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2 (adequate), 1 (just tolerable) and 0 (unsatisfactory). The
results are placed in the S-Diagram. S-Diagram: A coor-
dinate system created with the “x” value as the abscissa,
the technical value, and the “y” value, the economic value,
as the ordinate, is used to summarize the graphical rep-
resentation of the technical and economical evaluations.
The ideal solution is determined by the coordinates x=1
and y=1 [1].

The main purpose of the elevator is to carry people or
passengers between the floors to the desired stop. These
different targets also lead to the change of many compo-
nents of the elevators according to their intended use. For
this reason, when comparing traction and hydraulic eleva-
tors, it would not be correct to determine only one situation
and make the necessary comparisons on it. For the compar-
ison to be more accurate and consistent, it is necessary to
compare the subgroups of the elevator in detail according
to the purpose of use.

1. Case for residential elevator: 5 stops, 300 kg and 0,63

m/s
2. Case for business centre elevator: 20 stops, 1350 kg and

3,50 m/s
3. Case for freight elevator: 2 stops, 5000 kg and 0,63 m/s

The situations and elevator types to be compared are
shown in Table 1. All elevators selected for each situation
cannot be used due to technical constraints or there must
be important requirements for their use. To define these
constraints, each section in the table is given a letter and
the reasons are listed below. The schematic visual is shown
in Figure 1 [2].

Table 1. Elevators and situations to compare

Types Casel Case2  Case3

Traction Gearless I 1% IX
Gearbox II VI X

Hydraulic ~ Direct acting oI \%14 XI
Indirect acting IV VIII XIT

L IL, II1, IV: All cases can be used for case 1.

V, VI Since the speed is selected in case 2 at more than 3 m/s? these
elevators must use a balancing rope or chain [3].

VII, VIII: Several problems arise in hydraulic cylinders when they require
longer linear motion, and therefore hydraulic elevators cannot be used
for medium and high buildings. Problems: buckling can be summarized
as low hydraulic system pressure and installation. Buckling is the main
problem limiting the stroke length of hydraulic cylinders [4]. For this
reason, it is not included in the comparison.

IX, X: 4:1 roping type is used to provide the necessary traction at a
declared load of 5000 kg.

XI, XII: A piston system or a dual piston system can be used to provide
the required force at a rated load of 5000 kg.

Since I, V, and IV are gearless, they can be applied without a machine
room; since II, VI, and X are geared, they must have a machine room.

a) Traction Elevator

b) Hydraulic Elevator
Figure 1. Elevator types.

MATERIALS AND METHODS

Technical Values

Technical evaluation: The first stage of design is used
to assess the suitability of our design requirements. It is
necessary to define the technical specifications by listing
and combining the minimum requirements desired. A suit-
able solution is found only if all the fixed requirements are
met. The main technical criteria are as follows: geometry,
kinematics, forces, energy, material, signals, security, ergo-
nomics, production, quality, installation, transportation,
operation, maintenance, recycling, and schedules [5]. It
has been examined in 12 different subjects. Assistance was
received from experts and academics while scoring points
in these 12 subjects.

Installation reliability

This issue was examined by the installation officers to
compare the installation status of the elevator and the dif-
ficulties that may be experienced. Hydraulic elevators are
easier to install than traction elevators. Because hydraulic
elevators consist of fewer components. The fewer compo-
nents, the simpler the installation and the less likely it is
to fail or fail [6]. In addition, hydraulic elevators usually
require fewer columns around the shaft because they do
not apply a vertical load to the building. Especially in
old building solutions, they can be used without addi-
tional construction [7]. However, unknown costs in the
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installation of hydraulic elevators and the exclusion of
the replacement of underground systems in the mainte-
nance contracts of the companies bring additional costs
[8]. Direct acting hydraulic elevators are easier to install
than indirect acting hydraulic elevators. Because indirect
acting requires more equipment such as ropes, pulleys and
the working system is much more complex. For this rea-
son, it takes much longer to install [9]. Machine room ele-
vators are easier to install than elevators without machine
rooms. Because a crane is usually required to lift the trac-
tion equipment of elevators without a machine room. This
makes it more difficult to set up and can create security
issues. The installation time is between 4 and 6 weeks
longer than the others [10]. The rating according to this
information is shown in Table 2.

Table 2. Installation reliability

Types Casel Case2 Case3
Traction Gearless 2 0 1
Gearbox 3 1 2
Hydraulic =~ Direct acting 4 4
Indirect acting 3 3
Drive reliability

While the elevator is running, this issue has been
examined to compare the problems that may occur during
driving. The driving safety of hydraulic elevators is greater
than traction elevators. Because there is no counterweight
movement in hydraulic elevators, it is safer when work-
ing [9]. However, since the properties of the oil used in
hydraulic elevators change with temperature, there may
be performance changes. [8]. Even worse, if hydraulic oils
are not properly maintained, deterioration and contami-
nation of the hydraulic oil can lead to serious injuries [11].
In general, accidents have been significantly reduced by
standards. Based on this information, the rating is shown
in Table 3.

Table 3. Drive reliability

Types Casel Case2 Case3
Traction Gearless 3 2 2
Gearbox 3 2 2
Hydraulic ~ Direct acting 4 3
Indirect acting 4 3
Maintenance

All the work required to ensure the safety of the plant
and its components and the fulfilment of their designed
functions during the life cycle of the elevator and after

the completion of its installation is called maintenance
reliability [3]. This issue has been examined to compare
the maintenance needs of the elevator and the problems
that may occur during maintenance. Traction eleva-
tors need maintenance more than hydraulic elevators.
Because they contain fewer components than traction
elevators. All necessary parts are readily available [6].
Especially since there is no counterweight movement,
hydraulic elevators are considered much safer during the
lifetime of service and repair work [9]. Traction elevators
are maintained more frequently than hydraulic elevators
[12]. However, elevator related regulations do not have
specific requirements for hydraulic oil, and the elevator
service contract rarely touches on oil quality or acqui-
sition; as a result, there is no mention of oil. This leads
to faults in closed parts such as gaskets, valves, engines,
and cylinders [13]. The maintenance need for gearless
elevators is higher than for geared elevators. Because
geared elevators have a larger drive than gearless ones.
This requires larger tools, which complicates mainte-
nance. In addition, gearbox drives need to be lubricated
regularly. This makes maintenance more difficult and
expensive. In gearless elevators, the parts are smaller
and do not need oil [14]. Gearless drives are generally
preferred in the shaft. The temperature and humidity
conditions inside the shaft are very harmful to mechan-
ical, and electro-mechanical equipment. Manufacturers
must take sufficient care in their design to provide extra
protection to equipment in such hot and humid envi-
ronments, especially in hot climates. The percentage of
moisture and dirt in the elevator shaft is reported as 81%.
[6]. It is recommended that passenger elevators used in
residential elevators (case 1) be inspected once a year,
commercial passenger elevators (case 2) at least 4 times a
year, the case of commercial freight elevators (case 3) are
usually inspected twice a year [15]. The rating according
to this information is shown in Table 4.

Table 4. Maintenance

Types Casel Case2 Case3

Traction Gearless 3 1 2
Gearbox 2 0 1

Hydraulic =~ Direct acting 4 2
Indirect acting 4 2

Rescue operation

The special activities carried out to safely rescue the
person trapped in the car and shaft are called rescue oper-
ations [3]. This issue has been examined to compare the
problems that may occur during the elevator rescue oper-
ation. The rescue operation of hydraulic elevators is easier
than traction elevators. In hydraulic elevators, in case of
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possible failures (power failure, going through a phase,
throwing a fuse) the elevator can automatically reach
the floor [8]. Because there is no need for extra power to
reduce the pressure in the hydraulic cylinders. However,
in traction elevators, when the engine brake is neutral-
ized, the heavy side goes down and the levelling is manual.
There must be batteries (uninterruptible power supplies)
inside the controller so that it can automatically come to
the floor. In addition, the rescue operations of traction
elevators require experienced personnel, otherwise, they
can cause fatal disasters considering the above situations.
Hydraulic elevators can also be performed within minutes
by an informed individual [6]. Based on this information,
the rating is shown in Table 5.

Table 5. Rescue operation

Types Casel Case2 Case3
Traction Gearless 2 2 2
Gearbox 2 2 2
Hydraulic  Direct acting 4 4
Indirect acting 4 4
Earthquake and fire

Additional precautions are required for the elevators to
be usable in the event of an earthquake, which is described
in detail in EN 81-77. Most of the measures taken against
earthquakes are related to rail and rail consoles [16].
Likewise, additional precautions should be taken for
elevators in the event of a fire. Most of these additions,
which are described in detail in the EN 81-73 is related
to doors [17]. Because the doors are expected to be fire
resistant to certain degrees to prevent a fire outside from
entering the shaft, however in this section the behaviour
of elevators that do not have these additional measures
against earthquakes and fires is examined. Hydraulic ele-
vators are more resistant to earthquakes than traction ele-
vators. In traction elevators, car and counterweight rails
and fixings, guide assemblies are the most vulnerable.
During an earthquake, the top floor shakes at a greater
amplitude than the ground floor. Therefore, the installa-
tion of a drive unit and its equipment at the top of the
building becomes more critical. The counterweight and
car, the heaviest component of the elevator system, exert
large inertial forces on the rails due to their large mass,
causing damage and derailment. The most common haz-
ards are the counterweights being stripped off their rails
and swaying in the shaft and hitting the car. During the
Seattle earthquake in February 2001, 11% of traction ele-
vators and only 1% of hydraulic elevators were damaged
[6]. The fire resistance of gearless elevators is less than
others. In a gearless elevator, traction equipment is usually
located above the shaft. Access to evacuation equipment

above the building can be problematic in the event of a
fire. Releasing the engine brake can cause the car to move
up, not down [6]. According to this information, the rat-
ing is shown in Table 6.

Table 6. Resistance to earthquake and fire

Types Casel Case2 Case3
Traction Gearless 1 0 1
Gearbox 2 0 2
Hydraulic =~ Direct acting 4 4
Indirect acting 4 4
Environment

Aswith all products, the relationship of the elevator with
the environment is undeniable in the globalizing world.
From residential buildings to high-rise buildings, elevators
use about 2-10% of the energy used by the entire building
[18]. To compare energy use and its impact on the environ-
ment, this section has been examined as a technical crite-
rion. The energy efficiency of traction elevators is higher
than hydraulic elevators. The fact that the traction elevator
is active even when on standby causes energy consumption
[18]. Although the drive only works when the car is mov-
ing upwards, the energy use of hydraulic elevators is 2.5 to
3 times higher than traction elevators of the same speed
and the same capacity [8]. The biggest reason for this is the
use of counterweights. The purpose of using the counter-
weight is to use a smaller drive, by the way energy saves [9].
Traction elevators are more environmentally friendly than
hydraulic elevators. Because oil leaks from underground
systems of hydraulic elevators can pollute the surrounding
water resources [8]. Today, biodegradable hydraulic fluids
are increasingly used [19]. The energy efficiency of gearless
elevators is higher than geared elevators. Because geared
elevators use gearboxes, their efficiency is less than gearless
elevators [14]. The gear ratio is normally chosen from 20:1
to 40:1 depending on the load and speed of the elevator.
The higher the gear ratio, the lower the system efficiency
will be since most of the power is consumed in the gear.
[6]. The rating according to this information is shown in
Table 7.

Table 7. Environment

Types Casel Case2 Case3

Traction Gearless 4 1 2
Gearbox 3 0 1

Hydraulic  Direct acting 2 2
Indirect acting 2 2
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Shaft efficiency

For elevators to be installed, they need a minimum pit
and headroom distance, and necessary shaft space. The
main reason for these needs is related to the fit of the shaft
equipment into the shaft. Elevators that are not normally
possible to install can be installed by taking special precau-
tions (buffers are folding, a balustrade is telescopic, etc.)
[20]. The shaft efficiency of hydraulic elevators is higher
than traction elevators. A hydraulic elevator with the same
characteristics requires much less pit and headroom than
a traction elevator with the same characteristics [10]. The
biggest reason for this is that traction equipment is not
used. If the hydraulic equipment is located outside the shaft,
the number of equipment that can interfere with the ele-
vator above and under the shaft is very small. In addition,
depending on the condition of the shaft, the hydraulic cyl-
inder can be applied to the caret in many ways [6]. In some
cases, hydraulic elevators can even freely reach the terrace
floor [7]. In addition, the use of a counterweight requires a
certain area in the shaft. This means that the car space in
the same shaft space will be different from direct hydraulic
elevators and other elevators. Since the car area is directly
proportional to the number of people it carries, direct
hydraulic elevators in the same shaft gap may have more
carrying capacity. The more complex the pulley system in
traction elevators, the more likely it is to take up space in
the shaft. Because pulleys and ropes need to cover a certain
space to work smoothly. According to this information, the
rating is shown in Table 8.

Table 8. Shaft efficiency

Types Casel Case2 Case3

Traction Gearless 3 3 2
Gearbox 3 3 2

Hydraulic ~ Direct acting 4 4
Indirect acting 4 3

Quantity of car doors

Depending on the structure of the buildings, the loca-
tion and quantity of the car door(s) may be important.
The quantity of car doors that can be used in direct act-
ing hydraulic elevators is higher than in other elevators.
In direct acting hydraulic elevators, there is no equipment
such as a counterweight or hydraulic cylinder moving next
to the car, so a car door can be placed on 4 sides. In indirect
acting elevators, the single-cylinder elevator closes only one
wall, while the double cylinder elevator closes both walls.
Single cylinders can have 3 doors, and double cylinders can
have 2 doors. Thanks to some special precautions (taking
the cylinders to the corner of the shaft, etc.), this number
can be increased, but it is not a common method. The same
working logic applies to the L car frame and the M car

frame. Since 3 sides of the L car frame are open, 3 doors can
be placed, while in the M car frame, 2 doors can be placed
mutually. The L car frame cannot be used because a more
durable structure is required in freight elevators, so freight
elevators can only contain 2 doors even if they are traction.
The rating according to this information is shown in Table
9.

Table 9. Quantity of car doors

Types Casel Case2 Case3

Traction Gearless 3 3 2
Gearbox 3 3 2

Hydraulic  Direct acting 4 4
Indirect acting 3 2

Machine room

One of the biggest constraints is whether the elevator
needs the machine room, if it needs it, the appropriate loca-
tion is suitable for the structure of the buildings. Gearless
elevators do not need a machine room. Gearboxes, such
as worm gears and planetary gears, require the machine to
be large and weigh. However, the traction pulley of a gear-
less machine is seated on the same axle shaft of the drive,
providing a simpler way of transferring power. Gearless
machines provide size and weight advantages with these
features. This means that it is suitable for use without a
machine room [6]. The location of the machine rooms
of hydraulic elevators can be chosen more freely than for
geared elevators. The machine room of traction elevators
must be located inside or near the shaft. Because the move-
ment of the car is connected to the ropes, movement can be
provided by diversion pulleys from the engine to the car.
The movement of hydraulic cylinders requires pressurized
oil, so there is no need for it to be near or inside the shaft.
Based on this information, the rating is shown in Table 10.

Table 10. Machine room

Types Casel Case2 Case3
Traction Gearless 4 4 4
Gearbox 2 2 2
Hydraulic  Direct acting 3 3
Indirect acting 3 3
Vibration

How much the car vibrates from the first movement to
the stop is one factor that determines the elevator’s comfort
level. Impact-free start and stop, as hydraulic elevators do
not have a gear system; they have stepless speed adjustment
[8]. In the case of traction elevators, gearless drives offer
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a more vibration free driving experience than gearboxes
[6]. The main reason for this is the gears in the gearbox. If
the hydraulic elevator makes a sudden stop, stops between
floors, has difficulty in taking a position and stops with
large loads or shows similar symptoms, the elevator is expe-
riencing problems. Transition discrepancies are caused by
various oil disorders and impurities [11]. The use of oil in
hydraulic elevators can affect the vibration level and reduce
comfort. Based on this information, the rating is shown in
Table 11.

Table 11. Vibration

Types Casel Case2 Case3
Traction Gearless 4 4 4
Gearbox 3 3 3
Hydraulic  Direct acting 4 4
Indirect acting 4 4
Sound

The sound inside the car is as important as the sound
that the machine room gives out. The sound level inside
the surrounding apartments and elevators is one of the
factors affecting the comfort level. Since the location of
the machine rooms of hydraulic elevators can be freely
selected, a selected machine room further away from the
shaft reduces the noise level [6]. For this reason, hydrau-
lic elevators can work less audibly. Gearless elevators work
with much less noise than geared elevators. Since there is
no gearbox, the sound levels are lower in both the shaft and
the machine room [14]. The sound level may be affected in
residential buildings close to the machine room. The rating
according to this information is shown in Table 12.

Table 12. Sound

Types Casel Case2 Case3

Traction Gearless 4 4 4
Gearbox 3 3 3

Hydraulic  Direct acting 4 4
Indirect acting 4 4

Levelling

The performance of the car standing at the level of the
floor threshold on the specified floor is called levelling.
Misalignment of the elevator may cause passengers to
stumble or fall during the boarding and exit of the eleva-
tor. For this reason, the correct position of the car on the
floor has been examined as one of the technical criteria.
Lowering hydraulic elevators to the floor level of the car
can be done simply in the machine room with a manual

lowering button or lever. With the optional inclusion of
a small hand pump, the car can also be raised to a higher
floor level if necessary [6]. Hydraulic elevators have pre-
cise floor adjustment (+3 mm) and automatic levelling [8].
But the temperature can affect the performance of the oil.
Extremely hot or excessively cold oil causes the viscosity to
not conform to the defined parameters that determine the
stop of the elevator [11]. The levelling performance of gear-
less elevators is much higher than geared elevators. Since
there is no gearbox in between, millimetre levelling can be
adjusted [14]. The rating according to this information is
shown in Table 13.

Table 13. Levelling

Types Casel Case2 Case3

Traction Gearless 4 4 4
Gearbox 2 2 2

Hydraulic = Direct acting 3 3
Indirect acting 3 3

Determination of Weighting (g)

Since the criteria weights were not considered equal, the
weighted average was used instead of the arithmetic average
when finding the technical value. Weighting was performed
by the dominance matrix [5]. For this purpose, the two cri-
teria were directly compared with each other, and the order
of importance was determined. The criteria are placed in
both the row and the column and compared step by step.
As arating, 1 means that the values in the first row are more
important than the values in the first column, 0.5 is equally
important, and 0 is less important. However, instead of
using only 0, 1 and 0.5 values, 0.25 and 0.75 values were
also used to obtain a more precise distribution [21]. The
weighting process according to these operations is shown
in Table 14. Areas above the diagonal line are automatically
calculated by counter-equity. The weighting of the compar-
ison crickets was then calculated by dividing their vertical
sum by the total score. The sum of the weights is 100%.

Determination of Technical Values

All found points and weightings were used to calculate
the weighted technical value (x,). The technical value can
be calculated as [1]:

_ P1 X g1 +P2 X gyt P3Xgat... TPy X gy
(91 + 92+ g3t+...+9n) X Pmax (1)

g

The equation can also be written as below:

— pgtotal
(91 + 92 + gz+...+9n) X Pmax ()

Xg
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Table 14. Weighting score

A B C D E F G H I J K L
A 0.75 0.25 0 0 0.5 0 0 0 0 0 0
B 0.25 0 0 0 0.25 0 0 0 0 0 0
C 0.75 1 0.25 0 0.75 0 0 0 0 0 0
D 1 1 0.75 0 1 0 0 0 0 0 0
E 1 1 1 1 1 0 0 0 0 0 0
F 0.5 0.75 0.25 0 0 0 0 0 0 0 0
G 1 1 1 1 1 1 0.25 0.5 0.75 0.75 0.25
H 1 1 1 1 1 1 0.75 0.75 1 1 0.5
I 1 1 1 1 1 1 0.5 0.25 0.75 0.75 0.25
] 1 1 1 1 1 1 0.25 0 0.25 0.5 0
K 1 1 1 1 1 1 0.25 0 0.25 0.5 0
L 1 1 1 1 1 1 0.75 0.5 0.75 1 1
Total 9.5 10.5 8.25 7.25 6 9.5 2.5 1 2.5 4 4 1
g 14.4% 15.9% 12.5% 11.0% 9.1% 14.4% 3.8% 1.5% 3.8% 6.1% 6.1% 1.5%
Pgtotat = Pg1 T Pg2 + Pgat... D gn (3) Pg1 =P1 X091 = 0,144 x 2 = 0,29 (6)
Pg =9 Xp (4) All criteria’s score and the technical value can be calcu-

In this study, the sum of all weights is 1 and the maxi-
mum point that can be given is 4.

lated as:

Pgtotar = 0,29 + 0,48 + 0,38 + 0,22 + 0,09 + 0,58 + 0,11

+ 0,05+ 0,15+ 0,24+ 0,24+ 0,06 = 2,88 (7)
X = pgtotal _ pgtotal
9" 1x4 4 (5)
Gearless traction case 1 (I) is examined as an example. x; =——=0,721 (8)

The weighted point score for installation reliability can be
calculated as: All results are shown in Table 15.
Table 15. Technical value

Traction Hydraulic

Gearless Gearbox Direct Acting Indirect Acting

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 Case 1l Case 3 Case 1l Case 3

1 \'%4 v II Vi \%4 111 VI 1V vl

g Pp, PP, PP, PP, PP, PP, PP, PP, PP, P Pg

A 14.4% 2 029 0 000 1 014 3 043 1 014 2 029 3 043 4 058 3 043 4 0.58
B 15.9% 3 048 2 032 2 032 3 048 2 032 2 032 4 064 3 048 4 064 3 048
C 12.5% 3 0.38 1 013 2 025 2 025 0 0.00 1 013 4 050 2 025 4 050 2 0.25
D 11.0% 2 022 2 022 2 022 2 022 2 022 2 022 4 044 4 044 4 044 4 044
E 9.1% 1 0.09 0 0.00 1 009 2 018 0 000 2 018 4 036 4 036 4 036 4 036
F 14.4% 4 0.58 1 014 2 029 3 043 0 0.00 1 014 2 029 2 029 2 029 2 0.29
G 3.8% 3 0.11 3 011 2 008 3 0.11 3 011 2 008 4 015 4 015 4 0.15 3 0.11
H 1.5% 3 005 3 005 2 003 3 005 3 005 2 003 4 006 4 006 3 005 2 0.03
1 3.8% 4 015 4 015 4 015 2 008 2 008 2 008 3 011 3 011 3 011 3 0.11
] 6.1% 4 024 4 024 4 024 3 018 3 018 3 0.18 4 024 4 024 4 024 4 024
K 6.1% 4 024 4 024 4 024 3 018 3 0.18 3 018 4 024 4 024 4 024 4 0.24
L 1.5% 4 006 4 006 4 006 2 003 2 003 2 003 3 005 3 005 3 005 3 0.05
Py 100% 2.8 1.66 2.11 2.62 1.31 1.85 3.52 3.25 3.50 3.18
X, 0.721 0.416 0.528 0.655 0.328 0.463 0.879 0.813 0.875 0.795

g




1332 Sigma J Eng Nat Sci, Vol. 42, No. 5, pp. 1325-1335, October, 2024

Table 16. Economic value

Rated load 300 kg 1350 kg 5000 kg
Car mass 500 kg 1300 kg 3000 kg
Distance 12m 57m 3m
Rated speed 0.63m/s 3.5m/s 0.63m/s
Traction Hydraulic Traction Traction Hydraulic
Type Gearless | Gearbox | Direct |Indirect| Gearless | Gearbox |Gearless| Gearbox | Direct | Indirect
1 \4 v )4 VI \%4 i1 VI v \%11
Car 1.000 € 2.000 € 2.500 €
Car frame 1.500 € 2.000 € 2.000 €
Landing door 250 €x5=1.000 € 350 €x20 =7.000 € 500 €x2 = 1000 €
Car door 500 € 700 € 900 €
Pit equipments 500 € 800 € 800 €
Controller 3.500 € 3.500 € 3.500 €
o T90/A T140-1/BE T140-2/B
Car guide rail
24 €/m x 24m =576 € 35€/mx 114m = 3990 € 37 €/mx 6m =222 €
Carlj:i;mﬂ 10€x24=240€ | 6€x24=144€ | 15€x114=1710€ | 20€x6=120€ 15€x6=90¢€
Dri 1.2kW 6.5kW 31kW 18.5kW 65kW
rive
v 2.000 € 1.500 € 500 € 5.000 € 4.500 € 3.500 € | 3.000 € 4.000 €
Machine frame 400 € 200 € - - 500 € 700 € - -
T70/A - - T140-1/BE T89/A - -
CW guide rail 18 €/mx24m ) i 35 €/mx114m 23 €/mx6m i i
=432€ =3.990 € =138 €
CW 1.000 € - - 2.000 € 2.000 € - -
Governor 400 € - - 400 € 400 € - -
Roping 1:1 - - 2:1 4:1 - -
R 6.5mm - 6.5mm 6.5mm 8mm - 8mm
o
pe 1 €e/m - [ 1em 1 €/m 1.2 €/m i 1.2 €/m
Quantity of rope 5 - 5 8 8 - 8
Length of rope 15x5 =75m - 84);)5m: 128x8 = 1024m 45x8 = 360m - 3x8 = 24m
Compensation - - - 50% - - - - -
Rope 75 € - 40 € 1.536 € 432 € - 29 €
1. Cylinder - - 100mm | 90mm - - - - 150mm | 2x180mm
diameter
L Cyhnder - - 10mm | 12mm - - - - 10mm 10mm
thickness
2. thnder i i 140mm i i i i i i i
diameter
2. Cylinder
thickness i i 10mm i i i i i i i
3. Cyhnder i i 200mm i i i i i i i
diameter
3. Cylinder
thickness i i 15mm i i i i i i i
Hydraulic lifting | - | 2000€ | 500€ . . . . 950€ | 1.900€
unit
. - - 2201 801 - - - - 601 1601
Hydraulic tank
- - 880 € 320 € - - - - 240 € 640 €
Total 13.123 € | 12423 € | 12.532€ | 10.512 € | 34.526 € 34.026 € | 18.212€ | 17.812€ | 16.634€ | 18.013€
y 0.797 0.814 0.812 0.862 0.262 0.274 0.670 0.680 0.709 0.675
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Figure 2. S- diagram.

Determination of Economic Values

VDI 2225 proposes to use the cost of production as the

only criterion for economic evaluation. The appropriate rat-
ing was made based on the studies on elevator prices. These
ratings consist of only one approach, costs vary depending
on countries and companies. Opinions were received from
global elevator companies and sector representatives for
equipment prices and the average was taken. Approximate
prices and economic values (y) based on the above studies
and market data are shown in Table 16. In the table, the case
where the economic value is 1 is 5,000 € and the situation
where 0 is 45.000 €.

RESULTS AND DISCUSSION

The technical and economic values are shown in the

S-Diagram shown in Figure 2. The purpose of showing
it in a single diagram is not only to make comparisons
within situations but also to make comparisons between
situations.

The results based on these values are listed below.

In general, the difference between the first cases in the
table is noticeable. Case 1; the residential elevator, has
the closest values to 1 economically and technically. In
contrast, the high-speed business centre elevator has
values closest to 0. Technically, when we compare a resi-
dential elevator with a high-speed and high-speed eleva-
tor, the residential elevator will be easier to install, easier
to maintain, and less malfunctioning; it was investigated
when rating that it would be less costly economically.
This table has led to a more visual understanding of the
results.

When case 1 is examined, it is observed that hydraulic
elevators shown by points III and IV are technically bet-
ter than traction elevators shown by I and II, although

—4- [: Case 1 traction gearless

-@- II: Case 1 traction gearbox

- III: Case 1 hydraulic direct acting
—A— [V: Case 1 hydraulic indirect acting
- V:Case 2 traction gearless

-@ VI: Case 2 traction gearbox

—&— IX: Case 3 traction gearless

B~ X: Case 3 traction gearbox

-+ XI: Case 3 hydraulic direct acting
—&— XII: Case 3 hydraulic indirect acting

not much difference economically. There is no serious
difference between being in direct acting and indirect
acting. As a result, it can be inferred that hydraulic ele-
vators are more advantageous in residential elevators
used at low speeds and low rated loads.

When case 2 is examined, there is not much economic
difference between the traction elevators shown by
points V and VI. Because of the price of the engine in
high-rise buildings; The guide rail will have a smaller
proportion as the quantity of guide rail fixings and
floor doors increases. However, it can be observed that
the gearless elevator is technically more advantageous
than the geared elevator. As a result, since hydraulic
elevators are not suitable for high-rise buildings, it
can be inferred that gearless elevators are more advan-
tageous in elevators used at high speeds and high
distances.

For case 3, the traction elevators shown by points IX
and X appear to be technically inadequate, although not
much difference economically compared to the hydrau-
lic elevators shown by points XI and XII. Although
hydraulic elevators are technically no different, direct
acting is economically more advantageous. The main
reason for this is that to 2 stops building, direct acting is
more feasible. As a result, it can be inferred that direct
acting elevators are more advantageous in elevators
used in heavy loads.

If all situations are evaluated for geared and gearless ele-
vators, it can be observed that geared elevators have a
higher score economically and gearless elevators have a
technically higher score. However, for all cases, we see
that gearless elevators are closer to an upper parabolic
line than geared elevators. As a result, it will be more
appropriate to choose gearless elevators.
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CONCLUSION

The VDI 2225 method provides a more understand-
able and transparent comparison of options by showing
technical competence and cost status in a single diagram,
S-Diagram. S-Diagram: A coordinate system created with
the “x” value as the abscissa, the technical value, and the “y”
value, the economic value, as the ordinate, is used to sum-
marize the graphical representation of the technical and
economical evaluations. The evaluation of the VDI 2225
method used in this study is listed below.

o It has been observed that it is very useful when com-
paring the results as it can present the results both tech-
nically and economically. In this way, which aspect of
the design or the compared situation can be revealed as
strong and which direction is weak?

o 4 points method is more suitable for superficial com-
parisons or if there are too many comparison criteria.
For more detailed comparisons, the evaluation over 10
points will be more accurate.

o The VDI 2225 method states that all criteria have the
same weighting and that weighting should not be used
unless it is necessary. However, the ease of installation
and the same weighting of the quantity of car doors for
this work means that there cannot be an accurate com-
parison. For this reason, weighting was used to deter-
mine the technical values.

o The VDI 2225 proposes to use the cost of production
as the only criterion for economical evaluation. For
this reason, economic evaluation remains uniform. The
study of some criteria in economic value instead of tech-
nical value may make the evaluation more appropriate.
In this study, the VDI 2225 method was examined, and

the elevator was used as an example. It is suitable for use

in mechanical systems. For future studies, this study can
be done with the Pahl & Beitz Method and the differences
between VDI 2225 can be evaluated.

NOMENCLATURE

Weighting score
Weighted technical value
Technical value
Economical value

Point score

Weighted point score
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