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The nj::::t which will be designed 18 duplex clevator for hotel of 5 floors | in

s design a new technolopy  which use gearless, roomless machine, controlled by
s=oroprocessor and using latest fanctions and options.
= ¢ begmning this project text talks a little about the historical backeground and the

Ssvslopment progress in the field of elevalors. The types of elevators wera briefly

N,

T duplex elevators, 12 person capacily each al a speed of 90 m/min were selected o

sty butldmy needed. Selection method discussed and caleulations done to insure the

Ememert selection.

S sumications process hetween owner, architecture and Construction Company,
Semer manufacturers, Installation Company and local authoritics mentioned and how
o miormation and technical data goas between sach party Calculation done to
e the dimensions of hoistway, pit, over head, cabinet and upenings, Bulk load
Stes e the construction and maching support determined. Mathematical methods to
e the counter weight. machine specd, acoeleration, torgue and elecirical power
W Cesracieristics have been done.

Slsators components wetre listed and deseribed. Safety systams eomponents and
spestion fimetions were listed and deseribed individually.

e clectrical seetion discuss the VVVF tachnology, power rectification and inverting.
Sower and conlro] eirewdl were described.

A senple of C program software for programming the ECU of the clevator added.

&= e end MRL are hiphly recommended for such buldings.




Chapter One
Introduction & Literature Review

1.1 Historical background

An elevator or lift is a wansport device used to move goads ar people vertically,
Elevators hegan gs simple rope or chain hoists. An elevator is cssentially @ platform
that is either pulled or pushed up by a mechanical means. A modern day elevator
consists of u cab (also called a "cage” or "car") mounted on & platform within an
enclosed space called o shali, or in Commanwealth countries called a "hoistway”. In
the past, elevator drive mechamsms WeTe powered by steam and water hydraulic
pistons. [0 a "traction" elevator, cars are pulled up hy means of rolhng steel ropes
aver n deeply grooved pulley, commonly called a sheave in the mdustry. The weight

of the car is balanced with a counterweight.

Hydraulic elevators use the ponciples of hydraulics to pressurize an above ground or
in-ground piston o raise and lower the car. Roped Iwveraulics use a combination of
bath ropes and hydraulic power to raise und lower cars, Recenl innovations include
sermanent earth mignel miotors, maching room-less rail mounted gearless machines,

and microprocessor controls.

Hydraulic elevators are usually slower than traction elevators [The first reference
shout the elevator s located in the works of the Roman architeer Vitruvius, who
reported that Archimedes buill his first Jift or elevator, probably, in 236 B.C. In some
literary sources of later historical period lifts were mentioned as cabs, on a rope and
nowered by hand or by animal's force. It 35 supposed that lifts of this tvpe were
imstalled in the Sinai monastery of Egypt. In the 17th century the prototypes of
“levators were located in the palace buildings of England and France. In 1793 Tvan
Kulibin created the elevator with the screw lifting mechanism [or the Winter Palace ol

Saint Petershurg. In 1816 the elevalor was established in the main building of sub

Moscaw village called Arkhangelskoye, Tn 1823, an "ascending room'” made its debul




in [.ondon. Henry Waterman, of New York, mvented the 1ift (elevalor) in 1850. Te

intended it to transport barrcls of flour.

In 1853, Elisha Otis introduccd the safety elevator, which prevented the fall of the cab
f the cable broke. The desien of the Otis safety elevator is somewhat gimilar to one
ivpe stll used today. A govemor device cngages knurled toller(s), locking the

clevator to its guides should the elevator descend at excessive speed,

On March 23, 1857 the first Otis elevator was installed at 488 Broodway in New York
City. The firet clevator shaft preceded the tirst elevalor by four years. Construction for
#eter Cooper's Cooper Union building in New York began n 1833, An elevator shaft
wae included in the design for Cooper Union, because Cooper was confident that a
2% passenger elevalor would soon be invented. The shall was circular becausc
Cooper felt it was the most efficient design. Later Otis desizned a special elevator for

=e school.

The development of clevators was led by the need lor movement of raw matenals
—olubing coal and lumber lrom hillsides. The technology developed hy these
. tociries and the introduction of steel beam construction worked together to provide

S passenper and) freight elevalors in use taday.

& 1574 1W. Meaker patented a method which permirted elevalor doors to open and

showe saicly.

o4 Clarence Conrad Crispen, with lielinator Company of America, created the
S e dential clevator. Crispen also invented the first inclined staitlitt

stic and roped clevators are the two main Lypes of elevators in use today Factars
soven elevator tvpe and design include cost, speed, capacity requarcinents,

= = reliability. There are risks involved in the use of elevators. Many factors

S saken into account in order to ensure that persons are not stuck in elevator for
Semods of time, or worse thal the elevator does not loose stability and plummet

Sesement from a high floor. In the event of fire, elevators are not to he used.

smeers designing the system. as well as fhe construction company assigned to

seslding and installing the clevator system arc responsible for the safety and



Smooth eperation of the elevator system. The huilding architects are responsible for
providing space and structural support for the elevaior. The engineers designing the
clovator must ensure that the elevators will perform as specified in a safe manner
(meeting all safety requirements and compliance standards), The engineers are also
respunsible for designing elevators that can be manufaciured essily and teasibiy and
for designing  systems thal will work reliably and safely in the cvent that they are
musused. The elevator users are responsible for operaiing the elevator according 1o the
safety specifications laid oul. The maximum capacity is not to be exceaded by users.
the building owners arc responsible for mainienance of the elevaror and for assuring
Se elevator is compliant before use (via a certiticate). The latter certificate is o be
#vailsble to users so that they can be assured that the elevator is safe to use. The
e neers are 10 communicate to the owners the specifications of the elevators and are

W communicate to the builders the space and support that is needed for the elevator to

Swmeton in its intended way. The architects and builders are to communicate with the

Sl engineers to ensure that the structure and elevator are compatible.

2 2 kinds of elveators

e nd of elveators du to ther function is:-

1 -passenger elevators

gor elevators may be specialized for the service they perform, including:

W emerzenc, front and rear entrances, double decker; and ather uses. Cars may

&= ither interior appearance, may have audio visual adverlising, and may be

wt specialized recorded voice instructions.

= slevator does not serve all floors. For example, it moves between the
B Ser = 2 skylobby, or it moves from Lhe ground floor or a skvlobby to a

S, skoppiny [loors in hetween

elevators (goods lift)

wor goods lift) is an elevator designed 1o carry goods, rather than

S clevalors are often exempt from some code requirements. Freight




clevators or service elevators (goods or service Hilk) may be exempt from some of the
requirements for fire service. However, new instzllations would likely be required Lo
comply with these requirements. Freipht clevators are generally required 1o display a
written notice m Lhe car that the use hy passengers is prohibited, though certain freight
sievators allow dual use through the usc of an inconspicuous riser. Freight elevators
we typically larger and capable of camrying heavier loads than a passenger clevator,
semerally from 2,300 to 4.500 ke. Freight Elevators may have manuslly operated
Soors. and often has mugged interior finishes 1o prevent damage while lvading and
wloading. Although hydraulic freight clevators exisl, electric elevntors are more

smeroy efficient for the work of freight lifting.

123 Vehicle elevators

Ao LA s installed where ramps are considered space-inconservative for smaller

Seidings (wsnally in apartment bualdings where [requent access is not an issue). The

o platlorms are raised and lowerad by chained steel pears (resembling bievele chains

W spearance), [n addition to the vertical motion, the platforms cun Totate about its

wemical 2xs (up to 180 degrees) to ease driver access and/or accommodate building

s Most parking lots of this type are however unable Lo accommodate taller
=i

.3 Type of elevator

1) Traction elevators (Geared and gearless traction clevalors)

=2 Draction machines are driven by AC or DO electric motors, Gearad machines

W gears to contrel mechanical movement of elevator cars by "rolling” steel

Sopes over g drive sheave which is aitached to a gearbox driven by a high specd

These machines are generally the best option [or basement or overhead

W wes for speeds up to 500 fmin (2.5 m/s). Gearless Traction machines are low
Cow RPMY, high torgue electric motors powered mainly by AC. In this case,
§ dve sheave is directly attached ta the end of the motor. Gearless traction

= can reach speeds of up w 2,000 {(Vmin.




Srzke is mounted between the motor and drive sheave (or gearhox) fo hold the

Sevalor stationary at a floor, This brake is usvally an extemal drum lype and is
s=wated by spring force and held open clectrically; a power lailure will cause the
Seske 10 engage and prevent the elevator from falling (see inherent safety and safety
s oneering), In cach case, cables are attached to a hiteh plate on top of the cab or
==x be "underslung" below a vab, and then looped over the drive sheave to a
ssusterweight atlached to the apposite end of the cables which reduces the amount of
ewer necded o move the cab. The counterweight is located in the hoist-way and
S @ separatc rail system; as the car goes up, the counterweizght poes down, and vice
w==a This action is powered by the fraction machine which is directed by the
emuller, typically a relay logic or computerized device that directs slarting,
I_-:d:rm'm:l, deceleration and stopping of the clevator cab. The weight of the
Ssseweight is typically equal to the weight of the clevator cab plus 40-50% of the

=%y of the elevator. The groaves in the drive sheave are specially designed to
e cables Irom slipping, "[vaction” is provided w the ropes by the grip of the
=% in the sheave, thereby the name. As the ropes age and the traction Erooves
s traction is lost and the ropes must be replaced and the sheave repaired or
. Elevators with more than 100 of travel have a system called compensation.
W = = senarate set of cables or a chain attached to the boltom of the counterweight
B S Sotom of the clevator cab. This makes it easier 1o control the elevatar, as il
mmanes for the differing weighl of cable between the hoist and the cab. IT the
55 & at the top of the hoist-way, there is a short lenpth of hoist cable above
s 5 long length of compensating cable below the car and vice versa for (he
=it If the compensation systerm uses cables, there will be an additional
=S¢ pit below the elevalor, to guide the cables. If the compensation syslem

. S cham is guided hy a bar mounted between the counterweight rails

raulic elevators

Sadraulic clevators were first developed hy Dover Elevator (now

~evston). They are quite common for low and medium rise buildings




Fig 1.1 Hydraulic elevators




& floors) and use a hydraulically powered plunger o push the clevator upwards. On
some. the hvdraulic piston (plunger) consists of telescoping concentric tubes, allowing
s &allow tube to contain the mechanism below the lowest Joor, On others, the piston
sesores @ deeper hole below the bottom landing, usually withPVC casing (also
Smown as g caisson) for protection.

smed hydraulic elevalors use a combination of ropes and hydraulics,

*Twin pest hvdraulic provides higher travel with no underground hole

123 Aclimbing elevator

= = self-ascending clevator with its own propulsion. The propulsion ¢an be done
w0 electric or a combustion engine. Climbing elevators are used in guyed masis or

=3 = order 1o make casy access to parts ol these constructions, such as flight
= lamns for maintenance. An example would be the Moanlight Towers in Austn,

w here the elevator holds only one person and equipment for maintenance
£ Mzchine-Room-Less elevator

* General

& Sevmor industry is offering a relatively new elevator produet lermed Machine
s Elevators (MRL), Application 10 new construction or majar renovalion
comnared to standard elevalor equipment is a fairly significant decision as it

o e desizm of the elevator hoistways and equipment rooms.
Soe-room-less elevator is the result of technelopical advancements hat
& sienificant reduction in the size of the electric motors used with traction
These newly designed permanent magnet motors (PMM) allow the
pers to locate the machines in the hoistway overhead, thus eliminating the
& machine room aver the hoistway, This design has been ufilized outside the
® tesst 15 vears and is becoming the standard product for low Lo low-mid
e It was first introduced to the 11.8. markel by KONE, Product
was initislly slow in the U.S. market beesuse of its inilial, limited
s mability to meel U8, code requirements, and the limited number of

= offenng an cquivalent producl.




Fig 1.2 Room-Less elevator




- The use of the MRL elevator will save a significant amount of encrgy
\estimared at 70-80%) as compared 1o hydraulic elevators. The power feeders tor the
MEL are also signifieantly reduced due to the more efficient design and the counter-
selencing provided with traction eguipment
4 4 2 Benefits of the MRL Elevator

I~ Raducing Lhe building cost

2 %o need for separate maching room

~ Reduce overhead and pit dimenston

& Ssving enerpy by using permanent magnetic motor and vvvf technology control

% Fevironment [riend as guide roller require no oil and reduce the harmonic noise
MRIL cost
The cost of all compenents of two duplex MR1. elevators of 5 floors, with:-

» 1000Kg (13 person).

= S slops ¢- 1.5 m/s speed
~ Isem | Description Quantity | Price § | Total§ |

- Traction machine 2 S000 10000

- Cahinet and doors 2 6000 12000

= | Door headers | 2 7500 5000

L | Counterwei sht load with frame 2 2000 4000

= | Carhine rails and counterweight rails 2 2500 3000

% | Rails Support packets 2 1500 3000

= | Contrel board 2 4000 8000
% | Duplex board 1 2000 2000

% | Roping cables 7 000 | 4000
- | Traveling cahle und wiring 2 2000 4000

il- | Landing doors panel and frame 2 3000 600

2- | Buffers and switches 2 2000 4000
i | Shippine L 5000 5000

‘& Insallation | £l00 (OO0

5~ Commissioning and mainicnance | | 000 5000 |

Total without vat g6000

Table 1-1 Nuplex clevator cost




A< we can see in the total price for duplex MRL elevator is (86000 3) witch mean
$at it's not much according 1o total cost of the hall building so we advice the owners

& bayed this elevator.

In




Chapter Two
Elevator Design

2.1 Introduction:
e Sevalors are enjoying a period ol increased developing the guality of power;
—utine. car, all components and the control make it reliable, economic and improve the
pe—ormance. The passengers have a safe, fast, and comlortable ride.
T dect the suitable elevator for any building we must care with three imporiant things
= our consideration:

1) how can the elevatar work in the right way

2) the price [or the elevator and its working and mainlenance

3 the sood design for the hoistway architecture
22 Building information:
The building which the elevator noed to be designed the elevator is a Movenpick Horel
o = foors in Ramallah City. From the architecture design, the flowing building
wiemation could be analvred:

8 Floor usage heights
‘ Ceoamnd floor Tnbhy 4m
|- 1* fioor 34 bedrooms 4m
l = floor 34 bedrooms 4m
3 floor 34 bedrooms 4m Bl
| 3" foor 34 bedrooms : dn ST
Namber of servive floorsis | 5 floors
Travel distance 20m
Naumber of bedrooms 136 hedroom

Table (2-1) Building mnlormation

2 3 Elevator design:
The assumption of population:

2 people in each hedroom

136 *2 =272 person




To make the caleulations two things should be known :

2.3.1 Waiting time

Time that an elevator user has (o wait afrer pressing the call button before the elevator
srrives. Waiting time is an important assessment eriterion for elevators. In the planning,
phase of & building, elevator waiting time is caleuluted on the basis of simularions. The
desien of the elevators (e.z. size of cabs, number of elevarors, the waiting time should be

30-60 sce. (appendix 4)
2.3.2 Elevator handling capacity:

The handling capacity measured by number of users in five minutes. (10%-25% of the
sopulation). (Appendix 4). I's better ta choose the handling capacity about 253% us

Sulding is a luxury hotel.

R e o T e o 0
Where HC: the handing capacity should.

Pt : the tolal population.

HC  =272%25/100— 68 person every 5 minutes,

2.4 Selecting the elevators:
Using tables (App. 4), a handing vapacity 79 people in 39 sec wailing time.
* Number of lift we need is 2 1ift (1000kg) which cqual 13 people in cach.
* Speed Y0m/min, (App.4).
To prove the selection the following ealeulation should be done:
Numbers of stops expected is 50-60 %. (3).
It's better to take the 60%. (For luxury building).
* Number of stops:
g g A el 11

Where Sn; Number of stops

Dn: number ol door

Se: numbers of stops expected

Sn — 5%a0/100

=3 stops

* Average of running distance up or down  (for one lifi):




Where Da: Average o running distance (m).
Ht: total height (m).
Ht: total height (m).
Se: expected slops
Da=20/3
—6.67m
* Accclerntion & deceleration distance:
D = 0 T oo s i v s o 64 R )
Where Dh: Acccleration & deceleration distance (m)
De: acceleruting distance (m).
Dd: tleceleration distance (m)
Db = 0.6+2.70
=3.3m
* Time ol acecleration & deceleration (Ta):
[a = 2.1 sce, (Appendix 3)
* Driving time up:
Td = (Hs { V)4 (13 MN) ciiiioiiimmmmmeissianivensmnnnamnannrmyas poses (2.5).
Where Td: driving time. (Sec).
Hs: total distance. (m)
Vo rated speed. (Mfsec)
Ta: fime of aceclerution & deceleration.(sec).
N: number of stop.
Td =20/1.512.1%2
= 19.64 scc
* Total door opining and closing time:
e T Sy e UL
Where ‘I'o: Total doer opining and closing time, (Sec).
Te: door opining and closing lime in one stop. (Sec).
Te —2.3sec, (appendix3).
To —~23%3
= 6.9 sec

*Total passenger entrance and cxit time:
R RS e e D s (2.7




Where Te: Lolal passenger entrance and exit ime. (Sec)
Tp: Passengzer entrance and exit trme.
Tp = 2.5 sec (Appendix 3).
=T7.5sce

* Total door waiting timu:

W here Tw: total door wailing time (sec).
Ts = 3 sec (adjustable).
Ts: door watling time (sec).
Tw =3%3
=& sec.
% Teo ume in one direction up or down:
B T2+ Td+To s Te+TW.erivermrmmnmmrorseces
We=e 1 I'mp time in one direction. (Sec).
Ta: time of acceleration & decelerulion. (Sec).
Td: driving time. (Sec).
To- tatal door opining and closing time. (Sec).
Te: passenger entrance and exit time. (Sec)
Tw: total door wailing time (sec).
=7141964+96175+Y
=47 84 sec
= 45 sec
sime for the elevator up and down (Tt);
=T*2
=43 %2
=06 sce

e ime for the duplex system (Twik

=96/2

= 4K e,

« that the waiting lime (48sec) is wilhin the acceptable range (30 - 60 sec)(4)




2.5 Communication process

‘0 the design, installation, and use of an clevator system much communication goes on

setween the design engineer, Construction Company, Elevators Manufucturers, Building
Architects, Building owner and local zuthorities. The follewing instructions and

=formation goes to the Building Architects, and Construction Company

2.5.1 The Hoistway:

The huilding design integrates the elevator shaft from the beginning, and the shaft grows

s 1the huilding is erected. The walls of the shaft are poured concrete, and the shatt
sraightness should be aceeptable. The building architecture are responsible for providing
spece and structured support for the elevator. [loistway. Walls, tloor and ceiling should

%= conerele and be able to handle  all kinds of loads and the load crested when

- eeerating the speed governor.
The enpineer desion  the elevator should communicate the architecture provide them

i the space required.

Weferring (o the Jordanian and local clevator codes, and the recommendation of

sufacturing company  the following dimension  are recommended  for hoistway:
e depth 1500 mm
Deer head 4000 rim
av width 5100 mm (2450 mm for cach +200 mm for separating wall)

E=way depth 2050 mm

sy opining width 1200 mm

Ay opening height 2300 mim

=ton opining two 500 height, 700 width cach in the top of the shaft.

Load Calculations:
meking force, F, shall be evaluated by using the tollowing tormula:

T TE Y | R G Y 1 SO S

- Sactor for using the speed puvernor.
2 {Appendix 4)

s=rd aceeleration of free fall.




Mc: earmagis.
Me= 1470 kg (3).
Mb: balanice mass.
L raled load(kg).
L=1000kg.
Mm: machine mass
Mm =425kp(3).
MB =Mec 1 (SDT00FLY ... s s b asa sy ai s {2.13).

= 1470 +(30/100 = 10040

= 1970 kg.

F=k*pg*Mc+Mb+L I Mm)

=2 % 981 (1470 + 1970 = 1000 + 425)

= 95451 Newton
2.5.3 Inner surface:
& should be smooth and continues  with no cracks or excessive consultation mulerials
i the surface finish stromg enough  to parent consisting the dust and all matcrial
wsed should be fire resistance
2.5.4 The pit floor: :
¥ should he ahle to hundle load of 5 kn/m”® (Appendix 4), with concrete base goes down
W srong ground for the buffers also supplicd with steel ladder. Treatment o prevent
sollecting  water in the pil.
= 5.5 Lighting the hoistway:
Sesable light fixture with switch in the pit and light for the hoistway as well as with 200
Wox Power supply from a sepatate from the elevator. Emergeney light is important.




Fig 2.1 The Hoistway dimensions
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Fig 2.4 Duplex Elevators




Chapter Three
Elevator Main Components

e following information should goes to the clevator manufacturer:

2 1 The car: The car consists of the followings:

*.1 Car frame:

\ woiable car frame, constructed of formed steel struetural shapes or extruded structural

. shall be provided with adcquate bracis 1o support the platform

| * 2 Car construction:
s Sactures provider wide variety ol construction material like painted steel or stainless stecl

wide verity colors and decorates.
“soose snlimaznetic stainless steel mirror with some ctehing fit with building decors..

5§ Car ceiling:
' stainless steel with grills for ventilation fans, indireel light and emergency light.

Walls:

Less stee] with chosen etching,

-

= Floor:
% platform  natural pranite same (he front wall around the Elevators doors, The following

b or car and door dimension:

Outside width 163 0mm
Outside depth 1665 mm
| Inside width 1600 mm
Inside depih 1500 mm
Car height 2300mm

| Door width S00 mm
Door height 2100 mm

Tabie 3.1 Car and door dimension:
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Hand rail:
Souinless steal hand rail of 3.13cm dizmeter all the back, left and right walls.
Sill:
5 viruded hard aluminum 1900mm* 1 00m fixed under the door used as wuide for the doors
.« support the end of the granite Hoor of the car.
Apron:
Made of a galvanized sheet metal, one fixed at the lower side of the car under the car
e and one under each flour cntrance, to prevent passengers from falling into the hoist
w when theytry to getout for the car when is stopped between the floors,
2 Operating panel:
Sesinless steel 2mm thickness, 300 mm width, 1800mm heights with the following:
A -Digital display sercen indicate the following:

& Screen display the position up and down aITOws.

lr"

Interphone and alarm buzzer,
Screen display the position.
Full load indicator.

Out of service indicator.

.- 0

»

2, - Functional Button: Rectangular with lighting, the selected bulton  for the following:
') Six buttons one for each floor: possible to make certain floors maccessible, Special
sardd used to access the certain {loor.

2\ Door epen and Door close butlons fo instruct ihie elevaror to close immediately or
semain open longer.

%, An alarm button: which passengers can use lu signal that they have been trapped in the
sSevator?

£ m An elevator telephone: which can he used (in addition o the alarm) by a lrapped
sussenger Lo call for halp.

= A fireman's key switch; These places the elevator ina special operating mode designed
w aid firelighters. .

% Security controls: Elevators incorpprate security features 1o comtrol [/ prevent

wrhorized floor access. To use card aveess in which call buttons don't register until an
wehorized card is detected.




¢ sncel floor: "double-clicking” a sclected floor will de-selecl it,
VIP Switch: key operated switch. Gives the priority o the selected floor, and the
“wtur do riot replay the floar calling, (but the other clevator replay).
Fans on — off switeh: to operate or stop the ventilation fans.
~ - lmspection bux: Key opened door the following are inside:
1 An independent scrvice switch, which selects whether the levator's operation will be
wetinated with other clevators in an elevator bank.
2 1 p =nd down buttons, o move the car up und down withoul selecting 2 speeific floor.
2.3 Doors:
Jl apen door stainless steal etched o fit the déeor, for all landing doors and car doar.

peplete with the followimg:

~ Two mechanical safety edge.
8 - Safety rav curtain.

~ Seif closing mechanism.

S Huoistway door unlock device.

& Door lock with emergency opening koy,

— %wvf drives motor.

Micro switches.
Jams: Stainless steal frame, wite kind to cover the entire conercte wall.
Machine Support:
eid be handle aload equal to the total mass of non moving material and double

o of the moving equipment of the elevalor lnad included tolerance over the hoist

M *o o+ 2%(Me L AMBYRE s se e (3.1}

* weal load on the supporting beam
samdard acceleration of free fall.

T TRAsS.
= 1470 kg (3).
r balance mass.
> mted load.(lep).
= 1000 ke
= machine mass (3)
=425 kg (3).
— 425 * 9 81 +2%(1470+1000 1 1970)*9.81
=9]1282 N




= Dut door hall button panel:
Soenless steal pancl 2 mm thickness, 150 mum width, 250mm height, with two up and down
“aling bulton, the sarne as buttons in the car panel,
Transom:

Sewnless steal panel, 2mm thickness, 300 mm height, 900 mm width, inside this

P aee (tramsom) the horizontal screen indictor showing the flowing indicator digitally:
- Up down dircction

= Position digil
s Full

Chat of service

- Fire mode.

3.7 Out door hall button Fireman key switch:
& e lobby outdoor at heights of 1600mm. Key operated swilch in separate  panel

srated when using the clevator for evacuation.

2 Counterweight:

st clevators use counterweights which cqual the weight of (he elevator plus 50% of its
evimum rated load. This counterweight reduces the weight the motor must Lifl Speeial

= lilled with east iron.

counterweight should be 50 percent of the total Joad and the car weight. In other
i< when the car is 50 percent full (an average amount), the counterweight and the car

perfectly balanced.

surpose of this balance is to conserve energy. With equal loads on each side of the

sove. it only takes a little bit of force to tip the balance onc way or the other,

BP0 SEOEY - viiccaiuciiaes shuohs e AR A R r oy sy s raiemen s RTA)

1270 < (307100 * 1000)
970 ks




29 Guide rails:

17 section guide rails, corrosion-proof, specially manufactured for elevators.

"o for the car and two for the counter weight. 22mm length each.

S0 coparalus lor allaching @ guide rail o a girder in an elevator shaft wall provides for
wetical displacement of the puide rail relative to the walls of the elevator shaft. The
weoeratus includes a 1l-shaped inlermediate plate of corrosion-proof metal positioned
weween the side surfaces of the flange of the puide rail and o U-shaped support bracket.
Sl guide rollers or guide shoes are attached o the top and bottem of the sling structure
o= each side to run along the guide mails, The guide tails are also steel and are attached to
S miterior walls of the elevator shaft which runs fom the wp of the building 1o the

L ==wi

2.10 Hydraulic buffer for elevators:

& swdraulic elevator butfer contains a piston (plunger) which 1s pushed down into a volume
o Svdraulic fluid. The buffer has no seals separating its interior from the armosphere. As
e miston is pushed down, the displaced fluid is forced through ports in the eyvlinder which
2es rise Lo a restrcting foree, The displaced fluid escapes into a velume in which an
w= Tuid mixmure is produced. To reduce the collision shock and siop the car or counter
weseht salely in case ol travels beyvond the lower tloor.

“or the car and one for the counter weight.

2.11 Bracket:

Ao slevator compoenent mounting system ineludes two bracket-beam type structures that
%= the vertical distance between suceessive floor slabs to provide a supporl brackei for
wor components in the absence of a vertical wall spanning the floer slabs, and for the

weight.

212 Ropos:

T hoist topes shall he made ol sleel with size and guantity to provide proper traction,

sateey factor, and clastie stretch of less than .07 inches per 130 1b. (App 2).

=fmar ropes.
Sl be steel. All ropes shall consist of at least gight strands wound about a sisal core

<=y
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313 Machine:

& sngle-spaced, AC — 3 phase induclion motor, specially manufactured lo
weoromise the VVVF drive power system. Tts speed, positive or negative
wocleration is exact 1o the designed elevator speed. Able to guide the elevator o

ek the maximum speed (1.5m/s) in 600mm distance at less than 4 svconds.
Deceleration started 2700mm before the stopping poiat.
e motor could be:
(l=versible,
Uapshle of operation in ambient temperale.

B shle to handle the load.
Woesee st the desired speed.

» caleulate the machine lorgue, speed and power we can use the following formulas:
Mator speed:

W here N: motor speed (rpm).
V: elevator speed. (mimin).
C: pulley circumference. (m).
Sesioncd speed (V) = 1.5 mis

— 1.5 mfsec ® 60 sec/min

=9} m / min
e pulley dismetor (d) = 400mm. (appendix 3).
Whercfore the circumference (C):

=04 *314

=1236m

Sack to equation (3.3):
=V /
=90/ 1.256

=71.7mpm =72 rpm
e medium motor speed should double of the aclual speed:




=72%2

=144 RPM
Motor acceleration:
Moment of inerfia;

W e D moment of inertia. (kg m).

M: the mass. (Kg).

M = 1470 +1000 — 1970
=500 kg

R pulley radius. (m).

I=12M*R?
=1/2 * (300)* (0.2)"
=10kg. m*

R pulley radius (m)
£ force. (N).

=500*9.81

= 4905 N.

equation (3.6):
T=F*R

= 4005 *0,2

=981 Nm

* anple is 90 and its sin— 1
=

=ngular accelerntion. (Rad/s”).
|=T/1
=981/10
=881 rad /5°,
o (a):




—~ 2 #4905 /500

= 19,62 m/ sec’

torque:

choose a motor, more than 25% should be adding to the maximum lorgue.
=4905* 125/100

=6131 N

or Power:

o = lorque * angular specd

Bere P: molor power (KW).
N: angular speed. (Rpm).

e B pulley radios (m)

=445 = (0.2m

=98] Nm

B =T ® AN GRS e e e s e e B )

sre 60,000 come from 60 seconds per minule hmes 1000 Watls per Kilowatt.

P = 981 2% 3.14% 72060000 |
=74 kW

¢ means that the machine maximum power should he not less than 8.4 kW, we can add

% 25 a safety factor, and we know thar vwvl motors save eneray.
L a1
Sere Pa: actual power.
P't: theoretical power.
Pa=T4"% 140/100
= 1 N.dkw
w11 KW motor is suitable
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14 Speed Governor:

in a pulley around which a specd governor rope is wrapped is rotatably supported on
Sese. A latchet having an enpgagement piece [or operation and rotatable about a pulley
= for the pulley is supported on the base, The pulley comprises an engagement
15m having a claw engaged with the ratchet when the rotational speed of the pulley
a set over speed and rotating the ratchet in the same direction as the pullev. A rope
¢ mechanism for a special brake. The speed govemnor rope is disposed on the
¢ of the pulley. An operation lever displace ably pressed by the cogagement picce
seeration to operate the rope gripping mechanism is connected to the rope gripping
sl A groove parl in which a part of the engagement piece for operation is inserted

sxtending in the moving direction of the engugement piece for operation is faormed in

Rollers:

of guiding shoes, echelon rollers, for ol free operation on the guide rail of the car
counter waight:

Two electrical silence fans:

o ceiling as supply fan snd exhaust fan.

Srakes:

e glevator from moving when the car is stopping and there is no power applied to

w solenodd works aguinst two springs pushing the liber shoes of the brake |,
wound & drum between the pulley snd the motor. When a moving order and the
wempt to start . a v power the solenoid which push the shoes out to release the
W the lrst micro swilch, the second micro switch after while allow to give 45v

e springs push the brake again after the machine stop immediately.




18 Elevator traveling cable:

s sevalor svstem meluding an elevaiorn cur mounted for vertical movement in the
seway of a building, and a plurelily of fravelng cables which imerconnest thie clevator
e 2 junction bux in the hoistway. The pluralities of traveling cables are bundled to
% w5 2 single cable by a plurshfy of spaced retaner devices. Each rerainer device

Seces a firl portion which is tightly coenred to one of the traveliag sables, and a second

- = which loosely encirelss all of the rraveling cab.
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% Control board:

1 hoard for an elevator includes a pair of edge members each having a longiludinal

. 4 sumber of bourds and plales are engaged hetween the edge members [ur engaging

seons and displayer and include side edpes engaged in the slots of the odze

~. The boards und the platecs may be arranged or changed for firting different
s =nd displayer. Two panels are further engaged between the upper and the lower
« of the edge members for positioning the board and the plate

Door Mechanism:

ot car has a drive mechanism mounted in a compact housing on the upper surface
s The drive mechanism includes a relatuble drive shafi. around which is mounted a
wuator block having & plurality of ball bearings, obliquely arranged relative to the
s firmlv touching the shaft. Rotation of the shaft by a mator makes the block move
&y zlong the shaft. A bracket attached to the hlock catrics an elevator door. Rotation
w1 therefore opens und closes the door. "I'he direction of movement of the block,

e the door, depends on the dircetion of rotation of the shaft.

* Hoistway Entrances:

sssembly design: Entrance [rame shall be of bolted construction for complets

e unit assembly. Horirontal members of entrance frumne shall consist of integral
+ ok and sill support channel connected together with vertical strut channels on
4= Desien of decorative entrance jambs and head shall permit their wstallation nto

s apening before or aficr assernbly with cotrance frame, All frames shall be scourely
= 1 cach other in lLine with tie angles anchored to the hoistway structure. Usc
bed weight closers lo ensure positive closing of hall doors. Entrance doors shall be

= =5 construction with low friction polymer gibes mounted Lo steel mounting plates.
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Chapter Four
Roping, Safety system and Functions

ntroduction

“elicallv around a core. The strands of a wire rope, or cable, consist of a number of
dvidual Wire rope is metal in its strongest form. I consists of a group of strands
e wares laid about & central wire.

4 1 Elevator roping arrangement

= clevator installation includes an clevator car located in a hoistway and having 2
Soer. and a rear wall extending upward from the floor. A counterweight is located in
e borstway adjacent to the rear wall of the elevator car, A drive machine is mounted
== upper portion of the hoistway, and a drive sheave operatively engages the drive

hine and is located above the counterweight, with (he drive sheave having a fronl

A deflector sheave is also mounted in the upper part of the hoistway generally

the drive sheave and has a rear edge that vertically overlaps with the front edge

e drive sheave. A first rope and a second rope each have a lirst end attached ta

- of g first and a second dead end hiteh in the upper portion of the hoistway, with
wnderslung sheave assembly operatively cngaging the first and sccond ropes to

the clevator car and the counterweight operabively cngaging the first and

e ropes as the first and sccond ropes extend from the drive sheave to the
sterweight, and with the first und sccond ropes extending from the under slung
e assembly around the rear edge of the deflector sheave and the fronl edge of the
shesve such that the first and second ropes wrap around the drive sheave grealer

180 deprees. Tn roped clevators, the car is raised and lowered hy {raction steel

= rather than pushed {rom below.




The ropey are attached to the clevator car, and looped around a sheave), A sheave 18
“wst 4 pulley with grooves around the circumference. The gheave prips the huist ropes,

w when you rotate the sheave, e ropes move too.

= gearless elevators, the motor Tolaies {he sheaves directly, Tn geared elevators, the

~otor turns & gear lrain that rotates the sheave

Soth the elevator car and the counterweight ride on guide rails along the sides of the
Sevator shaft. The rails keep the car and courterweight from swaying back and forth,
s they also work with the safely system to stop the car in an emergency.

Roped elevators are much more versatile than hydraulic elevalors, as well as more
sfhicient. Typically, they also have more saferv sysiems.

42 Safety Systems:

St evaloss are built with several red undant safety systems that kecp them in position.
“h- first line of defense is the rope system itself. Bach elevator rope is made [rom
weeral lengths of steel material wound around one another. With this sturdy structure,
e rope can support the weight of the elevatar car and the counterweight on ils own.
St olevators are built with multiple ropes (between four and eight, typically). In the
weiikely event that one of the TOPEs Snaps. the test will hold the elevalor up

4 3 Speed Governor:

¥ 4l of the ropes were 1o break. or (e sheave gystem was to release them, it is
wlikely (bat an elevator car would ¢all 1o the bottom of the shafl. Roped clevator car
e builtin braking systems, or safetivs, that urah onto the rail when the car moves

o fast.

S.imies are activated by a governor when the clevator moves o guickly. Typically it
wocks when the clevator move al a speed of 15% faster, Most governor Sysiems are
.t ground a sheave positioned at the top of the elevator shatl. The governor rope is
Semed around the governor sheave and another weighted sheave at the bottom of the
St The rope is also connecled to he slevator car, so it moves when the car goes up

- Gown As the car speeds up, so docs the govemor.




Rope End of OEF Bearm
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Fig .1 Elevator Reboing




As the rolary movement of the governor builds up, centrilugal forece moves the
Syweights ourward, pushing against the spring. If the clevator car falls fust enough,
S centrifugal foree will be strong enough 10 push the ends of the Dyweights all the
%y to the outer edges of the governar. Spinning in this position, the hooked ends of
e flyweights catch hold of ralehets mounted to a stationary cylinder surrounding the
heave. This works to stop the governor,

The governor ropes are connected to the elevator car via a movable actuator arm
wached 1o 8 lever linkage. When the governor ropes can mave freely. the arm stays
= the sume position relative to the elevator car (it is held in place by tension springs).
St when the governar sheave locks itsclf, the governor ropes jerk the actualor arm

o Ihis moves the lever linkage, which operates the brakes.

= this design, the linkape pulls up on a wedge-shaped safety, which sits in a
sationary wedpe suide. As the wedge moves up, it is pushed into the guide rzils by
S slanted surface of the guide. This gradually brings the clevator, The emergency
srake mechanism consists of two clamping faces which can be driven together by a

wedge 10 squeeze on the guide rail, The wedge 18 aclivated by a screw turned by a

Srum attached to the emergency cable.

44 Encoder:

“weure the car's running specd in normal range to protect the passenger and goods
Som danger.

4 5 Doors safeties:
= evators use two diflerent sets of doors:

1) Cars door is operated by an electric motor, which is hooked up 1o the

elevarer

1) Landing doars is opening into the elevator shaft.




4 5.1 Light curtain protection:
A door safety device of an elevator, where in delection light is emitted from a
slatfrm side light emitting device to the platforn side of a dour at a platform. The

Sescction light emitted from the platform side light emilling device is received by a

sisrform side light receiving device. A control deviee controls the opening/closing ol
% door of & car and the door at the platform according to information from the
seiorm side lighl receiving device. The platform side light emitting device and the

St side light receiving device are mounted on the car.

- Monitaring of elevator door reversal data:

Lo devator deploving device for dsplanng, n additon o fhe car position of the
“evator, operating conditions, such and opening and closing states, of the car door W
“ort passengets who are apout to get on the car of possible dangers resulting from
e operation of the door. Detectors are provided for detecting the operuling
snditions of the ear dour.

4 5.3 -Door reversal device:

U euse the car door and hall door to reopen, if an obstruction encountered when (e

Soors are closing.

4+ the telescopic door, fwo miczo switches located oo the two parts of the door with
Sever 2 ¢m width and the door height.
e ofthem canceled 10em before closing by a signal of & gwitch and a cam at the lop

ot the door

4 5.4 -Automatic door open and close time adjustment:

1. increase the operation efficicncy, the ECU aurpmatically adjust the door open
- close time, depending on whether the call is a hall or 4 car call.

455 Door nudging:

\ the door remains open for more than the fixed time (20 see), the dvor reduces
Sosing speed with buszer sound.

4 6 - Limit switches:

" imit Switches are the most numerous inpul devices in an elcvator. They tell the
svstem the position of gates, doors, turn heads, or distributors, and the alignment of
Seits A switch can anly tell whether an object 18 present or absent at @ certain

Lecation. A pair of switches can tell it a gate is completely elosed or fully open, but
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st where the gate 1s if it is somewhere between those twa Jimits. A limil switch can
5= operated by mechanical contact, by breaking a heam of light, ur by detecting the
Sisturbance of a magnetic ficld caused by ametal vhject. The following dragram
Sows o mechanical limit switch wired to a pair of indicator lights. It has an actuator
=rm which operates the switch contacts when it is moved slightly by contacl with a
sieoe of equipment such as a shide gate. The arm 18 spring-loaded, so it refumns from
s actuated position to its normal position when the equipment moves away.

4.7 -Final limit switch:

‘ndependent of the limit switches, cause power Lo be remove from the drive motor, in
cause (he elevator passes uny of the limit switches, Located 20 col next 1o the limit
switches up and down. and it should be manually reset.
4 8 -Deceleration switches:
tstalled at 270 cm before the limit switehes, to inform the ECU to siart deceleration
sefure stopping level. Up and down.
4.9 Miro-switchs:
4.9.1 Speed governor micro switches:
Onerated by u centrifugal lever at the speed governor's pulley, factory adjustable at
shout 115%af the rated specd, put Lo power off, manually reset,
£9.2 -Over speed brake switch:

Omerated when over speed brake brakes the car put the puwer of, manually reset.
493 -Buffers switches:

| scated at tha car buffer and counter weight butfer, put the power off, when (he car
¢ counter weighl pushes on the buffer,

4 9.4 - Landing doors lock switches:

Oneraled by its weight and a com on the door, inform the control system about dour

open or close.

495 -Car Door full open switch:

To inform the control unit on the car to stop the door motor,
49 6 -Car door close switch:

4 inform the door control uniit when [ully ¢lose and deactivate the right hand door

wfety edpe switch 10 om before closing,




- Mormally Closed
5

Normally Open

i

Commaon wire

Meutral

Push Herg~—
With Mouse

TFig 4.2 limit —swilches
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£5.7 - Brake switches:
Two micro switches, operated by the brake solenoid reds, inform the conlrol unit
wout brake solenaid piston position fo determine the power to the solenoid.
£10 -Rescue function:
When car stops between floors due to mechanical mallunction, or power [ailure, the
o descends o the nearest floor, by a rechargeable butiery which supply power pulscs
= the brake solenvid using a switeh in the control hoard, the power should be oft
w5en operating the function.
4 11 -Passenger car with emergency exit:
= clevated passenger car having an emcrgency exit feature. The passenger car is of
e rvpe supported such that therc are substantially no obstructivns between the
wderside of the car and the ground helow it.
% deor unlock device to open the door, provides access 10 assist passengers within the

o = event of an emergency or power fatlure.,

4 12 —Interphone:
—ewc of cmersencies, the interphone installed inside the car can dircer
—umication with rescue personnel in the motor room or car top. The interphone is

“ated by simply pressing the interphone bution on the car operation panel,

13 - Fire emergency return:
e the building's fire or smoke deteclots are activated, all calls are cancelled and
e elevators will immediately travel to the main lobby and park there with the
Sully open. Tt remains parked until Lhe detection devices arc deactivated.

- Fireman emergency service:

Seeman's switch is usually instalied at the elevator main lobby. When it is

weed 2l car and hall calls are automatically cancelled and all elevators in the
bk will returm immediately to the main lobby. The doors will open 1o allow

wers to disenbark. Subseguently, the fireman's clevator responds only to car

she purpose of this made of operation is fo facilimte firc rescue and fire fighling




415 - Emergency car lighting:

L emergency ceiling light swilch on sutomarically in the event ol a pawer failure,
soviding llumination within the car. The emergency light will allow any pussengers
“eide the car and utilize the Interphune of the alarm bell to alert the superintendent of

S=VAOT,

£ 16 - Car light & fans automatically shut off:
==ators can be installed with an energy saving feature that automatically

whes off the car
=l lighting and ventilation fans when no calls are registered after a

wietermined period of time.
17 - Load weight measuring:

load weight potentiomerer for an elevator car; the purpose of this control is to
i meaningful feedback pertaining fo the ECU, with the following functions:

=1 - Full - load bypass:

car Inad has exceeded 80% of the rated load or capacity of the elevator, the

will autamatically ignore all the hall calls in the dircetion of service and

% car calls only, The hall calls remain registered and will be served on the next
snele car),or by another elevator (group).

- Overload protection:

car load exceeds the capucily or rated laad of the elevator (110%), the

will stop operation with the doors fuily opened on that floor and & buzzer Is
sl The buzzer will stop when a sufficient number of passengers have

car load is less than the rated load.

- Anti-nuisance function:

wee automatically cancelled to avoid unmecessary stops caused by registration
= car calls registered do not correlate witl the ear [oad.

-powered elevator button:

¢ kall call device inductively receives an electrical signal from an interlock

=wit by means of a coupling device. The clevator hatl call device comprises
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8 Spacitive device which stores clectrical charge based on the clectrical signal
s=sved from the interlock wiring cireuit by means of the coupling device. Hall call
Sty sonds and Teeeives sipnaling information o the elevator controller over the
sielock waring circuil, where the hall call cireuitry is coupled to the capacitive
seice for receiving electrical power based on the stored eleetrical charge in the
Epacitive device.
%20 - Earthquake control operation system:
% %cn the sensor detccts an earthquake, the car stops at the a sale floor, (the lobby)
w55 the door open. It remains stop until & reset done or fireman key funclioned to
EERCuaie,
e earthquake conrrol operation sysiemn for an elevator includes: an carthyuake
= emation delivering device for caleulating a predicted arrival hour of earthquake
seees i aceordance with a position of u regnsiered building based on an emergency
setquake bulletin including al least a seismic center of an earthquike and an hour of
wewmence ol the earthquake; an earthquake information recciving device for
sang the predicted arrival hour through an Internet and caleulating an carthquake
o need time as a time required for the earthquake waves Lo réach the building
== on the predieted arrival hour; and an elevator control panel for performing an
mon ol slopping an clevator car al a safety floor when the elevator car is
=ing toward the safety floor, a car call for the salely loor is registered, and 4 slop
¢ & the safety floor is shorter than the carthquake arrival need time.
=1 - VIP function;
sy or card operated function, when operating the V1P serviee, all operation orders

- o cancelled and all running of glevator are controlled by attendant.

- Full collective operation:

“owm hall eall batton are set to head off the elevator in the same direction, Local

w open and open/close automatically is the basic function.
B Yy




£ 23 - Hoistway parameter self-learning:
“omtroller can learn the parameter of hoistway by automatically nimmng, The
= srmation eomprises wial Joor, floors height, rise ele.

424 - Automatically parking:

Swring off-peak hours, alter the elevator cars liave heen dormant with door closed for
\ seedetermnined amount of time, the system dispersc cach car Lo a designated location
“ee floor or main floor), thus allowing more efficient service to future hall calls.

425 - Flevator locked:

S witch off the two position key switch which mainly located at base floor, then car
U run fo appeinted foor with door-open status and cancel all repistered calls, Ifthe
~ataris in group control status, those calls will transler to other clevaturs, After the
=pping

e thie door will close.

426 - Running counter:
S convenient maintenance, therc is a counter in the operation board of controller

e 10 count the amount of running time,
427 - Arrival gong:

- ddecironie chime provides an audio signal to inform waiting passengers of the
2! of the elevator car at each floor. The chime can he mounted on the top or

Semom of the car, or at each floor if required.

2 28 - Self diagnosis of fault:

o 10 times of fault information (fault code, time, and floor) and last | times
ested fault information (fault code, time, floor, current, voltage etc) will be
worded. in order to eliminate them quickly and restarl ruaning.

9 - Remote monitor and control:
. modem and phone, the elevator can be remotely controlled and monitored, in

elevator fi crurer and scrvice
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430 - Elevator system leveling safeguard control and method:
4n clevator control system with a local area network on the traveling cable and
Sumibuted contro] circnit sateguard for loss of remote micropracessor control with a
= door open when floor releveling distance exceeds the landing zone limit The
Seviter control cireuit is interactive with the car driving apparatus and with the car
Lot circuit so that when (he driving apparstus for the ear i leveling the car for
sucsenger load weight pain or loss, the car door is signaled to remain open in the zone
¢ the target floor as long as the distance thal the car moves is within the elevator
safery code requirements. A time delay relay interlaced with an output channel circuit
o the microprocessor times out to stop car driving apparatus if the distance hmit 15
exceaded.

4.31 - Pre-open door:
When elevator runs to level range, the deor can be open in advance to improve the

ethiciency.

4 32 - Re-level during open status:
When elevalor stops at the level, many people or poods enter it. As the distortion of
woel wire rope and rubber, the level of clevator fluctuate and it is not convenient Lo

seople and govds. The system perrits the clevator slowly run to level in door-open

4.33 - Dispatching as Group Control

The sroup control system for two or more clevators employs artificial intelligence and
Serev logic. The hig-best refined knowledee und experience harnessed in the field of
soup cantrol have been incorporated into the microprocessors, allowing car
ssstommients ta the most used location, and thereby providing superb clevator

chciency and uptimum service,

4.34- Function for deformity:
1 is special for those people who are handicapped. which include additional special

speration pane] with Braille button, handrail, back mirror and sound player cie.
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<4.35- Emergency rescue device:

Ouring normal power failure, the sulomeatic rescue device converts stored enerpy from
= hank of rechargeable batterics to drive the elevator car to the nearest floor and

spens the elevator doors to let the passengers oul. (Could be used when there is no
emergency power supply for the building).

4 36- Mistake car-cali cancellation:

Alows caneellation of an incorreetly registered car call. If you push a wrong floar

Setton in the car, yvou can cancel it by pressing Lhe (loor button twice consecutively.




Chapter Five
Electrical d'esign and Motor.

3.1 Introduction

The drive system for DC motors was invented in 1893 and rapidly became the drive
of chotee for I systems. One hondred years later (give or take a year or twn) the
“arighle-voltage, variable-frequency drive system for AC motors appearedA variable-
Sequency drive s a system for controlling the rotational speed of an altemating
current (AC) electric motor by controlling the frequency of the electrical power
supplicd to the motor. A variahle frequency drive is a specific type of adjustable-
emeed drive. Variable-frequency drives are also known as adjustable-frequency drives,
AC drives, micradrives or inverter drives. Since the voltage is varied along with
Sequency, these are also called VVVF (variable voltage variable frequency) drives.

The technology has improved greatly over the wears. The most recent high-tech
s=oducts are dubbed Vector Control for induction mators or are designed to work with
Permanent Magnet Synchronous motors, 4 Lype. The reason that their use is limited to
low speed elevator applications is not the drive. or the lack of technology to make the
soplication work at higher speads, but sirﬁply‘ the lack of a low rpm AC mator driven

slevator machine suitable o work with a gearless truction system

« Rectifier stage: A full-wave, solid-state rectifier converts three-phuse 60 Hz
sower from a AC supply 1o either fixed ur adjusiable DC voltage, The system
=ay include transformers if higher supply voltages are used.

« Inverter stage: Electronic switches - power lraasistors or thyristors - switch
#e reetified DC on and off, and produce a current or voltage wavelorm at the
Zesired new frequency. The amount of distortion depends on the design of the

=verter and [lier
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3.2 Adjust motor voltage

= motor charactenistics require the applied voltage to be proportionally adjusted

never the frequency is changed. For example, if a motor 15 designed to operate at

W volts at 60 [z, the applied voltage must be reduced to 230 volts when the
squency is reduced to 30 Hz. Thus the ratio of valts per hertz must be regulated o a
stant value (460/60) = 7.67 V/Hz 1o this case). For optimum performance, some
voltage adjustment may be necessary, but nominally constant volls per herle is
seneral Tule

® ambedded microprocessor governs the overall operation of the Vv controller.
main microproccssor propramming, 18 in firmware that s inaceessible to the v
= However, some degree of configuration programming and parameter adjustment
wsually provided so that the user can costomize the vwvi controller to suit specific

tor and driven equipment requirements,

<50 Volis, the maximum recommended cable distances between Vvl and motors
= vary by a factor of 2.5:1, 'Lhe longer cables distances arc allowed at the lower
“wmer Switching Frequencies of 2.5 KHz. The lower Carrier Switching Frequencics
oroduce audible noise at the motors. Shorter cables are allowed al the higher
semer Swiiching Frequencies of 20 KHz. The minimum Carrier Switching

encies for
VVVF Operation

a vwvf starts a motor, it initially applies a low frequency and voltage to the
The starting freyuency is iypically 2 Hz or less. Slarting al such a low
wency avoids the high current that occurs when a mofor is started by simply
seng the utility (mains) voltage by tuming on a switch. When a vvvl starts, the
he=d frequency and voltape are increased at a controlled rate or ramped up to
seorate the load without drawing excessive cumment. This starting method typically
= 2 motor to develop 150% of its rated torque while drawing only 50% of its
current. When a motor is simply swilched on at full voltage, it initally draws at
00% of its rated current while producing less than 50% of it rated torque. As

“ad accelerates, the available torque usually drops a little and then nises to a peak
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while the current remains very high until the motor approaches full speed. A VvvEcan
be adjusted to produce 8 steady 150% stariing forque from standetill right up to full

speed while drawing only 50% current.

With a Vvvf, the stopping scquence is just the opposite as the starling sequence. The

Tequency and voltage applied 10 the motor are rumped down at a controlled rute.

When the froquency approuches Zero, the molor is shut off, A small amount of

sruking torque is available 1o help
£ the motor were simply switched oft and allowed to coast. Additional braking lorque

decclerute the load a little faster than it would slop

—n1 be obtained by adding a braking cireuit o digsipate the braking energy or retum it

10 the powser source

in lift applications, VVVE control regulates input voltage and frequency 1o the molor.
The figures below illustraie the variation of electrical current drawn by different il

—otor during the whole journcy of a lift car. The speed of the liff increascs

\sccelorates) and decreases (decelerates) gradually at the heginning and endng

sespectively as shown in the 10p eraph, When compared with AC 2 speed drive

\iddle praph) and ACVV drive (bollom graph). VVVF drive draw much less current
Luring acceleration and deccleration.

= 5 Closed loop door operator

The doot operator is critical to the elevator do
ery common and reliable. Although not all are created equal,

or system and performance time. Closed

op uperators are now v
“ey are still much better than the open loup system because the closed loop operator

. control the closing pressure 10 compensile for building stacking effect and dirl in
S sill. Closed loop systoms mean more accuraie stopping and ride comfort all the

=Te.
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5.6 The VVVF Advantage

1) Quickly installed, easily maintained and 100% factory tested
2] Suited for use with single of two speed, three phase, AC induction

1) Delivers level floor stops bringmg your AC elevalor up to accepted
leveling standards

4) Provides zern-specd brake stops, which will reduce wear on the
glevator machine and bruke

5) Existing motor may be reused in modernization’s

6] Excellent ride quality und dependable operations

5.7 Electrical System Characteristic
1- INPUT Voltege 3 -phase 380 V.50 114

'his input vollage well he change by inverters and rectifier and

we pol many kind ol voltage to operate all system:

307 AC voltage with 56 HZ for machine and
maching door
220V AC 50 HZ Single phase for lighting

110 DC voltage for control switches and break
110V AC yoltage for control system
48V DC for relay’s

2- Variable voltage varable frequency system (vvvl) for soft

3- Equipment wiring system faor all elevator component and




Fig 5.6 cirenit diagram for elevalor power and control cireit



5.8 Safety circuit

£ 8.1 Inverter over current
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Fig 5.7 inverter over cusrent
5.8.2 Dc link over veliage

Nhen DC link voltages is 770 V ar mere is detected, siop switching 1o

~rovert condensar  Trom damage &8s we can segin fig 5.8
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5.8.3 Inverter stack over heat

Nhen the tnemmal switch on radisling plate activate in order 10 prevent

“= dzmaged by cverheating 85 ¢ or more as we can see infig 5.9
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Fig 5.9 vertarsiack over heat

£ 84 DC link under voltage

When ths voltage of de ling is 430 V or less we used the voltage a20p

Satacting ciroult asin fig 5,90
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wrien failure ocours in the charging circuit which protect the oOndBENSeEr
and pewer derive by damping current on initiz’ charging of DC line 2nd

=s'infig 511
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Fig 5.11 inverter charging trouble

2235 lnverter overload detection

When the current detested on motor exgeeds general metor capacity
conlinuously  this error is detectsd  when tha mewors UV and W

chase valus that heve heen radio-ractified ,converted inlc A/D velues
anc gone through law pass fiker exceed 150% cf raled and the error is

detected when tatied value over 1 second

| EE Jverices

== Phase TumBRm — -j ‘
e e D i 3 Delocied
¥« Pnaca Dumency . Ii SHNGERSION IT"?I'E'ER :D}; acie

1500 of Ratas
Mo Turmam

O esnase DUTER DY ———

______________________________________________ isdigricianny

=05.17  Inverer overleads detection




3.9 Circuit breaker elevator

A collapsible metal frame is attachable to the fromt of a switchboand assembly and
slows & circuit breaker 1o be withdrawn from one of a plurality of vertically stacked
~ompatments and deposited on a pan camied between the Open compartment and Lhe
=etal Irame. The vircuil breaker may then be lifted above the pan, and the pan
smoved Lo allow the circuit breaker to be dropped Lo pround level, This procedure is

to install a eircuit hresker into the compartment

10 Resistor Box

When the  traction machine go down the shaft the machine became as

Usnerator and  produce vollage back s0 we connected the motor to 3 big
“=sistor box to limit this volia £e

motor provide power to raise and lower platform  there is a lot of kind

slectrical motor  AC mdnction, syuirrel cage elevator motors with varizhle

(VVVE). Tradidonally a DC machne, AC variahle Irequency s today's
of the ait prime mover for most elevators, Low slip, closed loop veetor duty
are available from 5 to 200 horsepower 4. 6, & or 10 pole, Redland’s

clecirical and mechanieal desigms are ideally suited {or the demanding low
‘=vels and posilioning

somsiruction and modernization (retrolitting existing old DC instal lations)
won machines is where Rutland’s expertise lies. Many older DC machines
special flange mount, single bearing maotor designs and Rutland
Ped al'c "drop-in" replacements for al| styles and manufacturer's
requirvments required for this application such as Westinghouse,
8an, Northern, Armor, and Dover ur bolt-up designs eliminate (he
% costly adapters and modifications to standard flange mount




As we make the analysas of the machine characteristic which neaded
for the elevator and according 1o Jordanian code and the experience, the
following table 5.7 for characteristic the machine -

Modely L T B
Rated Speed ‘ 1.5, m/s
Shaft Load | 3,000kg
Power Capacity | 11kW T
Weight 425 kg approx, E
Angular velocity .' 144 rpm
Sheave Diameter | 400mm
Voltage u y 07V H
Motor Current 26.7A ﬂ
ating | Pole 40P
Frequency 56Hz

Table 5.7 machine charactaristic

3.12 Gearless machines with zero maintenance

“Most lifi companies consider gearless machines as only suitable for use in machine-
room-less lifts. However, they are in lact the perfect solution for any type of

installation

Gearless muchines range from 300 kg up to 2,500 kg and from 0.63 to 2.5 mis,
“Within this range, It is a highly compact gearless machine that enables an
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istallarion in direct draw with a piggyback type of frame, cutting down assembly

me siygmili cantly,

= Smeme mefvames. beah Tooees L msiais, See e s SonEne R STE =i e
"anks to the AC drive control. brake wear is virtually nonexistent. Add w this the
fact that most of the unils in use teday are machine-room-less, and the benefits are
extrwordinary. Companics that rely on this type of technology start making 4 profit

from the moment they install the Lift.




Vig S
ig 3.13 MRL machine

o




Fig 5 14 fixing of MRL




Chapter six

Operation system of the elevator

6.1 Introdution

An elevalor operating system includes a detector for detecting an door opening of an
clevator car, a response limiting cireuit which is responsive o the detection of the
abnormal door opening to limit the response o car calls and floor calls for the
elevator car, & re-execution circuit for re-executing the door opening of the elevator
car detected as being abnormal, and a releasing cireuit for releasing the limitation of
the response to the car and Noor calls in response to no detection of the ahnormal door
opening during its re-execution.

A method and apparatus For controlling the movement of vne or more elevarors in a
Aoistway. The apparatus includes a power control suh-system containing HeVIng
machinery for imparting motion to the clevator car and to the elevator car doors,
together with a plurality of control contacts operating to actuate the meving
machinery to urge the elevator car and the doors in appropriate directions. A number
ol selectahle eontrol comtacts or switches are provided in the clevator car and at
elevator {loor landings. A sapervisory control sub-system containing control programs
s coupled to the power control sub-systemn for the purpose of reading input dzla from
the moving machinery, control contacts, and selectable swilches, und to provide
mstructions te the power control sub-system in sccordance with the supervisory
contrul programs, and the status of the selectable switches and the contrn] contacts.
The supervisory control sub-svstern includes a date memory for storing the input data,
4 program memary for providing ones of a plurality of predetermined propram
mstructions, and a data processor serially storing data, addressing the program
memory. reading the instructions, fetching stored data, and providing output control
sigmals to the power control sub-system. The elevator car and deor molion is

controlled in acoordance with the output control signals.

Our elevators is controls by microprocessor system with full option  to arrange
the registration  of the calls respeet to the prioritics and direction of the car  our

elevator is Duplex full Collective Operution Using & microprocessor-based controller,
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6.4 Scheduling Elevator Operations

Lopic controllers must have some way lv determine in what order viders should be

picked up and dropped off. Many elevator systems will move in ane diraction (es.,
upwand) and only pick up riders that are aiso signuling (o go in that direction [E_g.-,-
upward), When the final Qoor that has been requested in that direction (e.g., upward)
i5 reached the elevator will tum around and pick up all riders signaling the opposite
dircetion (e.z.. downward). OF course, the elevator car also stops at all floors for
which riders, already inside the car, have input a requested. A more sophisticated
system, often used (n hotels and other laree buildings with a lol of foul raffic,
uvolves the tmific patterns that reaccur. These systems have logic controlicrs that are
programmed with information about the demand on cach floor with respect 1o the
time of dav and they route the elevator cars accordingly so a5 lo minimize the wait for
all riders. When there are multiple elevator cars, the logic controller hases the
movement on each car on that of the others, Often, the elevator car is equipped with a
load sensor so that if the elevator is full to capacity it sends a signal to the control
system and the logic controller signals the car not to pick up any more passengers

until the load is lowered.

6.5 Controller:

e clevator contral system shall be microprocessor based and sofiware onented and be
Laked togethier for purposes of communication by a serial communications link.

ontrol of the elevator shall be automatic in operation by means of push buttons in the car
umhered i comespond to floors served, for registering car stops, and by "up-down”
push bullons at cach intermediare landing and "call” push buttons al termnal lancings.
Momentary pressing ol one ur more buttons shall dispateh the car to the designared
landings in the erder in which the landings are reached by (he car, irrespective of the
sequence in which the buttons are pressed. Each landing call shall be canceled when
answered.

When the car is traveling in the up direction, it shall stop at all floors for which
buttoms or "up” hall buttons have been pressed.  The car shall not stop at floors
here "down" buttons have been pressed, unless the stop [or thal foor has been
istered by n car button ur unless the down call is at the highest floor far which any

ons have been pressed. Pressing the "up! button when the car is raveling in the
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! direction shall not intercept the travel unless the stop for that Moor has been
bered by a car button or unless the up call 15 the lowest for which any butlon has
pressed,

¥hien the Ger has responded to its highes! or lowest call, and calls are regisiered for

pposite dircetion, its direction ol travel shall reverse automeically and it shall then
=t the calls registered (or that dircetion. Ifboth up and down calls are registered at
ermediate Hoor, only the call corresponding (o the dircetion of car travel shall be
Aed upon the stopping of the car at the landing.

IR1. elevators microprocessor and car controller arc Located in the last floor near the
¥ trame

Microprocessor door operator shall reside in the daor operator and control all
functions of the elevalor door(s).

Electronic selector shall reside on the car (e ip and contain Hall Effect transducers
that detect magnetic fields. Magnets, carresponding Lo floor positions and
spbottom ol hoistway are mounted on perforated metal Lape thar runs the lenpth
of the hoistway,

6 Duplex selective collective operation:

M two cars in serviee arid no calls, registered one car park at lobby and becomeos

NIl CArT.

|- Other car parks where Jast used and hecomes free ear.

2~ Registrations of hall call away lrom home car call in free cases free car
to respond

3= Adter car has started respond Lo eall registered for direction of travail in
order in which floors are reached

% Once dircction of wavel has been established .car will not  reverse
direcion oftravel, have been answered

2- Car slows down and stops automatically  at floors corresponding to
registered calls .in order in which they are approached in each direction

of travel




6- As slow down in initiated for hall call jcall is automatically eanceled and

hall butlon for divection  of wavel remains inclfeetve until elevator

leaves floor

7- Car calls are similarly canceled

8- Car remzins al amived floor with predetermined time interval sufficicent
to allow passenger transfer timing feature must be adjustable

B~ Car answers calls comresponding 1o direction in which car is travailing
jexcept carmay answer c2ll in opposite dircction 1l call 1s highest or
lowest call registered

10-when free car is clearing calls home car responds Lo:

a-call registered in home car buttons
b-up hall call repistered below free ear while free car is travailing up

c-up or down call registered and free car is delaved its normal operation for

predeterrmned periad

d- Hall all registered and free car is delayed in its normal operation for
predetermined period

11- when both cars are elearing call ,only onc car stops in response 1o
registered hall call

12-first car to clear calls returns and becomes hiome car

1 Use Case 1: Request Elevator

« Prmary Actor(s): Elevator User, Elevator Logic Controller
Description: The Elevator User uses the Elevator Request System
(ERS) to request an elevator.

Preconditions: An Glevator Useris al a loor and desires o use the

clevator.
Flow of Fvents : The Elevator User arrives at the ERS panel on their

Noar:

1. User presses “Up™ or “Down™ bulton on ERS panel.

e



2. The ERS sends a sipnal to the FLC. detsiling which
floor the user s on.

3. The request is added to a list of floors o visit,

4, The ELC determines which direction to move to service
the next request.

5. The doors are closed, if open, and the clevator begins to

maove towards the requested floor.

6. The ELC checks whether Lo stop as the clevator
approaches a floor.

7. 'L'he elevator stops at requested Noors Lhat are along the
roule to the eriginal destination floor.

8, Ihe ELC opens the elevator door when il comes Lo a
Stp-

9, The ¢levator arrives 1o service the request of the user.

Posiconditions: The elevator has armived in response to a request.

Alternative Flow of Eventls: Noue,

Assumpltions: Mone.




e et B
{Usar i m o]

sporoniftiche
{Eiyatnr has draeed o user rwwﬂﬁ

Fig. 6.1 Tlow of Events for Use Case 1,




6.6.2 Caze 2! Floor Selection Use Case

= Primary Actor(s): Elevator Ulser, Flevator Logic Controller [
Deseriplion: The Elevator User uses the Elevator Cantrol System '
(ECS) to move to a sclected floor. I
Preconditions: An Flevatar User iz inside the elevator.
Flow of Eveals : The Elevator User finds the ECS pancl in the elevator

1. User selects their desired floor button on ECS panel.

2. The ECS sends a signal to the TLC, detasling which
floor the user wants to 20 0.

3. The request is ndded to a list of floors to visit.

4. "The ELC determines which direction te move to service
the next request.

5. The doors are closed, if open, and the elevator begins to
move towards the requested floor.

6. The ELC checks whether to stop as the clevator
approaches a floar.

7. The clevator stops at reguested Joors thal are slong the
route 0 the original destination flapr.

8. ‘The ELC opens the elevator door when il comes to a
stop.

8. The elavator arrives to service Lhe selection of the user.
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6.7 Elevator Door Control

Lhe control system's compuler alsy controls the movement af the elevator car doons.
The amount of time for which the doors are held open when a floor is reached is
programmed into the logic controllur. The elevator car dours also have u sensor that
detects il someone or somcthing is cavght in the door and stops the door closing
mechanism from closing the door with the large force that is required. This is also part
ol the safety svstem since i ensures that people are not hurt when teving o enter or

2xil the elevaror car
6.8 Microcontroller

A microcontrolier (also MCU or HC) is g computer-cn-a-chip. It iy a type of
MICTOProcessor emphasizing self-sufficiency and cast-effcctiveness, in contragt ta a
eeneral-purpose microprocessor (the kind used in g PCY. I addition to all arithmetic
and logic elemenis of g general purpose microprocessor, the micracontroller usually
also integrates additional elements such uy read-only and read-write memaory, and

mput/output interfaces,

Mictocontrollers are trequently used in automatically controlled products and devices,
such as automobile Engme contro] s¥stems, ollice machines, appliances, power touls,
and toys. By reducing the size, cosl and power consmnption compared to 2 des| on
Usmg a separate INICIOPIOTEsSOT. memory, and input/ourpit devices. micruconirollers

make il economical Lo electronically control ALY MOre processcs,
6.8.1 Pic Microcontroller:

When studying the PIC serjes of microcontrollers, the first thing to realize is that
the architecture is completely different from anything you are probably used (o
This makes underslanding the PIC quite conlusing al first. You are prubably
familiar with the spinal cord Lype of compuler with memory, epu and perpherial
<hips hooked in paralle] to the same data and address bus. The PIC chips have two
*eparale 'data’ busses, one for instructicng and pnv for everything else, lnstructions

e essenlially in ROM and dedicate the microcontroller to doing onc task. There iy

~3
=




very little RAM, a fow dozen bytes, and this is reserved for variables operated on

by the program. There iz also very little 'data’ storage, asain 2 few dogen bytes, and

tis is in EEPROM which is slow and clumsy to change.
6.8.2 TYPES OF PIC's;

There are a dozen or sa I/Q pins on the PIC which can be con Rgured as inputs or
oulputs. When outputs, they have (o strength 1o drive LED's dircetly. A couple of
the O pins are used to program the internal ROM senally with an external
programmer, These arc the OTP, (One Time Programmable), chips. There are also
similar chips with UV erasable EPROM's used [ur prototyping at aboul three fimes
the price. Then therc is one series that js of special inlerest to (he hobbyist, the
16F84, (C84,83), chips which have clectrically reprogramable EEPROM memory
for instructions. These can be reprogranuned hundreds of times, There have heen
many programmers desipned for this series, one of the simplist appeared in the

Sept. "98 issue of Electronic Now'.
6.8.3 Pic INSTRUCTIONS:

The small instruction set, (37 instructions), and the 14 bit size of Instruclions
lead 10 & number o compromises. For one thing vou can't have two registers
speeified in a single instruction, Each register takes 7 bits to specify its address,
hut you also have to specify the instruction number and what to do. The solution
15 0 run almost everything through "W' ar working register which iy internal 1o
the processor and doesn't have an address. A regisier o regdster transfor would
take two instructions. Suppose you hud a patlemn of [.ED segments (o he 1it in the

variable PATTERN and want to move it to PORTE (o I ght the segments
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6.9 Description

Our elevator wilh 5 floors can be conttroled by PICIGESS |
microcontroller; we make a4 sofiware program running on a PICIAF34
microvontmller. To motivate and illustrate the clevator controller design, the '
applet contains a special simulation component thar visualizes the clevator and ‘
its lloor button.,

The elevator has five buttons, one on each floor. In addition, there are floor level
sensors. When the elevator is on the ground (loor, the ground sensor 15 ON, If
the elevator moves up, the ground sensor is OFF, and the K level sensor will he
switched ON when the clevator arrives on the K floor. The engine and direction

are elevator inputs.

Inputs:

engine: ON and OFF

dircetion: move up (ON), move down (QFF)
Culputs:

Sensor: 5-hit veetor, where the bit K will be ONE if the elevator is un K floor,
otherwisc QFF

Bumon: 5-bit veetor, Switch the hitk ON if pressed. and stay ON until the

clevator armives at K flaor,




6.10 Program to control elevator by C- language
1o control aur 3 floors elevator we need to program our  microcontroller

(Prc 16884) by using C language for programuming the chip o have all function

for contrelling  the moving of the clevator car between (he floors
/! this program using to control the elevator with § Joors 7/

/i Elevator eontroller (5 f] aors) with PIC16F34

// Also demonstrates how to implement state-machines as C
Programs.

# the push-buttons that request the elevator larget floar

/' wemap BUTTON (=RA4 etc. to keep the schematics simple..

#dcfine BUTTON_0 RA4
#define BUTTON | RA3
rdefine BUTTON_2 RA2
#define BUTTON 3 RA]
#define BUTTON 4 RAD

/ the sensors that indicate which Door the elevator car
f has reached. Again we map 0-4 1-3 efc. 1o avoid sipnal

/ crossing in the schematics,

4define SENSOR_ 0 R4
#define SENSOR | RE3
#define SENSOR 2 RR2
#define SENSOR_3 RBI
#define SENSOR 4 RRO

f two outpul ports used fo control the clevator muotor

/f (on/ell} and motor direction (up/adown),

itdefine MOTOR ON RE6




rrdefine UP. NDOWN RRB7

/f the elevator states: parked means waiting (at floor < i),
Mup to and down_to imply movin ¢ to the corresponding {loor,
i We foree an encoding that allaws you Lo wotch the state
/ during the simulation (upper nibble—1/2/4: parked/up/down),
/! lower nibble=floor index, OxtF=erior
it
cnum elevator state {

PARKED 0 = 0x10.

PARKED 1 =0xl1,

PARKED 2 - 0x12,

PARKTD 3 =(0x13,

PARKED 4 =0Qx14,

UP_TO 1 =0x21,
UP_TO 2 - (x322,
UP 1O 3 =0x23,
UP_TO 4 —=0x24,

DOWN TO 3 = 0x43,
DOWN TO 2 =(x42,
DOWN_TO 1 - 0x41,
DOWN_TO 01— 0x40,

UNKNOWN = (xff,
i

enum motor_ state |
STOPF = 0x00.
MOVE UP = 0xcl,
MOVE DOWN = 0x80,
f




the operation shall be automatic by means of the car and hall bultons. In the absence
of systemn activity, one cur can be made to park at the pre-selected main landing. Ehe
other (free) car shall remain at the last landing svrved. Only one car shall respond to a
hall call. I either car is removed from service, the other car shall immediately answer
all hall calls,

6.2 Control System

Every elevator system must be equipped with a vontrol system thul will receive the
rider input and trunslete that into 2 signal that will control the acmal elevalor

hardyeare,
6.3 Logic Controller

These systems include a logc controller that takes the rider input and transiates il into
mezningful actions, According o company of elevators . the legic contraller's central
processing unit (CPU) must be given at least three critical picces of information,

namely:

« Where people want to 207
s Wherc cach floor 187

s  Where the elevalor car is7

The [irst input comes dircetly from (he riders, The user pushes the floor number mside
the clevator car sienaling their final destination. When the floor buttons ure pushed

the lopic controller receives the signal and repisters the user's request,

The sccond input "where each floor is" can often he determined by the addition of
holes located on a long vertical tape inside the clevaror shall. The elevator car 18
equipped with a light or magnetic sensor that reads the number of and which holes are
being passed by the elevator car as it ascends und descends, The computer is equipped
with & means of varying the speed of electric motor (conncered to vither of the

fullowing system desions) so it can slow down the car when it is approaching a floor

at which il is to stop.




i/ global variables for state-machine stare and motor control
i
unsigned char stule ~ PARKED 0:

unsigned char motar = STOP:

/f inidicate an error by lighting the I.TD on port B.S
/! (note that RBS is also used to resct the SR-flipflops,
/! but the short strobes should not be visible on a real LED.

vioid
error {vaoid)
i
motor= STOP;
for(;:) |
RB3=1:

e

0i1d
main (vaid)

{

GIE =0; / disableinternipts
TRISA — Ox1£ /7 all inpuls
TRISB =0x1f, // RB7..R135 outputs. RB4. RRO mpuis

for( )4
switch (state) {
case PARKED :

if(BUTTON | |BUTTON 2 |BUTTON 3 |BUTTON 4) |

a4

e —




—ﬁ——_—i,

statc=UP TO_I;
motor=MOVE UP;
}
elze {
malor= 5TOP:

i
break:

case PARKED 1:

if(BUTTON 2 | BUTTON 3 | BUTTON 4) {
state =TP 10 2;
motor = MOVE UP;

H

else if (BUTTON_0) {
state = DOWN_TOQ 0;
motor — MOVE_DOWN:

i

else |
motor = STOP;

i
breal;

case PARKED 2.

if (BUTTON 3 | BUITON 4) {
state = UP TO 3;
motor = MOVE UP;

;

else if (BUTTON_0 | BUTTON 1) {
state — DOWN TO |;
motor = MOVE_DOWN;

i

olse {

mptor = ¥ T0P;

J




break;

case PARKED 3:

IT(BUTTON 4) { |
state = UP_T0_4; |
mulor=MOVE UP;

i

else if (BUTTON 0 | BUTTON 1 |BUTTON 2) §
state = DOWN TO 2;
motor= MOVE DOWN,;

i

else {
motor = STOP;

i

break:

case PARKED 4:
N (BUTTON_ ' BUTTON_1 | BUTTON 2 |BUTTON_3) {
state = DOWN_TO 3:
motor = MOVE DOWN,
i
glse §
moior= 8TOP;

}
break:

case UP TO 1:
If (SENSOR_2 | SENSOR 3 | SENSOR 4) |
crror { )
¥
if (AUTTON 2| BUTTON 3 |BUTTON 4) {
stale= UP_TO 2Z;
motor = MOVE UP;

L
i
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elscif (SENSOR 1) | |
state = PARKED |: |
motor = 8TOP; .f

5

clse |
motor=MOVE_UP;

!

break:

case UI"_ TO 2:
if (BUTTON 3 | B ITTON 4){
state =UP _'TO 3;
motor = MOVE (IP:

i
L)

clse if (SENSOR 2) '
state = PAR KED 2:
motor = STOP:

)

elae |

mator = MOVE_UP;

i
]
4

braak;

case UP TO 3:

if(BUTTON_4) ¢
state = UP_TO 4.
motor = MOVE UP;

'F

else if (SENSOR_3) 1
state = PARKED 1
molor = STOP;

1
']

else |

motor = MOVE UP:




]
break; f

case UUP TO 4: |

if (SENSOR 4) { f
state = PARKED 4; i
motor = STOP; |

i

clse {
motor = MOVE 17F;

i

break;

case DOWN_TO 3;

if (BUTTON 2 | BUTTON | BUTTON @) {
state — DOWN TO_ 2:
motor = MOVE DOWN;

i

else if (SENSOR_3) {
statc = PARKED 3:
motor — STOP;

}

else |
motor = MOVE DOWN:

i

breal;

case DOWN TO 2:
it (RUTTON_1 | BUTTON_() |
stale = DOWN _TO _1:
motor = MOVE DOWN;
i
else if (SENSOR_2) {
state = PARKED 2;




motor = 8 TOP;
}
else |
motor = MOVE DOWN:

}
break:

case DOWN _TO 1.

it (BUTTON () {
state = DOWN_TO _0;
moior = MOVE DOWN:

;

clse it (SENSOR 1) {
state = PARKED 1;
maotor = §TOP;

h

elze |

motor = MOVE_DOWN;

}
break:;

case DOWN_TO o
iT(SENSOR_0)
slale — PARKED 0;
mator= 2TOP:
H

else {
motor = MOVE DOWN;

¥
break:

detmnlt:

error ();




¢+ end switeh(stale)

*f & vartant of lhe elevator circuit uses extra SR-flipflops
A 10 make sure that the (short) pulses generated by the

/f Noor-sensors are picked up by this program loop.

!/ To reset the fdlipflops, we 2encrale & shorl-pulse on RBS
// now. We can do this here, because we have just handled
!/ one iteration of the stale-machine slate update.

!f The single pulse is too short to make the error LED

/ light up visibly.

RBS =1,

RBS —0;

/{ now aetivate the molur comesponding Lo the current
/f stute, We just need RRT and RBS, but the other bits
/i are inputs anyway.

PORTRE = motor;

M finally, rezet the watchdog timer.
CLREWDIT();

{f we don't use interrupts in this program.
i

static void interrupl

isr{void)

iTOIF) | // timer interrupt
error();
}
else if(TNTF) §
erron);




Conclusion
ML using the latest technology in the field of cicvalors, where the laws of science
used for the benefit of man kind.
Time saving: cvery function, waiting time, machine speed and door opening and
closing lime are designed o perform as Last s possible.
Sufe: elevators are the most salk transportation device. Great safcly system used.
Comfortahle ride: by applying computerize and vyvi control with nice design make
it eomfortable ride.
Reliable: high quality materials, latest lechnalogy, self diagnosis make it reliable
cquipment,
Environment- friend: the clean hoistway as ad apting guide moller for car &
counterweight reguire no oil. Low noise by using no pear.
Energy saving: adopt gearless machine with permancol magner synchronous motor.
vavt control with intelligent module.
Space saving: no nced for g separate machine roon, 0o visual pollution on the roof,
improved net lcaseable space, reduce overhead and pit dimension.
Construction cost saving: no machine room o build saves construction wark and
materials, reducing the total building cost,

Safe. relizhle, low noise and comfortable ride are the MRL elevators,

g1
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Appendix (2)

B- Hoistway ropes
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