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ABSTRACT

Scissor lift is device that is used to lift something to a higher place. In the design
of frame structure, good accuracy is required in order to avoid the constraints that occur
from the safety factor and strength. However, in determining the structure, it takes a
layout that conforms to a predetermined specification. In addition, a hydraulic cylinder
of 2 is used to balance the lift load. After the structure of the frame can be known value
and strength, it needs to check by using the comparison of safety factor. If the
comparison results do not match, then the design process must be repeated from the
beginning. Therefore, assumptions on layout and structural assumptions are very
influential on good results. Motor power, pump and oil tank volume need to be
calculated to support force on cylinder in order to lift load.

The results of the calculation and selection of hydraulic cylinders obtained are
outside diameter 95 mm, Inside diameter 80 mm, Rod 60 mm. Meanwhile, for motor
power used is 3HP, flow rate pump is 6.4 cc / rev, oil tank volume is 18.6 liters.
Therefore, the calculation results for the design of this scissor lift is very suitable to lift
the load 3.5 tons.

Keywords : scissor lift, cylinder hydraulic, safety factor.



TABLE OF CONTENTS

DECLARATION LETTER ...ttt i
APPROVAL SHEET OF ADVISOR. ...ttt 11
DEDICATION PAGE ...ttt Y
IMOTTO ettt st b ettt e s bt et e et e et e e naneenes Vi
ACKNOWLEDGMENT ...iiiiiiiieiiiiee s ssinsssssss s ssss s snsssssnesesneessnneessnneessnsessnsnns Vil
ABSTRACT .......dff.........B. v B £ P A ... .M. ... IX
TABLE OF CONTENTS ..ot X
LIST OF TABLES .ottt e e e i\
LIST OF FIGURES ........oooiiiece ittt ettt snae e nee s XV
CHAPTER L.ttt a bttt rennenneas 1
INTRODUCTION ...ttt ettt et sb et e ettt nrenreenes 1
1.1 BacKgroUNG...........cccooieiiiiiiie ettt et e ne e re e 1
1.2 Problems FOrmulation........cocoiiiiiiiiii et 2
1.3 ScOpe Of the PrOJECT .......oovieiiie ittt 2
1.4 ODJECHIVE ittt et st ste et nreeae s 2
1.5  BenefitsS DESION ....ccoiiiiiii ittt et 2
1.6 Outline of the REPOITS.......cviiiiiiiiiiiiie et 3
CHAPTER T .ottt eneas 4
LITERATURE REVIEW ..ottt sttt st se e snenn s asiae st s s 4
2.1 LItErature REVIBW ......cooiiiiiiie et 4
A o 15170 g N OSSR 5
2.2.1  Scissor Lift COMPONENLS .......coiiiiiieieieriesie e 5

2.3 Material USEU........ccveiieiiee ettt 6
2.3.1  SSAD0..... it 6

2.4 Hydraulic CYlINAEN .......cooiiiiiieee e 7
2.5 BRAM .o 7
251 TOPBEAM ..o 8
252  BOMOM BEAM .....ooiiiiiieie e 9



2.6 SAfEtY FACION .....cccviiii e 9

CHAPTER T ..ottt 11
RESEARCH SCHEMATIC ...ttt 11
3.1 ReSearch SCNEMALICS ........ccooeiiriiiieieiee e 11
3.2 DESIGN STEPS .eeevierieitieite ettt reenre e 12
3.2.1  Determining the specification will be designed .............c.ccceeuenne 12
3.2.2  Make assumption for load total ............cccccevveeviiiiiiciiec e 12
3.2.3  Make Layout for SCISSOr Lift .........cccoceriiiiiniiiieie e 14
3.24  Calculatethe Value 0f G ......ooveiee e 14
3.25  Calculate the Value 0f GN........cccooiiiiiiieeciecsrc e 15
3.2.6  Calculate Force for Hydraulic Cylinder ..........cccooiiiniiinininnnnns 15
3.2.7  Calculate the Value of FC’ .....ccccviiiiiiiiie e, 15
3.2.8  Determine the size of the cylinder are used...........cc.ccoceviiiiinnnnnns 16
3.2.9  Calculate the value of FN ......cccoiviiviiiiieecieiec s 16
3.2.10 Calculate the Value of Bending Moment ..........cccocecceveiiiiinnnnnnns 16
3.2.11 Calculate the value of bending stress in the cross section area. ..... 17
3.2.12 Calculate the value of COMPreSSIVE SIIeSsS ........ccccoererereriierenenns 17
3.2.13 Calculate the value Of Shear Stress.........ccccuieiereieiieneneiesenennens 17
3.2.14 Calculate deflection Of SCISSOr ..........ccviiiiiieiiiieeiie e 18
3.2.15 Calculate the Strength of top beam..............cccccceriiiieiicii i 18
3.2.16  Calculate the strenght of bottom beam ...............ccccoeiviiiiiiiiene 19
3.2.17 Calculate the strength of platform ...........ccccooviviiiiiiee 19
3.2.18 Determine compressive stress on y axis and x on platform. .......... 20
3.2.19  Speed Of CYHNAEr ......cooeiiiiiiice e 20
3.2.20 Calculate flow rate PUMP.......coveiiuieiiieiii e 20
3.2.21 Selecting the flow rate pump capacity from the catalog (Q ') ........ 21
3.2.22 Determine the actual moving speed of hydraulic cylinder............. 21
3.2.23 Determine actual speed Of SCISSOI ........cccovveivieiiieiiiie i 22
3.2.24  Calculate the size 0f MOLOr .......cccoevvviiiiiieecc e 22
3.2.25 Calculate the maximum pressure a hydraulic cylinder................... 22
3.2.26  Determine capacity of Oil tank..........c.ccoovviiiniiiiiiii s 22
CHAPTER IV ..ttt 23



4.1 DeSigN RESUILS ....c.eocviiieee et 23
4.1.1  Assumption for load total ...........cccceeeieiiiie i 23
4.1.2  Make layout for scissor lift..........cccccevviiiiiiii i, 25
413 FINA G 25
4.1.4  Calculate F for CYlNGer.........cccooveveiieieee e 26
415 FINA FC it 27
4.1.6  Find Cylinder DIMEeNSION .........cccoiiiiienenine e 27
4.1.7  CroSS SECUON ATBA......ccveiieeieeeieiieeeeeeestee e siassaeenee e seeseeaneesneenes 29
4.1.8  Bending MOMENT N SCISSON ......cvirieiieiiriiiiiiiesie st 29
4.1.9  Bending Stress in CroSs SECtION area .............ccoieerueveirenrenienesiesennns 30
4.1.10 Compressive Stress “P” iN SCISSON ........c.coiviiiieieiiciieiene s 32
4.1.11  Shear StreSS IN SCISSON .uueveerueireerieerueireesieasieaneestaesteeessseesseaseesseesees 33
4.1.12  SCISSOrS DefleCtioNn .....ccveiiiiiieiieiieire i 34
4.1.13 Calculate top beam ..o 34
4.1.14 Calculate deflection of top BEAM ....cccovvviviiiiiiiiieie 37
4.1.15 Bottom beam calCulation ...........cccooviiiiieie e 37
4.1.16 Calculate deflection of bottom beam............cccceveviiiiiiiiiiine, 39
4.1.17 Calculate the strength platform Size...........c.cccoveiiiiiiicci e, 39
4.1.18 Cylinder Speed “moving speed of cylinder” ............ccoooveiiiinnnnnn. 42
4.1.19  FIOW Fate PUMP ....eiiiiii i citiese it e sie et saeestie e an e sneeenbe e s 42
4.1.20 Choose actual pump from catalog (Q’) ..ccoovvervriiiieniiiiiie e, 43
4.1.21 Actual moving speed of cylinder (VC) .....ccocoveviiiiiieiiece e 44
4.1.22 Actual scissors speed / X SPeed.........ccevvviiiieiieiiiesie e 44
4.1.23 Calculating size of MOtOr........ccccveiiiiiiieiiece e 45
4.1.24 Choose size of motor from catalog.........cccocvevveiiienieiiicieeee, 45
4.1.25 Maximum pressure of cylinder..........cccooeiiiiiie i, 46
4.1.26 Ol tank VOIUME ..o s 47
CHAPTER V sttt et et e st e e nnae e e nnae e 48
CONGCLUSIONS ...ttt re e 48
T8 A O o] [ oo ISP 48

5.2 ReCOMMENTALION .....oviviiieiiiiiiiiieie e e 48



REFERENCES
APPENDICES

Xiii



LIST OF TABLES

Table 2.1 material properties SSA00 .........c.ccviieierieiie e 6
Table 3.1 Specifications deSIGN.......ccviieiieiiee e e 12
Table 3.2 platform table ...........coo i 19
Table 3.3 flow rate pump Catalog.........ccccvveiierieiieiice e 21
Table 4.1 Cylinder standard for scissor lift...........ccccooveieiiii e 28
Table 4.2 pump CAtalOg .......cooiviiiieiii s 43

Xiv



LIST OF FIGURES

Figure 3.1 Research SChemMatiCS ........ccvvveiiiiiiieie e 11
Figure 3.2 Platform table 10ad............c.ccceiiiiiiieii e 13
Figure 3.3 SCISSOr LIt LAYOUL .......cc.ocviiiiiiiieieieieie e 14
Figure 3.1 Assumption platform 10ad ...........ccccooeieiiiiniiiice e 23
Figure 4.2 1ayout SCISSOr Nit........c.ccviiiiiieiicc e 25
Figure 4.3 bending MOMENT ..ot 29
Figure 4.4 cross section SCISSOr PACKAGE......urueeeieiieitinieniisieee it 30
Figure 4.5 assumption distance of cylinder hydraulic force .......cccccoviiiiiinnnnen. 35
Figure 4.6 assumption shape and size of beam...............cccoevviiiiiiii i, 36
Figure 4.7 size of beam from catalog.........ccoeieeiiiiiiiic e 36
Figure 4.8 assumption distance of cylinder hydraulic ............ccccceocieiiiiiiiinns 37
Figure 4.9 assumption shape and size bottom beam ................cccoeiviiiiiiiininnne 38
Figure 4.10 equal angle beam from catalog.............cccoevevviiiieciie s 38
Figure 4.11 size of Platform ..o 40
Figure 4.12 mMOtor CAAIOQT .......coveeeiiiie sttt 46

XV


file:///E:/Undergraduate%20Thesis%20at%20TMC%20Industrial%20Company/report/Undergraduated%20Thesis%20Report.docx%23_Toc483835859

CHAPTER1

INTRODUCTION

1.1 Background

TMC Industrial Public Co., Ltd. is a manufacturing company of hydraulic
and system mechanical press. The company was founded on January 13, 1972 by
Mr.Tweemate Kwonmongkonsouk with vision” it’s possible for Thai people to
invent and manufacture of hydraulic and mechanical presses ".With this
commitment, TMC awarded "The Most Noble Order of the Crown of Thailand" as
a developer and a system press of hydraulic and mechanical (www.tmc.co.th,

2011). In addition, one of products of this company is a scissor lift.

Scissor lift is mechanical device which used for various applications
removal of the load to a height or a certain level. Scissor lift can work with
several combinations of application, such as pneumatic, hydraulic, mechanical,
and others. (Sabde Abhijit Manoharrao, 2016)

In this final project design is used scissor lift using hydraulic cylinders as an
application appointment. It should be considered in this design is to determine the
specifications of scissor lift such as the platform size, load capacity, maximum
height, minimum height, travel height, arm lifts, hydraulic cylinder, up-speed.
After knowing the value of the desired specification, it is necessary to calculate
the strength of frame structure, motor specification, pump specification and
hydraulic cylinder size. Calculations of the structure are important before making
with software design in order to know size and material strength in accordance

with the specifications.

The result of this design is to produce structural calculations scissor lift with
reference to the specification and to determine the specifications of the motor,

pump, oil tank and hydraulic cylinder.



1.2

Problems Formulation

Based on the background that has been submitted, it is necessary to

formulate the problems as follows:

1.3

How to make layout for assumption calculations?

How to calculate the structure and strength of scissor lift ?

How to calculate and determine the hydraulic cylinder size and strength
which support to the structure of scissor lift?

How to calculate and determine the specifications of motor, pump and oil

tank volume which support with scissor lift?

Scope of the Project

The scope of the projects “Calculations for Structural Design of Hydraulic

Scissor Lift with Load Capacity 3.5 Tons at T.M.C Industrial Co.,Ltd Thailand

“as follows:

14

are:

1.5

The calculations performed are frame structure, hydraulic cylinder size,
motor specifications, pump specifications and oil tank volume.
Hydraulic cylinders which used are type a single speed.

Design specifications are determined by TMC Industrial Co., Ltd.

Objective
Based on the background outlined, we can conclude the issues to be studied

To design and calculate the structures of scissor lift which safety in
accordance with the desired.

To determine the size of hydraulic cylinder which supporting for structure
of scissor lift.

To determine the specifications of motor, pump and oil tank volume in

accordance with the structure of the scissor lift after doing the calculations.

Benefits Design

The benefit of this design is to determine all the size and strength of the

scissor lift structure which safe before making a design with drawing software.



1.6 Outline of the Reports
To understand regarding this final project, the writing is done by grouping

into chapters with systematic writing as follows:
CHAPTER | : INTRODUCTION

This chapter explains the general information such as background, problems
formulation, scope of the project, design objectives, benefits design and

systematics writing.
CHAPTER Il : LITERATURE REVIEW

This chapter explains the design of the study or previous or recent
developments on the topic of research, comparison-comparison which includes a
review of the literature. As well as in it there are the basic theory to identification,

explanation and discussion of research issues.
CHAPTER Ill: RESEARCH METHODOLOGY

This chapter explains the flow of research, or methods used to calculate the

design of the product.
CHAPTER IV : RESULTS AND DISCUSSION

This chapter contains the results obtained from studies such as product
design and research data are supported or supplemented by tables, figures, charts
and diagrams. The results section only displays data or the product design and
discussions carried out by comparing the specifications requested by the results
that have been obtained.

CHAPTER V : CONCLUSION

This chapter contains about the conclusions and suggestions regarding the

summary of the results of the design.



CHAPTER I

LITERATURE REVIEW

2.1 Literature Review

Scissor lift is a device to raise something, such as worker, materials or
objects to a certain height as desired. However, if the scissor lift is designed,
manufactured and maintained in accordance properly, it will improve job
performance, productivity and safety factor. Unfortunately, there are still many
accidents that occur due to the lack of safety factors in the design. Some of these
factors are scissor-speed, heavy load which not appropriate and the material
strength. It is necessary to design highly appropriate to determine the sizes and
strength on this device. (Ren G.Dong, 2012)

Every part of the machine cannot move to a position corresponding to the
desired to move a component. Some of them are aerial lifts, boom lifts, scissor
lift, towable elevator used to move a material or device to different directions as
desired. A scissor lift is a portable, easily extended and compressed, used for safe

operating machine. (M.Kiran Kumar, 2016)



2.2 Scissor Lift

2.2.1 Scissor Lift Components

Figure 2. 1 Structure Components

=

Figure 2. 2 Motor components

Where:

a) Platform
b) Scissor package



c) Top beam
d) Lift cylinder
e) Bottom beam
f) Base frame
g) Safety valve
h) Control unit
i) Pump

j) Motor

k) Oil tank

2.3 Material Used

2.3.1 SS400

SS400 material is mild steel in which the chemical composition of only
carbon (C), Manganese (Mn), silicon (Si), sulfur (S) and phosphorus (P) used for
the application of structure / general construction, for example for bridge, plate

ships, oil tank and structure of lift. (steelindopersada.com, 2015)

Table 2.1 material properties ss400

Base Metal Price 2.9 % rel
Density 7.9 glem® (490 Ib/ft®)
Elastic (Young's, Tensile) Modulus 210 GPa (30 x 10° psi)
Electrical Conductivity 12 % IACS
Electrical Resistivity Order of -7 10 Q-m
Magnitude
Elongation at Break 23 %
Modulus of Resilience (Unit 200 k/m’
Resilience)
Poisson's Ratio 0.29
Specific Heat Capacity 480 J/kg-K
Strength to Weight Ratio 61 KN-m/kg
Tensile Strength: Ultimate (UTS) 480 MPa (70 x 10 psi)




Tensile Strength: Yield (Proof) 290 MPa (42 x 10° psi)
Thermal Conductivity 50 W/m-K
Thermal Diffusivity 13 m°/s
Thermal Expansion 11 pm/m-K
Unit Rupture Work (Ultimate 96 MJ/m°
Resilience)

2.4 Hydraulic cylinder
Hydraulic cylinders are used single-acting type. This cylinder has only one
movement, usually just to lift or push.

Figure 2. 3 Hydraulic cylinder single acting

Figure 2.3 It shows the hydraulic cylinder which has a single-acting, i.e.

one direction only. And also characterized by having one port hose burst.

2.5 Beam

A beam is a structural member which subjected primarily to transverse loads
and negligible axial loads. Transverse loads that occur causing the bending
moment on the beam. (Prof.Dr.A.Varma, 2012)

7
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Beam

Figure 2. 4 Load on beams

Figure 2.4 It shows some of the force which occur on beam, such as tensile force,

torsional force and compressive force.

2.5.1 Top Beam
Top beam is used square beam as anchoring scissor package and hydraulic

cylinder.

Figure 2. 5 Top beam shape

Figure 2.5 It shows the shape of the top beam which has the same size on
both sides. Catalog beam is used to select the appropriate specifications.

8



2.5.2 Bottom Beam
The bottom beam is used as an equal angle beam shape retaining scissor

package and hydraulic cylinders.

Figure 2. 6 Equal angle beam

Figure 2.6 It shows the shape of the bottom beam that have the same size on the

side of a and b. Catalog beam is used to select the appropriate specifications.

2.6 Safety Factor

In book ‘Machine Design’, D.G Ullman said ” The factor of safety is a
factor of ignorance. If the stress on a part at a critical location (the applied
stress) is known precisely, if the material’s strength (the allowable strength) is
also known with precision, and the allowable strength is greater than the applied
stress, then the part will not fail. However, in the real world, all of the aspects of
the design have some degree of uncertainty, and therefore a fudge factor, a factor
of safety, is needed. Afactor of safety is one way to account for the uncontrollable
noises. In practice the factor of safety is used in one of three ways: (1) It can be
used to reduce the allowable strength, such as the yield or ultimate strength of the
material, to a lower level for comparison with the applied stress; (2) it can be
used to increase the applied stress for comparison with the allowable strength; or
(3) it can be used as a comparison for the ratio of the allowable strength to the
applied stress”. (Ullman, 1986)

Safety factor can be determined by the following formula :



(2.1)

Where FS is safety factor, o is allowable strength of material used in

Kg/cm?, a4, is applied stress in Kg/cm?2.

10



CHAPTER III

RESEARCH SCHEMATIC

3.1 Research schematics

Start

Calculating structure

Problem Identification of $Rgsor Lift

T l

Acceptable
Study of Literature or not
No
Making Layout Calculating and
specificatios determining
specifications of motor,
U pump and oil tank
Making assumption U
for structure
dimensions and <€ o .
shapes Finish

Figure 3.1 Research schematics
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3.2 Design Steps

3.2.1 Determining the specification will be designed
The first thing to do before designing is to determine the specification of the
lift scissor to designed.

Table 3.1 Specifications design

Specifications
Platform size 1500x1300 mm
Load Capacity 3500 Kg
Maximum Height 1100 mm
Minimum Height 350 mm
Travel Height 750 mm
Liftarm 1 set
Hyd. Main cylinder 2 set
Up-speed > 50 mm/sec

3.2.2 Make assumption for load total

Addition to lifting the load, there is some amount of load to lift by hydraulic
cylinders, such as platforms, scissor package, beams and other supporting parts.
However, to make initial assumptions, the beam cannot be assumed to be due to
calculate the strength of the beam, must be determine the size and strength first of
the scissor package. Therefore to make assumptions load on the beam and the
other parts supported, in making assumptions on the scissor package and the
platform must be greater than the original load. It is intended that the hydraulic

cylinder can lifting the load safely.

a) Lifting load

12



Lifting load amount has been determined on the specifications requested
which is 3500 Kg.

b) Platform table load

To calculate the number of platforms loaded, first determine the
assumptions for the size and thickness.

n

A2

A3

Figure 3.2 Platform table load

figure 3.2 It shows the load at points Al, A2 and A3 which in points A2 and
A3 has two sides.

To calculate the load platform can be determined by the following formula:

AXhXTXp

Load platform = 1000000

(3.1)

Where the value of A is the amount of load of A1, A2, A3 and h is the
thickness of the material used, p is density of mild steel which has 7.85 g / cms,

c) Scissor Load

Scissor load is calculated after making various assumptions for size and can

be seen after designing with software design.

d) Total Load

13



To calculate the total amount of load can be determined using the following
formula:

Load Total = (Lifting load + Platform load + scissor load) X 1.5
(3.2)
The safety factor value of 1.5 is used.
3.2.3 Make Layout for Scissor Lift
After all specifications have been obtained, the next step is to make

assumptions layout for the scissor lift. It is intended that the specifications

requested in accordance with the designed.

bbb

R1=7 kg R2:=7 kg

Figure 3.3 Scissor Lift Layout

Figure 3.3 showing the scissor lift layout. Calculating the angles and values
on each symbol before doing the design.

3.2.4 Calculate the Value of G
G is a force perpendicular to the ground. To calculate the value of G can

be determined by the following formula:

14



Load
G =

(3.3)

3.2.5 Calculate the Value of GN
GN is a force perpendicular to the scissor bar. To be able to calculate the
value of GN can be determined by the following formula:

GN = G xcosy
(3.4)

The value of cos, is 10°.

3.2.6 Calculate Force for Hydraulic Cylinder

F (force) for the cylinder is used to lift the load, and therefore the
assumption that the total load used greatly affect the strength of the cylinder. To
be able to calculate F can be determined by the following formula:

F=GX . xcosy
- L1 sinf

(3.5)

Where the value of F indicates force in Kgf, L is the length of the scissor
in cm, L1 is the length of the scissor tip to hydraulic cylinders in cm, sinf

indicates the angle a2 °.

3.2.7 Calculate the Value of FC’
'FC' is the actual force value the cylinder after distributed of the number of
cylinders used. To determine the value FC 'can be determined by the following

formula:

(3.6)

Where No is the number of cylinders used.

15



3.2.8 Determine the size of the cylinder are used
To determine the size of the cylinders used previously should know the

standard pressure of the cylinder. Can be determined by the following formula:

P_FC’
A
A_FC’
P

(3.7)
P indicates the pressure in Kg/cm?. A is area in cm?2.

After knowing the value of A, we can determine the value of the diameter of
the cylinders by using the following formula:

@_A_ndz
R,
AX4
d =
T

(3.8)
d indicates the diameter of the cylinder in cm and 7 in 3.14.

3.2.9 Calculate the value of FN
FN value is perpendicular force that occurs at the point of the hydraulic

cylinder. Can be calculated with the following formula:

FN = FC' x sin 8
(3.9)
3.2.10 Calculate the Value of Bending Moment

Bending moment value may occur due to the pressing of load. Can be

calculated with the following formula:

Mb =FN x L1

16



(3.10)
Value of bending moment Mb shown in Kg.cm.
3.2.11 Calculate the value of bending stress in the cross section area.

_MbXE
T

ob

(3.11)

Where the ob bending stress shown in Kg / cm?, | is the moment of inertia

in cm*, E is the vertical distance away from the neutral axis in cm.

3.2.12 Calculate the value of compressive stress
Compressive stress is force occurs in scissor package. Can be calculated
with the following formula:

-~ FN
Atop
(3.12)
Value A o, can be calculated using the formula:
Atop =b xd
(3.13)

Where b is the thickness of scissor in cm and d is the diameter of the hole of

Scissor.

3.2.13 Calculate the value of shear stress
Shear stress is force that occurs in scissor package. Can be calculated with

the following formula:

17



(3.14)

A is the area of the cross section and can be calculated using the following

formula:

(3.15)

3.2.14 Calculate deflection of scissor
The deflection is calculated to determine the curvature that occurs on the
scissor after getting the load. The smaller the deflection value, the better the

assumptions are used. Can be calculated using the following formula:

_ FN x L1}
T 3xXEXI

(3.16)

3.2.15 Calculate the Strength of top beam

To know whether the beam is safe or not to be used, it is necessary to
determine the shape assumption and thickness of the beam using the catalog and
also to calculate several things, one of which is the bending stress that occurs. Can

be calculated using the following formula:

_beE
g

ob

(3.17)

After the bending stress can be determined, it is necessary to calculate the
deflection due to the force of the hydraulic cylinder. Can be calculated by the

formula:

FC'xa

=———(3x1?-4xa?
2 xEx] X! @)

f

(3.18)
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Where a (cm) shows the distance between the forces that occur on the
beam with the scissor package and I is the beam length in cm.

3.2.16 Calculate the strenght of bottom beam
The strength of the bottom beam needs to be calculated to know the assumptions
used are safe or not to be used. To calculate the value of bending stress can be

calculated by:

_beE
]

ob

(3.19)

Determine the deflection value of the bottom beam by using the following

formula:

FXa ) )
f I(3><l—4><a)

T 24xE X

(3.20)

3.2.17 Calculate the strength of platform

To find out whether the assumption is safe or not, there is calculation
needed on the platform. To calculate the deflection value on the platform can be
determined by the following formula:

_c3><P><b4
" EXHh3

(3.21)

For the value of c3 can be determined by the ratio a / b where is the length of plate

and b is the width of the plate and it is determined from the following table :

Table 3.2 platform table

Gelenkid gelagerte platte

a/b C1 C2 C3 C4

1 1.15 1.15 0.71 0.26
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1.5 1.2 1.95 1.35 0.34
2 1.11 2.44 1.77 0.37
3 0.97 2.85 2.14 0.37
4 0.92 2.96 2.24 0.38
00 0.9 3 2.28 0.38

3.2.18 Determine compressive stress on y axis and x on platform.

Can be calculated using the following formula:

2

ay=cS><P><F

(3.22)

Where the value of ¢5 =a /b and h is the thick assumption of plates in cm.
ox = 0.3 X oy

(3.23)

3.2.19 Speed of cylinder
To determine the speed of the cylinder when moving is determined by the

following formula:

(3.24)

Where V' is the speed in cm / sec, v is the required speed in cm / sec, ST is

the length of the stroke in cm and h' is the travel height in cm.

3.2.20 Calculate flow rate pump

Can be calculated using the following formula:

_v’xA’xN0x60
N Mo

(3.25)
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Where Q is the flow rate in cc / rev, NO is the number of cylinders, Mo is the

motor capacity in RPM and 60 is the time in sec.

3.2.21 Selecting the flow rate pump capacity from the catalog (Q )
To select the flow rate capacity can be selected with the catalog, if no

value matches with the calculated, then the value of the greater flow rate pump is

chosen.

Table 3.3 flow rate pump catalog

TYPE Flow rate
cc/rev.
ALP2-D-6 4.5
ALP2-D-9 6.4
ALP2-D-10 7.0
ALP2-D-12 8.3
ALP2-D-13 9.6
ALP2-D-16 11.5
ALP2-D-20 14.1
ALP2-D-22 16.0
ALP2-D-25 17.9
ALP2-D-30 21.1
ALP2-D-34 23.7
ALP2-D-37 25.5
ALP2-D-40 28.2
ALP2-D-50 35.2

3.2.22 Determine the actual moving speed of hydraulic cylinder
To calculate actual moving speed of cylinder can be calculated with the

following formula:

Q' X Mo

Ve = X NO %60

(3.26)
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3.2.23 Determine actual speed of scissor

To determine the actual speed of a scissor can be determined by the

following formula:

Vx = Ve x h'
YT T

3.2.24 Calculate the size of motor

Can be calculated by the following formula:

. (1450
e (To00) % P
600 x 0.85 x 0.746

3.2.25 Calculate the maximum pressure a hydraulic cylinder
Can be calculated by the following formula:

M x 600 x 0.85 x 0.746

Q' x (11()\/180)

P max =

3.2.26 Determine capacity of oil tank
Can be calculated by the following formula:

V=0 x145x2

22
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CHAPTERIV

DESIGN RESULT

4.1 Design Results

4.1.1 Assumption for load total

Al\

A2

A3

Figure 3.1 Assumption platform load

1)  Platform table load

_BXHXTXp
~ 1000000

= 1500 x 1300 x 12 x 7.85
B 1000000

Al =183.69Kg

42 = BXHXTXp Y
= 71000000
2_1500><100><12x7.85 v
N 1000000
A2 =14.13 x 2
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A2 = 2826 Kg

_BXHXTXp

A3 =—500000  * 2

1300 x 100 x 12 x 7.85
N 1000000

A3 =12.246 X2

A3 = 24.492 Kg

~ Platform load total = 183.69 + 28.26 + 24.492

Platform load total = 236.442 Kg

*The asummption must be higher,
Platform load = 260 Kg
2)  Scissors Load
Scissors load are calculated after designing with autodesk inventor.
1 scissor = 114.16 Kg
2 scissors = 228.32 Kg
*The asummption must be higher,
2 scissors = 250 Kg

3) Load Total

- Load for lift up = 3500 Kg

- Platform table load = 260 Kg
- Scissor load =250 Kg
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- Safety factor = 1.5

~ Load Total = (3500 + 260 + 250) x 1.5

= 6015 Kg

4.1.2 Make layout for scissor lift

TR AR

R1=7 kg R2:7 kg

Figure 4.2 layout scissor lift

413 Find G
G=R2

6015
G =

2

G =3007.5 Kg

25



1. Find GN

GN = G xcosy

y = 10°

GN = 3007.5 Kg x cos 10°
GN = 3007.5 x 0.984

GN = 2959.38 Kg

4.1.4 Calculate F for Cylinder

Equation 1,
FN
sin §

F =

Equation 2,

L
FN =GN X —
L1

Equation 3,
GN =G X Cosy

W F =GN X —mm—
L1 X sinf
L cosy
F=GXx—X
L1” sinfp
F = 3007.5 X 1370 « cos 10°
B ' 789 ~ sin 32°
F = 3007.5 x 1.736 X 0.984
B ' ' 0.5299

F =3007.5x 1.736 x 1.856
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F =9695.194 Kgf
1 Cylinder force is 9695.194 Kgf

415 Find FC’
F

FC'=—
NO

Where:
FC’ = force for find area of cylinder

NO = Number of Cylinder (choose 2 cylinder)

FC' = F
" NO

_ 9695.194 Kgf
N 2

_9695.194 Kgf
B 2

4

FC' = 484759 Kgf

4.1.6 Find Cylinder Dimension

P FC'
A
Where:

P = Pressure (Kg/cm?)

P = 120 — 150 Kg/cm® (TMC’s standard)
P = 120 Kg/cm? (Chosen)

FC’= cylinder force (Kgf)

A= Area (cm?)
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P=—
A
. FC'
P
B 484759 Kgf
120 Kg/cm?
A = 40.39 cm?
b= a= nd?
ST 4
, 4039 cm? X 4
B T
d= 40.39 cm X 4
B 3.14
d =+vV52.124 cm
d=721cm
d=ID=7.21cm

Find the spec diameter from cylinder catalog

Choose ID = 80 mm

OD = ID = Rod

95 mm =80 mm =60 mm

Table 4.1 Cylinder standard for scissor lift

Cylinder Standard of Scissor Lift

OD (mm)

ID (mm)

Rod (mm)
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76 63 45
95 80 60
110 90 80
125 110 80
140 125 90
160 140 90

4.1.7 Cross section Area

~

rd

I?JF'

Figure 4.3 bending moment

FN = FC' X sinB

FN = 4847.59 Kg x sinf8

FN = 4847.59 Kg X sin 32°

FN = 4847.59 Kg x 0.5299

FN = 2568.7 Kg

4.1.8 Bending Moment in scissor
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Mb =FN x L1
Mb = 2568.74 Kg X 78.9 cm

Mb = 202673.716 Kg.cm

4.1.9 Bending stress in cross section area

b2

EZ

ri

[

ri

E1

il

Figure 4.4 cross section scissor package

_ MbXE
T

ob

Where:

ob = Bending stress (Kg/cm?)

Mb = Bending moment (Kg/cm?)

E = vertical distance away from neutral axis (cm)

| = Moment of Inertia around of neutral axis (cm*)

Make assumption for dimension of scissor package
bl =Db2=32mm
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h1=h2 = 62.5 mm
H =180 mm
c1=31.25mm
€2 =148.75 mm
Find E

_ (b1 xhlxcl)+ (b2 X h2 X c2)
- (b1 X h1) + (b2 X h2)

_ (B82cm x 6.25 cm x 3.125 cm) + (3.2 cm X 6.25 cm X 14.875 cm)

E1
(3.2 x6.25) + (3.2 X 6.25)
360 cm3
El=———
40 cm
E1=9cm
E2=H-E1

E2=18cm —9cm

E2=9cm

E1=E2=9cm

rl = r2 = distance from center of h to neutral axis

r1=r2=58.75 mm

Find moment of Inertia

[=11+12

11 =12
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_bxm

1= X h X 12
v +bXhXr

3.2 X 6.253
1="—"——

5 + 3.2 X 6.25 X 5.875%2

11 = 65.1 cm* + 690.31 cm*
I1 =12 = 755.41 cm*

I = 755.41 cm* x 2

I =1510.82 cm*

_beE
T

ob

_202673.716 Kg.cm X 9 cm
B 1510.82 cm*

o

ob = 1207.32 Kg/cm?

Safety factor=15-2
0 ss400 = 2350 Kg/cm?
ob = 1207.32 Kg/cm?

0 ss400 2350 Kg/cm?
ob  1207.32 Kg/cm?

o ss400

= 1.94
ob

4.1.10 Compressive Stress “P” in scissor
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_FN
7= Atop

Where:

P = compressive Stress (Kg/cm?)
A top= Projection Area
Atop=bxd

Where:

b = thickness of scissor (cm)

d = diameter of hole scissor (cm)
Atop =3.2cm X55cm

Atop = 17.7 cm?

b FN
~ Atop

| 2568.74Kg
T 17.7 cm?

P =145.12Kg/cm?*

4.1.11 Shear Stress in scissor

B FN
=
Where:

hear stress (-2
T = shear stress (sz)

Kg
A = Area of cross section (——=
f ()
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A= —
4
314 x 5.52
- 4
3025 cm?
B 4
A = 7.56 cm?
_ FN
=
_ 2568.74 Kg
=756 om?

7 = 339.78 Kg/cm?

4.1.12 Scissors Deflection
_ FN x L13
T 3XEXI

Where:

f = deflection (cm)

... (Kg
E = modulus elasticity (—2)
cm

2568.74 Kg x 78.9% cm
Kg

3 X 2100000 —% x 1510.83 cm*
cm

f=013cm

4.1.13 Calculate top beam
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Make an assumption distance of cylinder hydraulic force

= 98.4 cm =

Figure 4.5 assumption distance of cylinder hydraulic force

Mb X E
ob =
I
Where:
Mb=F Xa

Mb = 4847.59 Kg X 16 cm

Mb = 77561.44 Kg.cm

E = vertical distance away from neutral axis (cm)

| = Moment of Inertia around of neutral axis (cm4)

Assumption shape and dimension of top beam
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-+

Figure 4.6 assumption shape and size of beam

Figure 4.7 size of beam from catalog

a=b=125mm
t=3.2 mm
| =374.91 cm*
5x5 125 x 125 2.80 10,59
3.00 11.31
320 1203
450 16.62
6.00 21,69
Mb X E
ob = i

_ 7756144 Kg.cm X 6.25 cm
B 374.91 cm*

ob

ob = 1293 Kg/cm?
SF=15-2
Beam material = ss400

0 5400 = 2350 Kg/cm?
36
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1441
1633
2447
21,63

332.52
353.87
37491
504.42
639.27

5320
56.62
50.99
80.1
10228

497
4.96
495
488
481



0ss400 2350 Kg/cm®
ob 1293 Kg/cm?

0ss400
ob

=1.81

1.81 is acceptable

4.1.14 Calculate deflection of top beam

B FC' xa a2 ax a2
f=oaxExi’ as)
;= 484759 Kg x 16 cm 3 x 7897 & P
" 24 x 2100000 Kg/cm? x 374.91 cm* Zoem cm
7756144 Kg.cm .
/= 2 (17651.63 cm*)
24 % 2100000 Kg/cm? X 374.91 cm
f=0.072cm

4.1.15 Bottom beam calculation

Make an assumption distance of cylinder hydraulic force

106.8 cm

Figure 4.8 assumption distance of cylinder hydraulic

a=20.2cm
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_ MbXE

b
o I
Where:
Mb=F Xa

Mb = 4847.59 Kg X 20.2 cm
Mb = 97921.318 Kg.cm
E = vertical distance away from neutral axis (cm)

I = Moment of Inertia around of neutral axis (cm4)

Assumption shape and dimension of bottom beam

Figure 4.9 assumption shape and size bottom beam

a=b=120 mm
t=8 mm
— 4
| =258 cm
100x100 4 10 5.0 13.62 10.7 2n 2N 129 129 205 532 | 3.08 | 3.08 | 3.88 1.98
10 10 70 19.0 149 282 282 175 175 218 720 | 3.04 | 3.04 | 383 1.95
12 12 48 227 178 290 290 207 207 328 85.7 | 3.02 | 302 | 380 1.94
120x120 8 12 | 50 18.76 14.7 3.24 3.24 258 258 410 106 | 3.71 | 371 | 467 2.38
130x130 9 12 | 6.0 2274 179 353 353 366 366 583 150 | 4.01 | 401 | 506 2.57

Figure 4.10 equal angle beam from catalog
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_MbXE
T

ob

_97921.318 Kg.cm X 3.24 cm
B 258 cm*

ob

ob = 1229.7 Kg/cm?*
SF=15-2

Beam material = ss400
0 53400 = 2350 Kg/cm?

0ss400 2350 Kg/cm?
ob  1229.7 Kg/cm?

0ss400
=191
ob

1.91 is acceptable.

4.1.16 Calculate deflection of bottom beam

LR 3x[*2—4x%xa?
I =gaxexi’ @)
4847.59 Kg x 20.2 cm 5 ,
= = 7 (3 X 106.8°cm — 4 X 20.2%cm)
24 x 2100000 Kg/cm* X 258 cm
f=0.245cm

4.1.17 Calculate the strength platform Size
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1300mm=2b

1500mm=2a

Figure 4.11 size of platform

a_750_115_ :
b 650 7€

Find 1.15 from table

X=115 , Y=ab=..7
X1=1 , Y1=0.71
X2=15 , ¥Y2=1.35

Interpolation step

X —X1
1.15-1
0.15

Y = 0.71 + [(0.3)(0.64)]
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Y =0.71+ 0.192
Y =C(C3=0.902

1)  Find pressure of platform size

load
P —_

area

b 3500 Kg
" 150 cm x 130 cm

P =0.17Kg/cm?
2)  Platform deflection

_c3><P><b4
~ EXh3

Where :
h = thickness assumption = 1.2 cm

E = Modulus elasticity ( 2100000 Kg/cm?)

0,902 x 120 Kg/cm? X 65*cm
~ 2100000 Kg/cm? x 1.23 cm

f=0.75cm

3) oy

2
ay=c5><P><ﬁ

2

65
oy = 1.15x 0.17 X F
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oy =573 Kg/cm?
4) ox
ox = 0.3 X gy

ox = 171.9 Kg/cm?

4.1.18 Cylinder Speed “moving speed of cylinder”

,_vxST
=—0

v
Where:

, , cm
v’ = cylinder speed (@)

cm
v = scissor speed requirement (—)
sec

ST = length of stroke (cm)

h' = travel height (cm)

,_vxST
v = o
Sﬂx20.04cm
v — _Ssec
75 cm

v' =1.33 cm/sec

4.1.19 Flow rate pump

_v’xA’xN0x60
N Mo
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Where:

cc

Q = flow rate pump (E)

A’ = area of cylinder from selected (cm?)

, 314 xd’
B 4
4o 3148
- 4
A" = 50.24 cm?

NO = number of cylinder
NO =2

60 = times (seconds)

Mo = Motor (RPM)

The selected motor is 4 pole motor (1450 RPM)

1.3+ 50.24 cm? x 2 x 60 sec
sSec

1450 RPM

Q=
Q =5.4cm3/rev
Q =5.4cc/rev

4.1.20 Choose actual pump from catalog (Q”)

Table 4.2 pump catalog

TYPE Flow rate
cc/rev.
ALP2-D-6 4.5
ALP2-D-9 6.4
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ALP2-D-10 7.0
ALP2-D-12 8.3
ALP2-D-13 9.6
ALP2-D-16 11.5
ALP2-D-20 14.1
ALP2-D-22 16.0
ALP2-D-25 17.9
ALP2-D-30 21.1
ALP2-D-34 23.7
ALP2-D-37 25.5
ALP2-D-40 28.2
ALP2-D-50 35.2

Choose ALP2-D-9 = 6.4 ccl/rev
Q’ =6.4 cc/rev

4.1.21 Actual moving speed of cylinder (\Vc)

Q' x Mo

Ve = I No x 60

3
6.4% x 1450 RPM
Ve =
“ T 50.24 cm? x 2 x 60 sec

9280 cm?®

Ve = 50288 sec

Ve = 1539 cm/sec

4.1.22 Actual scissors speed / X speed
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Vx = Ve x h'
T Tor

1539 5™ « 75 em
sec

VX = —0.04 om

Vx = 5.759 cm/sec

4.1.23 Calculating size of motor

. (1450
_ o (To90) P
600 X 0.85 X 0.746

_ 6.4 % 1.45 %x 120
"~ 600 X 0.85 x 0.746

M =292 HP

4.1.24 Choose size of motor from catalog
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05 |037( 015 | B0M |B55|638| 570405 650 | 555 440 | M0 125( 5 (3856 230 | 245 | 260 (00D0D( 175

1425 B0M | 781 | 78.0(75.1 (641|725 | 620 | 475|300 | 140 B8 |36BD| 290 | 260 | 305 |0MD| 175
0.75]0.55

000 | 80M |68.5(EBE8 649|502 | 670 | 570|440 | 200173 7 |G5B2T| 235 | 220 | 250 [QuM2| 185

2BE0| 80M |TT.A|TED(TE3|E43 | BEL | TBE | EED | 445164 O |2500| 245 | 180 | 280 0005 170

1415 80M | TOE|705(760(6E3| 735|635 495 | 310 | 1B5) 11 |5064| 300 | 330 | 325 |0UM3| 205

035 | 805 |759(764|7390(638| 695|600 (465205 205 10 (76400 290 | 185 | 260 |001D| 285

BO5 [100L [71.8(710 680|540 650 | 560|435 (280 232 10 1020 210 [ 175 | 235 |0046| IFE

2a75| 80M |TDE|800(7B3|EB5| BEES | TOO | 670 | 450|233 | {7 |3.84B| 255 | 200 | 305 |00O7| 195

1445 005 |A14|814(TRO|BOB| 760 |67.0| 530 | 335|257 | 19 |7.250| 270 | 205 | 325 |0017| 250

B30 | 80L |7B.1 (78R |768|682| 715|620 (485|305 | 28B4 | 14 (1128 215 | 100 | 260 |D026| 300

600 |1D0L | T4 | 75D | 720|615 | 675 | SBE | 455 | 280 | 345 | 14 1520 20| 4TS | 230 [0050| 445

2820 005 |B1.3|81B (803|735 BES | 205|600 | 480 308 | 24 |4985| 260 | 245 | 325 |0011) 245

1435 00L |B2E|837(BRE(757 | B10O | 730|595 | 380|323 23 |0957| 250 | 4BO | 300 |0.022) 280

950 |100L |70.5(805|78.8 (6685 70.5 | 61.5 (4805|300 | 385 | 19 (1508 170 | 140| 240 |D.04B| 380

T00 [1M2M|TES(FFO| 755|630 660 | S7.0 | 450 | 280 | 427 18 |20.43( 200 | 15D| 22% |D071| 405

2875| 00L |B3.2|84.3 (&34 |770| BTC | 820 | FOS |4B5 | 436 35 |7.207| 285 | 240 335 |0.014) 280

1450 | 1000 643|850 (841|761 | B1.5 | T4.0 | 61.0 | 30.0 | 462

b

14.47| 2109470 300 (0041 370

950 |112M |B1.8 (824 | 811 (726 75.0°'66.5 ( 530 | 335 | 548 | 34 (2208| 280 | 265 300 |0.O71| 400

710 | 1325 |70.4 (820 | 705 |600| 645 | 5650420 | 250620 | 31 |2055| 240 | 235/| 300 [0.13B| B55

2805|100 |BA6|850(B5.7 (804 220|830 | 730 | 500 | 582 49 | 083 | 245 | 225 | 30 |0022) 3TE

1445 100L |B5.5|85.9(BLE| 773 | 820 | 750 | 625 | 400 | 618 | 44 |19B0| MO | 170 0050 400

050 (1325 |A3.3|84.1 | B32|TER| TR0 | 740 | 580 | 370 | BBE| 37 |20B0O| 190 | 165 0403 610

TOO [132M[B1.3{83.0|81.5)720)| 690 | 505 460 | 280 | 7.7 L0B7) M& | 210 | 270 0462 T10

=y
(%]
=1
=

Figure 4.12 motor catalog

The selected of motor is 3 HP
M = 3HP

4.1.25 Maximum pressure of cylinder

M x 600 x 0.85 x 0.746

P max =
Q' X (1550)
P max — 3 x 600 x 0.85 x 0.746
6.4 X (%)
P max — 1141.38
9.28
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P max = 122.99 Kg/cm?*

4.1.26 Oil tank volume

V=0 x145x%x2
Where 2 is safety factor
V=64x%x145X%2

V = 18.56 liters
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CHAPTERYV

CONCLUSIONS

5.1 Conclusion

a) Scissor lift has been designed with safe because all of safety factor is
between 1.5 through 2.

b) Scissor lift has been designed according to the requested specifications.

5.2 Recommendation
In this study there are still many shortcomings and possible to do further

research, among others:

a) Double acting hydraulic cylinders would be better used to smooth the

scissor lift when it goes down, because there is a retaining force.
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APPENDICES

Square beam
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m::'m m Moddan of Sactaon Rackas of Oyration
fo) em') o) (om)

200

2%

2%

290 )

) e Can 1663 %R

120 e | 10601 n% 202

w "n e 770 o am

w 1108 or 285 on I

800 oo 14 21186 @n m
x5 126 x 128 280 W00 e R242 0

10 "an i W we 4%

120 n ny A1 .08

) R wr 0442 wn a0

%0 2109 8 037 10228 B
0x0 150 x 180 0 17 wam T nm )

10 1957 1741 @i “n ™

19 “ws s 05 o LY

(e 244 a6 (S 811 1192 %0

%0 220 n» 7954 100 588

400 w4 a4 11425 15238 Y
Bxn 20 3 200 1% 721 e 2wt a0 104

) ) "o P @200 .

40 Y wn W4 2411 m

% @an LR MK mas m
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Equal angle beam

EQUAL ANOLE

265 and Properties
TSaS Stincuss T™MT
maag) @
Orade 1 SV00, SVeR0. SV, 5540, 55400 o SSe0 \\ 4

Sectosal Weigt Poatxn cf
Asea Bu/m)  Center of Quavity

jem®)

6 o5 | 45| som | am PRRTINAT ] 26 | 5207 000 ) 52 | w0/l iis0n| 1es | 0ses | ass | ass
o0 | ¢ o |20 | s | ase | een | 18Pl w0 | 6o’ [ B8a | M jras | tas | 205 | e | ase | see
6 |65 |20 2 | ass | 166 | 06| 465 [ 108 | 312 | ao0 | 14 | 184 | 220 | wae | ase | 4s2
05155 83 | %0 et S00 | arr | vy | 253 | 235 | a0t | 105 [ 109 | 190 | 25t | 120 | 45 | 538
6 |85 |40 | s 891 | 431 | a0 | 204 LA | a6b | 122 | 108 | 168 | 240 | 127 | 62 | 626
8 |88 |00 LR 10 | 1A | vss | AE | A | BN | 1Ay | 1e | | 244 | 128 | 708 | 19e

T0a70 6 |85 | W0 137 (] 190 | 193 | 3 | MY | BRD | 163 | 2M | aw | 2w | AW | T ™m

s 0 |85 | 40 (3ra] s 200 | 200 | 481 | 401 | M2
0|85 | &0 17260 "e 297 | 217 | 64 | A | 02 | N
12 |85 | a0 1058 W00 [ 229 | 229 [ 813 | M9 | I

22 | 290 | 148 | 847 a4r
226 | A | | 2 124
n || | wr LY

FEE

0 6 | M| 40 L& a 290 L 210 884 | 664 | 805 ) 2|3 246 | 246 | 200} 18 | 00 | B%0

7 10| %0 122 L 246 | 2461 90 1 0 | M ) M | At | 2% | M| AT | w2 "2

00| 1700 193 | 287 |25 | 128 | K28 | 198 | suy [ 2m |2y | s4r | v | 195 | 188
’|n | 4020 WA | 240 | 2066 | 140 | 160 | 24 | 017 (20200 | 340 L 126 | R | W
Bl w|w nn WO | 280 | 260 | 158 | 156 | M8 | 553 | 268 ) 268 | 238 | 073 | 48 | M8

100100 | 7 0| %0 ne w07 anjan | 129 | 206 | 532 | 200|200 | 288 | 19 | 7 LEAS

w|w|w wo “ue am | | 175 | 208 | 720 | 304 | 304 | 383 | 108 | A M4
12 12 | 40 2 ”a % | 2% | W 200 | 238 | My | 202|302 ) A8 |14 | 90 n
200 | 8 2| W wn Wi 34 1 38 | 3N Mmoo W6 AN 13N | AT | 208 | NS as

120019 | 9 17| e un id ) 350 | A5 | %06 | 205 | 4 | 150 | 40t | 401 | 506 | 257 | 7 wnr
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Compact Seal

@EEES
G & Durings Greciallat CCIFI"IDCICT EEGI

Pleton Seals (Double Acting)
KD, DAS, TPM, SPS. TPL, TPS/G. MHM (Matric Size)

KD, DAS TP, 5P5, TPL, TPS/G MHM
Matedal Frassure (Bar) Tamp. {°c) Spead (mis)
-30
HER-Pohyestar-POM as0 +130 os

» Spod sedling effect, alo sultable for holding cylinders.
 Copable of instollation in closed groowves.
* Economic and efficlent sealing solution.
* Smple snap instaliotion.
= Hign resistance fo gop extrusion.

Irstallation Rscommandation

4
FEONNNNANNANNNY

1 o

r

e /’/
2|z 9 £l £
al = al =
gl @ g =

_._LZ'“:'" Lys Lz:l_

Surfoce roughness Ra Rt Chamifers

Siding surfoce £ 0.3 wm £ 4 um ) c
Surfoce of housing = 18 wm = 10 :ﬂ_t:ﬂm ::
Scles of housing B30 wm K & 1ot (A A
180-250 15
250-720 10,9

12
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)

Suolh & Duvings Epsrislal

Compact Seal

(Matric Size)
Bore
Dia. Geocve Dimanslone Retarance Reference Reterance
1] d L1 L2 dl dz | roma
5000 | 34.00| 2050 | 200 |4400 | 4900 (040 | KGD OB00040A | DAS OS00341 | TRL 080004
S000 | A500 | 000 | S00 | 4800 | 4850 (040 TERA 1051 37 5150
5000 | 200 | 2080 | 420 | 4600 | 4980 040 | KGD B0 DAS 050038 TPEMG OS0-08
S000 | 4000 | 10.00 | 400 | 4540 | 4900 |040 PR 158187
s0u00 | 4000 | 1260 | apo | 4700 | 400 |0a0 TER Fipde LA T30
S5.00 | 2600 | 1040 | AXS | S04 | K180 | 040 | KESDCESE DAS DBS03) PR 218-182
5500 | 2600 | 20050 | A0 [ S100 | S00 (040 | KGD 08SD06A | DAS OSS0XT | TRL DBs0a%
S5.00 | 4200 | 2080 | 420 | 5000 | 5440 (040 TPENS (800
5500 | 4%00 | 1000 | 400 | G080 | G400 | a0 5 216177
S5.00 | 45.00| 1260 | 400 | 8300 | 8400 | 040 st LS ]
5600 | 40000 | 2060 | 200 | S0 | S500 |00 DA DB4-0a0 TFL Dfenia0
GO0 | 4400 | 140 | akS | 6540 | 5050 |00 | KGO OMHMY DA Ceabilaa TPM Eiea172
GO00 | 44000 | 20050 20 | S400 | SD0 (040 | KGD O0M4A | DAS 0A004401 | TR ORO-044
6000 | 4500 [ 2300 [iF 1] MMM 238177 F
G0 | 4mo0 | 2060 | 450 | se00 | S0a0 | 040 | KED oe0-Me DS Ceilan TPEIG DAD-048
6200 | 4700 | 1040 | &X5 | 5040 | 4150 |00 | KESD 083047 DA DBd0a7 TP 248- 185
600 | 4700 | 10 | a8 | B840 | 41850 | 040 | KED e3-043E Do Ded-0a7/2 | TPR S48 1 SIS
6300 | 4700 | 2060 | AN0 | S900 | AZD0 (D40 | KGD OSR04TIA | DAS 0630471 | TRL Ded-0a5
6200 | 4800 | 2000 | S00 | S000 | 4150 | 040 TERA a8 AN 0
G300 | 8000 | 2080 | 450 | 000 | 4240 | 040 | KSD 83081 DAS 043081 TPEAG Ba-081
6200 | 8300] 1140 | 400 | 8880 | 4180 | a0 S5 a2
600 | 8300 | 1260 | 400 |4000 | &200 | 040 TR 248- 20450
o800 | 4000 | 20086 | AN | 4100 | G0 | O KD OS-0u LS OOty TPL Ottt
6500 | 5000 | 1040 | als | 6040 | 4350 040 | KSDOeS-OS0 DAS Ot TP 00 15
o800 | saoo| 2080 | 400 | s000 | 4040 | 040 TPENS Oae-053
000 | B000 | 2200 | W00 | 600 | S800 | Do HEA07E1 12
MO0 | 000 | 2240 | ads | a0 | 4230 | 040 | KED OMOHS0 DAS OFa-050 TP 76150
OO0 | B400 | 2080 | 20 | 4400 | S00 |00 | KGD OR0-084 DAS Q70054 TPL D700
M0 | 8500 2000 00 |sa00 | o030 (040 TP 2RE-H aeti
000 | BR00 | 2300 . MHM 275218 F
M0 | 8800 | 2060 | 450 | a0l | 4080 | a0 B0 O O-0el DAS ORG-058 TPEMS On-08
7500 | 8800 | 2200 | W00 | o%00 | TA00 | Q80 HEAO0RSA1 2
1000 | 8800 | 2240 | A8 | &0 | FA30 |G&0 By O E-Orl DAS OF5&058 TPl 22t
7500 | 8600 | 2080 | 300 | 700 | 7400 | Q40 DAS OF 50869 TPL OF B0
100 | 4300 | 060 | 450 | F1.00 | T440 | G40 TIPS Oe-0A)
BOO0 | o000 | 2240 | GS | 7408 | PR30 | 040 | KGO OO0 DAS DBG-080 TP A28
BOOO | w0000 | 2500 | Ad0 | PAO0 | TROO | 040 TER 314084150
BOO0 | a200 | 2250 | 380 | FA00 | FROD QM0 | KGD 080062 D5 O0-042 TPL DBO-062
BOD | es00 | 000 | SO0 | fAa00 | PRS0 |00 TRR 318255150
BOO0 | 6800 | 2300 i 1] MHM 314258 P
" For order processing. fhe compuler code will ba
LT CE 0011 KD, | CS 01 | DAS, | OS5 1 TRL

14
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U Cup Seal

U-Cup

G232

Saslr & D-ingr Specislo

Piston & Rod Seals
H-401

(Metric Size)

Sze list on page 111-121)

102

H-&01
Maternal Pressure (Bar) Temp. (") Spead (m/s)
45 y
& 0 +110
& Seneenl pupose sl
* Excalent temperaiuns resiEiance.
* Eme of installation.
nstallation Recommendation
a 77,
A
- E \ te
E |||
= al = |
] L FEI,
L2 Lea2
e
Surface roughness  Ra Rt Prassure Clearance F Max
Sidling suface £03pm £ 4uwn Bext d <80 men  dU=50
Surloce ol howsng S 1Bpm =10 wn 2 ﬂnﬁ ﬂ
. - 1
Sokes of hiusing £ 30 pm L6 pm — e a3
] als [k ]
] i Qg
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@BPEC?
BEAL
U-CUD T ————
(Metric Size)
GE;:':"E Gma Seal |Sroove)

Dia. Dig. | Hedght | Width Retarance Ratarance heterance (Heference

d D H L

0 1] 120 ] UPN 35055

1] 450 1] 10 LS G B0 HAA1 A405100 LSO S

s k] 0.2 UNGO38.5

a0 a0 Buts &3 L et & HAOT A1&3T1

30 a0 10 1] UPH (340088

a0 o 000 1o UPH 3607

0 a0 0 BE UPH (3808

a0 | &b 7.4 UPH (38008

wmn S0 [ 41] 10 LS O8-08808 Hisd AOEE00 LS00

a0 fati] ] o] UPH 038050

0 S50 w7 118 UG CMW0RSCRLT HAO1 ANEA0

a0 =80 10000 e UPH S0

0 -] 5.7 110 UG OMS-0SS0R T HAO1 AS80100

a0 a0 0.0 1o UPH CS-058

a0 a0 1.0 120 UPN C0-088

a0 - li] Bt &3 LA C0-E0HE8 & HAO1 4153801

a0 00 1.1 70 LG, 00008 Hisd ANIEN00 L5040

a0 -l Bt 5.3 L 0080408 & HAO1 4183801

&0 00 as 7] LIEN 0080

A0 S0 1] L] UPH Oa0-080/E

&0 - k] 10000 14 UPN 0050 LIS Qa0080- 10 Hel1 AN

&0 S0 G 110 U G055 00 @ HA01 ANSES

a0 B0 0.0 1o UPH L0058 I a0 Had 1 A0 LS00

&0 S0 o 14 UPH a0t

00 a0 10000 114 LB Ceatadn

&0 a0 2.0 M U Ceae0A0 12 Had1 4010

&0 f- ki) 1.0 a0 UPN Cu0-0a0

&0 [ ki [N ] U Oa-060/B

&0 a0 120 3.0 UPH 00

&0 oo 16,0 LLY] UPH 0a0-0ra

&0 a0 1000 14 UPH 0TS

£20 Lol LT L] UPH Oa0s0

£0 -] 20 i1 UPH a2

£20 (i} 12,0 134 UPH D062

450 B0 B.te b3 UG 0508508 & HAO1 415301

450 B0 1.1] ] LA OO0 Hisd At L5,

450 B0 1] 1.5 LIPH QaS-C8 A

450 B0 10008 14 UPH CLas-055 LA, 05 10 Hedl1 ARAA00

a50 -1 o B T as-0585407 Hel AH0S500 UL

450 [ali] 1000 14 UPH 045050 L a%-080-10 Hadl A40M0 US048
" For oider Giocessing. e compuiel code wil be

&g UC Q0009045 UPH, U D045-012.504.4 HED

15
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Wiper Seal

tBPEC,
G=a) Wiper - Al

Seale & Dwtirge Saeciafel

Wipars

Al (Metric Size)

i

/14

I
{

Al [NBR) Al (PU)
Matedial Temp, (>c) Spead (mys)
-35
MBE. PU +100 2

Smple groove dasign.
Vary good scraping effect.

Simiple instalation.
Owvarszed diometers ensure a tight fit in the groove.

nstallation, Fecommendation

m el

a
L ] 1 A
azoz | LB
Surface roughness Ra Rt
Siding sufoce = 03 pm = 4 wm
Sutoce of housing % 18 pm Z 10 pm
Sides of housing & 30 pm £ 04 pm
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@BPEC}
SEAL

Wiper - Al Swall & Owings Specisis
(Mefric Size)

Rod Groove |Groove | Saal Distancs Rafarance
Dia. Dica. Width. | Height Prafiz Mo. (For arder
d D L H Q n processng)
40 120 4.0 70 1.0 10 o015 Al D04-012-447
50 BO 22 40 1.0 05 O2s Al D05008-2.2/4
&0 100 2.2 40 140 05 0035 Al D0&-010-2.2/4
- 3] 140 2.6 50 140 10 o042 Al DDE-D14-2.6/5
- 3] 140 4.0 70 1.0 10 o0dE Al DOB-D1&-47
100 140 2.6 50 140 10 1002 Al DID-D1E-2.6/5
100 180 4.0 70 1.0 10 1005 Al D10-01B-47
120 180 2.6 50 140 1.0 100% Al D12018-2.6/5
120 200 4.0 70 1.0 1.0 1010 Al O1Z2-020-4/7
140 200 3.1 50 10 1.0 1014 Al D14-020-3.045
140 220 4.0 70 1.0 1.0 s Al D14-022-4/7
150 230 4.0 0 1.0 10 120 Al O18-023-47
160 220 1 50 10 10 1014 Al 016-0022-3.1/5
160 240 4.0 70 1.0 1.0 1025 Al D1&-0024-477
170 250 4.0 70 1.0 0 1030 Al DN 702547
180 240 31 50 10 0 1034 Al D1B-024-3.1/5
180 280 4.0 70 1.0 10 1035 Al D1B-ORE-47
200 280 3.1 50 140 1.0 2024 Al R0HRE-3.0/5
200 280 4.0 70 1.0 1.0 2005 Al R2002B-47
220 00 4.0 70 1.0 1.0 2010 Al 2206047
230 310 4.0 70 1.0 1.0 2015 AR3-0G1-47
240 320 4.0 70 1.0 10 2020 Al R4-0G2-4/7
250 330 4.0 70 1.0 10 2025 Al D250G3-4/7
260 340 4.0 70 1.0 10 2030 Al [26-0G4-4,7
280 &0 4.0 70 1.0 1.0 2035 Al DRE-OGE-4)7
300 380 4.0 70 1.0 o 3005 Al D30H0GE-47
320 400 4.0 7o 1.0 1.0 3010 Al D32-0a0-4/7
330 410 4.0 70 1.0 10 3015 Al D33-041-4/7
340 420 4.0 7o 1.0 0 3020 Al D34-0a2-477
350 430 4.0 70 1.0 1.0 325 Al 035-043-4,7
350 440 4.0 FEi ) 1.0 10 3030 Al 034-004-47
380 480 4.0 70 1.0 10 3035 Al DEE-DAL-47
400 480 4.0 70 1.0 10 4005 Al DaD-DaB-47
410 420 4.0 70 1.0 10 4010 Al DA1-0a45-4,7
420 500 4.0 70 1.0 10 4015 Al DA2-060-4,7
440 520 4.0 70 1.0 10 AM2E Al Dad-0E2-47
430 530 4.0 70 1.0 10 4030 Al D45-053-4,7
430 570 5.5 100 1.5 15 4035 Al 045-057-5.510
460 340 4.0 70 1.0 10 4040 Al Dds-0Ed-47
47.0 550 4.0 70 1.0 1.0 4045 Al DAT-0EE-47
450 540 4.0 70 1.0 1.0 4050 Al DAB-0SE-47
500 580 4.0 70 1.0 1.0 5005 Al OS0HISE-47
500 620 8.5 o 1.5 1.5 010 Al 050HE2-5.510
a1 590 4.0 70 1.0 1.0 a015 Al O51-055-47
520 &00 4.0 70 1.0 10 SO0 Al D5Z-080-4/7
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