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Tämä diplomityö sisältää pultittoman liitoksen tutkimuksen ja kehittämisen hissikäytössä 

oleville ontoille HT-johteille. Diplomityö on jaettu teoreettiseen ja empiiriseen osioon. Teo-

reettinen osia sisältää tutkimuksen siitä, kuinka hissijohteet ja niiden liitokset pitäisi suunni-

tella. Osio esittelee lisäksi mahdollisia sovelluksia, kuinka hissikäytössä olevien onttojen 

johteiden pulttiliitos voidaan korvata. Empiirinen osio keskittyy pultittoman liitoksen kehit-

tämiseen hissikäytössä oleville ontoille HT-johteille.  

 

Hissimaailmassa johde toimii vertikaalisena tukirakenteena ja ohjaimena hissille hissikui-

lussa siirtäen voimia hissikorista ja vastapainolta rakennukseen. Hissijohdetyyppejä on ole-

massa monenlaisia ja ne voidaan jaotella kiinteisiin ja onttoihin johdetyyppeihin. Hissikäy-

tössä olevat johteet liitetään toisiinsa johdejatkoslevyn ja pulttiliitoksen avulla. Euroopassa 

hissikäytössä olevia johteita ja liitoksia suunnitellessa on syytä ottaa huomioon standardien 

EN 81-20 ja EN 81-50 määräämiä vaatimuksia, kuten esimerkiksi voimia. Hissikäytössä 

olevia johteita ja liitoksia suunnitellessa jäykkyys ja taipuminen sekä jännitykset ovat tär-

keimmät suunnittelussa huomioon otettavat seikat. 

 

Onttotyyppiset johteet voidaan liittää toisiinsa käyttäen erilaisia liitosmetodeja sekä liitos-

prosesseja, kuten liimaliitoksia ja mekaanisia kiinnikkeitä. 

 

Diplomityön empiirinen osio keskittyy pultittoman liitoksen kehittämiseen hissikäytössä 

oleville ontoille HT-johteille. Konseptit suunniteltiin seuraamalla systemaattista tuotekehi-

tysprosessia, jonka perusteella konsepti numero yksi oli lupaavin. Konsepti numero yksi si-

sältää uuden johdejatkoslevyn. Liitos muodostuu johteiden ja johdejatkoslevyn välille kitkan 

sekä materiaalin tyssääntymisen ja myötäämisen avulla. Suunniteltua konseptia kehitetään 

ja optimoidaan jatkossa massatuotantoon sopivammaksi.   
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This masterôs thesis is focused on the research and development of a boltless joint for hollow 

type guide rails used in the elevator. Thesis is comprising of a theoretical and an empirical 

part. The theoretical part includes research work on the design of guide rails and guide rail 

joints. Apart from that, the empirical section presents the design of the proposed alternatives 

to the traditional joints for hollow type guide rails. 

 

In an elevator a guide rail guides elevator in the shaft and transfers forces from the elevator 

car and counterweight to the building. There are different types of guide rails that are in use 

in the elevator business. The two primary types are solid type guide rails and a hollow type 

guide rail . Guide rails are joined by bolting them together with the help of a fishplate. In 

Europe, standards EN 81-20 and EN 81-50 need to be followed when the elevator guide rails 

and joints are designed. These standards take into consideration the relevant forces concer- 

ning the guide rails. The stiffness, deflections and stresses are the most important aspects to 

consider when designing the guide rails and the joints. 

 

Hollow type guide rails can be joined by using different methods and processes. Most popu- 

lar methods include adhesive bonding and mechanical fasteners. 

 

The novel concepts, presented in the empirical part, were designed by using systematic  

product design process. Based on various factors the concept one was found to be the most 

promising alternative. In this concept, a new type of fishplate has been developed that joins 

in the guide rails through yielding by using friction and swaging. Concept is further deve- 

loped and optimized to be suitable for volume production.  
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1 INTRODUCTION  

 

 

In an elevator a guide rail directs the elevator in the shaft and transfers forces from the ele-

vator car and counterweight to the building. A variety of guide rails are in use in the elevator 

business. The two main categories include a solid type guide rail and a hollow type guide 

rail. Solid type guide rails have a solid profile, which is manufactured from the hot drawn 

solid steel. Hollow type guide rails comprise of a hollow profile, that is manufactured from 

a cold formed hot galvanized constructional steel by roll forming. 

 

According to standard EN 81-20 (2014, p.15.) guide rails are ñrigid components which pro-

vide guiding for the car, the counterweight or the balancing weightò.  According to standard 

EN 81-20 (2014, p.14.) the car is ñpart of the lift which carries the passengers and/or other 

loadsò and counterweight is the ñmass which ensures tractionò, whereas, balancing weight 

is the ñmass which saves energy by balancing all or part of the mass of the carò.  Guide rails 

are joined to each other by fishplates using bolts. 

 

This masterôs thesis explores the possibilities of developing a boltless joint for hollow type 

guide rails in elevator use. Thesis is divided into a theoretical and empirical part. The theo-

retical part includes research on the design of guide rails and guide rail joints. In addition, it 

includes possible solutions that can replace HT (Hollow Type) guide rails bolt joint. 

Whereas, the empirical part of thesis presents an efficient concept for HT guide rails bolt 

joint. 

 

1.1 Background 

KONE wanted to conduct a research for possibilities of developing a boltless joint for hollow 

type guide rails in elevator use. Now hollow type guide rails are joined by fishplates using 

bolts.  The main reason for this research was to find an alternative cost-efficient solution for 

bolt joint. 
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1.2 KONE Corporation 

KONE Corporation is ña global leader in the elevator and escalator industryò (Company 

2020). KONE produces elevators, escalators and automatic building doors. Additionally, 

KONE offers maintenance and modernization services focusing on adding value to the life 

cycle of any building around the world.  

 

People Flow is the key aspect of the KONEs main principle and mission to improve the flow 

of urban life. KONEs product portfolio offers solutions for safe, convenient and reliable 

urban life. (KONE, 2019, p. 1.) KONE is an innovation leader in its industry. KONE has 

developed multiple different solutions that has changed the industry, for example machine-

room-less KONE MonoSpace® elevator which was introduced in 1996. (KONE 2019.) 

 

KONE offers work for around 60 000 employees around the world and had a sale around 

9.98 billion euros in the 2019. KONE moves over 1 billion people every day and operates in 

60 different countries. In addition, KONE has wide maintenance base and offers mainte-

nance services for over 1.3 million equipment globally.  (KONE, 2019, p. 1.)  

 

1.3 Objectives and limitations  

The objective of this thesis was to investigate and propose a conceptual solution that can 

replace the existing methods of joining the HT guide rails. This objective was achieved by 

exploring the answers to the following research questions: 

- How should hollow type guide rails and joints be designed? 

- How bolt joint can be replaced when using it with the hollow type guide rails?  

 

The scope of the thesis was limited to only one type of HT guide rail. HT60 guide rails were 

chosen to conduct this research work. Moreover, appendix 1 identifies the further limitations 

that were enforced on the design changes of the HT60 guide rails.   

 

1.4 Research methods 

Interviews and literature review were the prime source of information for this research work. 

Furthermore, finite element methods (FEM) simulations by using Creo Simulate and Ansys 

were used to analyze the strength of the new solutions. Different stakeholders for HT60 
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guide rails, including installation specialist, elevator product platform specialist and instal-

lation development specialist were interviewed during this thesis. 

 

Installation specialists were asked about the ergonomics of the HT60 joining during instal-

lation. In addition, installability, installation times and quality of the job for the existing 

HT60 guide rail was discussed during these interviews. Space reservations in the elevator 

shaft for existing HT60 bolt joint from the installation point of view were additionally dis-

cussed. The literature was obtained from the authentic online resources including science 

direct, European standards and guide rails manufacturers. 

 

1.5 Structure of the study 

Structure of this thesis follows IMRAD structure for technical reporting, further divided in 

to two sections a theoretical part and an empirical part.  The theoretical comprises of Chap-

ters 1, 2 and 3. Chapter 1 provides the background for thesis. Along with that, the objectives 

and scopes of this research work are also explained in the same chapter. Chapter 2 presents 

the basic principles of elevator and hollow type guide rail with existing bolt joint.  

 

Chapter 3 introduces forces that affect the guide rail and the joints. It further describes the 

methods to calculate those forces by outlined in the standards EN 81-20 and EN 81-50. In 

addition, bolt joint that are currently being used and their basic principles are also described 

in this chapter. Moreover, it introduces different joining methods and existing joint and con-

nection solutions that can be used to replace the HT60 guide rail bolt joint. 

 

Chapter 4 and 5 are the empirical part of this thesis. Chapter 4 includes design process of the 

alternative concepts for the HT60 bolt joint, while Chapter 5 focuses on analyzing the alter-

native concepts against the given limitations and requirements. Additionally, it makes final 

comparison between the possible alternative concepts. Along with that, the testing needs, 

and further development of concepts are discussed in this chapter.  Chapter 6 concludes the 

thesis. 
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2 HOLLOW TYPE GUIDE RA IL IN ELEVATOR SHAFT  

 

 

Elevator is a machine that carries humans or objects from one level to another inside a civil 

or mechanical structure.  The elevator can be outside or adjacent to the structure as well. 

Figure 1 shows the guide rails along with the other main components in an elevator shaft 

excluding landing doors, electrification and signalization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Main elevator components (Mod. KONE internal document 2019a, p. 5). 

 

Inside the shaft the sets of guide rails serve the same purpose but for two different compo-

nents. These provide a set path for the movement of elevator and its CWT (Counterweight).  

CWT moves between two guide rails and distance between two guide rails is called DBG 

(Distance Between Guides). CWT and elevator car have guide rail shoes between them and 

guide rail so that there is no metal to metal contact. Elevator guide rail shoes can be sliding 

guide shoes which can be manufactured for example from a polyethylene. In addition, roller 

guide shoes can be used in elevator.  
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Figure 2 shows how guide rail is installed to the elevator shaft. Guide rail (1.) is attached to 

the bracket (2.) by using guide rail clips (3.). Guide rail clip is attached to the bracket by 

bolts and nuts. Bracket can be secured to the shaft wall by using multiple different fixing 

methods for example by expander bolts.  

 

 

 

 

 

 

 

 

 

Figure 2. Guide rail, guide rail clip and bracket (KONE internal document 2019a, p. 5). 

 

2.1 Hollow type guide rail and fishplate 

Hollow type GR (Guide rail) or HT guide rail is a guide rail where the guide rail profile is 

hollow. HT60 guide rail is used in the elevators counterweight side to support and to guide 

the counterweight during its movement in the elevator shaft. HT60 guide rail is a cold formed 

from hot galvanized hard rolled constructional steel. HT guide rails are designed for short 

travel use.  

 

HT60 guide rails are usually used in the lower end of the elevator lifting capacity range. It 

is forbidden to use safety gears with the HT guide rails because when the safety gear is 

activated, the safety gear will bite to the guide rail and hollow type guide rail cannot with-

stand the forces that activation of safety gear creates.  
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Profile of the HT60 guide rail is shown in figure 3.  

 

 

 

 

 

 

 

 

Figure 3. HT60 guide rail (KONE internal document 2019b, p. 5). 

 

Dimensions for HT60 guide rail are shown in table 1. HT guide rails are delivered in various 

lengths. The standard guide rail lengths are 2500 mm or 5000 mm. In addition, variable 

lengths under 2500 mm are possible.  

 

Table 1. Dimensions for HT60 guide rail (Mod. KONE internal document 2019b, p. 7). 

Type b1 (mm) h1 (mm) k (mm) p (mm) t (mm) r (mm) 

HT60 60 50 16 15 2,0 1 

 

HT60 guide rail joint needs an aluminum profile inside the guide rail. This profile is so called 

fishplate and it is used to join two HT guide rails to each other with the help of bolts, nuts 

and washers. According to standard ISO 7465 (2007, p. 1) fishplate is a ñpiece of steel used 

to connect the guidesò. Fishplate is manufactured from extruded aluminum. In figure 4 is 

shown the fishplate profile. (KONE internal document 2019b, p. 7.) 

 

 

 

 

 

 

 

Figure 4 . Fish profile (KONE internal document 2019b, p. 7). 
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2.2 Existing HT60 bolt joint 

HT60 guide rails are joined now by using bolt joints. Two HT guide rails are fixed together 

by a bolted joint. Both ends of the HT guide rail and fishplate includes holes as shown in 

figure 5. Every HT60 guide rail bolt joint includes 4 hexagon head screws, 4 flanged nuts 

and 4 washers.  

 

 

 

 

 

 

 

 

Figure 5. HT60 guide rail installation interface (KONE internal document 2019b, p. 6). 

 

In figure 6 is shown existing method to connect two HT guide rails together. In figure 6 

fishplate that is inside the guide rail is attached to guide rail by bolts, nuts and washers. As 

can be seen from figure 6 that the fishplate is attached to the guide rail via holes that go 

through guide rail and fishplate.  

 

 

 

 

 

 

 

 

 

Figure 6. Dismantled bolt connection and fishplate. 
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2.2.1 Installability of HT60 guide rail bolt joint 

Existing solution is easy to install by hand because of simple joint and light weight guide 

rails which allows to lift the guide rails by hand and just drop guide rail to top of the preas-

sembled fishplate guide rail package. Lifting and installation of HT60 guide rails can be 

done by hand because of the weight of guide rail and fishplate is under 25 kilograms. (In-

stallation Manager & Global Installation Development Manager 2020.) 

 

Additionally, the existing bolt joint with bolt and nut offers possibility to adjust and align 

the guide rail edges and notches. HT60 guide rails are galvanized and because of that rust is 

not a major problem. Existing fishplate is strong and can withstand loads because of its 

shape. (Installation Manager & Global Installation Development Manager 2020.) 

 

Drawback of the existing solution is that there is a limited installation space because space 

between bolt and guide rail is a problem for fitters because spanner and socket does not fit 

properly between the guide rail and nut. (Installation Manager & Global Installation Deve-

lopment Manager 2020.) Space between bolt and guide rail is shown in figure 7.   

 

 

 

 

 

 

 

Figure 7. Space between bolt head and guide rail nose (Mod. Installation Manager & Global 

Installation Development Manager 2020). 

 

Guide rails manufacturing and cutting tolerances can cause a notch between the two guide 

rails. Notch between two guide rails can create a problem and must be filed off. Filing should 

be done by hand tools but some of the fitters use grinding machines which is much faster 

way to get notches off. Use of grinding machine is not allowed according to rules and in-

structions because it grinds the material and galvanization off from the guide rail surface.  
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In figure 8 is shown a guide rail joint area where is used grinding machine to file notches 

off. (Global Installation Area support manager & Development 2020.) 

  

 

 

 

 

 

 

 

 

Figure 8. Joint grinded with grinding machine (Global Installation Area support manager & 

Development 2020). 

 

Additionally, the alignment of the joint and guide rail can move very easily during the in-

stallation. Hollow type guide rails can be noisy during CWT travel because of hollow guide 

rail profile. (Global Installation Area support manager & Development 2020.)  

 

Installation functions for HT60 guide rail is shown in table 2. Total installation for HT60 

guide rail joint consists functions shown in table 2. (Installation Manager & Global Installa-

tion Development Manager 2020).  

  

Table 2. Installation functions for HT60 guide rail. (Mod. Installation Manager & Global 

Installation Development Manager 2020). 

Installation f unction 

Locating blister package 

Opening blister package (CWT) 
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Table 2 continues. Installation functions HT60 guide rail. (Mod. Installation Manager & 

Global Installation Development Manager 2020). 

Installation f unction 

Fishplate installation (CWT) 

Moving Counterweight guide rails from landing to pit 

Installing cwt guide rail 

Aligning cwt guide rail joints 

Aligning cwt guide rails in bracket level 

Finalize guide rail joints with file/grinder (x2 car joints) 

 

Installation of the guide rail and its joints are following 5S method. Laser tool for positioning 

is used for checking the accuracy of the installation. The guide rails need to be vertically 

aligned and to be parallel to each other. (KONE internal installation document 2019, p.195). 

 

2.2.2 Forces affecting to HT60 bolt joint and guide rails 

There are forces present that are affecting to the existing HT60 bolt joint and guide rails. For 

example, shrinkage of building can cause compression loads but it needs to be considered 

only after above 40-meter elevator travel heights.  Additionally, guide rail shoes create fric-

tion between the guide shoe surface and the surface of the guide rail.  There is no significant 

fluctuating loads present that can cause fatigue failures. 

 

Counterweight side rope suspension is placed at the top of the counterweight side guide rails 

like shown in figure 9.  

 

 

 

 

 

 

 

Figure 9. Counterweight side rope suspension (KONE internal document 2019a. p. 5). 
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This creates compression and buckling force as shown in figure 10 because approx. half of 

the counterweight mass is pulling rope suspension down.  

 

 

 

 

 

 

 

 

 

Figure 10. Compression and buckling force in the counterweight side rope suspension 

(KONE internal document 2006. p. 3). 

 

There are horizontal loads existing in the machinery and combination bracket side. In addi-

tion, friction and joint areas create some forces that are affecting. (Global Installation Area 

support manager & Development 2020).  There is no significant moment effects present and 

existing guide rail joint and line does not have significant moments that affecting to them. 

 

2.2.3 Quality of HT60 bolt joint 

Joint quality depends on correct tolerances and proper alignment of the guide rails. Addi-

tionally, material and shape of the components affect to the quality.  Quality of the joint is 

affected in addition by installation and it has a significant impact to the ride quality. On the 

other hand, the quality of the joint is an important factor in the elevator installation, and it 

has significant impact on the ride comfort. (Global Installation Area support manager & 

Development 2020.) 

 

Ride comfort is an important factor in the elevator business and because of that existing 

guide rail joints are grinded by hand at the installation site so that the joint area between two 

guide rails is smooth. Smooth connection between two guide rails increases elevators ride 

comfort. Step or notch can cause issues with a noise, vibration or even jolt, which have 

impact on ride comfort.   
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Existing quality of the joint is not good enough because there is a notch between the guide 

rails, and it needs to be filed off during the installation (Global Installation Area support 

manager & Development 2020). Step or notch is caused by the tolerances of the fishplate 

and guide rail. Additionally, there can be a gap between two guide rails if fitters are not 

careful enough when doing the installation and alignment of the guide rails. (Installation 

Manager & Global Installation Development Manager 2020). Difference between gap and 

notch is shown in figure 11. 

 

 

 

 

 

 

 

Figure 11. Gap and notch between two guide rails.  
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3 JOINING METHODS FOR HOLLOW  TYPE STEEL PROFILES 

 

 

Mechanical structures are built from different components and parts. There are different 

methods for joining that can be used with HT60 guide rail. Joints can be welded, bolted or 

riveted, can be formed by gluing or by using other bonding agents.  Parts in the steel structure 

are normally jointed together by using bolt, rivet, weld or glue. There are different purposes 

for joints, joints can be for example load-bearing joint or non-load-bearing joints.  

 

Mechanical structures are built with the help of joints and connections. According to the 

standard EN 1993-1-8 (2005, p. 10) the joint is a ñzone where two or more members are 

interconnected. For design purposes it is the assembly of all the basic components required 

to represent the behavior during the transfer of the relevant internal forces and moments 

between the connected membersò. According to standard EN 1993-1-8 (2005, p.10) the basic 

component is a part of the joint that ñmakes a contribution to one or more of its structural 

propertiesò.  Connected member is a member of the joint that is attached to the supporting 

member or to the element. (EN 1993-1-8 + AC 2005, p. 10.)  

 

Location where two or more elements meet is called connection. According to standard EN 

1993-1-8 (2005, p. 10) the connection ñis the assembly of the basic components required to 

represent the behavior during the transfer of the relevant internal forces and moments at the 

connectionò.  In figure 12 is shown the difference between the joint and connection in a 

double-sided joint configuration.  

 

 

 

 

 

 

 

Figure 12. Double-sided joint configuration (EN 1993-1-8 + AC 2005, p. 11). 
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In figure 12 number one is web panel in shear. Number two represents connection and num-

ber three is components like bolts and endplates as an example. In the figure 12 the joint in 

the left side is a web panel in shear and left connection. The joint in the right side is a web 

panel in shear and right connection so, i.e. joint is a set which includes connections and 

components. (EN 1993-1-8 + AC 2005, p. 11.)  For example, in the HT60 bolt joint the joint 

is a zone where two guide rails are interconnected, and connection is an assembly of two 

guide rails, fishplate and bolt joint.  

 

3.1 Forces effecting to the guide rail and joint 

There are different kind of forces that are affecting to the guide rails and guide rail joints.  In 

Europe these forces and moments should be calculated by following standards EN 81-

50:2014 or EN 1993-1-1 or by FEM (EN 81-20 2014, p. 100).  When designing elevator 

guide rails, their joints and attachments there are few points that needs to be considered. The 

first and the most important point is to ensure the safety of the elevator so that mentioned 

components withstand forces and loads that are affecting to them (EN 81-20 2014, p. 95).    

 

There are few safety aspects that the elevator guide rails and joints need to fulfill . According 

to standard EN 81-20 (2014, p. 95) safety aspects are:  

- ñcar, counterweight or balancing weight guidance shall be assumed; 

-  deflections shall be limited to such an extent, that due to them: 

      1. unintended unlocking of the doors shall not occur 

      2. operation of the safety devices shall not be affected; and  

      3. collision of moving parts with other parts shall not be possibleò. 

 

In addition, according to EN 81-20 (2014, p. 95) ñThe combination of deflections of guide 

rails and deflections of brackets, play in the guide shoes and straightness of the guide rails 

shall be taken into account in order to ensure a safe operation of the lift.ò.  Moreover, a 

stiffness and backflash of a joint must be sufficient enough to other degrees of freedom so 

that the joint does not move in an axial or a horizontal direction.  
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When calculating guide rails and their joints the next load cases should be considered. Load 

cases that needs to be calculated according to the standard EN 81-20 (2014, p. 95-96) are: 

- ñnormal operation - running 

- normal operation ï loading and unloading 

- safety device operationò 

 

Normal operation means that elevator moves up and down in the shaft. Loading and unloa-

ding means situation where elevator car is loaded or unloaded. In addition, normal operation 

takes in the account situation where the car, CWT or balancing weight bounces because of 

safety device.  It was noted that safety gears are not allowed to be used with the hollow type 

guide rails so based on that safety device operation does not need to be calculated. Further-

more, it must be noted that each load case may have combination forces that are affecting to 

the guide rails. (EN 81-20 2014, p. 98.) 

 

Guide rails and their joints should be designed so that forces that are affecting to the guide 

rails are considered when calculating deflections and permissible stresses. Forces that needs 

to be taken account are (EN 81-20 2014, p. 96): 

- Horizontal forces from the CWT or from the car guide shoes 

- Vertical forces  

- Torques because of auxiliary equipment and dynamic impact factors that are included 

 

Horizontal forces include offset masses from the elevator car and rated load of it. Rated load 

is load that is designed to be handled during normal operation of the elevator. Compensation 

and traveling cables have affects to the horizontal forces. Furthermore, counterweight or 

balancing weight has an impact to the horizontal forces and must be considered. Especially 

their suspension and dynamic impact factors. In addition, wind load must be considered if 

elevator is used outside of the building. (EN 81-20 2014, p. 96.) 

 

Vertical forces include breaking forces, auxiliary parts, weight of the guide rail and push 

forces from the guide rail clips. Breaking force is affecting because of the safety gears that 

are in contact with the guide rail during safety gear brake and, in addition because of pawl 

devices are creating the breaking force. This happens because pawl devices are fixed to the 

guide rails. Additionally, auxiliary parts are fixed to the guide rail. (EN 81-20 2014, p. 96.) 
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Elevator guide rails and joints needs to withstand forces that are affecting on them and must 

fulfill the requirements that the standards EN 81-20 (2014) and EN 81-50 (2014) defines. 

Maximum allowed deflection ŭperm for guide rails is 10 mm in both directions and both di-

rections mean horizontal and vertical directions.  This is valid for counterweight guide rails 

or balancing weights if the safety gears are not used. (EN 81-20 2014, p.100.) 

 

Stress comparison maximum limit needs to be considered and for the guide rail fixings con-

taining non-metallic elements the failure of these elements shall be considered when calcu-

lating permissible deflections. Deflection and the stress comparison are the two main forces 

that are affecting to the elevator guide rails and joints.  

 

The maximum permissible stresses ůperm can be calculated by (EN 81-20 2014, p. 99):  

 

            „  
Ὑ

Ὓ
                                                                         ρ 

 

In the equation 1 Rm is a tensile strength of the material and St safety factor. Safety factors 

can be found from table 3.  Material, with low elongation percentage (< 8 %), is too brittle 

and because of that the material is forbidden to be used. (EN 81-20 2014, p. 99.) 

 

Table 3. Safety factors to be used with guide rails. (Mod. EN 81-20 2014, p. 100). 

Load cases Elongation (A5) Safety factor 

Normal operation and load-

ing/unloading 

A5 >12 % 2.25 

8 % Ò A5 Ò 12 % 3.75 

Safety device operation 
A5 >12 % 1.8 

8 % Ò A5 Ò 12 % 3.0 
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In addition, there are other forces and stresses that are affecting to the elevator guide rails 

and joints and should be taken account according to standard EN 81-50 (2014, p. 40): 

- ñbending stress 

- combined bending 

- buckling stress 

- compression stress or tension stress 

- combined bending and compression or tension stress 

- combined buckling and bending 

- flange bending stressò 

 

3.1.1 Bending stresses ŭm 

Bending is one of the aspects that need to be considered when designing elevator guide rails 

and guide rail joints.  According to standard EN 81-50 (2014, p. 40) ñ It can be assumed that 

the guide rail is a continuous beam with the flexible fixing points at distances of the length 

l, the resultant of forces causing bending stresses act in the middle between adjacent fixing 

point; bending, moments act on the neutral axis of the profile of the guide rail.ò Neutral axis 

X-X can be seen in figure 13. Coordinate system shown in figure 13 is used later during this 

thesis as a reference coordinate system.  

  

 

 

 

 

 

 

 

 

Figure 13. Axis of the guide rail (EN 81-50 2014, p. 40). 
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According to standard EN 81-50 (2014, p. 41) when ñevaluating the bending stress ům from 

horizontal forces acting at right angles to the axis of the profile, the following formulae shall 

be usedò: 

          

                                            „
ὓ
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                                                     ς 

 

In the equation 2 the Fn is a horizontal force that is exerted the guide rail by the guide shoes, 

l is a maximum distance between the guide rail brackets, Mm is a bending moment, ům is a 

bending stress and W  is a cross sectional area modulus. (EN 81-50 2014, p. 41.) 

 

According to EN 81-50 (2014, p. 41) cross sectional area values for Wx and Wy are taken 

from the table so that when the usual values are used then the ñpermissible stresses are not 

exceeded, no further proof is neededò. Wx is the modulus of cross-sectional area about the x-

axis and Wy is the modulus of cross-sectional area about the y-axis. In addition, according to 

standard EN 81-20 (2014, p. 41) ñif more than two guide rails are used, an equal distribution 

of the forces between the guide rails may be assumed, provided their profiles are identicalò. 

 

3.1.2 Flexural buckling ŭk 

Buckling is one of the aspects that need to be considered when designing elevator guide rails 

and guide rail joints, especially flexural buckling. Buckling stress ůk can be calculated by 

(EN 81-50 2014, p. 41): 

 

                                      „
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ὃ
                                                            σ 

 

In the equation 3 the Fv is a vertical force affecting to guide rail of CWT, k3 is an impact 

factor and manufacturer determinates impact factor because of the tactual installation. Sym-

bol FMaux is the force in the guide rail which is caused by auxiliary equipment that is attached 

on the guide rail like for example ropes suspension. Rope suspension is a part in the elevator 

shaft where suspension rope is attached and locked. Symbol ɤ is the omega value. (EN 81-

50 2014, p. 41.) 

 

 



29 

  

Omega value ɤ is evaluated with the help of next polynomials (EN 81-50 2014, p. 41.):  

   

                                          ‗
ὰ

Ὥ
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In the equation 4 a ɚ is slenderness, symbol i is a minimum radius of gyration and l is a 

maximum distance between guide brackets. Symbol lk is a buckling length. (EN 81-50 2014, 

p. 42.) 

 

Formulas for omega values for usually used guide rail steels can be found from figure 14.  

 

 

 

 

 

 

 

 

 

 

Figure 14. Formulas for omega values (EN 81-50 2014, p. 42). 

 

Omega values for steel with Rm between 370 N/mm2 and 520 N/mm2 can be calculated by 

(EN 81-50 2014, p. 42): 

 

                                              ‫
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Vertical force Fv for counterweight can be a tension or a compression force and it can be 

calculated by (EN 81-20 2014, p. 97):  
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In the equation 6 the Fp is the push force that is applied through all the brackets to the one 

elevator guide rail. The force is affecting because a concrete is setting, or a  building is 

shrinking. Setting of concrete means that the concrete is drying and during drying process 

concrete properties change for example hardens.  Symbol gn is the standard acceleration in 

free fall which is 9.81 m/s2,  symbol k1 is the impact factor and if no safety gear is used then 

k1 = 0,  MCWT  is the  mass of the CWT, Mg is the mass of the one guide rail line and n is the 

number of the guide rails.  Force Fp can be ignored if the elevator travel is less than 40 m.  

(EN 81-20 2014, p.97.) 

 

Push force Fp for freely hanging elevator guide rails can be calculated by (EN 81-20 2014, p. 

97): 

                                                      Ὂ
ρ

σ
ὲ Ὂ                                                                                   χ 

 

In the equation 7 symbol nb is number of the brackets in the guide rail and force Fr is the 

push force through the clips per one bracket. (EN 81-20 2014, p. 97.) 

 

It was noted that the use of safety gear is forbidden with the hollow type guide rails and the 

hollow type guide rails are not used in the high elevator travels so the equation 6 can be 

modified to be: 

 

                                                      Ὂ ὓ Ὣ                                                                                    ψ 

                                                                                             

As it can be seen from the equation 8 that the vertical force Fv for the hollow type guide rails 

can be calculated with the help of mass of the guide rail Mg and with the standard acceleration 

gn.  

 

3.1.3 Combination of bending and compression/tension or buckling stresses 

When designing elevator guide rails and joints combination of bending and compression/ten-

sion or buckling stresses need to be considered. Combination of bending and compres-

sion/tension or buckling stresses can be calculated and evaluated by calculating bending 

stresses, bending and compression/tension and bending and buckling. (EN 81-50 2014, p. 

42.) 
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Combined bending stresses ů can be calculated by (EN 81-50 2014, p. 42): 

                        

                                            „ „ „  „     „                                                           ω 

                                                        

In the equation 9 the ům is the bending stress, ůx is the bending stress in the x-axis, ůy is the 

bending stress in the y-axis and ůperm is the permissible stress (EN 81-50 2014, p. 43). 

 

Bending stresses ů and compression/tension can be calculated by (EN 81-50 2014, p. 42): 
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In the equation 10  ům is the bending stress, force Fv is a CWT guide rails vertical force, 

symbol k3 is the impact factor, FMaux is the guide rail force which is caused by the auxiliary 

equipment, A is the cross sectional area of the guide rail and ůperm is the permissible stress 

(EN 81-50 2014, p. 43). 

 

Bending stresses and buckling stresses ů can be calculated by (EN 81-50 2014, p. 42): 
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In the equation 11 the ům is the bending stress, ůk is the buckling stress and ůperm is the per-

missible stress (EN 81-50 2014, p. 43). 

 

3.1.4 Flange bending 

Flange bending is one of the factors that needs to be considered when designing T-shape 

elevator guide rails. It is possible to use roller or sliding guide shoes with the elevator guide 

rails. Flange bending ůF can be calculated for roller guide shoes (EN 81-50 2014, p. 43): 
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Flange bending ůF can be calculated for sliding guide shoes (EN 81-50 2014, p. 43): 
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In the equations 12 and 13 the ůF is a local flange bending, symbol b is a half of the width 

of the guide rail shoe lining, c is a width of the connecting part of the foot to the blade,  f  is 

a foot depth of the guide rail at its connection point with the blade, h1 is a height of the guide 

rail,  lg is a length of the guide shoe lining, force Fx is the force applied by a guide shoe to 

the flange and ůperm is the permissible stress (EN 81-50 2014, p. 43). In figure 15 is shown 

dimensions for the T-shape elevator guide rail for the flange bending equation.  

 

 

 

 

 

 

 

Figure 15. Dimensions for flange bending equation (EN 81-50 2014, p. 43). 

 

3.1.5 Deflections in the elevator guide rails 

Deflection is one of the most important aspects to be taken in the account when designing 

guide rails and guide rail joints for elevators. Deflections ŭy can be calculated by (EN 81-50 

2014, p. 43): 
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Deflections ŭx can be calculated by (EN 81-50 2014, p. 43): 
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In the equation 14 and 15 the ŭy is a deflection in the y-axis, ŭx is a deflection in the x-axis, 

ŭstr-x is a deflection in the building structure in the x-axis, ŭstr-y is a deflection in the building 

structure in the y-axis, ŭperm is the maximum permissible stress, force Fx is the supporting 

force in the x-axis, force Fy is the supporting force in the y-axis, E is an elastic modulus, Ix 

is the second moment of area with respect with the x-axis, Iy is the second moment of area 

with respect with the y-axis and length l is a maximum distance between brackets. (EN 81-

50 2014, p. 43.) 

 

3.2 Principles of bolt joint 

Bolt joint is one of the most common and important connection types in the field of machine 

design. Bolted joint is easy to assembly and it can be dismounted as many times as needed.  

Bolts are graded based on the maximum amount of stress that they can withstand. Bolt joint 

is formed by using bolt and nut.  

 

Two or more parts are clamped together by using bolt. Bolt can stretch or elongate because 

of the impact of a clamping force.  Clamping force is gained by the nut when twisting it until 

the bolt elongates almost to the elastic limit. This load remains as a preload or clamping 

force if the nut is not loosened and during tightening the bolt head should be stationary and 

twist the nut by mechanic. (Budynas & Nisbett 2015, p.415.) 

 

There are different types of bolts existing, for example anchor bolts, hexagonal bolts and 

carriage bolts. The bolt length depends on the purpose of the use and from the place of use. 

Drilling of bolt holes can cause burs or sharp edges which cut into a fillet increasing stress 

concentrations. This can be avoided by using washers under the bolt head. (Budynas & 

Nisbett 2015, p.414.) 

 

Bolt joint can be formed by using two different joint designs. Joint design types are a tension 

and a shear joint.  Tension joint is a joint type where the bolt and components are clamped 

together. In the tension joint the load attempts to pull the joint apart and adds stress to the 

bolt.  Forces that are affecting to the joint and bolt are parallel to the axes of the bolt. Tensile 

force affects tries to stretch or separate the affected joint. Preloads are used with the tension 

joints. (EN 1993-1-8 + AC 2005, p. 21.)  
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Shear joint functions so that it moves the load that it applied as a shear to a bolt shank. The 

joint is hold together by shear strength of the bolt. There are still tension loads existing due 

to tightening preload of bolt in the joint, but they are incidental. (EN 1993-1-8 + AC 2005, 

p. 21.) 

 

Shear connection is a connection where a load type is shear. It is divided to three different 

categories that are called A, B and C. Category A includes design guidelines based on a 

bearing type and category B includes design guidelines to slip-resistant at serviceability limit 

state. Category C includes design guidelines to slip-resistant at ultimate limit state. (EN 

1993-1-8 + AC 2005, p.21.) 

 
Category A uses bolts from class 4.6 to 10.9. It does not require preloads or special provi-

sions for contact surfaces. Category B uses preloaded joints and slip in the serviceability 

limit state is not allowed. In the category C preloaded bolts are used, and slip is not allowed 

in the ultimate limit state. (EN 1993-1-8 + AC 2005, p.21.)   

 

Tension connection is a connection type where the joint is under the tension load. Tension 

connection type is divided to two different categories, D and E. Category D includes design 

guidelines for non-preloaded situations and category E for preloaded situation. (EN 1993-1-

8 + AC 2005, p.21.) 

 

Category D uses bolt classes from 4.6 to 10.9. This category does not require preloading and 

it should not to be used in the joints where is frequently variations of tensile loads existing. 

Category E includes bolts classes 8.8 and 10.9 that are preloaded. (EN 1993-1-8 + AC 2005, 

p.21.)  Table 4 summarizes design factors for the categories from A to E.  

 

Table 4. Bolt connection design categories (Mod. EN 1993-1-8 + AC 2005, p. 22). 

Category Criteria  Remarks 

Shear connections 

A 

(Bearing type) 

Fv,Ed  Ò  Fv,Rd 

Fv,Ed  Ò  Fb,Rd 

No preloading required. 

Bolt classes from 4.6 to 

10.9 may be used. 
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Table 4 continues. Bolt connection design categories (Mod. EN 1993-1-8 + AC 2005, p. 

22). 

Category Criteria  Remarks 

Tension connections 

B 

(Slip-resistance at servicea-

bility limit)  

Fv,Ed.ser Ò  Fs,Rd,ser 

Fv,Ed  Ò  Fv,Rd 

Fv,Ed  Ò  Fb,Rd 

Preloaded 8.8 or 10.9 bolts 

should be used. 

C 

(Slip-resistance at ultimate 

limit)  

Fv,Ed  Ò  Fs,Rd 

Fv,Ed  Ò  Fb,Rd 

Fv,Ed  Ò  Nnet,Rd 

Preloaded 8.8 or 10.9 bolts 

should be used. 

D 

(Non-preloaded) 

Ft,Ed  Ò  Ft,Rd 

Ft,Ed  Ò  Bp,Rd 

No preloading required. 

Bolt classes from 4.6 to 

10.9 may be used 

E 

(Preloaded) 

Ft,Ed  Ò  Ft,Rd 

Ft,Ed  Ò  Bp,Rd 

Preloaded 8.8 or 10.9 bolts 

should be used. 

 

In table 4 force Fv,Ed is a shear force per bolt for the ultimate limit state and force Fv,Rd is a 

shear resistance per bolt. Force Fb,Rd is a bearing resistance per bolt and force Fs,Rd,ser  is a 

slip resistance per bolt at the serviceability limit state.  Force Fv,Ed,ser is a design shear force 

per bolt for the serviceability limit state and Fs,Rd is a slip resistance per bolt at the ultimate 

limit state. (EN 1993-1-8 + AC 2005, p. 14.) 

 

There are also other forces and symbols that are mentioned in table 4. Force Ft,Ed is a tensile 

force per bolt for the ultimate limit state, Ft,Rd is a tension resistance per bolt and FT,Rd is a 

tension resistance of an equivalent T-stub flange. Symbol Bp,Rd  is a punching shear resistance 

of the bolt head and the nut and Nnet,Rd  is a plastic resistance of the net cross-section at bolt 

holes. (EN 1993-1-8 + AC 2005, p.14.) 

 

3.3 General joining methods  

There are different ways to join two parts together. Joint can be formed by using different 

basic joining methods. These methods are mechanical fasteners, welding and adhesive bon- 

ding (Alves, Dias & Martins 2011, p. 712).  In addition, it is possible to use different kind 

of alternative solutions. These solutions can be for example expanding joints.  
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This chapter is divided to expanding joints, adhesive bonding and to mechanical fasteners 

that can be used in the HT60 joint. Welding is not often allowed at the elevator installation 

site and because of that it is not discussed in this chapter. 

 

3.3.1 Expanding joints  

Expanding joints can be used to form connection between two parts. The locking of expan- 

ding joint is formed by expansion of a material or a part. In addition, locking can be formed 

by using expanding parts where is used gas or liquid inside the part that is expanded by a 

pressure. There are different kind of expanding joints existing.  For example, inside the pro-

file there can be an expanding sleeve that is tightened from the outside of the steel profile to 

inside the profile.  

 

In figure 16 is shown an internal expanding sleeve for a pipe coupling. Sleeve expands inside 

the pipe when a screw is tightened. Tightening of the screw spreads the sleeve inside the 

pipe so that the sleeve surface forms contact with an inside surface of pipe. This kind of 

solution or an idea of the solution can be used also with the other steel profile shapes.  

 

  

 

 

 

 

 

Figure 16. Internal expanding sleeve for pipe coupling (Pat. US 2850304A 1955, p. 1). 

 

Internal expanding sleeve for the pipe coupling is used to form the connection between two 

steel pipes. Connection can be permanent or temporary. Internal expanding sleeve is manu-

factured from a two separate steel parts. These parts are connected to each other by a screw.  

Tightening of the sleeve happens when the screw is tightened, and this causes steel parts to 

expand inside the tube because of movement of the screw. Tightening of the screw happens 

from the outside of the profile and because of that one screw hole is needed to the steel 

profile surface. (Pat. US 2850304A 1955, p. 2.) 
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Connection between the two pipes when using the method shown in figure 16 is based on 

the friction that is formed by the pressure that is caused by expansions of the expanding 

sleeve. The connection aligns the joint and holds the connection together and prevents the 

axial separations. (Pat. US 2850304A 1955, p. 2.) 

 

One possible solution to join two steel profiles together is shown in figure 17. Solution is 

called Single-Lock, Splice-Lock and it is manufactured by the Wagner Companies, R&B 

Wagner, Inc. Solution is used to form a connection between two separate steel profiles or 

tubes. In addition, it can be used to join for example handrail profiles and same idea, or 

solution can be used with the guide rails.  

 

 

 

 

 

 

 

 

Figure 17. Single-Lock, Splice-Lock (Single-Lock Splice-LocksÊ 2020). 

 

Expanding joints like shown in figures 16 and 17 align automatically during an installation. 

Downside is that if the expanding joint is tightened too tight, a steel profile shape distortion 

can occur. 

 

3.3.2 Adhesive bonding 

Adhesive bonding is a method to join two surfaces together by using bonding agent like for 

example glue.  Adhesive bonding has some benefits when comparing it for example to arc 

welding. For example, a joint stiffness is improved by adhesive bonding when comparing it 

to a spot welding or to mechanical fasteners. Stiffness is gained because of adhesive forms 

continues bond between the two surfaces, and this helps to distribute a stress to the larger 

area. The spot welding and the mechanical fasteners create only local point contacts com-

pared to the adhesive ponding and because of that the stress is localized. (Barnes & Pashby 

2000, p. 73.) 
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Adhesive bonding is used for example in the car industry in spaceframes to build car struc-

tures. For example, Lotus Elise spaceframe is joined by adhesive bonding (Barnes & Pashby 

2000, p. 73). In addition, adhesive bonding can be used to join structures together in the 

other industries, for example in the elevator industry.  

 

Adhesive bonding  has benefits compared to welding and to mechanical fasteners (Barnes & 

Pashby 2000, p. 73): 

- Adsorbs energy 

- Damps noise and vibration  

- Double functions: mechanical strength and seal against moisture and debris 

- Good fatigue resistance because of the stress is distributed to the larger area and 

stresses are not concentrated  

- High shear resistance  

- Low cost 

 

However, an adhesive bonding has limitations (Barnes & Pashby 2000, p. 73): 

- Environmental issues because of adhesive materials like for example epoxy 

- Danger to health and safety because of for example toxic fumes  

- Curing time and curing heat is needed 

- Volume production is issue  

- Storage time because of the limited shelf-life time 

 

In addition, one major limitation for adhesive bonding is that bonding surface needs to be 

carefully prepared because of bonding properties can decrease over the time if the bonding 

surface quality is poor or because of the environmental conditions (Alves, Dias & Martins 

2011, p. 712). Environmental condition can be for example moisture or air temperature. 

Moreover, there is a limited experience and studies of long-term durability of glues in dif-

ferent varying environments.  
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3.3.3 Mechanical fasteners 

There are different types of mechanical fasteners available. Mechanical fastener can be a 

bolt, a nut, a self-piercing rivet or a clinch joint. For example, a car industry uses self-pier- 

cing rivets and clinch joints (Barnes & Pashby 2000, p. 75). Self-piercing rivets and clinch 

joints are cold-forming processes.  

 

A rivet is normally manufactured from a steel or an aluminum. There are no threads in the 

rivet surface and structure of the rivet includes rivet head and shank. Installation of rivets is 

cheaper than bolts. (Childs 2014, p. 700). Self-piercing rivets and clinches does not require 

pre-drilled holes because the self-piercing rivet pierces and fastens the material when joining 

them together.  It pierces the upper surface of the material and expands in the lower joined 

material while creating an interlock between these two different parts. Self-piercing rivet 

process is shown in figure 18. (Barnes & Pashby 2000, p. 75.) 

 

 

 

 

 

Figure 18. Self-piercing rivet process (Barnes & Pashby 2000, p. 76). 

 

Clinched joint acts similarly compared to self-piercing rivets and creates mechanical joint 

by using material deformation. Mechanical joint is formed by a punch and die so that the 

punch locks two different parts together. (Barnes & Pashby 2000, p. 75.) 

 

Use of self-piercing rivets and clinch joints have benefits compared to other joining methods 

(Barnes & Pashby 2000, p. 75):  

- Can replace spot welding easily during production with an automation 

- Simple and fast production 

- Cycle time is not dependent of the material thickness like in spot welding 

- Tool life is good 

- Energy consumption is low 

- Safe for environment because of no dangerous fumes or other harmful toxics used 

- Low operating costs 
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However, there are limitations for self-piercing rivets and clinch joints (Barnes & Pashby 

2000, p. 75): 

- Joint requires access to both sides  

- Tool size create limitations, for example riveting gun 

- Corrosion issues because of surface irregularities 

 

One potential mechanical fastener for replacing traditional bolt joint that is used with the HT 

guide rails is a Hollo-Bolt manufactured by Lindapter.  Hollo-Bolt is time saving installation 

method. Basically, it is a bolt joint, but it does not require washers or nuts during installation.  

In figure 19 is shown type HB Hollo-Bolt. 

 

 

 

 

 

 

 

Figure 19. Type HB Hollo-Bolt by Lindapter (Type HB Hollo-Bolt 2020). 

 

Hollo-Bolt is an expansion bolt that is used to join structural steel solutions together. Hollo-

Bolt can be used with the hollow tubes, sections and places where the access to workpiece 

is only from single side of the workpiece. Hollo-Bolt is available with a hexagonal or a 

countersunk bolt head. It is an alternative solution for welding or through bolting like for 

example existing bolt joint for hollow type guide rails.  Hollo-Bolt has a corrosion protection 

as a standard. Standard corrosion protection is JS500, but in addition Hollo-Bolt can be or-

dered with a hot dip galvanization. (Type HB Hollo-Bolt 2020.) 

 

Hollo-Bolt offers fast and time saving installation method and it is installable by hand tools. 

In addition, Hollo-Bolt offers good properties against a shear and a tension.  (Pretec Finland 

Oy Ab, p. 4.) 
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In figure 20 is shown a structure of the HB Hollo-Bolt. The structure includes a collar, a 

sleeve, a bolt and a cone. The sleeve is a part of the Hollo-Bolt that expands during an ins-

tallation. Whereas, the cone is the part that interlocks grooves so that they cannot loosen 

after the installation. Basically, a tightening of Hollo-Bolt happens between the collar and 

the cone as seen in figure 20.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. Structure of HB Hollo-Bolt by Lindapter (Pretec Finland Oy Ab, p. 6). 

 

In figure 20 is shown how the Hollo-Bolt connection is applied. The bolt is inserted to a hole 

and when tightening the bolt head, the cone is pulled towards the bolt thread. Tightening of 

a bolt head causes expansion in the sleeve. Locking happens when the cone is locking the 

sleeve with an inside wall of hollow profile or section. After Hollo-Bolt is installed only 

visible parts of the bolt are the head and the collar. (Pretec Finland Oy Ab, p. 6.) 
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The Hollo-Bolt has two different versions, a 3-part and a 5-part design. The 3-part design is 

an all-round general design to connect the hollow type profiles. The 5-part design is an HCF 

(High Clamping Force) version which is suitable for structural connections where higher 

strength is required. (Pretec Finland Oy Ab, p. 6.)  

  

3.4 Other joining methods 

There are different kind of joining methods that can be used to replace traditional bolt joint.  

For example, warehouse racks use different kind of interlocking mechanisms that can be 

used to replace bolt joint. Additionally, there is for example tube end forming processes and 

swaging process that can be used as a joining method.   

 

3.4.1 Tube end forming process 

Sheet metal parts can be joined with the tube profile by using two-stage tube end forming 

process (Alves et al. 2011, p. 713). Method uses compression beading and external inversion.  

According to Alves et all. (2011, p. 713) the method works so that the compression is used 

to force ñthe upper tube end against the bottom tube end while leaving a gap opening in-

between the dies that support/hold the tube. As compression progresses, the tube collapses 

under local buckling and gives rise to an axisymmetric bead at the gap openingò, after that 

ñThe sheet panel is then placed on top of the bead and joining is accomplished by compres- 

sing the upper free end of the tube with an appropriate external inversion punch until achie- 

ving the required clamp geometryò. The process is shown in figure 21.  

 

 

 

 

 

 

 

 

Figure 21. Tube end forming process (Alves et al. 2011, p. 713).    
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The process can handle all production batch sizes and is not dependent of different geome-

tries.  Furthermore, the process is environment friendly because it does not require for ex-

ample shield gases. One example of a product that has been manufactured by using the tube 

end forming process is shown in figure 22. 

 

 

 

 

 

 

 

 

 

Figure 22. Sheet metal joined to tube (Alves et al. 2011, p. 713).    

 

This method can be used for example to eliminate materials that is needed for a filling and 

to avoid a welding seam. In addition, it provides better precision with tolerances and geo- 

metrics. Moreover, it reduces a production costs and saves time when compared to the wel- 

ding. Tube forming method provides same kind of stress withstanding properties compared 

to the welding, for example with the torsional loads as shown in figure 23. (Alves et all. 

2011, p. 718.) 

 

 

 

 

 

 

 

 

 

Figure 23. Torque vs. angle comparison between welding and tube forming method (Alves 

et all. 2011, p. 718). 
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3.4.2 Swaging 

Swaging is a method for joining tubes or other steel profiles together. Swaging is a method 

that uses a plastic deformation of materials to join two parts (Zhang, Jin & Mu 2014, p. 

2085). One swaging method is a rotary swaging.  Rotary swaging is based on a rotary on 

dies and a compression. Method works so that two tubes are placed inside each other and 

the dies rotate around the tubes while pressing same time tubes together.  

 

Rotary swaging method joins two workpieces with the different diameters by using plastic 

deformation of the material. During the process materials of these two tubes create ña con-

cave arc joint at the overlapping partsò (Zhang et al. 2014, p. 2093-2094). This method is 

suitable when the weldability of  materials is low, or parts are not so easy to join because of 

a difficult interference. (Zhang et al. 2014, p. 2093-2094.) Rotary swaging process is shown 

in figure 24. 

 

 

 

 

 

Figure 24. Rotary swaging process (Zhang et al. 2014, p. 2086). 

 

3.4.3 Interlocking joining methods   

One potential solution is interlocking joining methods. For example, warehouse racks are 

one example of a solution that uses interlocking joining. Warehouse rack systems are three-

dimensional structures manufactured from a cold formed steel. System uses rack columns, 

i.e. uprights, as a support of the structure. In addition, tabs are part of the rack system struc-

ture and they are connections points that are forced into holes in the columns. Tabs are spe-

cifically highly semi-rigid in nature. (Mohan et all 2015, p. 55.)  

 

Rack systems use hook-in end connectors which are used to connect a beam and the column 

together. The hook-in end connector is a semi-rigid boltless connection. Other parts of the 

rack system structure are safety connectors, beams, footplates and slots. (Prabha et all, 2010, 

p. 863-864.) 
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In figure 25 is shown a structure of the warehouse rack system.  

 

 

 

 

 

 

 

 

 

Figure 25. Structure of warehouse rack system (Prabha et all, 2010, p. 864). 

 

Warehouse rack industry uses different kind of beam end connectors for joining beams and 

columns together (Prabha et all, 2010, p. 863). Connector is a cold formed steel structure at 

the beam end. Connectors acts as a support for the beams and offer stiffness for the down-

aisle stability. Additionally, a side sway of the racking system is prevented by beams and 

connectors. The connector is joined to the beam by tabs or studs which in addition acts as a 

locking mechanism. Tabs or studs act same kind as bolts in the bolt connection.  In addition, 

there is end plates included to the racking system which can withstand same loads than any 

other structural joint in the system. (Markazi 1998, p. 59.)   

 

There are different designs for the beam connectors. There is for example a connector where 

is cantilevered tab that is used to connect uprights web and flange. This type of connector is 

shown in figure 26.  

 

 

 

 

 

 

 

Figure 26. Cantilever tab-based solution (Markazi 1998, p. 60-61). 
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In addition, a connector can be manufactured by using a tab that is formed by a blanking. 

This type of connector is shown in figure 27. Blanked tab is used as a locking mechanism 

which locks to the web of upright parallel or perpendicular. (Markazi 1998, p. 59.) 

 

 

 

 

 

 

 

 

 

Figure 27. Solution where tab is formed by a blanking (Markazi 1998, p. 60-61). 

 

One option for the connection in the rack system is that it can be formed by a stud and a 

locking pin. In figure 28 is shown the rack connection solution where the uprights have 

shaped slots that is used for the connection with the connector studs. The beam is locked to 

the upright by the locking pins. 

  

 

 

 

 

 

 

 

 

 

 

Figure 28. Connection with shaped slots, pins and connector studs (Markazi 1998, p. 62). 

 

 



47 

  

The connection between the upright and the beam that is shown in figure 29 can be formed 

by using slots that are in the upright. The beam is locked to the upright by the upward tab 

which ensures the locking action. The connection is based on the beam end connector that 

is wrapping around the three face of uprights. (Markazi 1998, p. 63.)  

 

 

 

 

 

 

 

 

 

 

 

Figure 29. Beam end connector that is wrapping round three face of uprights (Markazi 1998, 

p. 63). 

 

Other option for a connection is that the connection can be formed by integral tabs and loc- 

king pins as shown in figure 30.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Structure of warehouse rack system (Markazi 1998, p. 63). 
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4 DESIGN OF NEW BOLTLESS JOINT F OR HOLLOW TYPE GUIDE  RAIL  

 

 

Product design process is a process which starts from a need or a new idea.  The main pur-

pose of the product design process is to match to the need best way possible from a technical 

and an economical point of view. The design process starts from the determination of a need 

or from the discovery of a new idea. In addition, during the design process it is possible to 

notice that the need is not necessary, or the idea does not work. After that the design process 

is shut down or the definitions are changed. 

 

Product design process can start from scratch or correction of shortcomings. (Ashby, Sher-

cliff. & Cebon 2010, p.55.) There are multiple different ways to do product design work. 

One of those methods is a systematic product design method (Eskelinen & Karsikas, 2014, 

p. 168). Systematic product design method uses methods like finite element methods (FEM) 

and other computer-aided simulations.  

 

4.1 Systematic product design process 

Design process that is used in this thesis follows systematic product design process. The 

systematic product design process includes four different design process steps. The first de-

sign process step is a product program design and clarification of tasks. The second step is a 

conceptual design, and third step is an embodiment design. The fourth and final step is a 

detail design. (Pahl & Beitz 1990, p.44-47.) 
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Four steps of the systematic product design process are divided to different steps, tasks and 

results. This can be called design path.  One option for a product design work process or a 

path can be seen in figure 31.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. Steps in the planning and design process (Pahl & Beitz 2007, p.130). 
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First step of the systematic product design process is a product program design and the cla- 

rification of tasks. Product program design and clarification of task means search of an in-

formation and requirements that has been given to fulfill  requirements that is needed for a 

desired solution. In addition, it includes permanent general boundary conditions and mea- 

ning of them. Product program design and clarification of tasks leads to the list of require-

ments for a product. List of requirements considers the need of the constructivist develop-

ment and the next steps of the project according to the plan. (Pahl & Beitz 1990, p.48.)   

 

4.1.1 Conceptual design 

The second design phase or a step is the conceptual design and it can be also called sketching. 

Steps can be used as a part of the sketching process. During the sketching an abstraction is 

performed to identify the essential problems that effect on the design problem. Figure 32 

shows steps of the conceptual design according to Pahl and Beitz. (Pahl & Beitz 1990, p.71.)   

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Steps of the conceptual design (Iivonen & Riitaluhta 2014). 
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The conceptual design includes function structures and evaluation of them. The function 

structures are established and working principles that fulfill the subfunctions are searched. 

Function structures include overall functions and subfunctions. Basically, the function struc-

ture includes overall functions that fulfill  abstraction that was performed against the require-

ment list. Subfunctions are functions that are needed to make the overall functions to work. 

(Pahl & Beitz 1990, p.71.) 

 

After overall functions and subfunctions are established then the suitable combinations are 

chosen and based on those combinations, sketches are created. Then created sketches are 

reviewed and evaluated against the technical and economic criteria. As a result of the sketc- 

hing the principle solution also known as a concept is finalized. (Pahl & Beitz 1990, p.71.) 

 

4.1.2 Embodiment design 

After the conceptual design phase is completed the design process moves to the step three. 

Step three is called embodiment design. Its main purpose is to concretize the concept. During 

this phase materials and manufacturing methods are chosen. In addition, main measurements 

for the concept are applied and concepts compatibility for 3D boundary conditions is inves-

tigated. (Pahl & Beitz 1990, p.176.) 

 

Designs general arrangements and spatial compatibilities are determined during the embo- 

diment design phase. Additionally, materials and shapes of the design are determined with 

the suitable production processes. During the embodiment design phase, it is important to 

considerate design from the technological and economic points of view.  Design should be 

reviewed critically and evaluated from the technical and economical point of view. This 

design phase includes multiple corrective steps where the design is constantly analyzed. 

(Pahl, G. et al.  2007, p. 227.) 
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In figure 33 is shown the steps of the embodiment design.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33. Steps of embodiment design (Pahl, G. et al.  2007, p. 229.). 

 

4.1.3 Detail design 

The systematic product design process includes detail design phase. The detail design phase 

starts after the embodiment design phase is completed. Detail design is a part of the design 

process where a technical structure is fulfilled with the final requirements and design needs. 

During this phase for example a shape and the measurements of the part are finalized. Ad-

ditionally, surface qualities and material selections are finalized. During this design phase, 

manufacturing and opportunities of usage are considered. (Pahl & Beitz 1990, p.48.) 
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The detail design includes a consideration of final expenses and costs. In addition, final 

drawings and other documents are developed for a production implementation and for a fu-

ture use. Steps of the detail design is shown in figure 34. (Pahl & Beitz 1990, p.48.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34. Steps of detail design (Pahl, G. et al.  2007, p. 437). 

 

4.2 Ideas and conceptual design of a boltless joint for HT60 guide rail  

The design process started from the clarification of tasks and design problems. This was the 

most important phase of the project because it basically specified what is needed and guided 

the design process through.  

 

4.2.1 Ideation and functionality of concepts 

During this phase the list of requirements for desired concept was created.  List of require-

ments considered the needs of the desired concept that needed to be fulfilled to accomplish 

the goal of the design. Accurate list of the requirements and details of requirements can be 

found from the appendix 1.  
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According to requirement list the most important requirements are:  

- Joint shall have at least equal strength with the guide rail  

- Joint to have at least equal second moment of area with the guide rail 

- Joint needs to withstand forces that are affecting to it and must fulfill the require-

ments from standards EN81-20:2014 and EN81-50:2014 

- Total weight of the guide rail and joint must be under 25 kg 

- Create solution that is hand installable by one person 

- Create solution that is rigid. No horizontal or vertical bending allowed in the joint 

area and in addition no guide rail movement allowed at the joint area  

- Solution must fit to the shaft to the existing space 

- Installation tools needs to fit for the existing space 

- Create solution so that there is no notch between the two guide rails 

- Joint and guide rail material to have corrosion resistance or made from material that 

doesnôt rust 

- ñThe guide rails shall be made from drawn steel, or the rubbing surfaces shall be 

machinedò (EN81-20 2014, p.95) 

 

An abstraction was formed based on the requirements list and the result was: Corrosion 

resistant, hand installable and strong enough to withstand required forces to fulfill require-

ments from EN81-20:2014 and EN81-50:2014 while fitting given space.  Additionally, the 

abstraction acted as an overall function on a function structure. Overall functions and sub-

functions are shown in figure 35. 

Figure 35. Overall functions and subfunctions 
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The function structure shown in figure 35 is divided to the overall functions and to subfunc-

tions. Overall functions are mentioned in the first level under the result of the abstraction. 

Every overall function has subfunctions, for example overall function Installation has sub-

function installation by hand. Overall functions and subfunctions were created and based on 

those functions, ideas were sketched. Idea matrix based on overall functions and subfunc-

tions was created. Idea matrix is shown in table 5. 

 

Table 5. Idea matrix for boltless hollow type guide rail joint. 

Joint two GRs without 

bolts by 
Wedge Locking mechanism inside the GR Spring fishplate U-shape ring 

Installation  

Installation by hand Weight under 25 kg 

Easy to install 
Wedge is hammered 

inside the GR 

Fishplate locks itself automatically 

while it is sliding inside the GR. 

Fishplate is com-

pressed and spring 

back returns the 

shape inside GR 

Ring is placed 

through the GR 

and the fishplate. 

Self-aligning guide rail 

Tight tolerances and 

shape of the fish-

plate 

Punched shape inside to GR and 

fishplate with counterpart shape 

Elastic behavior of 

fishplate 

Tight tolerances 

and shape of the 

fishplate 

Locking two GRs together  

Rigid joint 
by solid fishplate in-

side the GR. 
by solid fishplate inside the GR 

by fishplate inside 

the GR 

by fishplate and U-

ring that goes 

through fishplate 

and GR. 

Tight locking 

by friction and 

shape of the fish-

plate 

by locking mechanism and shape 

by expansion of 

the fishplate be-

cause of spring 

back 

U-shape ring pull-

ing GRs together. 

Allows some 

movement but 

elasticity of the 

material keeps 

joint tight. 

Fatigue resistance of lock-

ing mechanism 
by material choice. strong enough spring and material. high strength steel spring steel 
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Table 5 continues. Idea matrix for boltless hollow type guide rail joint. 

Joint two GRs without 

bolts by 
Wedge Locking mechanism inside GR Spring fishplate U-shape ring 

Withstand forces  

Strength of material 

Higher strength mate-

rial compared to GR 

material. 

Spring steel / high strength struc-

tural steel 

Spring steel / high 

strength structural 

steel 

High strength 

spring steel 

Fullfill EN81-20 :2014 

and EN81-50 :2014 

Higher yield and ten-

sile strengths and sec-

ond moment of areas 

compared to GR.   

Higher yield and tensile strengths 

and second moment of areas com-

pared to GR 

Higher yield and 

tensile strengths 

and second mo-

ment of areas com-

pared to GR 

Higher yield and 

tensile strengths 

and second mo-

ment of areas com-

pared to GR 

Last elevator life time  

Wear resistance 

Fishplate inside GR 

and no parts outside 

of the GR.  

Fishplate inside GR and no parts 

outside of the GR. 

Fishplate inside 

GR and no parts 

outside of the GR. 

Parts that are out-

side of the GR are 

backside so no 

wear present. 

Corrosion resistance 
by surface treatment / 

material choice 
by using aluminum and spring steel.  

by surface treat-

ment / material 

choice 

by surface treat-

ment / material 

choice 

Fatique resistance 

Tight enough joint 

connection between 

fishplate and GR so 

joint doesnôt open 

during lifetime.  

Spring part made from material that 

has high fatigue resistance.  

Spring part made 

from material that 

has high fatigue re-

sistance. 

U-ring made from 

material that has 

high fatigue re-

sistance. 

 

Concepts were created based on the idea matrix shown in table 5. A preliminary selection of 

ideas and concepts was held, and the four most promising concepts was selected.  Next is 

shown the four most promising concepts. Concepts are named as a concept 1, concept 2, 

concept 3 and concept 4.  
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Concept 1 (Figure 36)  includes new fishplate that is placed inside a guide rail. Fishplate 

includes bumps on the surface of the fishplate that interacts with the inner surface of guide 

rail and creates joint between them. Joint is based on yielding by using friction and swaging. 

Joint requires fishplate and two guide rails. Solid fishplate is hammered inside the guide rail 

to a right position. Installation is quick but requires force. Fishplate is manufactured from a 

structural steel S355 or from an aluminum by machining. Total weight of the joint is under 

25 kg. 

 

 

 

 

 

 

 

Figure 36.  Concept 1. 

 

Concept 2 (Figure 37) includes a modified guide rail and new type fishplate. Fishplate in-

cludes spring steel part that locks with the guide rail and pulls two guide rails together by 

compression. Spring steel part locks with punched form in the guide rail profile. Fishplate 

aligns with the guide rail via punched form with the help of fishplate bottom shape. Spring 

steel part is manufactured from 4 mm or 5 mm spring steel or from S1300 structural steel. 

Fishplate is manufactured from aluminum. Total weight of a joint is under 25 kg. 

 

 

Figure 37.  Concept 2. 
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Concept 3 (Figure 38) includes new type fishplate that interacts with a guide rail inner sur-

face and forms joint between them. Elastic behavior of  a fishplate acts as a spring and during 

installation fishplate is pressed inwards and placed inside the guide rail. Inside the guide rail 

the fishplate returns to its original shape because of a spring back. The spring back tightens 

fishplate inside the guide rail. There is a stopping function in side of the fishplate so that the 

fishplate does not go too deep inside the guide rail during installation.  Fishplate is manu-

factured from a spring steel. Joint total weight is under 25 kg.  

 

 

 

 

 

 

 

Figure 38.  Concept 3. 

 

Concept 4 (Figure 39) includes U-shape ring and modified fishplate. U-shape part pulls 

guide rails together and keeps joint together. Locking mechanism is based on a compression 

of the U-shape ring. Joint can be assembled by hand and hammer. Fishplate can be manu-

factured from the aluminum and U-shape part from the spring steel. Weight of a joint and 

the guide rail is under 25 kg. 

 

 

Figure 39.  Concept 4. 
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4.2.2 Technical and economical valuation of concepts 

Technical valuation of concepts was performed by following a VDI 2225 valuation point 

system. In the VDI 2225 valuation point system the different technical criterions are rated 

from 0 to 4 (Pahl & Beitz 1990, p.158-159). Table 6 includes a review based on the technical 

valuation for the concepts shown in the chapter 4.2.1. 

 

Table 6. Review based on technical valuation. 

 Concept 
1. 2. 3. 4. 

Function Technical criterion 

Functionality 

1. Design simplicity 4 2 2 3 

2. Pretension possible 4 2 3 4 

3. Joint rigidity 4 1 3 3 

4. Solution pulls 

GRs together 
4 1 3 4 

Design 

5. Solution inside the 

GR 
4 4 4 3 

6. Simple design 4 2 3 4 

Manufacturability 

7. Simple to manu-

facture 
4 2 3 4 

8. Less parts com-

pared to existing 

joint 

4 4 4 4 

Installation 

2. Weight < 25 kg 4 4 4 4 

3. Easy installation 4 3 3 3 

4. Quick to install 3 4 3 3 

9. Fits into given 

space 
4 4 4 4 

Maintenance Maintenance free 4 4 4 4 

 Total 51 37 43 47 

Wtv=Total/20 2,55 1,85 2,15 2,35 
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Concepts shown in chapter 4.2.1. were valued by using numbers 0-4, where number 0 means 

poor and number 4 very good value. Values were calculated together so that total Wtv (Total 

technical valuation) and Wev (Total economical valuation) values were formed and the higher 

the Wtv and Wev values are the better the solution is. 

 

In addition, an economical valuation review was conducted for the concepts. The review of 

the economical valuation is shown in table 7. Economical valuation is an estimation because 

at this stage of a design process it is difficult to calculate exact costs.  

 

Table 7. Review based on economical valuation. 

Concept 
1. 2. 3. 4. 

Economic criterion  

1. Material expenses 4 2 2 3 

2. Small change costs 3 2 4 3 

3. Installation cost 3 4 3 3 

4. Manufacturing costs 3 2 3 3 

Total 13 10 12 12 

Wev=Total/16 0,8125 0,625 0,75 0,75 

 

When comparing values Wtv and Wev from table 6 and 7 the concept 1 was the most promising 

option compared to other concepts. Additionally, concept 4 was promising when comparing 

its results to other concepts, especially when comparing the technical valuation values. 

Based on the reviews from the technical and from the economical point of view, concepts 1 

and 4 are chosen to move forward to next phase of the design process.  

 

4.3 Embodiment design requirements for concepts 1 and 4  

The embodiment design phase is a next design phase. Embodiment design includes two con-

cepts from the conceptual design phase. These two concepts were concept 1 and 4. During 

the conceptual design phase drawings and models was created with the help of Creo Para-

metric 4.0 CAD (Computer Aided Design) software. Creo Parametric 4.0 was used to create 

3D-models and FEM simulations. 
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Structure of the joint and guide rail should withstand around 10 kN force as can be seen from 

figure 40. In figure 40 is shown two GRs joint together where downward force is placed 

vertically towards GRs joint area. The idea was to check how much force is required to open 

GR joint and it was around 10 kN. Opening of guide rail joint happens in the below part of 

the guide rail joint if the force is placed downwards to the top of the guide rail joint area.   

 

 

 

 

 

 

 

 

 

 

 

Figure 40.  Bending of the GR (Guglielmo 2020a). 

 

The requirement list gave some requirements for a strength of the joint and materials as can 

be seen from the appendix 1. The joint needs to have at least equal strength with the guide 

rail and in addition at least equal second moment of area with the guide rail. Moreover, the 

joint needs to withstand forces that are affecting to the guide rail and to joint and must fulfill 

requirements from standards EN81-20:2014 and EN81-50:2014.  

 

Additionally, this way it is possible to avoid calculation of  requirements shown in chapter 

3.1 because if the values for example second moments of areas that are used are same or 

higher than in the existing solution then it can be stated that the structure will fulfill needed 

requirements. Moreover, this works also with the concept 4.  

 

4.4 Embodiment design of concept 1 

This chapter includes embodiment design of concept 1. Embodiment design process is di-

vided to six different steps. Steps are called iterations.  
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4.4.1 Concept 1 iteration 1 

Concept 1 is based on a fishplate that is pushed inside a guide rail. Connection between the 

guide rail and fishplate is formed through yielding by using friction and swaging. There is 

bumps in the fishplate surface as shown in figure 41 that will connect with the guide rails 

inner surface.  Connection between the fishplate and the GR should be tight so that a friction 

and a support can be guaranteed because GR is not allowed to bend during the use of eleva-

tor.  

 

 

 

 

 

 

 

 

 

 

Figure 41.  Bumps in the fishplate surface.  

 

FEM simulation was performed for the fishplate shown in figure 41 that was pushed inside 

the GR as seen in figure 42. Simulation was performed by using Ansys software. Fishplate 

material that was used was S355 structural steel and the material behavior was ideal plastic.  

 

  

 

 

 

 

 

 

Figure 42.  FEM simulation of the fishplate and GR (Guglielmo 2020a). 
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During the simulation non-linear frictional contacts were used. The friction coefficient that 

was used was µ = 0,2. Friction coefficient µ = 0,2 should be used in the calculations when 

the counterweight is in the stalled condition (EN 81-50 2014, p.48). Additionally, few small 

settings were made to the contact stiffness and to the penetration factor because of conver-

gence in a solid way. Material model was bilinear, and yielding was considered. In addition, 

a large deflection setting was used to keep the analysis more real and once again pushed to 

the non-linearity. (Guglielmo 2020b.) 

 

The fishplate had a 0.5 mm lateral and vertical interference with the guide rail. Lateral di-

rection means X-direction and vertical direction means Y-direction according to reference 

coordination system shown in figure 13. Lateral and vertical interference were created by 

using the bumps shown in figure 41.  During the simulation it was noticed that the guide rail 

end starts to deform. This can be seen from figure 43. Assembly force that was used was 

14500 N. Scaling in figure 43 is 10x.   

 

 

 

 

 

 

 

 

 

 

Figure 43.  FEM simulation of the fishplate and GR (Guglielmo 2020a). 

 

The guide rail end started to deform as can be seen from figure 43. Deformation was too 

significant, and it created problems because of a joint area between the two guide rails must 

be as smooth as possible, and deformation can create edges and notches to the joint area. 

Additionally, there was a plastic deformation present as shown in figure 43.  
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4.4.2 Concept 1 iteration 2 

Concept 1 was redesigned with two alternative iterations to solve problem shown in figure 

43. First iteration that was designed was a fishplate that is shown in figure 44. Fishplate had 

two different versions. Fishplate that is shown in figure 44 was simulated and compared with 

the two different interference levels:  

- 1 mm in X-direction and Y-direction interference  

- 0.5mm X-direction and Y-direction interference 

 

 

 

 

 

 

 

 

Figure 44.  Fishplate 1. 

 

Results from the simulation can be found from the appendix 2,1. Results (Guglielmo 2020a) 

shows that the guide rail end deformation was significant. According to results the guide rail 

started to deform sideways and because of that a distortion of a profile cross section occurred. 

This happened especially with the 1 mm interference. Additionally, it was noticed that a 

level of plastic deformation was significant with both interference levels. (Guglielmo 

2020a.) Plastic deformation should be avoided, because it reduces the total elastic back 

spring displacements and thus is weakening the contact forces. It must be noted that plasticity 

does not remove the elasticity of the material itself. Forces that was required to slide the 

fishplate inside the guide rail was 10 500 N with the 1 mm interference and 6600 N with the 

0.5 mm interference (Guglielmo 2020a). 
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4.4.3 Concept 1 iteration 3 

Next iteration was a fishplate where the interference parts are situated only at the center of 

the fishplate as shown in figure 45.  Interference between the fishplate and the guide rail was 

0.5 mm in X- and Y-direction.  

 

 

 

 

 

 

 

Figure 45.  Fishplate with interference parts at the center of the part. 

 

Results from the simulation of fishplate that is shown in figure 45 can be seen from the 

appendix 2,2.  This fishplate iteration destroyed the guide rail profile because of significant 

deforming as can be seen from the results. Assembly force that was required was 14 500 N. 

(Guglielmo 2020a.) 

 

4.4.4 Concept 1 iteration 4 

Next iteration was fishplate with sharp bumps in the surface of the fishplate. Shape of this 

fishplate iteration is shown in figure 46. Interference in X- and Y-direction was 0.5 mm. 

Results can be found from the appendix 2,3.  

 

 

 

 

 

 

 

 

Figure 46.  Fishplate with sharp bumps. 
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Installation force that was required was 11 000 N. The results (Guglielmo 2020a) show that 

the lower part of the guide rail deforms significantly and starts to open the guide rail profile. 

This creates edges and notches to a guide rail joint. 

 

4.4.5 Concept 1 iteration 5 

Next iteration that was designed was a fishplate with four bumps. Height of the bumps was 

0.25 mm, and this acted as an interference to Y-direction with the respect to guide rail. In-

terference in X-direction was 0.5 mm. Results from simulation can be found from the ap-

pendix 2,4 (Guglielmo 2020a). Results show that the deformation level was less compared 

to the earlier iterations.  

 

As can be seen from the FEM simulations that the force should be guided upwards and 

downwards and not in the sideways like shown in figure 47. FEM simulations shows that 

the guide rail profile starts to open if there is a lateral interference present. Interference points 

between the guide rail and fishplate should be positioned on a top and on a bottom surface 

of the fishplate, i.e. vertical interference with the guide rail is only allowed.  

 

 

 

 

 

 

 

 

Figure 47.  Allowed guide rail deformation direction. 

 

4.4.6 Concept 1 iteration 6 

Based on the results in the appendix 2,4, the fishplate surface needs bumps that will connect 

with the guide rails inner surface. FEM simulations were performed to estimate the best 

possible bump positions on the guide rails inner surfaces. The results of this simulation can 

be seen from the appendix 3. 
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During the simulations of a different bump positions, it was noticed that the best results gave 

the bump positions shown in figure 48. During the simulation a force was applied to the 

eight points inside the guide rail. Points are shown in figure 48. The force that was applied 

to every point was 10 kN. 

 

 

 

 

 

 

 

 

 

Figure 48.  Simulation of bump positions. 

 

In figure 49 is shown deformation of a guide rail end for the force points that was shown in 

figure 48. Results in figure 49 are in millimeters. 

 

 

 

 

 

 

 

 

 

Figure 49.  Deform of guide rail end in millimeters. 
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Shape of the fishplate was modified based on the simulation results and bump positions 

shown in figures 48 and 49. Fishplate is to be manufactured from S355 structural steel.  

Shape of fishplate is shown in figure 50.  

 

 

 

 

 

 

 

 

 

Figure 50.  Fishplate as a result of the embodiment design. 

 

There are stoppers in the side of the fishplate that are used to stop the fishplate from sliding 

too deep inside the guide rail during the installation. In addition, there are 8 pcs of 0.35 mm 

bumps on the top surface and bottom surface of the fishplate that are used to form a connec-

tion between the guide rail and the fishplate. Fishplate is installed by a hand and a hammer.  

In figure 51 is shown a stopper and two bumps on the surface of the fishplate.  

 

 

 

 

 

 

 

 

 

 

Figure 51.  Stoppers and bumps.  
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In addition, HT60 guide rail requires small modifications so that the fishplate shown in figure 

50 can be used. The guide rail ends need to be modified like shown in figure 52. This needs 

to be done so that there is a counterpart for the fishplates side stoppers.  

 

  

 

 

 

 

 

 

 

 

Figure 52.  Modified guide rail as a result of the embodiment design. 

 

FEM simulation was performed for a fishplate and a guide rail shown in figures 50 and 52 

by using the same characteristics than in previous simulations. The results shown in figure 

53 show that the guide rail deformation is significantly lower compared to other iterations. 

Additionally, plastic deformations are concentrated to the smaller areas. Results from this 

simulation can be found from the appendix 4,1. The assembling force that was used was 

4300 N. (Guglielmo 2020a.) Part is manufactured by machining from S355 structural steel.  

 

 

 

 

 

 

 

 

 

Figure 53.  FEM simulation result (Guglielmo 2020a). 
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Idea of this concept is that a guide rail profile is manufactured such a way that when manu-

facturing tolerances are in the plus side a joint is tight enough and when tolerances are in the 

minus side an assembly force and a deformation are not too significant. 

 

4.5 Embodiment design of concept 4 

Concept 4 includes a fishplate inside a guide rail and a U-shape ring that pulls guide rails 

together and keeps the joint together like shown in figure 40. The U-shape part is manufac-

tured from a spring steel. Spring steel can be for example Sandvik 12R11 which offers tensile 

strengths Rm from 1500 MPa to 1900 MPa (Sandvik 12R11 Strip steel 2017.) This chapter 

includes three different iterations for concept 4. 

 

4.5.1 Concept 4 iteration 1 

FEM simulation was performed for concept 4 U-shape spring steel part. Shape of the spring 

steel part can be seen in figure 54. This part is called concept 4 iteration 1. In addition, in 

figure 54 is shown a location where the forces were applied during the simulation.  

 

 

 

 

 

 

 

 

Figure 54.  Concept 4 spring steel part and forces applied 

 

Purpose of this simulation was to study the effects of material thickness to stress levels.  

Material thicknesses from 10 mm to 3 mm were simulated.  The stresses that was studied 

was von Mises, maximum principal and maximum shear stresses. Additionally, a simulation 

was performed to different part widths.  The force that was used during the simulation was 

5 kN to both directions shown in figure 52. Poissonôs ratio that was used was 0.27 and 

Youngôs Modulus was 210 GPa . Whereas, a density of the material was 7.9 g/cm3. 
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Results from the FEM simulation are shown in appendix 6. In table 8 is summarized stresses 

from the simulation. Results are in MPa.  

 

Table 8. FEM simulation results for the concept 4 part with the different material thicknesses 

and material widths. 

Thickness of the 

material (mm) 

Width of the 

part (mm) 

Stress von 

Mises (MPa) 

Stress max prin-

cipal (MPa) 

Stress maximum 

shear stress 

(MPa) 

10 14 560 579 291 

9 14 703 730 367 

8 14 904 944 475 

7 14 1200 1260 634 

6 14 1700 1776 892 

6 10 2379 2448 1232 

5.5 14 1995 2117 1065 

5.5 10 2867 2957 1489 

5 14 2435 2595 1306 

5 10 2507 2645 1332 

4 14 3879 4176 2104 

3 14 7042 7652 3867 

 

4.5.2 Concept 4 iteration 2 

Spring steel part shape was modified based on the results shown in table 8. The purpose was 

to find shape that offers more spring like properties. For example, coil springs that are used 

as a car spring can absorb the shocks from the road surface and after releasing the force that 

was absorbed then return to the its original shape. The coil spring is manufactured so that 

there is a steel wire that is coiled to multiple coils. In the coil spring form, a material is more 

deformable compared to the same length steel bar. 

 

Idea was to find shape that allows around 10 mm deformation at the contact points with the 

guide rail. Idea is that the shape of the spring steel part is 10 mm wider before an installation. 

During the installation the spring steel part should deform 10 mm to form a joint between 
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the guide rails. This deformation should create 5 kN pretension force which is used to hold 

the joint together.  Idea is that compression force that keeps a joint together is formed by 

pretension force. In figure 55 is shown the mentioned contact points and new shape of the 

spring steel part.  

 

 

 

 

 

 

 

Figure 55.  Contact points in spring steel part with the guide rail. 

 

Spring steel part shown in figure 55 was simulated by using a 5 kN force. Force was applied 

to same positions as shown in figure 54.  The simulation results for the part that was modified 

based on the results in table 8 can be found from table 9. Additionally, results can be found 

from appendix 7.  

 

Table 9. FEM simulation results for concept 4 part with the different shape.  

Thickness of 

the material 

(mm) 

Width of the 

part (mm) 

Stress von 

Mises 

(MPa) 

Stress max 

principal 

(MPa) 

Stress maxi-

mum shear 

(MPa) 

Deformed 

in the part 

where 

force is 

applied 

(mm) 

6 14 968 1014 510 1.8 

5.5 14 1172 1232 620 5.5 

5 14 1405 1501 755 2.3 

4.5 14 1810 1924 968 3.9 

 

As can be seen from table 9 the level of deformations was too low. Additionally, the level 

of deformation is under manufacturing tolerances of this kind of bended part.  Moreover, as 

can be seen from table 8 that when the material thickness decreases the stress levels increase.  
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4.5.3 Concept 4 iteration 3 

Results from table 9 show that a spring steel part needs more material to form spring like 

properties. Based on this the next shape that was simulated was spring steel part where is 

more material in the top part of the U-shape. This shape is shown in figure 56. 

 

 

 

 

 

 

 

 

Figure 56.  Spring steel part with more material 

 

FEM simulation was performed by using a 5 kN force. The force was applied to same kind 

of positions shown in figure 54. Simulation studied the effects of shape to stress levels and 

to level of deformation. The simulation was performed for material thicknesses from 2 mm 

to 7 mm.  Simulation results are shown in table 10. Additionally, results can be found from 

appendix 8.  

 

Table 10. FEM-simulation results for concept 4 part with different shape. 

Thickness of 

the material 

(mm) 

Width of the 

part (mm) 

Stress von 

Mises 

(MPa) 

Stress max 

principal 

(MPa) 

Stress maxi-

mum shear 

(MPa) 

Deformed 

in the part 

where 

force is 

applied 

(mm) 

2 14 10331 11411 5739 33.5 

3 14 5470 5968 2996 12 

4 14 3580 3835 1927 9.5 

5 14 2887 3047 1531 15 
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Table 10 continues. FEM-simulation results for concept 4 part with different shape. 

Thickness of 

the material 

(mm) 

Width of the 

part (mm) 

Stress von 

Mises 

(MPa) 

Stress max 

principal 

(MPa) 

Stress maxi-

mum shear 

(MPa) 

Deformed 

in the part 

where 

force is 

applied 

(mm) 

6 14 2495 2495 1308 290 

7 14 2187 2265 1138 4 

 

In addition, FEM simulation was performed for a part that has even longer top part to study 

the effects of a longer top part to the stress levels. Spring steel part with the longer top part 

is shown in figure 57. The results are shown in appendix 9.  Results show that the stress 

levels are higher, and the level of deformation is even higher compared to values shown in 

table 10.  Additionally, the longer top part needs more space top of the surface of a guide 

rail.  

 

 

 

 

 

 

Figure 57.  Spring steel part with longer top part. 

 

The spring steel part shape shown in figure 56 with the material thickness 5 mm was chosen 

to be redesigned with the correct dimensions during the detail design.  

 

4.6 Detail design for concept 1 and 4 

During the detail design phase, the details of designed concepts was finalized, and complete 

manufacturing drawings created. Additionally, overall layout drawings and assembly dra- 

wings were created. As a result of the embodiment design phase, there was designed two 

different alternative concepts, concept 1 and 4.  
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4.6.1 Detail design of concept 1 

Concept 1 was planned to be manufactured from the S355 structural steel or from aluminum 

by machining. Concept 1 fishplate was challenging to be manufactured by machining be-

cause of the challenging shapes like bumps. Additionally, machining was too expensive 

method from the volume production point of view. Moreover, during the machining process 

the part requires multiple part rotations and because of that the manufacturing accuracy is 

challenging. Accuracy is challenging because of every time when the part is rotated the ac-

curacy is reduced. Moreover, different locking positions and part rotations increases the cost 

of the part.   

 

Manufacturing process that was chosen instead of a machining was an investment casting 

with a ceramic mold casting. These two casting methods can be combined (Swift & Booker 

2013, p.84). Additionally, instead of an investment casting with a ceramic mold casting an 

aluminum pressure die casting can be used.  

 

Casting process that was selected has benefits compared to machining process (Swift & 

Booker 2013, p.84):  

- Part shape can be complex and challenging to be manufactured by other methods. 

- Investment casting can be combined with the ceramic mold casting and this allows 

to cast complex parts with the reduced cost because of production rate is significantly 

higher with the investment casting. It can be up to 1000 parts in hour. 

- Quality and precision of a surface detail is good. 

- Offers possibility to tight tolerances as shown in figure 58. 

 

 

 

 

 

 

 

 

 

Figure 58.  Tolerance capability of ceramic mold casting (Swift & Booker 2013, p.85). 
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Concept 1 material was changed from S355 structural steel to aluminum EN AW- 6060-T5. 

The material was changed to an aluminum because it offers similar mechanical properties 

for the guide rail end deformation compared to S355 and is significantly lighter compared 

to S355 steel. 

 

FEM simulation was performed for a final shape of concept 1. FEM simulation was per-

formed by using the same attributes than in earlier simulations. Assembling force that was 

required was 3600 N. Yield strength that was used was 200 MPa and a tangent modulus 500 

MPa. (Guglielmo 2020a.) According to results a level of guide rail end deformation was 

similar compared to S355 results shown in figure 52.  Results can be found from the appen-

dix 5,1. Deformation of a guide rail end when an aluminum fishplate is pushed inside the 

guide rail is shown in figure 59. 

 

 

 

 

 

 

 

 

 

Figure 59.  FEM simulation results for guide rail end deformation by using aluminum fish-

plate (Guglielmo 2020a). 
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According to simulation results the S355 fishplate and the aluminum fishplate had a same 

kind of effect to the guide rail end deformation and because of this the material of the fish-

plate was changed to aluminum. In figure 60 is shown a final shape of the fishplate for a 

concept 1. Illustration of manufacturing drawing for solution 1 fishplate can be found from 

appendix 10. 

 

 

 

 

 

 

 

 

Figure 60.  Final shape of a concept 1 fishplate. 

 

There are 8 pcs of 0.35 mm high bumps on a surface of a fishplate, four bumps on the top 

and four on the bottom surface of the fishplate. Bumps on the fishplate surface are contact 

points between a guide rail and the fishplate. Connection is formed through yielding by using 

friction and swaging of the fishplate bumps. In the side of the fishplate there is stoppers that 

prevent the fishplate going too deep inside the guide rail during the installation.  In figure 61 

is shown stoppers and bumps for the concept 1 fishplate.  

 

 

Figure 61.  Concept 1 fishplate stoppers and bumps. 
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In figure 61 number 1 represent bumps on the fishplate surface and number 2 represent stop-

pers in the side of the fishplate. Fishplate side stoppers requires counterparts to a guide rail 

profile. Guide rail end needs to be modified so that the cutouts are created to the guide rail 

end. Cutouts that are created are used as a stopping point for the fishplate side stoppers. In 

figure 62 is shown the modified guide rail end. Holes for an existing bolt joint are not any-

more needed and can be removed. This will give cost savings during the guide rail manufac-

turing process.  

 

 

 

 

 

 

 

 

Figure 62.  Final shape of concept 1 guide rail end.   

 

During the installation a fishplate is placed inside a guide rail like shown in figure 63. The 

fishplate is installed by hammering it inside the guide rail. After that next guide rail is pushed 

top of the fishplate. A hammer is needed because installation requires a force. According to 

FEM simulations shown in figure 59, the force that is required during the installation is at 

least 3600 N.  

 

 

 

 

 

 

 

 

 

Figure 63.  Concept 1 fishplate installed inside the modified guide rail. 
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During the installation the fishplate and guide rail will form a connection between each other 

like shown in figure 64. The connection is based on the guide rail and fishplate deformation 

through yielding by using friction and swaging. 

 

 

 

 

 

 

 

 

Figure 64.  Connection between fishplate and guide rail in concept 1.  

 

Final shape of a concept 1 joint after the two guide rails are joined is shown in figure 65. 

Gray parts that are shown in the side of the guide rail in figure 65 are fishplate side stoppers. 

 

 

Figure 65.  Final shape of the concept 1 joint between the fishplate and the guide rail. 
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4.6.2 Detail design of concept 4 

Shape of the concept 4 was modified again after the embodiment design phase. It was noticed 

that the top part of a spring steel part which is shown in figure 66 does not fit to top of the 

guide rail surface and it will collide with the guide shoes. Basically, it does not fulfill the 

requirement 2.1 from the requirements list. Requirement list can be found from appendix 1.  

 

 

 

 

 

 

Figure 66.  Concept 4 top part. 

 

The problem is that there is a possibility that the red part of the spring steel part that is shown 

in figure 66 starts to bend over time or the part starts the fatigue. Material of a spring steel 

part can weaken because of the cyclic loading. This can cause joint to open, i.e. part loses a 

compression. Impact of compression loss is that the red part in figure 66 bends upwards and 

causes collision with a counterweight guide shoes. This is a safety risk.  

 

Part shapes from figures 55 and 56 was combined and based on the results from table 9 and 

10 a 5 mm material thickness was chosen. New shape of the part is shown in figure 67.  

 

 

Figure 67.  Concept 4 locking spring part. 
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In figure 67 is shown a spring steel part for concept 4 before the part is installed. Idea was 

to form spring like properties to create 5 kN pretension force to a locking spring. Pretension 

is created when the locking spring is deforming during the installation from the shape that is 

shown in figure 67 to shape that is shown in figure 68. Part was designed to deform around 

10 mm from the original shape to final shape after installation. This deformation needs 

around 5 kN force.  

 

 

 

 

 

 

 

 

 

Figure 68.  Concept 4 spring steel part after installation. 

 

Designed spring steel part includes three different main features. These features are an over-

hang, a locking contact point and installation guides. These features are shown in figure 69.  

 

 

 

 

 

 

 

 

Figure 69.  Spring steel part features.  

 

In figure 69 number 1 is an overhang feature. Its main function is to create spring like pro-

perties. In figure 69 number 2 is a locking point for the locking spring. It is rounded so that 

is slides easily over the guide rail bottom surface during an installation. Idea of this feature 
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is that during the installation when locking spring is deforming the rounded part will slide 

under the guide rail bottom surface and lock the part.    

 

Feature number 3 in figure 69 is a part that guides locking spring through a guide rail and a 

fishplate during the installation. Function is based on an angle of the part that opens the part 

profile and helps and guides during the installation. Only top part of the locking spring is in 

contact with the guide rail top surface and rest of the part is inside the guide rail like shown 

in figure 70. In figure 70 is shown section view of the concept 4 joint.   

 

 

 

 

 

 

 

 

Figure 70.  Locking part and the new fishplate inside the guide rail profile. 

 

Joint is created by using two locking spring parts per joint. In figure 71 is shown the complete 

connection between two guide rails when all the required parts are installed.  

 

 

 

 

 

 

 

 

 

 

Figure 71.  Locking part and the new fishplate inside the guide rail profile for concept 4. 
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Concept 4 requires a new fishplate and a modified guide rail. In figure 72 is shown the new 

fishplate and modified guide rail. It is possible to use same fishplate design that is used with 

the concept 1 but it needs to be modified to have a four rectangle holes for the spring steel 

part. Additionally,  the guide rail needs to be modified to have a rectangle holes for the spring 

steel part and same kind of cutouts in the end of the guide rail as used with the concept 1.  

 

 

Figure 72.  New fishplate and modified guide rail for concept 4. 

 

FEM simulation was performed to validate the functionality of the part shown in figure 68 

with a 5 mm material thickness.  It was noticed that the stress levels were suitable, but the 

level of deformation was quite low as seen in appendix 11. This led to a conclusion that other 

material thicknesses should be tested with a part shape shown in figure 68. Conclusion was 

that 5 mm material thickness had a good stress levels but low deformation and because of 

that material thicknesses 4 mm and 3 mm should be tested.  Spring steel part with the mate-

rial thicknesses of 5 mm, 4 mm and 3 mm was simulated by FEM. Deformation was mea- 

sured from the surfaces shown in figure 73.  

 

 

 

 

 

 

 

 

Figure 73.  Deformation measurement surfaces.  



84 

  

Results from the FEM simulation are shown in table 11 and in appendix 11. Part width that 

was used was 14 mm and it was chosen because it was maximum width that fits to the top 

of the guide rail profile.  

 

Table 11. FEM simulation results for concept 4 spring steel part. 

Thickness of 

the material 

(mm) 

Width of the 

part (mm) 

Stress von 

Mises 

(MPa) 

Stress max 

principal 

(MPa) 

Stress maxi-

mum shear 

(MPa) 

Deformed 

in the part 

where 

force is 

applied 

(mm) 

5 14 1663 1811 905 1.80 

4 14 2454 2692 1344 3.90 

3 14 3923 4337 2165 10.30 

 

As can be seen from table 11 that the spring steel part with a 5 mm material thickness had a 

suitable stress levels but a deformation level was too low. In addition, results show that same 

conclusion can be made with a 4 mm material thickness. The spring steel part with a 3 mm 

material thickness had a suitable level of deformation but the stress levels were too signifi-

cant for the spring steel material to withstand 5 kN force. Conclusion was that based on space 

limitation issue and the results from table 11 this concept does not work, and it requires more 

research in the future. Basically, the material thickness compared to deformation and to the 

stress levels were too low or significant against to manufacturing tolerances of a spring steel 

part shown in figures 67 and 68.  
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5 DISCUSSION OF PROPOSED CONCEPTS 

 

 

This chapter includes analysis of proposed concepts for hollow type guide rail joints.      

Analyses are performed by comparing proposed concepts against given limitations and re-

quirements. During this thesis two concepts were created, concept 1 and 4. During chapter 

4.6.2 it was noticed that the concept 4 deformation levels compared to the stress levels that 

the chosen material and shape of the part can withstand was not suitable. Basically, the level 

of deformation with the suitable stress level was lower than manufacturing tolerances of 

spring steel part and because of this concept 4 requires more research in the future and is not 

analyzed during this chapter.  

 

Concept 1 was analyzed and compared with the limitations and requirements shown in the 

requirements list. List can be found from the appendix 1. Some of the sections that are men-

tioned in the requirement list was challenging to compare because a prototype testing is still 

to be done for the concept 1. Analysis is divided to four different sections according to the 

requirement list. The sections are mechanical properties, space requirements, installation 

process and materials of the guide rail and joint. Cost related requirements are confidential 

and are not shown in this chapter.  

 

5.1 Concept 1 mechanical properties  

Requirements for concept 1 mechanical properties was given in the requirement list. This 

chapter is divided to different sections according the requirements.  

 

5.1.1 Requirements for strength and cross-sectional values for concept 1 

The first requirement was that a joint needs to have at least equal strength with the guide 

rail. This requirement was classified to be must-have feature. Requirement is fulfilled be-

cause of a guide rail and a fishplate material was not changed. In addition, as it can be seen 

from the appendix 12 that the second moment of areas Ix and Iy and the modulus of cross-

sectional areas Wx and Wy for the concept 1 are higher compared to existing guide rail and 

fishplate values. This requirement is fulfilled because concept 1 material is kept same than 

in existing solution and cross-section values are higher than the existing guide rail and fish-

plate has.   
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The second requirement was that the joint needs to have at least equal second moment of 

area with the guide rail. This requirement was classified to be must-have feature. The second 

moment of areas Ix and Iy for the existing HT60 guide rail and joint are shown in table 12.  

Additionally, in table 12 is shown values for the concept 1 joint area and for the concept 1 

joint area ï 1 mm. Concept 1 joint area ï 1 mm is a comparison value for the existing bolt 

area. Existing bolt area is area where the bolts are located. Moreover, concept 1 fishplate 

and existing fishplate cross-sectional values are shown in table 12. Comparison is performed 

by comparing each concept 1 joint area value with the existing guide rail values. Results are 

shown as a percentage of existing guide rail values. In addition, same comparison is done 

for fishplate values. In appendix 12 is shown detailed drawings and values for the mentioned 

joint and fishplate areas.  

 

Table 12. Comparison of cross-sectional values for existing solution and concept 1.  

Type I x (%) I y (%) Wx (%) Wy (%) 

Existing guide rail 100 100 100 100 

Existing fishplate 100 100 100 100 

Existing bolt area 382.4 404.3 461.8 404.7 

Concept 1 joint area 144.5 242.7 143.1 220.9 

Concept 1 joint area -

1 mm 
241.2 296.6 230.6 270 

Concept 1 fishplate 

non-stopper area 
151.3 157.8 334.6 91.7 

Concept 1 fishplate 

stopper area 
160.9 266.1 321.5 131.2 

 

As can be seen from table 12 the second moment of areas Ix and Iy and the modulus of cross-

sectional areas Wx and Wy for the concept 1 are higher compared to existing guide rail values. 

In addition, concept 1 fishplate values are higher compared to existing fishplate values.  

 

Joint area between the two guide rails is a weakest link in a joint because exactly between 

the two guide rails is only aluminum fishplate. Fishplates second moment of areas are less 

than a combination of fishplate and guide rail has. Some situation is with an existing solution. 
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Concept 1 fishplate and an existing fishplate for HT60 guide rail is manufactured from the 

same material. Strength wise aluminum is weaker compared to a guide rail material, but the 

difference is not significant because the guide rail material properties are similar with alu-

minum (KONE internal document 2020).  This requirement is fulfilled because concept 1 

values are higher than the existing guide rail and fishplate has. In addition, guide rail and 

fishplate material are same than in existing solution.   

 

5.1.2 Requirements for forces, weight and rigidness for concept 1 

The third requirement was that the joint needs to withstand forces that are affecting and must 

fulfill the requirements from the standards EN81-20:2014 and EN81-50:2014. This require-

ment was classified to be must-have feature.   

 

Requirements from the standard EN81-20 (2014, p. 100) was: 

- Maximum allowed deflection ŭperm for guide rails was 10 mm in both directions (hor-

izontal and vertical). This was valid for counterweight guide rails or balancing 

weights if the safety gears are not used.  

- For guide rail fixings containing non-metallic elements the failure of these elements 

shall be considered for calculation of permissible deflections. 

 

The third requirement is fulfilled because of a guide rail or fishplate material was not 

changed and because of material strength values for concept 1,  are same than in the existing 

solution. Moreover, the cross-sectional values for concept 1 are higher compared to existing 

guide rail values as seen from table 12.  

 

In the chapter 3.1 was specified forces and stresses that need to be considered if the elevator 

guide rails and joints are designed. In the chapter 5.1.1 it was stated that concept 1 had higher 

cross-sectional values compared to existing guide rail values.  Forces and stresses mentioned 

in the chapter 3.1 was not necessary to be calculated because of this. Conclusion is that the 

concept 1 withstands more force compared to existing HT60 guide rail and based on this the 

third requirement from the requirement list is fulfilled.  
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The fourth requirement was that total weight of a guide rail and a joint must be under 25 kg 

so that the concept is hand installable by one person. This requirement was classified to be 

must-have feature. This requirement is fulfilled because according to appendix 10,3 a com-

bined weight for the concept 1 fishplate and a guide rail is 16.48 kg.   

 

Additionally, the weight of a joint should be light as possible. This requirement was classi-

fied to be nice-to-have feature. This requirement can be stated to be fulfilled because of a 

weight per meter for the concept 1 is under an existing weight per meter for the HT60 guide 

rail and fishplate combination. Existing weight was 3.25 kg and the new weight per meter 

was 3.23 kg.  

 

The fifth requirement was that the joint should be rigid, and no horizontal or vertical bending 

are allowed in the joint area. Additionally, guide rail movement is not allowed at the joint 

area, i.e. the guide rail joint is not allowed to open during the use of elevator. This require-

ment was classified to be must-have feature.  

 

Concept 1 joint is designed to be rigid, but to validate this prototype testing is needed. For 

example, friction and tolerances between concept 1 fishplate and guide rails inner surface 

are a critical factor. Friction must be sufficient enough to hold the guide rail and fishplate 

together. In addition, manufacturing tolerances of concept 1 and guide rail is required to be 

tight enough to form almost permanent joint.  

 

Joint is not rigid enough if tolerances between concept 1 fishplate and guide rail are too 

loose. Loose tolerances can cause joint to open. Tolerances are loose if the fishplate has too 

large minus side tolerances compared to guide rail tolerances. In addition, guide rail end 

deformation is too significant if fishplate has too large plus side tolerances compared to 

guide rails tolerances and it will destroy the guide rail profile by opening it laterally and 

vertically as shown in figure 43.   

 

The sixth requirement was that the concept should be inside a guide rail. This requirement 

was classified to be nice-to-have feature. Requirement is fulfilled because concept 1 is al-

most totally inside the guide rail and only minor part of the concept 1 fishplate is outside the 

guide rail as can be seen from appendix 10,3. Additionally, there was a requirement that 
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hexagon head bolt must be used if screws or other than bolt fixing method is needed. More-

over, requirements specified that the use of bolts is not allowed in the installation site. These 

requirements are fulfilled because of concept 1 does not use screws, bolts or any other mec- 

hanical fixing methods.  

 

5.2 Space requirements in the elevator shaft for concept 1 

Concept 1 needs to fulfill space requirements mentioned in the requirement list. All the space 

requirements and limitations were classified to be must-have features.  The first requirement 

was that the concept must fit to existing space in the elevator shaft. 

 

In figure 74 is shown dimensions for a concept 1 joint area. Concept 1 is not totally inside 

the guide rail and some parts are outside the guide rail profile. The concept 1 requires only 

3 mm space towards the car and shaft wall as shown in figure 74. According to KONE in-

ternal documentation (2020) this requirement is fulfilled because in the elevator shaft there 

is more than 3 mm free space towards the car and shaft walls.  

 

 

 

 

 

 

 

Figure 74.  Concept 1 parts that are outside the guide rail profile. 

 

The second space requirement was that an installation tool needs to fit to an existing space. 

Concept 1 is installed by hammering a fishplate inside the guide rail and pulling the second 

guide rail top of the fishplate. Installation happens from to top side of the guide rail. Fishplate 

can be preassembled with the guide rail in the factory or before moving it to inside an ele-

vator shaft. Requirement for installation tool that needs to fit to an existing space is fulfilled 

because concept 1 fits to the existing space (KONE internal documentation 2020).    

 

The third space related requirement was that the guide rails needs to be possible to be in-

stalled from the top of an elevator car. Now the guide rails are installed from the top of the 
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car. Concept 1 follows the same method than an existing solution and the guide rails are 

installable from the top of the elevator car and based on this, this requirement is fulfilled.  

 

5.3 Installation of concept 1 guide rail and joint 

There was specified requirements for the installation process that concept 1 needs to fulfill . 

These requirements were mentioned in the section 3 in a requirement list.   

 

5.3.1 Self-aligning and tight concept 1 joint  

The first requirement was that the solution needs to be self-aligning so that the guide rails 

are aligned straight away during the installation. This requirement was classified as a nice-

to-have feature. Installation test needs to be performed to validate this requirement. Concept 

1 was promising from the self-aligning point of view according to a preliminary feedback 

from the installation team. The manufacturing tolerances are the critical aspects because 

ñonce the GRôs are stuck on the connection plate and on each other, the joints will be per-

fectly alignedò (Global Installation feedback for solution  2020). Moreover, if the self-align-

ment works, estimation is that an installation time is saved because there is no need to file 

the CWT joints anymore. In addition, removal of bolts and nuts reduces installation time. 

Moreover, this fulfills requirement for less installation time compared to existing HT60 so-

lution.  

 

One of the most important installation requirements was that a new concept should be de-

signed so that there is no notch or gap between the two guide rails and joint must be tight 

and self-aligning. This was must-have requirement. The manufacturing tolerances are cal-

culated so that there is no possibility for fishplate to be too long to allow the second guide 

rail to be installed wrongly. According to a feedback from the installation team ñthe pene-

tration depth of the joint within the rail will be critical to ensure that there is never a space 

left between the leading edges of each railò (Global Installation feedback for solution 2020).  

 

The fishplate and the guide rail end were designed so that there are cutouts in the side of the 

guide rail and a counterpart for those cutouts in the side of the fishplate. Cutouts was used 

to form a connection between the guide rail and fishplate. Moreover, cutouts are used for 

stopping the possibility to install the fishplate too deep inside the guide rail. According to 

3D models this requirement is fulfilled because there is no notch between the two guide rails 
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but to validate this requirement, protype parts needs to be manufactured and tested. Critical 

factor for this requirement is manufacturing tolerances and a friction to ensure a permanent 

connection between fishplate and two guide rails. 

 

In addition, there was a requirement that joint alignment is not allowed to move during an 

installation. It was specified that the existing HT60 joint alignment moves very easily during 

an installation if guide rails are touched. This was one of the nice-to-have requirements. 

According to FEM simulations that was performed in the Chapter 4.6.1, a connection           

between a guide rail and a fishplate is tight because the guide rail end deforms with the 

fishplate surface and locks itself to the correct position. The concept 1 joint cannot move 

during the installation because the guide rail and fishplate is locked to each other almost 

permanently.  

 

5.3.2 Installation process requirements for concept 1 

There was a requirement to create a new concept so that there is no need for filing anymore. 

This requirement was nice-to-have feature and if the joint is self-aligning and the connection 

between the two guide rails is tight enough then this requirement is basically fulfilled. Ac-

cording to manufacturing drawings shown in the appendix 10, there should not be a notch 

or gap between the two guide rails that requires filing but to validate this the prototype parts 

and installation test need to be performed.  

 

One of the requirements was that the fishplate needs to be pre-installed in a factory or at an 

installation site. The requirement was classified to be nice-to-have feature.  Concept 1 fish-

plate is possible to be preassembled with the guide rail in the factory or at the installation 

site and based on this the requirement is fulfilled.  

 

Additionally, there was a nice-to-have requirement that installation tools need to be kept 

same or to be removed completely. Concept 1 fishplate is installed inside to guide rail by 

hammering. Installation can be done by using existing tools and because of this the require-

ment is fulfilled. In addition, if the installation test gives green light for the self-aligning 

requirement, it is possible to remove the files from the installation sites completely. Moreo-

ver, installation can be automatized by developing for example hydraulic machine that grips 

on the guide rail and pulls guide rails together and after that can be slide to next joint.          
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Machine can use for example a hydraulic cylinder with a ribbon that tightens around the 

guide rail and pulls two guide rails together.  

 

There was one additional must-have requirement concerning installation. The requirement 

was that no noise increase at the guide rail joint area. This requirement requires installation 

test and ride comfort measurements to validate a real-life noise and a vibration levels from 

the inside and from the outside of the elevator car and shaft.  

 

5.4 Materials of concept 1 guide rail and joint 

Materials of the guide rail and joint was one of the sections that was mentioned in the re-

quirements lists. There were two requirements that was classified as must-have features. The 

first must-have requirement was a requirement for a joint and a guide rail material to have a 

corrosion resistance or made from the material that does not rust.  

 

Concept 1 guide rails are manufactured from the same material than HT60 guide rails. Ad-

ditionally, concept 1 guide rails follow same material specification than the HT60 guide rail 

and are zinc coated. Fishplate material of concept 1 is kept same than in the existing solution. 

The fishplate is manufactured from an extruded aluminum and a corrosion is not a problem 

with the aluminum fishplate. Corrosion resistance requirement for the concept 1 is fulfilled 

by the material choice. In addition, the second must-have requirement which specified that 

the guide rails shall be made from the drawn steel, or the rubbing surfaces shall be machined 

is fulfilled because concept 1 uses same materials than the existing solution.  

 

There were also three nice-to-have requirements in the material requirement section. First of 

them was that the weight per meter should be lighter than with the original solution. HT60 

solution had an existing weight per meter 3.3 kg/m. As can be seen from the chapter 5.1.2 

that the concept 1 weight per meter was 3.23 kg/m. This requirement is fulfilled because 

concept 1 weight per meter is lower compared to existing weight per meter.  

 

Second nice-to-have requirement was that the concept should be possible to be disassembled 

without breaking. Requirement is not fulfilled because of concept 1 joint is formed through 
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yielding by using a friction and a swaging. The connection is designed to be almost perma-

nent, and the joint is not possible to disassemble without breaking or at least without plastic 

deformations. 

 

The third nice-to-have requirement was that the existing guide rail features need to be kept 

same. The guide rails features could be changed but it was not to best alternative and was 

not recommended. In addition, it was specified that an impact on a roll forming tools should 

be minimum and a guide rail nose and the sliding surfaces should be kept untouched. The 

solution 1 uses the same guide rail profile than the existing HT60 solution. The guide rail 

nose and sliding surfaces was kept untouched. Only the guide rail end is modified with the 

cutouts shown in appendix 10,2. Additionally, holes for the bolts are removed. This require-

ment is fulfilled based on the topics above.   

 

5.5 Testing needs for concept 1 

Concept 1 requires protype testing to compare a real-life data to FEM simulation data to 

validate the results. It was noted in the chapter 4.6.2 that the concept 4 requires more research 

in the future. Concept 4 is redesigned in the future and after that it will be prototype tested 

with the same kind of testing methods than concept 1 will be tested.  Prototype testing was 

not part of the scope of this thesis.  

 

Prototype tests include for example tensile and installation tests. Installation test includes a 

small-scale and a complete elevator installation testing. Small-scale testing is needed to see 

how concept 1 performs during the installation and it gives feedback for more advanced 

testing like for example mentioned complete elevator installation test. Basically, the small-

scale test defines that is it even sensible to perform more testing if concept 1 does not work 

in the small-scale testing. 

 

The small-scale test can be done by using two short guide rail ends and a fishplate. Test is 

performed by assembling one HT60 guide rail joint by using concept 1. This test basically 

tells how installation method works and can it be used in the elevator shaft. The complete 

elevator installation test requires empty elevator shaft and it means basically full elevator 

installation. During this test installation times and functionality of the concept 1 can be mea- 
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sured. Additionally, during the installation test it is possible to get valuable feedback from 

the elevator fitters.  

 

Moreover, fatigue test is required for concept 1 to see how solution will perform in the long 

run elevator use and to validate durability of developed joint and the materials. It was men-

tioned during chapter 2.2.2 that there is no significant fluctuating loads present that can cause 

fatigue failures but for safety reasons this needs to be tested. Fatigue can cause structural 

damages to concept 1 fishplate and to guide rails. Structural damages can loosen the joint. 

The fatigue test can be done by running the elevator up and down in an elevator shaft simu-

lating elevators service life. Fatigue test requires a test shaft and full-scale elevator installa-

tion or a purposely made tester.  

 

Additionally, quality of joint has significant impact on ride comfort and therefore needs to 

be tested. For example, a noise and vibrations inside and outside the elevator car and shaft 

needs to be measured to get information how elevator interacts with the surroundings. Sur-

roundings includes spaces like for example offices and corridors or residences around the 

elevator shaft.  

 

5.6 Further development of concept 1 and 4 

Concepts 1 and 4 are conceptual level designs and requires further development in the future 

to optimize design to be suitable for volume production. In addition, FEM-results for concept 

1 and 4 needs to be validated by tensile and functionality tests to see how designs work in 

real-life and to reduce margin of error.  

 

Design of concept 1 and 4 are not yet suitable for production implementation. For example, 

concept 1 requires further development and a research how it works in a full-scale elevator. 

Points that need further development in concept 1 are for example fishplate shape. Shape of 

the concept 1 fishplate need to be optimized for a volume production to reduce production 

costs.  
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Additionally, concept 4 requires further development. Concept 4 shape and dimensioning 

needs more research in the future. Current design shown in the chapter 4.6.2 had problems 

with the material thickness compared to a deformation and to stress levels that were too low 

or too significant. Future research topics are shape and dimensioning of spring steel part.    
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6 CONCLUSIONS  

 

 

Topic of this masterôs thesis was development of a boltless joint for hollow type guide rails 

in elevator use. Thesis was divided into a theoretical and an empirical part. The theoretical 

part focused on how the elevator guide rails and joints should be designed and what kind of 

solutions can be used to replace HT60 guide rail bolt joint.  The empirical part concentrated 

on the development of a conceptual solution that can replace the existing methods of joining 

the HT guide rails. The scope of the thesis was limited to only HT60 guide rail. 

 

The objective of this thesis was to investigate and propose a conceptual solution that can 

replace the existing methods of joining the HT guide rails. The main target of the thesis was 

to find alternative cost-effective solution for a traditional bolt joint. This objective and target 

were achieved by exploring the answers to the following research questions: 

- How should hollow type guide rails and joints to be designed? 

- How bolt joint can be replaced when using it with the hollow type guide rails? 

 

Hollow type guide rails and joints should be designed in Europe by following elevator stan- 

dards EN 81-20 and EN 81-50. According to standards there are forces that are affecting to 

the guide rails and joints and must be considered when designing them. These forces are 

bending stress, buckling, combination of bending and compression/tension or buckling 

stresses.  Moreover, a flange bending, and deflections must be considered. Deflections and 

stresses were the most important aspects to be considered when designing the guide rails and 

joints. Bolted joint can be replaced by mechanical fasteners, an adhesive bonding or by an 

expanding joint. Additionally, boltless joint can be formed by using alternative joining met- 

hods like a tube end forming, a swaging and interlocking joining methods that are used for 

example in warehouse racking systems.   

 

Two conceptual solutions, concept 1 and 4 were designed during this thesis to replace HT60 

bolt joint. The conceptual designs tried to fulfill the abstraction that was performed during 

the systematic product design process. The abstraction was corrosion resistant, hand install-

able and strong enough to withstand required forces to fulfill requirements from EN81-

20:2014 and EN81-50:2014 while fitting given space.  
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Concept 1 was to most promising conceptual solution to replace a bolt joint and to fulfill the 

abstraction. In addition, concept 1 fulfilled almost all the requirements given. Some of the 

requirements from the requirement list that was shown in the appendix 1, was not fulfilled. 

For example, sections concerning functionality of concept 1 are still to be validated by ins- 

tallation tests.  

 

According to preliminary results the concept 1 should fulfill installation requirements given. 

As a conclusion of preliminary results, the concept 1 saves installation time because of bolts, 

nuts and washers are removed which causes cost savings because material cost is reduced. 

Estimation is that a quality of the joint is significantly higher compared to existing HT60 

guide rail joint and the joint is self-aligning. Additionally, if the quality of the joint is higher 

than the existing solution has then a notch, and gaps are removed. This will remove a need 

of filing and it will save costs because the installation time is reduced.  Moreover, concept 1 

reduces the space requirements in the shaft.  

 

Concept 1 answers to main target of the thesis which was to find alternative cost-effective 

solution for a traditional bolt joint. Estimation is that total cost saving is coming from reduc-

tion of installation time because manufacturing costs of existing solution and concept 1 are 

similar. Concept 1 requires further research and development in the future, for example ten-

sile and functionality tests needs to be performed. The idea that is presented in the concept 

1 is scalable also to other hollow type guide rails, example to HT70 guide rail.   
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APPENDIX 1,1 

 

 

KONE                   Requirement list for HT-guide rail without bolt joint       1.7.2020 

Requirements 

 

Nice-to-have has three different importance levels: 

1. Important 

2. Medium important 

3. Less important 
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APPENDIX 2, 1 

 

FEM simulation results for concept 1 with the different level interferences with the guide 

rail.  

 

 

 

 

 

 



 

 

 

 

APPENDIX 2, 2 

 

FEM simulation results for the concept 1 with the 0.5 mm lateral and 0.5 mm vertical inter-

ference with the guide rail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

APPENDIX 2, 3 

 

FEM simulation results for the concept 1 with the 0.5 mm lateral and 0.5 mm vertical inter-

ference with the guide rail. Interference by sharp bumps in the surface of the fishplate.  

 

 

 

 

 

 

 

 

 


