect some shiftinq it has been decide Lhiot,
each term is to be defined 1in a é&4-bits length. TR
algorithm for solving the allowed load equation 1s givias Iy

Fig.6.1, which illustrates all the steps of resolution.
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start

A get the value of the first coctircrent

[a1=3 ASL_A+} 3 shift of A:1 then store
get the value of the angle

get B1 & perform the multiplication

[Tbic4 ASL(Bic ) | 4 shift of (Bwx ) & store

oFAJ get o. & mult. by o then storc

Ci1 02’ get C1 & multiply o

1 shift of (Ciaz) & store

c1=1 ASL(C1a’)

o get o’ & mult. by o then storc
dizbgiij get D1 & mult. by 7 then store

T
] get the length 1

get Az then mult. by 1

M
az=9 ASL(Azl)\ 5 shift of (Azl) then store

o 1 get o mult. by 1 then store

Bzal get Bz then mult. by (~#1)

[55:4ASL(BZG1)j 4 shift of (Bzal) then store

z get (ol) & mult. by « then o

o1 |

Cz0”1 ] get Cz then mult. by ()

2-2 ASL(Czo’1) } 2 shift of (C2a”1) then sbtore

Fig.6.1 Flowchart to Solve the Allowed Load Equation
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3 2
ol get (1) & mult. by « then store

9
dz = Dzt 1 get Dz & mult. by (1) then store

get 1 & mult. by 1 then storc

get As & mult. by 12

a3s=5 ASL(Aalzlj 5 shift of (A312) then store

2
a1 get (al) & mult. by 1 then store

Baal{_l get Ba then mult. by (uly)

be=3 ASL(Baal?) } 3 shift of (bacl %) then store

0212J get (fo ) nult. by then store

Caazlé_ﬁ get C3 & mult. by (1)

ca=2 ASL(Caoc’1”)| 2 shift of Can?1® then store

Olalz__k get (0% f ) mult. by « Lthen storve
da:Daaalz‘ get D3 & mult. by (o’17) thew wter
1{_3 get 1 & mult. by 1 then store

A413_} get A4 then mult. by N

as=4 ASL(A413)_J 4 shift of (A413) then store

2

Fig.B6.1 Flowchart to Solve the Allowed Load Equation (cont )
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9

3 2
o 1 get (oal?) & mult. by 1 then sitoic

B4a13J get B4 & mult. by (1.;113)

b4=3 ASL(B4013)J 3 shift of (B4al?) then storc

o ]iS get (Oif ) & mult. by = then store

C4a213 i get C4 then mult. by (utz )

ce=1 A&}_L(szlaﬂ 1 shift of (C4x°1 ) then stace

aa 1ﬂ get (O% i ) & mult. by o bty b o

de = Dac’1° J get Da & mult. by (,_," ') theo wtore

&

Fig.8.1 Flowchart to solve the Allowed Load Kquation

ool )

At this level the equation changes its form to become as tuilows

AL(a,L) = [4 {(at + c1)-(bs + di)} + 2 {(bz + d2)-(az + c2)}
1 {(a3 + c3)-(bs + ds)} + {(ba + da)-(as + ce) ] J
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The continuity of the resolution is as follows:

get at,c1 & add then store

get bi,ds add then store

get bz,d2 add then store

get az,c2 add then store

get ba,ds add then store

get ba,d4

&
&
&
get as,c3 & add then store
&
& add then store
&

get a4,c4e add the store

get ti,tz then sub.

[Tiz4 ASL(ti-tz)} 4 shift then store

ta-t4 get ta,ts then sub .

Tz=2 ASL(ta-ts)] 2 shift then store

{ ts-to 3 get ts,ts then sub .

[Ta=1 ASL(t5-ts)} 1 shift then store

|T4:t7—tej get t7,te & sub. then store

[M=T:i4T2+Ta+T+ | add all these T then store

[TAL= M _oxp 9] allowed load with exponent forw

jump to adjust
routine

Fig.6.1 Flowchart to Solve the Allowed Load Equation (end)
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esolution Process of the Laifted Load
The following approach 1s used to solve the litted Coan
formula given in Eg.1.8. Since that, this equation COntatin
trigonometric terms, first of all, let us demonstrate [
this trigonometric terms are solved. The technigue adogetod
is the one which is based on the "look—up table". Thieo ot
is provided to contain values ot the sine foone tran Tt
to 90° as shown in Fig.6.2, of course the same table 1w b
to look for the other trigonometric functions. Yer faned i
sine function, the angle itself 1s used as an adudresn .t
peek directly the sine value from the table, wher cas, fo
the cosine function, the peeked angle will be subtroe o
from 90°, them a Jjump is performed to use again Llice - o
routine.
The subroutine for finding the sine, and the Cue i
functions is called "TRIG" routine, which 1s whown Vi
Fig.6.3. Notice that, the values of this table are Storuvd oo
the EPROM as an integer form., without 1its exponent oo

because it is supposed to be automatically (-Z) and ot

into account in the resolution process.
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a -—> DO

BSR TRIG

MOVE D.. <EA> store sine

MOVE  #90, Az

SuUB Desy Az

MOVE Az, Do

BSR TRIG

MOVE D., <EA> store cosine
TRIG MOVE #FOO, Ao AL=FO0 is the index table

LEA O(AsDa) s A2

MOVE Ay , Da

RTS

Fig.6.3 TRIG Routine Program

000F00 | sin 0° g

. o

0 1

O0OFO1 " s1n 1° !

H o

O00F 02 | sin 2° |

e L

il i

u H " b

i b

it A

i §

" 1 " {1

i i

it B

i t

000FSA I sin 89° H
00OF 5B | sin QU°

Fig.b6.2 Trigonometric lTabie
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The lifted load equation 1s given below:

PaxS(hsina +0 Acosa ' )-(a,l.+b,)sina

qw(Lsin a+ezcosa—%f)

Based on the constants known as the data crane personagl o,

these constants were given 1in chapter 4. The const.on
containing in this equation are:

8=2544469.10"7, h=B1.10"%, 0 ' A=97.107=, a,=a.1lo7 =, by .l
g=981.10"=, =120.10"=, e,=28.10"~, ex=61.107~. Vot
these constants have their exponent terms to tor-

facilitate the writing let wus factorise this equation

putting the exponent as a common factor, thus the P

locad equation will be of the form:

y P,S107(hsina +0 Acosa’ )10 *=(al+b)sinal0*
quy IO"(Lsina+e;cosa10'2—€;')10"‘"

Simplifying the exponent terms, this equation will be:

PxS5107(hsina +0 Acosa’)-(al+b)sina

)
g:/)(Lsinon+ezc030LlO'2—7v-‘)IO‘2

Now, let wus apply again the same technic as et

previously to solve this equation.

[7P,S(hsina'+O’A_cosa')— (aL+b)sina]ﬁlﬁ9;’
gw[(l_sina—e;‘+2e2cosa)]10"‘
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Finally after simplification the lifted load equat ..

follows:

_[7P,S(h$na'+O’Acmnﬁ)—(aL+b)$ngH)J
gw([.sina—e;\+292cosa)
This equation 1s the new form of the lifted loar P e
and the algorithm which shows the resolution (o

given 1in ?19.6.4.

6.1.4 Resolution Process Yo and Lo

The free range is given by the Eq.l.lo, wWhito b v o

written as:

Yo=LsinalO ?+e,cos010*-0"A107?

Putting 10—= as a common factor then applying the oo

procedure. Thus, the free range will be of the form:

Yo=[Lsina-0"A+2e,cosa]l0™*

The algorithm in Fig.6.5 shows the resolution process o1 F's

free range.

‘The height 1s given by the Eqg.l1.9, this equation can

written as:

Zo=LcosalO ?~e,sinal0*+hr107?
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start

la1=0"A cosa J
I
L@Eib_.‘iri«(l‘ﬁ‘;_)

[st = at + az |
| as = Pr_§ B
[ s2 = s1.a3 |

L .
[_s3=7ASR(s2z) |

[ t1 = a 1

N
T
£ 7 5]

[ ta=tz sin o

[tz:

[ T = sa - ts |

[c2=2 g;k( ) )
o

L ca = e1/N J
1

[ce = 1 sina ]

1

[d1= c‘l - ¢c3_ |

[dz= d+ + cz |
1

[ ds =1w g}

D = (:}jdz.da )

[ K =T/D ]

[ M= X exp(3)]

get O'A & cos ", mull.

get h & sin o, mait . 1 hen

get a1 & az , add then

G TP A
get Pr & S then muiltiply
get 51Athen multiply by
7 shift of s2 then sture
get a & 1 then multiptly
get b then add t:

get sino & mult. by Lo Lhon

get s3 & sub. t3a then =t o
get ez & cosa then malb ity
2 shift of c¢1 then store

get e1 & N, div then siton

gdet 1 & sina then mullap iy

get c3a then substract

get cz add with d« then toae

get ¥ & g then multiply
multiply by d=z
compute the ratio

jump to adjust routine

Fig.6.4 Flowchart to solve the Lifted Load Equatiun
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( :_S,t_aL_r_t )

[a1= ez cosa |

]
{a2=2 ASR(a1) |
L

[as = 1 sina |

[as= a3 — O A |
[t :a% + as |

[Yo= t exp(s))

get ez & coso then multaiply
2 shift of at then store
get 1 & sina then multip!ly
get 0°A then substract

get az then add.

Jump to adjust routine

Fig.6.5 Flowchart to solve the Free Range

{ sg%gp )

(a1 = i coso |
[az = a1 + h |
L

[as= ez sina |

[a«=2 ASR(a3) |
[t = az — a4
L
[Zo= t exp(e) |
1

get 1 & cosa then multiply
get h & add at then store
get ez & sina then multply
2 shift of as

perform the substraction

jump to adjust routine

.Fig.6.6 Flowchart to solve the Height

systoem ol i,



Putting 10-= as a common factor then applying t e Chree
procedure as developed previously. Thus, the height wiii Dhee

of the form:

Zo=[Lcosa-2e,sina+hl107?

The algorithm in Fig.6.6 shows the resolution proceo, oo

height.

Figure 6.7 shows the flowchart of the marin
monitoring program segment. It 1llustrates the  (la T 1o ot
steps, where the first one concerns t b R AT
initialization. It starts by clearaina both thee e
registers from A, through A- and the data regilsters oo
through D». 1t sets the user stack register (USk) ot
supervisor stack register (SSR), Then 1t clear . ol
peripheral such as the digital and analog A1l oy,
configuration, all the latches and so on. At ter U
initialization, the CPU generates a dummy addre-s tuo
the configuration which is determined by a sequentiul <
routine. The CPU reads the coefficients ot oy
corresponding to the configuration. It sets the coainite
i, then the CPU generates a dummy address toy conver
first iant variable. A delay routine is used ta wall Cr
CPU interruption, when it occurs, the software control oo

to read the conversion and store the value. A tesl 1 "
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to check if the conversion of three variable

or not. When the data are available, the svatem

Lot

jumps to the allowed load computation subroutine,

the lifted load computation subroutine and

ratio computation subroutine. This ratio 1s displavern

analog display and compared to the value 1. The

is declared when the ratio 1s greater then L,
the oil-pump relay. Otherwise, a Jump 15
compute the free range, the height and

corresponding values depending on the

configuration.
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The MC 68000 system has defined the concept ot oxorpba o
processing. Exception processing 1s similar to what e e
generally known as interrupt processing. [ T I SR
mechanism allows the 68000 to respond quickly Lo Spe o
internal or external events. The main pragram 15  Len s
and a context switch 1s 1nitiated to a new it cin
environment. This new program environment, S TR I
service routine, is a segment of a program o oo
service thé requesting condition. lhe use ot Uhwe LIyt o
mechanism may be generalized to handle a wide rangu
conditions in a microprocessor—based system. 10 caue ol o
error occurrence, due mainly to circuit hardware or wOTto.,
faults, the mechanism used to stop the executiun ol
program and to transfer control to a system rautioe |

handle this error is called the exception mechanism.

6.3.1 Exception Vector Table

Each of the exception functions that i1s performed by Eice
68000 has a number called the vector number assigned to
For external interrupts, the interrupting device lsuppl‘.u
the vector number of the 68000. On the other hand, for it
types of interruptions, the vector number 1S genar gt

Wwithin the microprocessor. The 68000 converts the v b

number to the address of corresponding long word stor o

86 system SOt L. o



location in memory. The exception vector table 1s a svquid. o
of numbers that occupies 1024 bytes (512 sixteen—-bi! RTRTE
of memory. This table occupies memory address Oouon
through O003FFis.. The table 1s organized as ODld o0
vectors. Each vector is a 32-bit address which will b

loaded into the program counter as part of the wooen

processing sequence. It defines the starting pownt ol S

service routine in the program storage memory. g e

shows the format in which the address vector s wborid

memory .
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+ bt P

Clear An, Dn 1

L

Initiate USR

1

Set SSR

M

Clear perif.

Clear all the registers

Set the User Stack Register

Set Supervisor SR for inter. enable

Generate a reset for all peripherals

L
Get config. Read the selected configuration
1
Determine Jump to subroutine to identify
configuration the selected configuration
L
Read corresp. Get the coefficients of Eq.4.4
coefficients
-
le
N =1 Set the counter to 1
)
Convert Initialize the conversion
variable
L
W no Wait the EOC
ves : 081?1 10msec delai
routine
_ Read value T
N=N+1 & store
™
no

Fig. 6.7 Main program (cont.)
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@ o

.
| .
! Jump to AL ¥J Compute the allowed load
1 -
Jump to M Compute the lifted load
I
L
Jump ratio(R)‘ Compute the ratio (Ar/M) & adjust
L
1 Display R Convert R & display analog signal
T
R > 1 yes
i no i Tr;ﬁger J Stop oil pump
[*Compute Yo.Zo -
| S Halt
}

{Displayvselec.‘
| | values \

e e e e e

Fig.6.7 Main program (end)
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Vector address Vector number
fHeEx )

00  RESET  SSP i

= O

04 | RESET eC i ‘

ula! i Hue Error q

AN

oC ¢ llegal Address |

9

14 4 Divide by [Zero

14 ' CHk Instruction i

N o

1C © TRAPY Violation Q

nt]

- L v i
20 Privilege Violationyg
| AR 0
H4 ilevel 1 autovectorv 19

. ’
68 CLevel autovector: 1A

autovee tor it

OHt [ RAVIR
; 1

/0 Level 4 autovector: LC
S T

74 cevel 5 autovector: 1D

ras ‘Level =) autovectorﬂ 1E
70 Level 7 autovector) 1F

g Trap instructions ! 20

i
i
LU | 40
TEC ¢ User interrupts “
I FF

Fin.6.8 Exception vector address assignments.
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CHAP T ER P

7ol CONCLHISTON

e

The i1nvestigated work was divided into two parts. The
first part, concerns the crane mechanical analysis. The
determination of the allowed load requlres the deep
understandina of the mechanical theory and the rules,
especially those related tao the norms DIN, that are apnpl 1ed
to this cranme type. It is one of the reasons that obliges us
to find another way of determining the allowed load without
going through the long and complex mechanics theory. The
solution was to use the multi-nonlinear regression

approximation. the results were in good agreememt with the

dabta provodod iy b mextitr tac Lar cor s P hags e duetwerminatLton
of the Al towesd load 14 vy computation, unlike the
conventional microprocessor—based crane load state

monitoring systems, where the allowed load values are stored
in memori1es., un the other hand, the proposed crane
mechanical analvsis, based on three transducers, allows the
determination ot the lifted load. The accuracy of all the
resul te depends mainly on the precision ot both the
transducers and the analog-to-digital converter.

The second part deals with the system electronics, where
a special attention was taken to minimize the hardware. A

minimum basic system was burlt according to the manufacturer

7P conclusion



requirements, 1t o*rers a large spectrum of facilities, more
informative and easily installed. The objective of keeping a
basic svystem hardware i1s to be able to compare the system
fabricated by MORGANITE Company where the unit cost 1s
around 50000 FF. The proposed system electronics cost i1s
estimated 1o 100 FEEO Notice that this eotimation takes inlo
account only the hardware circuit without including the
whngrnewerang fecos and the coust ot the develupment work, Thiw
price i1y determined on Fhe  basis of retall prices of a

second hand dealer [9].

7.2 SUGLESTED POINTS FOR
fhe wyvaslem electronics was developed 1n accordance  with
the manufacturer reguirements and the crane peculiarities.
The ENMTE-CPL manufacturer fabricates two other crane types.
I order to increase systom olectbronics tlexibility so that
1E can be oacily adaptoec Lo syult the requirements of other
crane tvoes withoun any modification of the system hardware,
we sugogest the tollowing points for further work:
1- Study carefully the manufacturer requirements for each
crane type.
Z2- Study the mechanical analysis to determine the lifted

load according to the mechanical rules (norm DIN).

T

3- Based on the load tables provided by the manufacturer,
use a third order multi-nonlinear regression method, to
determine the 0! lowed load.

S conclusion



4-—- Check each approximation by computing and plotting the
relative wrrares with respect to both variables length (L)
and angle (o>,

G- Haoed on the binary coded docimal  (ROD) s0lutiron, solve
all the derived equations which are the lifted load, the
allowed load. the free range and the height.

b~ Keenp the common software features for all crane types,
such as display subroutine and interrupt vectors, including

other interrupnt sources at the same address locations.

AR Ul o LY ETN will srmpplba by Ll Ly s Lo
standordization. Going from one crane type to another will
bhe achieved sSimply by replacing the appropriate EPROMs

containing the software feature of the crane type.

Phige 1ot rorddue Lron ot the MLCIrOPRrocERsLOr 1 thes syslem
design will considerably reduce the total number of the
hardware companents used. Controlling this standard hardware
are diftoeront bavic software routine for the various crang
types. This system standardization also results in a
reduction in the time and cost of engineering a new system
to suit an entirely different crane model.

Another point may be mentioned is, once we have designed
such a monitoring system, it will be possible to thimk about
taking action (control) according to the real-time crane

status.

P4 conclusion
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n

TABLEAT DE

1T
[#]

FORCE

A JAN

> D

ea|

LEVAGE 1040

r

Longuenr de fleche @ 11.9 m - telescope completement
rentrees. )

Etat de montage © grue calee, sur 360°

Cualblmpre deo lovage o b

Contrenoids SIS
3% 3K o 3 3K K 3K Sk KKK KK S SKOK 3K 5K 5K 3K oK KK K oK KK oK oK K K KK K K KK K
¥ angle/ver. # charge autorisee 75% *
KK S S 5K S KSR K KK S SR K A K KKK K KK K K KK K
Ry ‘ * ’ #
i VAN : + 34 L7600 *
* 2205 * 32.04301 . *
* 25 * 29.7335 *
. 2905 ¥ 27 .6331 * .
X a0 * 25.72768 *
* 22.5 * 24.002¢ *
* 35 * 22.44445 *
* 27.5 * 21.0381 *
* 40 L 19.76954 *
* 42.5 * 18.62457 *
x 45 * 17.58878 X
* . 475 * 198,64799 *
* 50 #: 15.,78798 *
* 82,58 * 14.,99419 *
* Lhh * 14.2526¢ *
* 57.5 * 13.54398 x
* 0 * 12.69886 *
* £2.5 * 172.19305 * ‘
K 85 * 11.52225 *
ha e X
5K 5K K K Kb SK sk K oK ok K koK sk Sk 3 ok 3K ok Sk K Sk K Sk K oK K K KK K K oK K
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TABLEAU DES FORCES DE LEVAGE 1040

Longueur cde fleche . 17.9 m - telescope
d'un tiers

Etat de montage : pgrue calee, sur 360°
Cablage de levage 5 brins
Contrepoids 5.5t

*********:k***}k‘)<;k*:k*:k**:k*******ik***********
¥  angle/ver. ¥  charge autorisee 757 *
KK AC A S A R A AR R S SRR I KA A A K R AR R R A K
* ' * *
R4 15 Tk 19.55371 *
* 1705 B 18.36713 *
* 20 * 17.2133% X
* 22.5 4 16.1122¢% X
* 25 * 15.0476 *
* A * 14.02682 *
* - 20 * 13.05182 X
* 32.5 ¥ 172.12447 *
* a5 # 11.24644 X
* 275 ¥ 10.41907 x*
* A + ST R R R +
X 425 . 8.9244%53 *
* 40 ¥ 8.260397 o
¥ At h ¥ f.oBH434L *
* Hi ¥ 7.108094 X
* 52.85 7 % 6.622725 X
* 545 ¢ G.2008212 *
* H7.05 X *5.843504 *
* 50 * 5.55282 *
* 57.5 w 5.320366 , *
x 535 n 5.177866 k
X p S x)
Dt R AR S AN R DR TP Y S S BS F B SSSIN SIS S 5 3 57 97 9 97 4

112

o
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TARLTAU DES FORCES DE

Lonmuacenr de Plache

Etat de mortage
Cablage de levage
Contrepoids

*****.‘k:k:)k:k**:k*?k:k:Ktk‘k**:k}kx*?k**:k**:k?k*********ik

8

4

5.

¥ angle/ver. * charge

(SN eR XN AN Sa NGl
[S1ECIR N

cn [
* X X ¥

ES

PO GO LY L0 DD

K

LEVAGE

Qo -

hrins
C, _4

autorisee 757

L H29823
. 291569
082142
.B837345

040

telescones

de

. 2/3
gFrue caleer, sur 380°

*

PR PSS BT S SRR S SIS EE S SE NS S S ST S P PSS P
* % 'S
195 ¥ 12.35127 *
15 * 12.34957 *
17.5 x 11.42052 *
20 * 10.56043 *
2.5 * . 9.765339 *
25 w €.0335341 *
27.5 > 8.3558948 x
30 * 7.735T09 %
Gyn + 7171318 w
34 * B.B50795 *
SV ‘ 6.174515 *
40 w 5.738888 *
47 .5 < 5.340538 *
45 x 4.975296 *
47 .5 ¥ 4. G40485 *
50 “ 332275 *
24 ¥ L04B196 *
5 * 780178 *

. A

b 9

X

*

b, 3

¥

e
X
NS
*
¥
%
*
%
»
*
¥

ok
¥
*
*
s
*
%
¥
*
sk
%
S
x

f—=
A

L

K NG S A Sk S SR S KR R S R SRR KR KR 9K SR R KR K

is
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TABLEAU DNS FORCES DE LEVAGE 1040

Lornpueur do fleche @ 30.0 m - telescope compl
sortis

re

Ltat cde montade

: grue calee, sur 360°
Cablage de levage : 3 brins
C trupoids H.O ot

**********ﬁ%*****X***************%********

letement

¥ angle/ver. * charge autorisee 75% X

SKSHF 0 A A A KRR A AR S OK KR AOK AR KA K K K

* | * X ’
* 10 9.932556 * .
* 12.5 # , 9 134994 *

* 15 x 2.399384 . 7 X

* 17.5. * 7.722855 *

* To20 x T 7.102005 *

* 22,5 x 6.533737 *

* s * 5.014992 *

* 275 * 5H.541886 *

* 30 * 5.1116'% *

" 2.8 > 4.72107 X

* 35 * 4.366669 x

x 37.5 x 4.045418 *

* 40 x 3.754089 . x

* 42.9 * 3.4849685 *

X 45 - * 3.24791 *

k 47.5 k ° "3.026993 X -
* 50 * 2.823181 *

K 52..5 * 2.632019 X

* 55 * 2.452263 *

¥ 87.5 ¢ 2.27919 *

o no * 2.11043286 *

* 02,5 #. 1.942337 *

* 5 * 1.771807 *

* * *

K SR I S S SRS S K S SRR K KK K A R K AR K K AR K CROK KR K

114
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TABLEAU DRES FORCES DE LEVAGE 1040

Longueur cde fleche @ 11.9 m - telescope completement

rentres

Ftat de montage © prue sur pneu - orientable
. vers 1 arriere

Cablage de levage * 9 brins

Contrepoids 5.5 %

A 5K G Sk G SHC A oA SR SAC 3k o ok Sk S SR SR SK R oK o oK Kok K S K o S oK oA R SHHOK K K
* angle/ver. * ,charge sutorisee 75X *
***%:*X*X;K*)k)K:K********:K:k*****'**************

*. 70 v 20,32073 *
* T o20.8 * 17.75926 *
* o " 15:53707 *
L 27 .5 w 13.682736 *
#. 58] 4 AR S S *
* 275 * 10.63832 *
¥ 35 > 9.505398 *
X 37 .5 ¥ B.577347 *
* 40 * 7.68289 K
* 42.5 * 7.23178 *
¥ 4% * 6.759607 *
% 47.5 * £.38571 *
* 50 * £.033299 *
* 52.5 ¥ 5.825559 *
¥ 55 e 5535688 *
* 57 .5 * 5.336951 X
* £ ¥ 5 05259 *
* 67 .5 * 4. 70577 *
* 65 * 4. 259638 k
* x *
3 oK A SR K K T IONCK K KK K K V*****‘K** AR AR KK AOK
119
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TARBLEAU DES FORCES DE LEVAGE 1040

Longuenr de fleche @ 17.9 m -

&
~ D
b
D
il

scope sortis

un tiers
Evat de montuge : grue sur npnewn - orientable
vers 1l arriere

Cavlape de lovage Y brins
Contrepolds HEG I, o

B R B Y Y B S b L T S Y T et g It e (Y I G I N P S S B 4
*  angle/ver. “ charge antorisee 7hH% *
k***m**mmwmmm**y*x*xm*mm***x*wxx****mx***m

~
L_‘T‘

x O X ¥ X
. b
(D
w0
SIUN]

* % %

I
.A’\J
¥ X % X X ¥

2 ¢ o] 5

275 + 7 L08R

il B.143598 *
RSNy IGH290

Lt 7

@

o

ot

U,

@
B A A

E R S S T S T T T S
X X X ¥ ¥ ox X ¥ ¥

NG SVENC I FU N S I S IR RN LIS te S o I
[S%
D
8¢
N
\'-\

x L 245RBE *

* L B4U5BH ko
% x 393525 k
x x 031847 X

* ’ *
b ST ST S ST Y TSRS §F ST B S ST §* I BT P! $1 9 ! 15 S S ' § 7 9 @ $1 7 4
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TABLIAU

FORCES DE LEVAGE 1040

.9 m ~ telescope compiétement

Longueur fleche 11
‘ Tentres

Etut de montore rrue culee, sur 360°

Cabnlage de levage 9 bring

Contrepoics 2t
ST TR OK K RO R SCRCH R S RO G S K K S S S K KR KK K K K KK oK
* angle/ver. * charge autorisee 757 *
SR 90 N AL R R A S AR R K SIS R G KK S b S K R A K K K
* . *: *
* 20 x 34 .867385 *
* A * 32,7800 X
b “h *. 249 . 8haly PR
X 27D * 27.5853 *
* 40 * Jh.oATLLY *,
* $200 * 23, 50832 #*.
* 35 * 21.639354 *
* 37.5 * 20.02367 *
*. 410 * 18.49548 *
* 42 .5 *. 17.10576 *
* 45 * 15.85122 *
* a47.5 * 14.728498 *
* 5H0 *: 13.73528 #
X 52.5 * 12.86731 #
*. 55 * 12.12173 *
* b 57,5 * 11.49528 *
* a18; * 10.938488 *
* 682.5 ok 10.5872 *
* 65 * 10.29821 *
¥ ¥ R %
7 3K S K e 3K K K TR K S o K2 oK 3K K K S o K K sk T s oK oK sk T oK 5K ok

117
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TABLEAU DES FORCES DE LEVACGE 1040

Longueur de fleche : 17.9 m - telescope sortis

d'un tiers
Etat de montage : oprue calee, sur 360°
Cablage de levage 1 b brins
Contrepolds T2t

PP P T ECECTE RS P FFE S H S FEF S F S PP S S S ]
*  angle/ver. *  charge autorisee 75% x
PR P B P B TS SUE B S P B SIS S S G S BT B S Sl ST SLS & 7 & & 4
. : * *
. 84892 . *
.5757Y *
LS2ud *
(.10248 *

=

j— IAA
~J n
(S

[BelNve]

ot

-~

¥
*
*
RS

N
o
™

AR,

h

L pes b
)]

¥ X ¥ %X X X ¥ X ¥

b Lata0y S

2700 *, L4838 x

20 * 12.65787 ) *

32.9 * 11.60092 *

JG38) * et HOBOE *
* 3700 * 9.6540891 *
x 4 * 3. 780804 *
X 475 . 7.9744 11 *
* 40 * Y-, *
* 47 .5 * 6.596332 *
. oo ¥ £.034523 *
*. 2.9 * 5H.504997 ' *
o 55 b, 182692 *
* 57 .5 4 4.,923183 *
* B b 4.761714 *
* . 4 . 7130629 *
fi 2o « 4.,784441 *
f****mk*w**W*wﬁm*kx******w%**k************

b=
(3N
@

appendix B



TABLEAY DES FORCES DE LEVAGE 1040

Longueur de fleche @ 23.9 m -

o Qo
D

0 N

[N

> BN

Ftat de montage T grue calee, s
Cablage de levage D4 hrins
Contrepoids AN

***%x******wm*m**x***************$********
¥ ancle/ver. % charge antorisee 795% *
***wxxwwx*x*x**x***x******:**xx****xxx****
W he '

10,7900

V4. 5healh
11.53429
10.954471
T 8.818065

.758881

X X ¥ X % x ¥
N
¥ % X X ¥ o+

N3~
2
ia)

b8

4.

s

x

¥

*

b 8

1 *

X o K 292 *
K 47205 « LHHO38L *
¥ 55 * 5.939919 *
* 37,05 * H.381001 x
* 40 g 4. 872952 x
* 4705 *e 4. 425907 *
* 45 % 4. 026308 *
* 4% .00 * 2.676544 *.
* a0 vt BLBRT74274 *
* 57 .5 * 3.11845 Xx
* 55 K Z2.90687 *
* 57 .5 x 2.737854 *
s 51 ¥ 2.8uaTny i
* 57 .5 & 2520877 *
) b + AR R RN IR *
K RS A

A R T S R S R SIS D SV I SIS ST S 31 $1 7 5 $L 201 31 2,9
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TABLEAU DES FORCES DE LEVAGE 1040
Longueur de fleche : 30.0 w - telescope completement
sortis '
Etat de montsage lee, sur 380°
Cablage de levage
Contrepoids

r

3@

N G
ot U <

****i********x**********************i*****
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* 25 ® : 5.7239122 x*
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TABLEAU DES FORCES DE LEVAGE 1040

Longueur de fleche : 11.9 m - telescope completement
X rentres )
Etat de montage + : gru€ sur pneus, - orientable
' vers l arriere ’
Cablage de levage : 8 brins

Contrepoids 2t

5 3K 3 3K K sk S Sk ok K ok K ok 3 oK oK 3K oK Sk i sk i SR K Sk K kK R ok A okoRokoK
x angle/ver. * charge autorisee 79% *
33K 3K 3 3K 3K 3K K 3K S K KK KK 3K oK S K K S 3 K K K K KK KK KR KR K K KK K K K

* * *
* 20 * 16.98322 X
X 22.5 X 14 .79895 X
%* 25 * 12.90659 , X
X 27.5 * 11.28315 *
* 30 * 9.90535 . *
* 32.5 * 8.749786 . X
x 35 * 7.793495 *
X 37.5 % 7.013068 it
% 40 * .86.385238 X
*x 42.5 x 5.88691 *
* 45 x 5.484599 *
E 3 47.5 X 5.185272 *
* 50 X* 4.935532 *
X 52.5 *x 4.722191 *
b 3 55 X 4 .521927 *
X 57.5 X 4.311585 *x
* 60 E 4.068009 *
* 62.5 x 3.767601 x
* 85 X 3.387683 *
* x *
Kok 3K K 3 oK K K oK K K SK 3K oK oK oK o ok K o K KKK KK SOK ROROKHOK O KK K
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TABLEAU DES FORCES DE LEVAGE 1040

Longuceur de Yleche 7 17.9 m - telescope sortis
. d'un tiers
Etat de montage  grue sur pheus - orlentable
veras Vgrricere
Cablage de levage T L brins
Contrepoids 2t
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