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Tama diplomity6 sisaltaa pultittoman liitoksen tutkimuksen ja kehittdmisen hissikayttssa
oleville ontoille HT-johteille. Diplomityd on jaettu teoreettiseen ja empiiriseen osioon. Teo-
reettinen osia sisaltaa tutkimuksen siita, kuinka hissijohteet ja niittdsét pitaisi suunni-

tella. Osio esittelee liséksi mahdollisia sovelluksia, kuinka hissikaytdssa olevien onttojen
johteiden pulttilitos voidaan korvata. Empiirinen osio keskittyy pultittoman liitoksen kehit-
tdmiseen hissikaytdssa oleville ontoille Hbhteille.

Hissimaailmassa johde toimii vertikaalisena tukirakentgar@hjaimenahissille hissikui-
lussasiirtden voimia hissikoristg vastapainoltaakennukseerHissijohdetyyppeja on ole-
massa monenlaisia ja ne voidaan jaotella kiinteisiin ja ontt@higetyyppeihin. Hissikay-
tossé olevat johteet liitetaan toisiinsa johdejatkoslevyn ja pulttilitoksen avulla. Euroopassa
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Diplomitydn empiirinen osio keskittyy pultittoman liitoksen kehittdmiseen hissikaytdssa
oleville ontoille HT-johteille. Konseptitsuunniteltiin seuraamalla systemaattistatekehi-
tysprosessia, jonka perustedlanseptinumeroyksi oli lupaavin Konseptinumeroyksi si-
saltaa uudejohdejatkoslevynLiitos muodostuu johteiden ja johdejatkoslevyn vélille kitkan
sekd materiaalin tyssdantymisermgoétaamiseravulla. Suunnitkua konseptiakehitetaan

ja optimoidaanatkossamassatuotantoon sopivammaksi.
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This masterdéds thesis is focused on the res
type guide rails used in the elevator. Thesis is comprising of a theoretical and an empirical
part. The theoretical pairicludes research work on the design of guide rails and guide rall
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 guidegehtor in the shaft and transfers forces from the elevator
car and counterweight to the buildirichere are different types of guide rails thet in use

in the elevator business. Ttweo primary types areolid type guide rails and a hollow type
guiderail. Guide rails are joined by bolting them together with the help of a fishplate. In
Europe, standards EN @D and EN 8450 need to be followed when the elevator guide rails
and joints are designed. These standards take into consideration the releesntdocer

ning the guide rails. Thetiffness,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. MBst pop
lar methods include adhesive bonding and mechanical fasteners

The novelconcepts presented in the empirical part, were designed by using systematic
product design process. Based on various factorsotheeptone was found to be the most
promising altenative. In thisconcept a new type of fishplate has been developed that joins
in the guide rails through yielding by using friction and swag@wncepts further deve

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

In an elevator a guide raiirects theslevator in the shaft and transfers forces fromelbe
vator car and counterweight to the buildiAgvariety of guide rails are in use in the elevator
businessThetwo main categories include solidtype guide rail ané 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 galvanizedwstructional steel by roll forming.

AccordingtostandardEN& 0 (2014, p. 15.) guide rails &
vide guiding for the car, the counterweiggt
EN81:20 (2014, p . ft df thé lift tvlich cariesithe passenfigosaand/or other

|l oadso and cteeimaeswehghh gwhereas, alancing weghtt i o n
istheimass which saves energy by baGudemisng a

are joined to ach other by fishplates using bolts.

This masterodés thesis explores the possibil
guide rails in elevator use. Thesis is divided into a theoretical and empirical part. The theo-
retical part includes resedron the design of guide rails and guide rail joints. In addition, it
includes possible solutions that can replace HT (Hollbype) guide rails bolt joint.
Whereas, the empirical part of thesis presents an efficarteptfor HT guide rails bolt

joint.

1.1 Background

KONE wanted to conductresearch fopossibilities of developing a boltless joint for hollow
type guide rails in elevator usdow hollow type guide railare joined by fishplates using
bolts. The main reasofor this researckvas to findanalternativecostefficientsolution for

bolt joint.
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1.2 KONE Corporation

KONE Corporation idia global leader in the elevator and escalator indog@pmpany
2020) KONE produces elevators, escalators and automatic building dadgionally,
KONE offers maintenance and modernizatisarvicesocusingon addingvalueto 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 stibns for safe, convenient and reliable
urban life. (KONE, 2019, p. 1.) KONE aninnovation leader ints industry. KONE has
developed multiple different solutions that has changed the indimtgxamplemachine
roomlessKkONE MonoSpace®levator which was introducea 1996 (KONE 2019.)

KONE offers work for around 60 000 employees around the world and had a sale around
9.98 hillion euros in the 2018ONE moves over 1 billion people every day and operates in
60 different countriesln addition, KONE has wide maintenance base and offers mainte-

nance services for ové&r3 million equipmenglobally. (KONE, 201, 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 raitgs 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, appéndeaqtifies the furthelimitations

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.
Furthemore finite element methods (FEM) simulations by usingdCSimulate and Ansys

wereused to analyze the strength of the new soluti@ierent stakeholdergor HT60
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guide raik, including installation specialist, elevator product platform specialist and instal-

lation development specialist were interviewedmyithis 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 thagerviews Space reservations in the elevator
shaft for existing HT60 bolt joint from the installation point of viewrexadditionallydis-
cussedThe literature was obtained from the authentic online resources including science

direct, European standardsd guide rails manufacturers.

1.5 Structure of the study

Structure ofthis thesisfollows IMRAD structure for technical reporting, further divided in
to two sections theoretical part and an empirical parthe theoreticatomprises oChap-
ters 1 2 and 3 Chapter 1 provides the background for the&ieng with that, the objectives
and scopes of this research work are also explained in the same dbbhpfger Zoresents

the basic principles adlevator andhollow type guide raiWith existing bolt joint

Chapter3 introduces forces thaiffectthe guide rail and the joist It further desches the
methods to calculatihose forces byutlined in thestandards EN 820 and EN 8450. In
addition bolt joint that are currently being used and their basicples are alsdescribed

in this chapterMoreover, it introduces different joining methods and existing joint and con-
nection solutions that can be used to replace the HT60 guide rail bolt joint.

Chaptert and5 are the empirical part of this thesis. Chagtagrcludes design process of the
alternativeconceptdor the HT60 bolt jointwhile Chapters focuses on analyzing the alter-
nativeconceptsagainst the given limitations and requiremeAditionally, it makes final
comparisorbetween the possible alternativencepts Along with that, the testing needs
and further development of concepte discussed in this chaptéhapter6 concludes the

thesis.



14

2 HOLLOW TYPE GUIDE RA IL IN ELEVATOR SHAFT

Elevator isamachine thatarries humans or objects from one level to another inside a civil
or mechanical structureThe elevator can be outside or adjacent to the structure as well.
Figure 1 shows the guide rails along with the other main componeatsatevator shaft

excluding landing doors, electrification and signalization.

Overspeed
gn\'cmn-r
Machinery

Guide rail joint

Car -—____._-.-‘- .
hii Bracket
Car guide rail \ |
| CWT guide rail

Tension — ' i
weight i'""'-——-—- CWT
Buffer

Figure 1. Main elevator componen{Mod. KONE internal documer01%, 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 @WTtgCounterweight)

CWT moves between two guide rails and distance between two guide Gleds DBG
(DistanceBetweenGuides). CWT and elevator car have guide rail shoes between them and
guide rail so that there is no metal to metal contaetvator giide rail shoes can be sliding
guide shoewvhich can be manufacturéor example froma polyethylene In addition,roller

guide shoesan be used in elevator
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Figure2 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 bigcket
bolts and nuts. Bracket can be secured to the shaft wall by using multiple different fixing

methoddor exampleby expander bolts.

1. Guide rail 1. Bracket

3. Guide rail clip

~

Figure 2. Guide rail, guide rail clip ashbracke{KONE internal document 2019a, p. 5)

2.1 Hollow type quide railand 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 gumdéo
the counterweight during its movement in the elevator dH&R0 guide rail is a cold formed
from hot galvanized hard rolled constructional stel.guide rails are designed for short

travel use.

HT60 guide rails are usually used in the lower ehthe 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 guidearailotwith-

stand the forces that activati 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 documer01%, p.5).

Dimensiondor HT60 guide raiare shown iiable 1 HT guide rails are delivered irarious
lengths. The standamuide raillengths ar&2500 mm or 5000 mmin addition varnable
lengths under2500 mmarepossible.

Table 1 Dimensions for HT60 guide raiMod. KONE internal documer201%, p. 7).
Type bl (mm) | hl(mm) | k(mm) p (mm) t (mm) r (mm)
HT60 60 50 16 15 2,0 1

HT60guide railjoint needsan aluminum profilénside the guide raillhis profileis so called
fishplateand it is usedo join two HT guide rails ® each othewith the help ofbolts, nuts
and washex According to standart5O 7465 @007, p. 1) fishplate isa fipiece of steel used
to connect the guidesFishplate is manufactured froextruded alummum. In figure 4 is

shown the fishplate profildKONE internal document 2019b, p) 7

~ .-:

5 S i
5] oS f — _._/ 15| |
) Ry | : b
e ! '

- e S g' I
By l\‘if ke ! k¥

50 _| 100 b

200 S ]

Figure 4 . Fish profile(KONE internal document 2019b, p. 7)
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2.2 ExistingHT60 bolt joint

HT60 guide rails argoinednow by using bolt joins. Two HT guide rails are fixed together

by a bolted joint. Both ends of the Huide railand fishplatencludes holess shown in
figure 5. Every HT60 guide rail bolt joint includes 4 hexagon head screws, 4 flanged nuts

and 4 washers.

B A &

Figure 5. HT60guide railinstallation interfaceONE internal documer201%, p. 6).

In figure 6 is shownexisting method to connect two Hjuide rails togethein figure 6
fishplate that is insidthe guide raiis attached tguide railby bolts, nuts and washers. As
canbe seen from figure 6 thatthe fishplate is attached tihe guide rail viaholes thatgo

throughguide rail and fishplate

Figure 6. Dismantlel bolt connection and fishplate
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221 Installability of HT60 guide railbolt joint

Existing solution is easy to install by hand because of simple joint and light weight guide
rails which allowsto lift theguide rails by hand and just drop guide rail to top of the preas-
sembled fishplatguide railpackage. Lifting and installation of HT60 guide rails can be
done by hand because of the weight of guide rail and fishplate is unddo@aiks.(In-

stallation Manager & Global Installation Development Manager 2020.)

Additionally, the existing bolt joint with bolt and nut offers possibilityaidjust and align
theguide rail edges and tehes.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 Man&§20)

Drawback of the existing sation is that there is a limited installation space becspaee
between bolt and guide rad a problem for fitterbecausepanner and socket doaotfit
properly betweeithe guide rail and nut(Installation Manager & Global Installation Dev

lopment Manage2020) Space between bolt and guide rail is shown in figure

)=t

Figure 7. Space between bolt head and guide rail fukml. Installation Manager & Global

Installation Development Manag2920).

Guide rais manufacturing and cuttingplerances can causenotch betweeihetwo guide
rails.Notchbetween two guide rails can creatproblemandmust be filed off. Filing should

be done by hand tools but some of the fittess grinding machirsawhich is much faster
way to getnotches &. Use of grinding machine is not allowed according to rules and in-

structions because it grinds thmaterial and galvanization difom 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

; Guide rail 1
Jomnt area

Guide rail 2

Figure 8. Joint grinded with grinding machir{&lobal Installation Area support manager &

Develgpment 2020).

Additionally, the alignment of the joint and guide rasanmove very easily durinthein-
stallation Hollow type guide rail€an benoisy during CWT travdbecause of hollow guide

rail profile. (Global Installation Area support manager & BBpment 2020

Installationfunctionsfor HT60 guide rail is shown itable2. Total installationfor HT60
guide rail jointconsistdunctionsshown intable2. (Installation Manager & Global Installa-

tion Development Manager 2020)

Table2. Installation functiondor HT60 guide rail.(Mod. Installation Manager & Global

Installation Development Manager 2020).

Installation function

Locating blister package

Opening blister package (CWT)
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Table 2 continuednstallation functionsHT60 guide rail.(Mod. Installation Manager &

Global Installation Development Manager 2020).

Installation function

Fishplate installation (CWT)

Moving Counterweight guide rails from landing to pit

Installing cwt guide ralil

Aligning cwt guide rail joints

Aligning cwt guide rails in bracket level

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

Installation of the guide rail and its joints are following 5S method. Laser tool for positioning
is used forchecking the accuracy of the installatidie 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 ttiT60 bolt joint and guide rails

There are forces present tha¢ affecting to the existing HT60 bolt joint and guide ré&its.
example shrinkage of building can cause compression loads but it needs to be considered
only after above 4@neter elevator travel height&dditionally, guide rail shoes create fric-

tion betweertheguide shoe surface atitk surface of thguide rail There is no significant

fluctuating loadgresenthat can cause fatigue failures

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

like shown infigure 9.

Figure 9. Counterweight side rope suspensif®(E internal documer201%. p. 5).
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This creates compressiand bucklingforceas shown in figure 1Becausepprox. halfof

the counterweighmass ioulling rope suspension down.

Figure 10. Compression and buckling force in the counterweight side rope suspension
(KONE internal document 2006. p. 3).

There arenorizontalloads existing n the nachineryandcombinationbracketside In addi-
tion, friction and jointareas create some forces that are affect@tpb@al Installation Area
support manager & Development 202There is no significant moment effegiresentand
existing guide rail joint and line doe®t have significant momentkataffectingto them.

2.2.3 Quality of HT60 bolt joint

Joint quality depends o correct toleranceandproper alignmenbf the guide railsAddi-
tionally, material and shape of the components affect to the qu@liglity of thejoint is
affected in addition bynstallationand ithas a significant impa¢o theride 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 &
Developmen2020.)

Ride comfort is an important factor in the elevator business and because of that existing
guide ralil joints are grinded by hand at the installation site so that the joint area between two
guide rails is smooth. Smooth connection between two gaitieincreases elevators ride
comfort Step or notch can causesueswith a noise, vibration or even jglvhich 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 neds to be filed off during the installation (Global Installation Area support
manager & Development 202®tep or notch is caused by ttoderances of the fishplate

and guide rail Additionally, there can be a gap between two guide rails if fitters dre no
careful enough when doing the installation and alignment of the guide(hadtallation
Manager & Global Installation Development Manager0).Difference between gap and

notch is shown in figure 11.

Figure 11. Gap and notch between twoide 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 fofoining that can be used with HT60 guide raibints can be welded, bolted or
riveted can bdormed by gling or by using other bonding agentartsin thesteel structure
arenormallyjointedtogetherby using bolt, rivet, weld or glu&here are different purposes

for joints, joints can b&r example loaebearing joint or nooad-bearing joints.

Mechanical structures are built with the help of joints and connections. According to the
standard EN 1993-8 (2005, p. 10) the jointis& z one wher emembes arer mac
interconnected. For design purposes it is the assembly thie basicomponents required

to represent théehaviorduring the transfer of the relevant internal forces enmnents

between the connected memigefsccording to standard EN 19938 (2006, p.10) the basic
component i s a par &acootibutionhtoecong oo moretof it$ dtractural i ma
properties. Connected member is a member of the joint thattechedo the supporting

member or to the element. (EN 1998 + AC 2005, p.10.)

Location where two or more elements meet is called conneétmording to standard EN
19931-8 (200b, p. 10)theconnectiorfis the assembly of the bastomponents required to
represent the behavior during the transfer of the relevant internatfandnoments at the
connectio. In figure 12 is shown the difference between the joint and connectian in

doublesided joint configuration.

-
—

L,

Figure 12. Doublesided joint configuratioEN 19931-8 + AC20(b, 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 Zithegalnt in

the left side is a web panel in sheadleft connection. The joint in the right sitdkea web

panel in sheaandright connection so, i.e. joint is a set which includes connections and
components. (EN 1998-8 + AC2005, p. 11.)For example in the HT60 bolt joint the joint

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

guide rails, fishplate anlolt joint.

3.1 Forces effecting ttheguide rail and joint

There are different kindf forces that are affecting to the guide rails godle railjoints. In

Europe hese forces and momenrdbould be calalated by following standardsEN 81-

50:2014 or EN 19931-1 or by FEM (EN 81-:20 2014, p100. When designinglevator
guide rai, their jointsand attachments there desv pointsthat needso be consideredrhe
first and the most imptant pointis to ensurehe safetyof the elevatoso thatmentioned
components withstanfdrces and loads that are affecting to th@&N 81-20 2014, p95).

There are few safety aspects tthegtelevator guide raileind jointsneedto fulfill . According
to standard EN 820 (2014,p. 95) safety aspects are:
- fAcar, counterweighor balancing weighguidance shall be assumed
- deflections shall be limited to sueh extent, that due to them:
1. unintended unlocking of the doors shall notur
2. operation of the safety devicgsall not be affectecand

3. collision of moving parts with oth@arts shall not be poseo.

In addition, @&cording to EN 8420 (2014p.9 5) A T h aionofaefiéciions of guide
rails and deflectionsf brackets play in the guide shoesd straightnessf the guide rails
shall be taken into accoumt order to ensure a safe operatmri t h.eMoreadvdt & . 0
stiffness andackflashof a jointmust besufficientenoughto otherdegrees of freedom so

thatthejoint doesnot move inanaxial orahorizontaldirection.
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When calculatingyuide railsand their jointgshenext load cases should be considetaxhd
case thatneed to be @lculatedaccordingto thestandardEN 81-20 (2014,p. 9596) are

- Anormal operation running

- normal operatiofi loading and unloading

- safety device operation

Normal operation mearthat elevator moves up and down in the shafading andunloa

ding means situation where elevator cdo#&led or unloadedin addition, mrmaloperation

takes in the account situation whéne car, CWT orbalancing weight bounces because of
safety device It was noted that safety gears are not allowed to bewasiethe hollow type

guide rails so based on that safety device operationradeged 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. 93

Guide rals and their jointsshould be designesb thatforces that are affecting the guide
rails areconsideredvhen calculatingleflections angbermissible stresseSorces that nead
to be taken account are (E84-20 2014, p. 96):

- Horizontal forcesrom theCWT or from the car guide shoes

- Vertical forces

- Torquedecause of auxiliargquipmenainddynamic impact factors that are included

Horizontal forces inclugloffsetmasse$rom the elevator car and rated load oRiated load
isload that isglesigned to be handleldiring normal operation of the elevatGompensation
and traveling cablebaveaffects tothe horizontal forcesFurthermore, aunterweightor
balancing weight hasnampactto thehorizontal forcemand must beonsideredEspecially
their suspension and dynamiopact factorsin addition, wnd load must beonsideredf
elevatoris used outside of the building. (E84-20 2014, p. 99

Vertical forces includdreaking forcesauxiliary parts, weight of the guide rail apdsh
forces from theguiderail clips. Breaking force is affectingecause ofhe safety gearshat
arein contact withthe guide raidduring safety gear brakand in addition becausef pawl
devices arereatingthe breaking forceThis happens because pawl deviaesfixedto the

guide rails Additionally, auxiliary partsare fixed to the guide rafEN 81-20 2014, p. 99
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Elevator giide raik and pints needs to withstand forces that are affecinghemand must
fulfill the requirementghat the standard€N 81-20 (2014)and EN81-50 (2014)defines
Maximum alloweddeflection tperm for guide rails is 10 mnn both directionsand both di-
rections meamorizontal and verticadlirections. This isvalid for counterweight guide rails
or balancing weiglstif the safety gears are not usgeN 81-20 2014, [d00)

Stress comparison miaxum limit needs to beonsidereagnd br theguide rail fixings con-
taining nonmetallic elements the failure of these elements shaibbsideredvhencalcu-
lating permissible deflection®eflection andhestress comparison atieetwo main forces

that are affecting tthe elevatoguide rails angoints.

Themaximumpermissiblestressesipermcan be calculately (EN 81-20 2014, p99).

In the equation Ry is atensile strength of the material aBdsafety factorSafety factors
can be found frontable3. Material with low elongationpercentage (< 8 %is too brittle
andbecause of thahe materials forbidden to be used. (E81-20 2014, p. 99

Table3. Safety factors to be used with guide rajdod. EN 81-20 2014, p100).

Load cases Elongation As) Safety factor
Normal operation and loag As>12 % 2.25
ing/unloading 8%O0As0 12 O 3.75
_ _ As>12 % 1.8
Safety deviceperation _
8 W@ 12 9 3.0




27

In addition, here areotherforces and stresses that are affecting toetbeatorguide rails
and jointsandshould be taken accouatcording to standaf@N 81-50 (2014 p. 40):.

- fbending stress

- combined bending

- buckling stress

- compression stress or tension stress

- combinedbending and compression or tension stress

- combined buckling and bending

- flange bending streés

3.1.1 Bending stressasn

Bending is one of the aspects that need toconsideredvhen designinglevatorguide rails

and guide rail joints. According to standard ENBD ( 2 0 1 4t can pe.assdnted thaii

the guide rail is @ontiruousbeam with the flexible fixing points at distances of the length

[, the resultant of forces causing bending stressean #ot middle between adjacent fixing

point; bending, moments act on the neutral axis of the profile of the guide ral.e ut r al
X-X can be seen in figure81Coordinate systershown in figure 13s usedaterduringthis

thesis as a reference coordinate system.

Fy

Figure 13. Axis of the guide rai(EN 81-50 2014, p. 40).
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According to standard EN 830 (2014, p41) w h e evaluating the bending streégs from
horizontal forces acting at right angles to the axis of the profiléptioeving formulae shall

be used:

In the equaion 2 the Fnis ahorizontal force that iexertecthe guide rail by the guide shoes
| is amaximum distance betweéhe guiderail brackets Mmis a bending momentin is a
bending stresandW is across sectional aaenodulus (EN 81-50 2014, p41.)

According to EN81-50 (2014, p41) cross sectional area valules W, and W, are taken
from thetableso thatwhenthe usual values are usddenthe fipermissible stresses are not
exceedepno further proof is needédWk is the modulus of crossectional areaboutthe x
axis andW is the modulus of crossectional areaboutthe y-axis.In addition according to
standarcEN 81-:20(2014, p. 41fi i f  motwoegyuide haids are usedn equal distribution

of the forcedbetween the guide railmay be assumed, providedh ei r pr of i .l es

3.1.2 Flexuralbuckling Uk

Buckling is one of the aspects that need todresideredvhen designinglevatorguiderails
and guide rail jointsespecially flexural bucklingBuckling stresslik can be calculatety
(EN 81-50 2014, p41):

In the equatiorB the Fyis a vertical forceaffecting toguide railof CWT, ks is an impact
factorand manufacturer determinates impact fadtecause of thieactual installatia. Sym-
bol Fvauxis theforce intheguide railwhich is caused bguxiliary equipmenthat isattached
on theguide rail likefor exampleropes suspensioRope suspensionagpart in the elevator
shaft where suspension rope is attached and lo&adboly is theomegavalue (EN 81-
50 2014, p4l)

a



29

Omega value is evallated with the help of next polynomigEN 81-50 2014, p. 41:)

%XEAéAd T

In the equation 4 &-is slendernesssymboli is aminimum radius of gyratiomand! is a
maximumdistance between guide bracke&gmbollkis abuckling length(EN 81-50 2014,
p. 42.)

Formulas for omega valuésr usuallyused guide rail steels can be found from figure 14.

For steel with tensile strength R,, =370 N/mm?:

= r=00: ®=0,00012020- 2% + 1
00 < A<83: ©=0,00004627 71 +1 ;
85 < A<II5: ®=0,00001711-2>% + 1,04 ;
115< <250 ©=0,00016887 -2>"

For steel with tensile strength R,, = 520 N/ mm?:

20<A<350: @=0,00008240- 2> + 1,021 ;
50<A<70: ®=0,00001895- 2> +1,05;
70<A<89: ®=0,00002447 - 2*%° + 1,03 ;
89 < A<250: ®=0,00025330- 2% .

Figure 14. Formulas for omegaalues(EN 81-50 2014, p. 2).

Omega valuefor steel withRy between370 N/mnt and 520 N/mrhcan be calculatety
(EN 8150 2014, p. 2):

1 1
VGTMOXT

Vertical forceF, for counterweightan bea tension ora compression forcand it can be
calculatedoy (EN 81-20 2014, p97):
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In the equationt the Fpis the push forcghat is appliedhroughall the bracketso the one
elevatorguide rail. The force is affecting becauseconcrete issetting,or a building is
shrinking Setting of concrete meatisatthe concrete is drying and during drying process
concretepropertieschange for examplieardens Symbolgs is the standard acderaion in
free fallwhich is9.81 m/€, symbolk; is theimpact factorand if no safety geas used then

ki = 0, Mcwr is the mass of the CWTMg is themass of the one guide réite andnis the
number of the guide railsForceFpcan be ignored ithe elevatortravel isless thariO m.
(EN 8120 2014, p.93

Push forcdp for freelyhangingelevatorguide railscan be calculateloly (EN 81-20 2014, p.
97):

Qlo

In the equatiory symbolny,is number othe brackets in the guide rail aridrce F; is the
push forcahroughthe clipsper one bracke{EN 81-20 2014, p97.)

It was notedhatthe use ofsafety gear is forbidden with the hollow type guide railstaed
hollow type guide rails are not used in the hajévatortravels sathe equation6 can be

modified to be

As it can be seen from the equat®tnattheverticalforceFyfor thehollow type guide rails

can be calculatedith the help of mass of the guide rsli§ and with the standard acceleration

On.

3.1.3 Conmbinationof bending and compression/tensmrbuckling stresses

When designing elevator guide rails and jooushbination of bending and compression/ten-
sion or buckling stressaseed to be considere@ombination of bending and compres-
sion/tension or buckling stressean be calculated and evaluateyg calculatingbending
stresses, bending and compreséensionand bending and bucklingEN 81-50 2014, p.
42)
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Combined knding stressascan be caldated by(EN 81-50 2014, p42):

In the equation the Umis the bending stresslxis the bending stresi thex-axis, Uy is the

bending stresm they-axis andlpemis the permissible stres&EN 81-50 2014,p. 43).
Bending stressdsand compression/tensi@an be calculated by (E81-50 2014, p42):

nO ’E‘Q “O

0 ? p T

In the equation10 Umis the bending stresdprce Fyis a CWT guide rails vertical forge
symbolks is theimpact factor Fmaux is the guide rail force which is caused by thexiliary
equipmentA is the cross sectional arezf the guide rail andipermis the permissible stress
(EN 81-50 2014, p43).

Bending stresses and ling stressesi can be calculated by (E81-50 2014, p42):

” ” -r[&)” n p p

In the equationl1the Umis the bending stress is the buckling stressindlpermis theper-
missible stress (ER1-50 2014, p43).

3.14 Flange bending
Flange bending is one of the factors that needs to be considered when deBighape
elevatorguide railslt is possible to use roller or sliding guide shoes with the elevator guide

rails. Flange bendingr can be calculatefbr roller guide shoe€EN 81-50 2014, p43):

p& UO
” . " PC
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Flange bendingr can be calculated for sliding guide shoes (EN6812014, p43):

"N » Qe
" - . » - " po
a a ¢ Q Q

In the equatiors 12 and 13 the Ur is alocal flange bendingsymbolb is a half of the width
of theguide railshoe lining c is awidth of the connecting paof thefoot to the bladef is
afoot depth otheguide railat itsconnection pointvith the bladeh: is aheight of the guide
rail, lgis alength of theguide shoe liningforce Fx is the force appliedby a guide shoe to
the flangeand Upermis the permissible stress (EBI-50 2014, p43). In figure 15 is shown

dimensiondor theT-shape elevataguide railfor the flange bending equation

h1

c

- —-

Figure 15. Dimensions for flange bendireguation(EN 81-50 2014, p43).

3.1.5 Deflections in the elevator guide rails

Deflection is one bthe mostimportant apects tde taken in the account when desigmgy
guide railsand guide rail joint$or elevators. Deflectiong, can be calulated by(EN 81-50
2014, p43):

o
Q‘

~
)
o

Deflectionstk can be calculated by (EN 2014, p. 43):

"0 &
T 00

| X 1 | pu
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In the equation4.and b theUlyis adeflectionin the yaxis, Uxis a deflection in the-axis,
Ustrx IS adeflection in the building structure the xaxis, Ust.y is a deflection in the building
structure in the 3axis, UpermiS the maximum permissible stres®yrce Fx is the supporting
forcein the xaxis,force Fy is the supporting force in the-gxis, E is anelastic modulusly

is thesecond moment of area with respeuth the xaxis lyis thesecond moment of area
with respecwith the yaxisandlengthl is amaximum distance between brack€EN 81-
50 2014, p43)

3.2 Principles of blt joint

Bolt joint is one of the mostommon andmportant connection types thefield of machine
desiq. Bolted joint iseasyto assembly and it can be dismounted as many times as needed
Bolts are graded based on thaximumamount of stresthatthey can withstandolt joint

is formed by using bolt and nut.

Two or more parts are clamped together by usoly Bolt can stretctor elongatédecause

of the impact ofclamping force.Clampingforceis gained by the nuthen twisting ituntil

the bolt elongatealmost to the elastic limitThis load remains as a preload or clamping
force if the nut imotloosenedand during tighteningie boltheadshouldbe stationary and
twist the nut by mechanicB(dynas& Nisbett2015, p.415.)

There arelifferent types of bolts existindpr 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 wtitinto a fillet increasing stress
concentrations. This can be avoided by using washers under the bol{Bedyhas&
Nisbett2015 p.414)

Bolt joint can be formed by using two different joint designs. Joint design types are a tension
and a shear jat. 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 akes loblt. Tensile

force affects tries to stretch or separate the affected joint. Preloads are used with the tension
joints. (EN 19931-8 + 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 tensioneliatisgdue

to tightening preload of bolt in the joint, but they are incidental. (EN 1883+ AC 2005,

p. 21.)

Shear connection @connection wheraload type is shear. It is divided toree different
categorieghat are called A, B and Category A includeslesign guideline®ased ora

bearing typeind categor{ includesdesign guidelines tslip-resistant at sergeability limit

state.Category Cincludesdesign guidelines tglip-resistant at ultimate limit stat¢EN

19931-8 + AC 2005, p.21.)

Category Ausesbolts from class 4.6 to 10.9. It doest require preloads aspecial provi-
sionsfor contact surfacesCategory B uses preloaded joints astigh in the servieability
limit state is not allowedn the ategory Cpreloaded bolts are useahd slip is not allowed
in the ultimate limit statEN 19931-8 + AC2005, p.21.)

Tension connection is a connection type whbegoint is underthetension load. Tension
connection type is divided to two different categorizend E. Category D includes design
guidelines for nospreloaded situations and category E for preloadedtsiu (EN 19931-

8 + AC20(b, p.21.)

CategonyD usegholt classes from 4.6 to 10.9. This categorysdoe requirepreloading and
it should not to be used the joints where is frequentisariations of tensile loads existing.
Category E includes bolt$asses 8.8 and 10.9 that are preloaded. (EN-193 AC 2005,

p.21.) Table4 summarizes desidiactors for the categoridsom A to E.

Table4. Bolt connection design categori@dod. EN 19931-8 + AC 2005, p22).

Category Criteria Remarks

Shear connections

N No preloading required.
A Fv,Ed O Fv,Rd p g q

. R Bolt classes from 4.6 to
(Bearing typg Fv,ed O Fprd

10.9 may be used.




35

Table4 continuesBolt connection design categori@dod. EN 19931-8 + AC 2005, p.
22).

Category Criteria Remarks
Tension connections
B FvEd.setO Fs,Rd,ser
) ) . R Preloaded 8.8 or 10.9 bolt
(Slip-resistance at services Fv.ed O FyRrd
e R should be used.
bility limit) Fv.ed O Fprd
C Fv,Ed O Fs,Rd
] ] _ R Preloaded 8.8 or 10.9 bolt
(Slip-resistance at ultimate Fv,Ed O Fb,Rd
o R should be used.
limit) Fv.ed O Nnetrd
R No preloading required.
D Fted O FiRrd
R Bolt classes from 4.6 to
(Non-preloaded) Fted O Bprd
10.9 may be used
E Fied O Fird Preloaded 8.8 or 10.9 bolf
(Preloaded) Freda O Bprd should be used.

In table4 force Fy eqis ashear forceper bolt for the ultimate limit staendforceFy rdis a
shear resistance per hdRorceFy rdis a bearing reistance per bokindforce Fsrdser IS @
slip resistance per bolt at teerviceability limit state ForceFy eq,seriS adesign shear force
per bolt for the serviceability limit stasndFs rais aslip resistance per bolt at the ultimate
limit state (EN 19931-8 + AC 2005, p14.)

There are also other forces and symbols that are mentioteduled. ForceFeqis atensile
force per bolt for the ultimate limit statérqis atension resistance per baltid Fr rqis a
tension resistance of an equivalergtlib flangeSymbol By rais apunching shear resistance
of the bolt head and the namdNnetrdiS aplastic resistance of the net cresction at bolt
holes (EN 19931-8 + AC 2005, p.14

3.3 General pining methods

There are different ways to joivd 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)n addition, it is possible to use different kind

of alternative slutions. These solutions can lier example expanding joints
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This chapter is divided texpanding joints, adhesive bondiagd tomechanical fasteners
that can baised in the HT60 jointWelding is not often allowed #ihe elevator installation

site and because of that itnet discussed in this chapter.

3.31 Expanding joints

Expanding joints can be used to form connection between two phae$ocking of expan

ding joint is formed by expansion of a material or a paraddition, locking can be formed

by using expanding parts where is used gas or liquid inside the part that is expanded by a
pressureThere ardaifferent kind of expanding joints exisy. For example inside hepro-

file therecan beanexpanding sleevihat is tightened from the outside of the steel profile to

inside the profile.

In figure16is shown an internal expanding sleevedpipe coupling. Sleeve expands inside
the pipe whera screw is tightened. Tightening tie screwspread the sleeve side the
pipe so that the sleeve surface forms contact aitmside surfaceof pipe This kind of

solution or an idea of the solution can be ussdwith the other steel profile shapes.

Figure 16. Internal expanding sleeve for pipeupling(Pat. US2850304A1955, p. 1).

Internal expanding sleeve for the pipe coupling is used to form the connection between two
steel pipes. Connection can be permanent or tempadnéeynal expanding sleeve manu-
factured fromatwo separate steebpts. Theeparts are connected to each othealkgrew.
Tightening of the sleeve happens when the screw is tightandthis causesteel partso

expand inside the tube because of movement of the screw. Tightening of the screw happens
from theoutsice of the profile and because of that one screw hole is needbd dteel

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

the friction that is formed by the pressurettlsacaused by expansions of the expanding
sleeve. The connection aligns the joint and holds the connection together and prevents the
axial separationgPat. US 2850304A 1955, p.)2

One possible solution to join two steel profiles together is shoviigume 17. Solution is
called SingleLock, SpliceLock and it is manufactured byné¢ Wagner Companies, R&B
Wagner, Inc Solution is used to forra connection between two separate steel profiles or
tubes.In addition, t can be used to joifor example handrail profileand sameidea, or

solution can be used with the guide rails.

Figure 17. SingleLock, SpliceLock (SingleLock SpliceL o ¢ k 20).

Expanding joints like shown in figures 16 andalign automaticallyduringaninstallation.
Downside is thaif the expanding joint is tightenddo tight, a steel profileshape distortion

can occur.

3.3.2 Adhesive bonding

Adhesive bonding is a method to join two surfaces together by using bonding agéat like
example glue. Adhesive bonding has some benefits when compdongxample to arc
welding.For example a joint stiffness is improved bydaesive bonding wheromparing it

to aspot welding or tanechanical fastengrStiffness is gaied becausef adhesive forms
continues bond betwedhe two surfaces, and this helps to distribatstress tahe larger
area.The spot welding and the mechanical fasteners coedyelocal 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 bondings usedor example in thear industryin spaceframes to builchar struc-
tures.For exkample,Lotus Elisespaceframe is joined by adhesbanding(Barnes & Pashby
2000, p. 73)In addition, a@hesive bonding can be used to join structures togethbein

other industriesior example irthe elevator industry.

Adhesive bonding has benefitsmpared to welding and to mechanical faste(igasnes &
Pashby 2000, p. 73):

- Adsorbs energy

- Damps noise and vibration

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

- Good fatigue resistance becausehd stress is distributkto the larger area and

stresses are not concentrated
- High shear resistance
- Low cost

However anadhesive bonding has limitatiofBarnes & Pashby 2000, p. 73):

- Environmental issues because of adhesive material®lilexampleepoxy

Danger tdhealth and safety becauskfor exampletoxic fumes

Curing time anaturing heatis needed

Volume production is issue

Storage time because thie limited shelflife time

In addition, me major limitation for adhesive bonding is thbbnding surface nesdo be
carefully prepared becausébonding properties can decrease dhertime if the bonding
surface qualitys pooror because of thenvironmental conditionfAlves, Dias & Martins
2011, p. 712)Environmental condition can der exampé moistureor air temperature
Moreover, there is limited expeience and studiesf long-term durability of glues in dif-

ferentvaryingenvironments.
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3.3.3 Mechanical fasteners

There ardlifferenttypes of mechanical fasteners availalechanical fastener can e
bolt, a nuta self-piercing rivetor aclinch joint. For example acar industry uses seffier-
cing rivets and clinch joints (Barnes & Pashby 2000, p. 3&j-piercing rivets andlmch
joints are coldforming processes

A rivet is normally manufactured fromsteel oranaluminum.There are no threads in the
rivet surface and structucd the rivetincludes rivet head and shank. Installation of rivets is
cheaper than boltsChilds 2014, p. 70Q)Self-piercing rivets and clinches doestrequire
pre-drilled holes becaugbeself-piercing rivet pierceand fasteathematerial when joining
them together It pierces the upper surface of the material and expands in the tomest |

materialwhile creaing an interlock between these two different passlf-piercing rivet

ﬁa
SN

Figure 18. Self-piercing rivet proces@Barnes & Pashby 2000, p6)7

process is shown in figuré81(Barnes & Pashby 2000, p..y5

==
S ) ‘1>

‘I?"{:I‘ ‘L/"‘x._f

Clinched joint actsimilaly compared taself-piercing rives and creates mechanical joint
by using material deformatioiechanical joint is formed bg punch and die so th#te
punch lockdwo different parts together. (Barnes & Pashby 2000, p. 75

Use ofself-piercing rivets and clinch jointsave benefits compared to other joining methods
(Barnes & Pashby 2000, p. 75)

- Can replace spot welding easilyring production withanautomation

- Simple and fast production

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

- Tool life is good

- Energy consumption is low

- Safe for environment becauseno dangerous fumes or other harmful toxics used

- Low operating costs
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However therearelimitations for self-piercing rivets and clinch jota (Barnes & Pashby
2000, p. 75):

- Joint requires acces$s both sides

- Tool sizecreate limitationsfor example riveting gun

- Corrosion issues because of surfauwegularities

Onepotentialmechanical fastendor replacing traditional bolt joint that is used with tH€
guide railgs aHollo-Bolt manufactured by LindapteHollo-Bolt is time saving installation
method. Basically, it is a bolt joint, but it deotrequire washers or nuts during installation.

In figure 19 is shown type HB HollaBolt.

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

Hollo-Bolt is an expansion badihat is used tgin structural steel solutions togethkiollo-
Bolt can be used witthe hollow tubes, sections and places where the adoessrkpiece
is only from single side of the workpieceHollo-Bolt is available witha hexagonal ol
countersunk bolt headt is an alternative solution for welding or through bolting lite
exampleexistingbolt jointfor hollow type guide rails. Holldolt hasacorrosion protection
as a standard. Standard corrosion protection is J®b0 additionHollo-Bolt can be or-
dered witha hot dip galvanization(Type HB Hollo-Bolt 2020.)

Hollo-Bolt offers fast and time saving installation method amliitstallableby hand tools.
In addition,Hollo-Bolt offers good properties agairssthear andtension. (Pretec Finland
Oy Ab, p.4)
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In figure 20 is showna structure of the HB HolldBolt. The structure includes a collar,
sleeve a bolt anda cone. The sleeve spart of the HolleBolt that expands duringnins
tallation Whereas the cone ighe part that interlocks grooves so that theyrmrioosen
after the installationBasically,a tighteningof Hollo-Bolt happens between the collar and

the cone as seen in figuzé.

Collar - Cone
(interlocking
grooves prevent
laasaning)

Sleeve -

{legs expand duning installation) Balt

—» 4— = Clamping Force

Across Flats

~— AJF—| = H= L -
/ﬁ,-f_‘ g
I l | ‘ D I e
- S | N

High Clamping Force Mechanism i
(Size M6 - M20) el min |

'Il.iu iy '.ll i I.Illl.lill.lllllI

D [Ehw

Figure20. Structure ofHBHollo-Bolt by Lindapte(Pretec Finland Oy Alp. 6).

In figure20is shown howthe Hollo-Bolt connection is applied:he olt is inserted t@hole
andwhentighteningthe bolt heagthe cone is pulled towardke bolt threadTightening of
abolt head causesxpansion in the sleeveocking happens when the cone is locking the
sleevewith aninside wall of hollow profile or sectiomfter Hollo-Bolt is installed only

visible parts of the bolt are the head @melcollar. (Pretec Finland Oy Ab, p.6
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The Hollo-Bolt has two different @rsionsa 3-part anda 5-part designThe 3part design is
an altround general design to connect the hollow type profllee5-part design ismHCF
(High Clamping Forceversion which is suitable for structural connections where higher

strength igequired (Pretec Finland Oy Ab, p.)6

3.4 Other joining methods

There are different kind of joining methods that barused toeplacetraditional bolt joint.

For example warehouse racks use different kind infedocking mechanismghat can be
used to replace bolt joirAdditionally, there isfor example tube end forming processes and
swagingprocesghat can be used as a joining method.

3.4.1 Tube end forming process

Sheet m&al parts can b@inedwith the tube profile by using twstage tube end forming
process (Alves et al. 2011, p. 718ethod uses compression beading and external inversion.
According to Alves et all(2011, p. 713}he nmethod works so thahe compression is used

to force A endagainspthedattont tubb 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 givessétoan axi symmet ri c b eaftedthabt t h
A T tsheepanel 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 regired clampg e o0 me The progess is shown in figu24.

Figure 21. Tube end forming proceg¢Alves et al. 2011, p. 713).
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The pocess can hatelall production batch sizes and is m@pendenof different geome-
tries. Furthermorethe process is environment friendly because it do@sequirefor ex-
ample shield gase®ne &ample ofa product thahasbeen manufacturetly usingthe tube

end formingprocess is shown in figu22.

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

This method can be uséar exampleto eliminate materials that is needed &dilling and

to avoida welding seam In addition, itprovides better precision witiolerance and geo-

metrics Moreover it reducesa production costs and saves timkencompared tdhe wel-

ding. Tube forming method provides same kind of stress withstapdipgrtiescompared
to the welding for example with the torsional loads shown in figur@3. (Alves et all.
2011, p. 718

200 4

150

Torque (Nm)

-
=]
o

——Welding

—— Proposed Technology

0 5 10 15 20 25
Angle (®)

Figure 23. Torque vs. angle comparison between welding and tube forming method (Alves
et all. 2011, p. 718)



44

3.4.2 Swaging

Swaging is a method fgoining tubesor other steel profilekbgether Swaging isa method

that uses aplastic deformation of materiate join two pars (Zhang, Jin & Mu 2014, p.
2085).0ne swaging method ssrotary swaging. Rotary swaging is based @rotary on

dies anda compressionMethodworks so that two tubes are pladedide each othemal

thedies rotate arounthetubes while pressing same time tubes together.

Rotary swagingnethodjoins two workpiecesvith thedifferent diameters by using plastic
deformationof the materialDuring the process matesad f t hese t wo tubes
cave arc joint at the over | &2p9)i Thigmethadrist s 0
suitable wherheweldability of materials idow, or parts are not so easy to join because of
adifficult interference. (Zhang etl. 2014, p. 2092094) Rotary swaging cess is shown

in figure 24.

“orming position

=1 Die
Inner tube Outcrl tube
| T M

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

3.4.3 Interlockingjoining methods

One potential solution imterlocking joiningmethods For example, warehouse racks are
one example of a solution that useteriocking joining Warehouseack systems are three
dimensional structuremanufactured from a cold formed ste8ystem uses rack columns,
I.e. uprights, as a suppat thestructure. In addition, &bs are part of the rack system struc-
tureand they areonnections points that af@ced intoholes in the columns. Talase spe-

cifically highly semirigid in nature(Mohan et al2015, p. 55

Rack systems use hoak end connectonghich are used to connexbeam andhe column
together.The look-in end connector ia semirigid boltless connectiorOther parts of the
rack system structure are safety connectors, beams, footplates an@®sbtsa et all, 2010,
p.863-864.)
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In figure 5 is shownastructure othewarehouse rack system

Figure 25. Structure of warehouse rack systéPnabha et all, 201(. 864).

Warehouse rack industry uses differkimd of beam enadonnectorgor joining beams and
columns togethePrabha et all, 2010, p. 868)onnector is a cold formed steel structate
the beam endConnectors acts as a support for the beams and offer stiffnebge dmwn
aisle stability.Additionally, a side swayof the racking systems prewented bybeamsand
connectorsThe @mnnector igoinedto the beam by tabs or studs whinkadditionacts as a
locking mechanisnilabs or studactsame kindasbolts in the bolt connectiorin addition,
there is end plates included to the racking systdieh can withstand same loads than any

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

There are different designs finebeam connectors. Theissfor examplea connector where
is cantileered talthatis used to comectuprights web and flang& histype of connector is

shown in fgure 26.

Figure 26. Cantilevertab-basedsolution(Markazi 1998, p60-61).
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In addition,a connector can benanufacturedy usinga tabthat isformed bya blanking
This type of connector is shown in figure72Blanked tab is used as a locking mechanism

which locks to the web of upright parallel or perpendicMarkazi 1998, p. 59

i

i

=1

Figure 27. Solution where tab is formed lablanking(Markazi 1998, p60-61).

Tabs formed by a—"|
blanking operation

Oneoption for the onnection in the rack systeis thatit can beformedby a studanda
locking pin In figure 28 is shownthe rack connection solution whethe uprights hae
shaped lsts thatis used fothe connection with the connector stud$ie keam is locked to
the upright bythelocking pirs.

Locking pin

)]‘_ﬂ—_—--F Shaped slot to allow
for connector studs
¢ O D //
2107
Qo
{ 2 O
o | ©
|0
' Q 0
Q 0Ol

Figure 28. Connection witlshaped slots, pins and connector s{iMisrkazi 1998, p62).
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The @nnectionbetweerthe upright andhe beamthat is shown in figure2can be formed
by using slots that are in the uprigfihe keam is locked to thepright bythe upward tab
which ensureshelocking action.The @nnection is bad onthe beam end connector that

Is wrappingaroundthethree face of upright§Markazi 1998, p63.)

Upward tab to ensure

/ locking action

-~

Beam end connector wrapping
round three facenf upright

Slots to receive tabs

Figure 29. Beam end connector that is wrapping round three face of upfigatkazi 1998,
p.63).

Other option fom connectionis that the connectiocan be formed bintegral tabs and lec

king pinsas shown in figur&0.

Integral tabs

Locking pin

0 [° =0 K )

<00 <9< |

Figure 30. Structure of warehouse rack syst@viarkazi 1998, p63).
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4 DESIGN OF NEW BOLTLESS JOINT F OR HOLLOW TYPE GUIDE RAIL

Product desigprocesss a process which starts frammeed oranew idea. The main pur-
pose of the product design process is to match to the need best way possiake ¢tomcal
andaneconomical point of viewl'he design process starts from the detegration ofaneed
or from the discovery ot new idealn addition, diring the design process it is possilite
notice that the need is noécessaryor theideadoesnotwork. After that the design process

is shut down or the definitions are changed.

Product design procesan start fron scratchor correction of shortcoming§Ashby, Sher-

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

One of those methods a@ssystematic product design methdtkkelinen& Karsikas 2014

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

and other computeaided simulatioa

4.1 Systematic product design process

Design procesthat isused in this thesis follows systematic product design protées.
systematic product design process inclufibes differentdesign processtes. The first @-
sign process stap a poduct program design and clarification of taskse second step &
conceptual design, and third stepaisembodiment designThe fourth and final step &
detail design(Pahl & Beitz 1990p.44-47.)



49

Four steps of the systematic product degigotessare dividedo different stepstasks and
results.This can be called design pat@neoption fora product design work process ar

path can beeen in figure31.

Task
Tarket, company, environment

!
Plan and clarify the fivsk:
Analyse the marke] and the company siuation
Find and select praduct deas
= Formulate a product propasal
Clarify the task
Elaborate a requirements list

1
Requirements list
\Dresign spexification]

i_

Devalop the princlale sokemion;

Identify essential problems

Establish function structures

Seasch for working prnciples and wisking structures
Combine and firm up into concept variants

Evaluate against techinical and econemic criteria

Principle salution
[Cancept)

1
Develop tive constrction shructure:
Preliminary farm design, rraterial selection and calculation
Select best prefiminary Layouts
Refine and improve layouts
Evaluate against techinical and economic criteria

i

< Preliminary layout >—

|

!

Optimssation of pringiple

| (ancepiual design ——se=| Flanning and task darification je—

I

Upgrade and imprave

Embodimint disign

Dieffne the construchion st

Eliminate weak spots

Check far erers, disturbing influences and mirdimum costs

Prepare the preliminary pars list and production and assembéy documenis

i

<_ Definitive layout >—

*_.._

Prepore production and operaning documents:
Elabarate detail drawings and parts lists
Camplete l:lbdl.ﬂil)ﬂ.aikmmy.lrdl'\'!-mllaﬂﬂ BReralng instructians
Check all dacumenits
1

< Product documentation ->———

L

Figure 31. Steps in the planning and design prod@shl & Beitz2007, p.130).

- Infaemnation: Adapt the requirements liss
f [ N | _

Detall design

+
——————————— {Iptimisation of production
e (Jpitimiisation of kayout
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First step of the systematic proddeisign process is@oduct program design atie cla-
rification of tasks.Product program design anthification of task means searchafin-
formation and requirements that has been givenlfil requirementsghat is needed faa
desiredsolution.In addition, t includes permanemeneral boundary conditiorzsd mea
ning of themProduct program design and clarification of talgksls to the list of require-
ments fora product. Listof requirementgonsiderghe need ofthe constructivistdevelop-

ment andhe next steps of the project according to the p{Bahl & Beitz 1990p.48)

41.1 Conceptuabesign

Thesecond design phaseastep isheconceptuatiesign and it can be also calkaktching.
Stepscan be used as a part of the sketching pro@asing the sketchingan abstraction is
performedto identify the essential problems theffect on the designproblem.Figure 2

shows seps of theconceptual desigaccording to Pahl and BeitRahl & Beitz 1990, p.71.)

+

| Abstract to identify essential problems | |

Information

Definition

Establish function structures
Overall function - sub-functions

| Search for selution principles to fullfil the sub-functions | Creation

+ Conceptual

Design

| Combine selution principles to fullfil the overall function |

|

| Select suitable combinations |

L

| Firm up into concept variants |

\j

+ Evaluation

Check

Evaluate concept variants agains technical and economic criteria

Figure 32. Steps of theonceptuatesign(livonen & Riitaluhta 2014)
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The conceptual design includasction structures and evaluation of them. Thaection
structures are establishadd working principles that fulfill the subfunctions are searched
Function structures include overall functions and subfunct®esically, thefunction struc-
ture includs overallfunctionsthat fulfill abstraction thavasperformed againgherequire-
ment list Subfunctions are functions that are needena&ethe overall functiongo work.
(Pahl & Beitz 1990, p.71.)

After overall functions and subfunctions are bfithed then thsuitable combinations are
chosenard based on those combinatipsgetchesare createdThen creategketchesare
reviewedand evaluatedgainst the technical and economic criteria. As a result of the sketc
hing the principle solution also known as a concefihadized (Pahl & Beitz 1990, p.71.)

4.1.2 Embodiment design

After the conceptual desigphase is completetthe design process moves ttee step three
Step threés calledembodiment desigiits main purpse is taoncretizeéheconcept. During
thisphasenaterials and manufacturing meth@dschosenin addition main measurements
for the concepareapplied andconceptsompatibility for 3D boundary conditions inves-
tigated.(Pahl & Beitz 1990p.176.)

Designs general arrangements and spatial compatibditeedetermined durintpe embao
diment design phas@dditionally, materials and shapes of the desagadetermined with

the suitable production processBsiring the embdiment desigrphasejt is important to
considerate design from tbechnological and econompmints of view. Design should be
reviewed critically and evaluated from the technical and economical point of view. This
design phase includes multiple correetsteps wheré¢he design is constantly analyzed.
(Pahl, G. etal. 2007, p. 22
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In figure B is shown thesteps oftheembodiment design

Concept > A l
- - A — - Information
| Identify embodiment-determining requirements ‘
v
| Produce scale drawings of spatial requirement ‘
£s
2.0 _—
| Identify embodiment-determining main function carriers ‘ & Definition
=T
v ze
Develop preliminary layouts and form designs g S
for the embodiment-determining main function carriers Es
v e&
| Select suitable preliminary layouts ‘
Develop preliminary layouts and form designs
for the remaining function carriers Creation
v
| Search for solutions to auxiliary functions ‘ c
I
v £
Develop detailed layouts and form designs for the main functions » 3
carriers ensuring compatibility with the auxiliary function carriers % S, E
28 E
Develop detailed layouts and form designs for the auxiliary function s E B
carriers and complete the overall layouts 25 'E
£S5 W
v & 2 Evaluation
| Evaluate against technical and economic criteria ‘ © Check
* v
Preliminary layout
Decision
v 2
| Optimize and complete form designs ‘ o *
=
v o Creation
o
‘ Check for errors and disturbing factors ‘ = A J
v E Evaluation
o Check
‘ Prepare preliminary parts list and production documents ‘ g
: . !
Definitive layout > v v Decision
“

Figure 33. Steps of embodiment desi¢fpahl, G. et al. 2007, p. 229.).

4.1.3 Detail design

The ystematic product design process includetail desigrphaseThe cetail design phase
starts aftethe embodimentiesignphase is complete@etail design is part of the design
process wheratechnical structure is fulfilled witthefinal requirements and design needs.
During this phaséor examplea shape andhe measurments of the parefinalized. Ad-
ditionally, surface qualities and materis¢lectiors arefinalized. During thisdesign phase

manufacturing and opportunities usageare consideredPahl & Beitz 1990p.48.)
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The detail design includes consideration ofinal expensesnd costsin addition final
drawings and other documents are developed fwoductionimplementation and foa fu-

ture useSteps othedetail design is shown in figurel3Pahl & Beitz 1990p.48.)

< Definitive layout >—-— —_

Finalise details Creation
Complete detail drawings

J

Integrate into overall layout drawings, Check
assembly drawings and parts lists

|

Complete production documents with production,
assembly, transport and operating instructions

Detail design

Y

Check all documents for standards, Check
completeness and correctness

1

|
< Documentation >—o— — Decision

Figure 34. Steps ofetaildesign(Pahl, G. et al. 2007, g37).

4.2 ldeas and conceptual desigiha boltless joinfor HT60 guide rail
The design process started fraheclarification of task&nddesignproblems Thiswasthe
mostimportant phase of the project because it basically spgehat is needed and guile

thedesign procesthrough

4.2.1 Ideationand functionality otoncepts

During this phasthe list of requirements fatesiredconceptwas created List of require-
mentsconsideedthe need of the desiredconceptthat needdto be fulfilled to accomplish
the goal of the desigi\ccurate list otthe requirement@&nddetails ofrequirementscan be

found fromthe appendix1.
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According to requirement list threost important requiremenése

- Jointshallhave at least equal strength witie guide rail

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

- Joint needs to withstand forces that are affectingg and must fulfillthe require-
ments fromstandard€£N81-20:2014 and EN850:2014

- Total weight oftheguide rail and joinmust beunder25 kg

- Create solution that is hand installable by one person

- Create solution that is rigidNo horizontal or vertical bendingllowedin the joint
areaandin additionno guide rail movement allowed te joint ara

- Solution must fit tahe shaft to the existing space

- Installation tools needs to fit folhe existing space

- Create solution so that there is no notch betwieetwo guide rails

- Joint and guide rail material to have corrosion resistanogade from material that

doesnodt rust

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

machine® (EN81-202014 p.95

An abstraction was formed based on the requirements list and the resu@omasion
resistant hand installable and strong enough to withstand required forces to feljillire-
ments from EN820:2014 and EN850:2014 while fitting given spaceAdditionally, the
abstractioraced as a overall functionon a function structureOverall functions and sub-

functions are shown in figureb3

Corrosion resistant hand installable and strong enough to withstand required forces to fulfill
requirements from EN81-20:2014 and EN81-50:2014 while fitting given space.

|
[ 1 1 | 1

Joint two GRs Installation Locking two GRis Withstand forces Last elevator life
without bolts togerher time
Installation b R
= > h t': Yo Rigid joint Strengh of — Wear resistance
an materials
Fullfill EN81-
—  Lightweight |t~ Tight locking 20:2014 and - | | Corrosion
50:2014 resistance
L . Fatigue resistance
_Sclf-allgnl_TR guide| | | of locking L Fatigue resistance
rais mechanism

Figure 35. Overall functions and subfunctions
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The function structurshown in figure 8 is divided totheoverall functions and to subfunc-
tions Overall functions are mentioned in the first level underréselt of the abstraction.
Every overall function has subfunctigrisr example overall function Installation has sub-
function installation by han@®verall functions and subfunctiongre created anoased on
thosefunctions ideas were sketchettlea matrixbased oroverall functions and subfunc-

tionswas createddea matrix is shown itable5.

Table5. Ideamatrix for boltless hollow type guide rgiint.

Joint two GRswithout

Wedge Locking mechanism insidbe GR Spring fishplate U-shape ring
bolts by
Installation
Installation by hand Weight under 25 kg

Fishplate is com- o
) ) ] ) ) Ring is placed
) Wedgeis hammered, Fishplate locks itself automatically| pressedindspring

Easy to install o S throughthe GR

insidethe GR while it is sliding insidethe GR. backreturnsthe i

andthefishplate

shape inside GR

Selfaligning guide rail

Tight tolerances anc
shape of the fish-
plate

Punched shape inside to GR and

fishplate with counterpart shape

Elasticbehavior of
fishplate

Tight tolerances
and shape of the
fishplate

Locking two GRs togeher

by solid fishplate in-

by fishplate inside

by fishplate and U
ring that goes

Rigid joint ) by solid fishplate inside the GR )
side the GR. the GR throughfishplate
and GR.
U-shape ring pull-
) ing GRs together.
- by expansion of
by friction and ] Allows some
) ] ] ) ) the fishplate be-
Tight locking shape of the fish- | by locking mechanism and shape movement but

plate

cause of spring
back

elasticity of the
material keeps

joint tight.

Fatigue resistance of lock-

ing mechanism

by material chaie.

strong enough spring and material

high strength steel

spring steel
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Table5 continuesidea matrix for boltless hollow type guide rail jaint

Joint two GRs without

Wedge Locking mechanism inside GR Spring fishplate U-shape ring
bolts by
Withstand forces
Higher strength mate- ) ) Spring steel / high|
) ) Spring steel / high strength struc- High strength
Strength of material rial compared to GR strength structural ]
tural steel spring steel

material.

steel

Fullfill EN81-20:2014
and EN8150:2014

Higher yield and ten-
sile strengths anskc-
ond moment of area

compared to GR.

Higher yield and tensile strengths
andsecond moment of areaom-
pared to GR

Higher yield and
tensile strengths
andsecond mo-
ment of areacom-
pared to GR

Higher yield and
tensile strengths
andsecond mo-
ment of arescom-
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 surfacdareatment /
material choice

by using aluminum and spring steg

by surface treat-
ment / material

choice

by surface treat-
ment / material

choice

Fatique resistance

Tight enough joint
connection between
fishplate and GR so

joint does

during lifetime.

Spring part made from material thg
has high fatigue resistance.

Spring part made
from material that
has high fatigue re

sistance.

U-ring made from
material thahas
high fatigue re-

sistance.

Conceptsvere created based threidea matrixshown in tablé. A preliminaryselectionof
ideas anctonceptsvas held andthe four most promisingconceptsvas selected Next is
shown the four most promisingpnceptsConcepts are named as a concept 1, concept 2,

concept 3 and concept 4.
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Conceptl (Figure 3) includesnew fishplate that is placed insideguide rail Fishplate
includesbumpson thesurface of thdishplatethatinteracs with the inner surface ofuide
rail andcreates joint betwedghem.Joint is basednyielding by using friction and swaging.
Joint requires fishplate and two guide ra@slid fishplate is hammeredsidetheguide rail
to aright position.Installation isquick but requires force=ishplate is ranufacturedrom a
structual steel S35®r from analuminumby machining Totalweight ofthejoint is under
25 kg

Figure 36. Conceptl.

Concept2 (Figure J) includesa modified guide rail anshew type fishplateFishplate in-
cludesspring steelpartthatlocks with the guide raind pulls two guide rails togethiey
compressionSpringsteel parfocks with punched form in the guide Irgrofile. Fishplate
aligns with theguide railvia puncted formwith the help offishplate bottom shap&pring
steel part is manufactured from 4 mm or 5 mm spring steel or from S1300 structural steel.

Fishplate is manufactured from aluminuhotal weightof ajoint is under25 kg

N

Figure 37. Concept2.
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Concept3 (Figure 3B) includes new type fishplatbatinteracts witha guide rail inner sur-
faceandformsjoint between thentlastic behavioof afishplateacts as a sprirgndduring
installationfishplateis pressed inwardmdplacedinside the guide railnsidetheguide rail
thefishplate returns to its original shape becausasgring back The spring back tightens
fishplateinsidetheguide rail There is a stopping functian sideof thefishplate so thathe
fishplate doesot go toodeepinsidethe guide railduring installation. Fishplateis manu-

facturedfrom aspring steelJoint total weight is under 25 kg.

Figure 38. Concept3.

Concept4 (Figure ®) includesU-shape ringand modifiedfishplate. Ushape parpulls
guide rails together and keeps joint togethecking mechanism is based on a compression
of the Ushape ringJoint an beassembledy hand and hammeFishplate can benanu-
factured fromthe aluminumandU-shape part fronthe spring steelWeight ofa joint and

theguide railis under25 kg

Figure 39. Conceptd.
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4.2.2 Technical and economical vati@a of concepts

Technical valuation o€onceptswas performedby following a VDI 2225 valuation point
system.In theVDI 2225 valuation poinsystemthe different technicatriterionsare rated
from O to 4(Pahl & Beitz 1990, 458-159).Table6 includesareview based othetechnical
valuationfor the concepts sk in the chapte4.2.1

Table6. Review based omthnical valuation

Concept
: : _ 1 2 3. 4
Function Technical criterion
1. Designsimplicity 4 2 2
2. Pretension possiblg 4 2 3 4
Functionality 3. Joint rigidity 4 1
4. Solution pulls
4 1 3 4
GRs together
5. Solution insidehe
. 4 4 4 3
Design GR
6. Simple design 4 2 3 4
7. Simple to manu-
4 2 3 4
facture
Manufacturability| 8. Less parts com-
pared to existing 4 4 4 4
joint
2. Weight < 25 kg 4 4 4 4
3. Easyinstallation
Installation 4. Quick to install 3 4
9. Fits into given
4 4 4 4
space
Maintenance Maintenance free 4 4 4 4
Total 51 37 43 47
Wy=Total/20 2,55 1,85 2,15 2,35
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Conceptshownin chapte#.2.1 werevalual by using numbers-8, wherenumber0 means
poor anchumber4 very good valueValues were calculated together so that tdka(Total

technical valuation) andky(Total economical valuation) values were formed and the higher
theWw andWey values are the better the solution is.

In addition,an economical valuatioreviewwas conductetbr the conceptsThe review of
the economical valuatios shown in tabl&. Economical valuation ianestimatiorbecause

at this stage o design procest is difficult to calculate ract costs

Table7. Review based orcenomical valuation

Concept 1 ) 3 4
Economiccriterion
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
We,=Total/l6 0,8125 0,625 0,75 0,75

When comparingaluesWy andWe,from table6 and7 theconceptl wasthemost promising

optioncompared to otharonceptsAdditionally, concepé waspromisingwhen comparing

its results to otheconcepts especiallywhen comparinghe technical valuation values.
Based orthereviews from the technical anfitom theeconomical point of viepnconceptsl

and 4are chosen tmove forward to next phase of thesign process.

4.3 Embodiment desigrequirements$or concepts 1 and 4

The embodiment design phasaisext design phas&mbodimentesignincludestwo con-
ceptsfrom the conceptualdesignphase. These twoonceptsvereconceptl and 4.During
the conceptuadesignphasedrawings and modelsas createdvith the help of Creo Para-

metric 4.0 CAD(Computer Aided Desigrsoftware Creo Parametric 4.0 was used to create
3D-models and~EM simulations
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Structure of the joint anduide rail should withstararound10 kNforce as cabesee from
figure 40. In figure 40 is showntwo GRs joint togethewheredownwardforce is placed
vertically towards GRs joint are@he dea was to check how mufdrceis required to open
GR jointand it was aroundO kN.Opening of guide rail joint happens in thelow part of
the guide rail joint itheforce is placd downwards to the topfdhe guide rail joint area.

Figure 40. Bending ofthe GR (Guglielmo 202@).

The requirement list gave some requirementsafstrength of the joint and materiascan
be seen fronthe appendixd. Thejoint needgo have at least equal strength wtitle guide
rail andin additionat least equal second momentaoéa with the guide raiMoreover the
joint needs to withstand forces that are affediintipe guide raindto jointand must fulfill
requirements fnm standard€£N81-20:2014 and EN850:2014.

Additionally, thisway it is possible t@void calculatiorof requirements shown ichapter
3.1 because ithe valuesfor examplesecond moments of aretigat are used are same or
higherthan in theexisting solution thert can be statethatthe structure will fulfill needed

requirementsMoreover this works also with the concept 4.

4.4 Embodiment design of concept 1
This chapter includes embodiment desigrconcept 1lEmbodiment design process is d

vided tosix differentsteps. Steps are called iterations.



4.4.1 Concept literation 1

Concept 1is based omfishplate that is pushed insidgyuide rail. Connectiobetween the

guide rail and fishplates formedthrough yielding by using friction and swagirThere is

bumps n thefishplate surfacas shown in figurd1l that will connect withthe guide rails

inner surface Connection betweethefishplate andhe GR should be tighgo thatafriction

andasupportcanbeguaranted becaus&R is not allowed tobendduringtheuse of eleva-

tor.
Bump
Bump \.\ 4

Bump Bump

/ Guide rail

|
|

Figure 41. Bumps in the fishplate surface.

FEM simulation was performddr the fishplateshown in figure41 that was pushed inside

the GRas seen in figure2d Simulation was performelly using Ansysoftware Fishplate

material that was used was S38Buctural steehndthematerial behavior was ideal plastic

Figure 42. FEM simulation of the fishplate and GBuglielmo 202@).
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During the simulation nodinear frictionalcontacts were usedhe friction coefficient that
was used wap = 0,2 Friction coefficientu = 0,2 should beusedin the calculationsvhen
thecounterweights in thestalled conditio(EN 81-50 2014, p.48)Additionally, few small
settings were made to tleentact stiffness ani thepenetration factobecausef conver-
gence in a solid wayaterial model was bilinear, aryielding wasconsideredin addition
alarge deflection setting was used to kéep analysis more real and once again pushed to

thenonlinearity. (Guglielmo 2020.)

The fishplate hadh 0.5 mm laterahnd verticalinterference with the guide rallateraldi-
rection means Xlirection and vertal directionmeans Ydirection according toeference
coordination system shown in figure.13teral and vertical interference were creabgd
usingthebumps shown ifigure41. Duringthesimulation it was noticed th#teguide ralil
end starts taleform This can be seeinom figure 43. Assembly force that was used was
14500 N.Scalingin figure 43 is 10x.

,..
Ul
1

Figure 43. FEM simulation of the fishplate and GBuglielmo 202@).

The guide rail end started to deformcas be sea from figure 43. Deformation was too
significant,and it creategroblems becaus# ajoint areabetweerthetwo guide railsnust

be assmooth agpossible,anddeformationcan createedges and notchés the joint area

Additionally, therewasa plastic deformatiopresent as shown in figudg.



64

4.4.2 Concept 1 iteration 2

Concept 1 was redesignedth two alternative iterationto solve problenshown in figure
43. Firstiterationthat was designed wadishplatethat is shown inifjure44. Fishplatehad
two different versiongrishplatethat is shown in figure4dwassimulatedand comparedith
thetwo different interferencéevels

- 1 mmin X-directionandY -directioninterference

- 0.5mmX-direction and Ydirectioninterference

Figure 44. Fishplate 1

Results fomthesimulation can be found from the appengik. Resuls (Guglielmo 2020a)

shows thatheguide railenddefornmation was sigriicant According to results thguide rail

started to deform sidewagadbecause of thatdistortion ofaprofile cross section occurred.

This happeneaspeciallywith the 1 mm interferenceAdditionally, it was noticed thaa

level of plastic deformatiorwas significantwith both interference level§Guglielmo
2020a.)Plastic defornation should be woided, 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 itdedirces that was required to slithe
fishplate inside the guide rail was 200 Nwith thel mm interfeence and 6600 N with the

0.5 mm interferencéGuglielmo 2020a)
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4.4.3 Concept 1 iteration 3

Nextiterationwasa fishplate vheretheinterference partsrasituatedonly at the center of
the fishplateas shown inifure45. Interference betweehefishplate andheguide rail was

0.5 mmin X- and Y-direction.

Figure 45. Fishplate with interference partsthe center of the part.

Results from the simulatioof fishplate that is shown indure % can be seen frorthe
appendix2,2. Thisfishplate iteratiordestroyedhe guide rail profilebecause of significant
deforming & can be seefinom theresults Assembly force that was required wias500 N
(Guglielmo 20203

4.4.4 Concept 1 iteration 4

Next iterationwas fishplate witrsharp bump#n the surface of the fishplat8hape of this
fishplateiterationis shown in figure @. Interference inX- and Y-directionwas 0.5 mm.

Resuls can be found fronthe appendi2,3.

Figure 46. Fishplate withsharp bumps.
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Installationforce thatwas required wa$1 O00N. The resuls (Guglielmo 2020aghow that
thelower part of the guide rail deformsgynificantlyand starts topentheguide railprofile.

This creates edges and notches tuide rail joint

4.4.5 Concept 1 iteration 5

Nextiterationthat was designedasa fishplate withfour bumps. Height of the bumps was
0.25mm, and this acted asanterferenceo Y-directionwith the respect to guide ralin-
terferencan X-directionwas0.5 mm. Resultsfrom simulationcan be found fronthe ap-
pendix2,4 (Guglielmo 2020a)Resuts show thathe deformation level waksscompared

to theearlier iterations

As can be seen from theEM simulationsthat the force should be guided w@rdsand
downwards and not in the sidewdike shown in figure 4. FEM simulations shows that
the guide rail profile starts to open if there lataralinterference preserinterference points
betweerthe guide rail and shplateshould bepositioned oratop and ora bottom surface

of the fishplatei.e.verticalinterference with the guide rail is only allowed

s 'w el b ——

VIRZD,

Figure 47. Allowed guide rail deformation direction

4.4.6 Concept 1 iteration 6

Based ortheresultsin theappendixX,4, thefishplate surfacaeedfoumps that will connect
with the guide rails inner surfacd=EM simulations were performedto estimatethe best
possible bump positions dhe guide raik innersurface. The esults ofthis simulation can

be seerfrom theappendix3.



67

Duringthesimulationsof adifferent bump positionst was noticed that thesist results gave
the bump positionsshownin figure 48. During the simulation a force was applied to the

eight points inside #guide rail. Points are shown in figur& & he force that was applied

to every point was 10 kN.

\ Point for force

Figure 48. Simulation of bump positions

In figure 49 is shown deformation of aguide railend for the forcgointsthat wasshown in

figure 48. Results in figurel9 are in millimeters.

k‘ —

2.2 9\#—01 2 2~\"3 -01

‘ |
i .|
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9_FEM_DEFORMI0 Sisp 2, Time 1.0000E+0

Figure 49. Deform of guide rail end in millimeters
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Shape of the fishplate was modtdibased orthe simulation resultaind bump positions
shown in figures & and ®. Fishplateis to be manufactured from S355 structural steel.

Shape ofishplate is shown in figurg0.

Figure 50. Fishplate as a result of thembodiment design

Therearestoppersn the side of the fishplat@at are used to stdpe fishplatefrom sliding
too deepinsidetheguide railduring the installationin addition, hereare8 pcs 0f0.35 mm
bumps on the topurfaceand bottom surface of the fishpladkat are used to for@connec-
tion betweertheguide rail andhefishplate Fishplate is installed byhand andahammer.

In figure 51is showna stopper and two bumms the surface of the fishplate

Bumps

Stopper

AN

Figure 51. Stoppers and bumps.
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In addition,HT60 guiderail requires small modificatiors® that the fishplate shown in figure
50 can be usedrhe guide rail ends need to be modifikke shown in figures2. This needs

to be doneso that there is eounterparfor thefishplates side stoppers.

Figure 52. Modified guide rail as a result of thenbodiment design

FEM simulation wagerformedfor afishplate anda guide rail shown in figureS0 and52
by usingthe samecharacteristics than iprevious simulationsT'he esults show in figure
53 showthatthe guide rail deformation isignificantly lower compared to othaterations
Additionally, plastic deformatiomare concentrated to themaller areasResultsfrom this
simulationcan be found from thappendix4,1. The asemking force that was used was

4300 N (Guglielmo 20203 Partis manufactured by machining from S355 structural steel.

Figure 53. FEM simulationresult(Guglielmo 2020a)
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Idea of this concept is thatguide railprofile is manufacturegduch a wayhatwhenmanu-
facturing tolerances are in the plus sijeint is tight enoughandwhen tolerances are in the

minus sideanassembly force analdeformation are not too significant.

4.5 Embodiment desigof concept 4

Concept 4dincludesa fishplate insidea guide rail anda U-shape ring that pulls guide rails
together and keeqhkejoint together like shown in figur€0. The U-shape part is manufac-
tured fromaspring steelSpring steel can ber example Sandvik 12R11 which offéemnsile
strengthsRy from 1500 MPa td 900 MPa(Sandvik 12R11 Strip steel 20)This chapter

includesthree different iterations for concept 4.

45.1 Concept 4 iteration 1

FEM simulationwas performed foconcep# U-shape spng steel partShape of thepring
steel parican be seen in figugl. This part is called concept 4 iteratid@nin addition, n

figure 54 is shownalocationwhere the forcewereapplied during the simulation.

Figure 54. Concep# spring steel part and forces apglie

Purpose of this simulation was to stuthe effects of material thickness to stress levels.
Material thicknesses from 10 mm to 3 mm were simulafBoke stresses that was studied
wasvon Misesmaximumprincipal ard maximumshearstressesAdditionally, asimulation
was performed to differemart widths. The force that was useaturingthe simulation was

5 kN to both directions shown in figure 5P o0 i s gationtldas was used was 0.2nd
Youngos Modul uWheress, slengty d theGratrial was 7.9 gf&m
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Results fomthe FEM simulationare shown in appendi In table8 is summarizedtreses

from thesimulation. Resultare in MPa.

Table8. FEMsimulation results fotheconcept4 part withthedifferentmaterialthicknesses

and materialwidths

Thickness of thg Width of the Stressvon Stressmax prin- Stressmaximum
material (nm) part (mm) Mises (MPa) cipal (MPa) shearstress

(MPa)

10 14 560 579 291

9 14 703 730 367

8 14 o107} 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 295/ 1489

5 14 2435 25% 1306

5 10 2507 2645 1332

4 14 3879 4176 2104

3 14 7042 7652 3867

45.2 Concept4 iteration 2

Spring steepartshape was modifiedased ortheresultsshownin table8. The purpose was

to find shape that offemsiorespring likepropertiesFor example, coil springs that are used

as a car spring can absorb the shocks from the road surface and after releasing thatfor

was absorbed then return to the its original shape. The coil spring is manufactured so that
there isasteel 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 alloarund 10 mndeformationat the contact poirg with the
guide rail Idea is thathe shape of the spring steel part0 mmwiderbefore an installation.

During the installation the spring steel part should defditnmmto form ajoint between
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the guide ra8. This deformationitsould creaté kN pretension force which is used to hold
the joint together.ldea is thatompression force that keeps a joint together is formed by
pretension forceln figure % is shownthe mentioned contact poinend new shape of the

spring steel part

Figure 55. Contact points in spring steel part with the guide rail

Spring steel parshown in figure 5 was simulatedby using & kN force. Force was applied
to sameoositions as shown in figurel5 The smulation result$or the part that was modified
based on the results in talean be found frontable9. Additionally, results can be found

from appendix’.

Table9. FEM simulation results foconcept 4 part withthe different shape

Deformed
) ~ | inthe part
Thickness of| Stressvon Stressmax | Stressmaxi-
_ | Width of the . o where
the material Mises principal mumshear _
part (mm) force is
(mm) (MPa) (MPa) (MPa) .
applied
(mm)
6 14 968 1014 510 1.8
55 14 1172 12 620 55
5 14 1405 1501 755 2.3
4.5 14 1810 1924 968 39

As canbesea from table9 the level of deformatiawastoo low. Additionally, the level
of deformation is undenanufacturing tolerances of this kind of bended plsibreover as

canbeseea from table8 thatwhen the material thicknedecreases the stress levels inageas
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45.3 Concept iteration 3

Resultsfrom table 9show thata spring steel part needs more material to form spring like
propertiesBased on thishe next shapethat was simulatedas spring steepartwhereis

more material in the top pawt the UshapeThis shape is shown in figur&.5

Figure 56. Spring steel pamvith more material

FEM simulation was performed by usiag kN force The brce was applietb same kind
of positions shown in figureds Simulation studiedhe effects of shapéo stress levels and
to level of deformationThe smulation was performetbr material thicknessésom 2 mm
to 7mm. Simulationresultsare shown in tableQl Additionally, resultscan be foundrom

appendix.

Table D. FEM-simulation results foconcept4 part with different shape

Deformed
_ ~ | inthe part
Thickness of| Stressvon | Stressmax | Stressmaxi-
| Width of the _ o where
thematerial Mises principal mumshear )
part (mm) force is
(mm) (MPa) (MPa) (MPa) _
applied
(mm)
2 14 1033 11411 5730 335
3 14 5470 5963 2996 12
4 14 3580 3835 1927 9.5
5 14 2887 3047 1531 15
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Table D continues FEM-simulation results foconcept4 part with different shape

Deformed
' ~ | inthe part
Thickness of Stressvon Stressmax | Stressmaxi-
| Width of the _ o where
the material Mises principal mumshear )
part (mm) force is
(mm) (MPa) (MPa) (MPa) .
applied
(mm)
6 14 2495 2495 1308 290
7 14 2187 2265 1138 4

In addition,FEM simulation was performeftr a part that has even longer top parstody
the effects ofalonger top part téhe stress levelsSpring steepart withthelonger top part
is shown in figure B. The esults are shown in appendix Results show thahe stress
levels are higher, anttie level of deformation igvenhigher compared to values shown in
table D. Additionally, the longer top part needs more spaop of the surface ofa guide

rail.

Figure 57. Spring steepart with longer top part.

Thespring steepart shape shown in figurésvith the material thickness 5 mm was chosen

to be redesigned with tle®rrect dimensionduringthe detail design.

4.6 Detail desigrfor concept 1 and 4

Duringthedetail deggn phasethedetails ofdesigned conceptgasfinalized,and complete
manufacturingdrawings createdidditionally, overall layout drawings andssembly dra
wings were createdds a result ofthe enbodiment desigphasethere wasdesignedwo

different alternativeonceptsconceptl and 4
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4.6.1 Detail design otonceptl

Conceptl was planned to be manufactured from the S355 structurabsfean aluminum
by machining Conceptl fishplate washallenging tobe manufacturd by machining be-
cause ofthe challenging shapes like bump&dditionally, machining was too expensive
method from the volume production point of vieMoreover duringthe machining process
the part requires multiple parbtationsand because of th#tte manufacturingaccuracy is
challenging Accuracy is challengingecausef every time wherthe part isrotated the ac-
curacy isreducedMoreover differentlocking positions and parbtationsincreassthe cost

of the part.

Manufacturing process that was chosen insteaminefchining wasan investment casting
with a ceramicmold casting These two casting methodan be combinefSwift & Booker
2013, p84). Additionally, instead ofninvestment casting with ceramicmold castingan

aluminum pressure die castiogn be used.

Casting procesthat was selected has benefitenpared to machining proceSwift &
Booker 2013, [84):
- Partshape can be complexd challenging tbe manufacturd by other methods
- Investment casting can be combined with ceramic mold casting and this allows
to cast complex parts withereduced cost becausgproduction rate isignificanty
higher withtheinvestment casting. It can be up to 1000 parts in.hour
- Quality and precision d surface detail is good

- Offers mssibility to tight toleranceas shown in figuré&8.

CERAMIC MOULD CASTING PROCESS
CAPABILITY CHART (ALL METALS)

13

KEY:

D Process does not normally operate within this region

o
L

Represents the normal working capability of the
process

TOLERANGE (4 mm)

Di ional cannot be achi

in
. capably and increase difficulty/cost substantially.
Consider another or secondary process

g

DIMENSION (mm)

Figure 58. Tolerance capability of ceramiaold casting Swift & Booker 2013, 85).
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Conceptl materialwas changed from S355 structural steel to alumiBENAW- 60606 T5.
The material was changed #naluminum because dffers similar mechanical properties
for the guide rail end deformation compareds®b5 ands significantly lighter compared
to S355steel

FEM simulationwas performedfor a final shape oftonceptl. FEM smulation was per-
formed by usinghe same attributethan inearlier simulations. Assembling forteatwas
required wag8600 N. Yield strength that was used was 200 MPaaagentmodulus 500
MPa. (Guglielmo 2020a According to results level of guide rail end deformation was
similar compared to S355 results shown in figu2ze Results can be found from the appen-
dix 5,1. Deformationof a guide railend whenan aluminum fishplate is pushed inside the

guide rail isshown infigure 59.

Figure 59. FEM simulation result$or guide rail end deformation by usiaguminum fish-

plate(Guglielmo 2020a)



According to smulation resultdhe S355fishplateandthe aluminumfishplatehada same
kind of effect tothe guide rail end deformation and because of tinesnaterial of the fish-
plate was changed to aluminuin figure 60 is showna final shape of the fishplate far
conceptl. lllustration of manufacturing drawing for solution 1 fishplaten be found from
appendix 0.

Figure 60. Final shape o&conceptl fishplate

Thereare8 pcs 0f0.35 mm high bumpen a surface ofa fishplate,four bumpson the top
andfour on the bottom surfacef the fishplateBumpson the fishplate surfacae contact
points betweeaguide rail andhefishplate.Connection is formed through yielding by using
friction and swaging of the fishplate bumpsthe side oftie fishplatehere isstoppers that
preventthefishplate going too deep insitleeguide rail duringheinstallation. In figure 61

is shownstoppers and bumger the conceptl fishplate

Figure 61. Conceptl fishplatestoppers and bumps.
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In figure61 number 1 represent bumgs thefishplate surface ambmber 2 represent stop-
pers in the side of the fishplatéishplate gle stoppers requires countergdd a guide rail
profile. Guide rail end needs to be modifiea thatthe cutouts are created to the guide rail
end.Cutouts that are created are used as a stopping point for the fishplate side dtoppers.
figure & is shownthe modified guide raiend Holes for an existing bolt joint are not any-
more needed and can be removids will give cost savings during the guide rail manufac-

turing process.

Figure 62. Final shape ofonceptl guide rail end.

During the installationa fishplate is placed insideguide raillike shown in figures3. The
fishplate is installed by hammering it inside the guide rail. After that next guide rail is pushed
top of the fishplateA hammer is needed because installation reqaifesce. Accordingto

FEM simulations shown in figure95the force that is requd during the installation is at
least3600 N

Figure 63. Conceptl fishplate installed insidine modified guide rail.
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Duringtheinstallation thdishplate andjuide rail will formaconnection betweesach other
like shown in figure 8. The mnnection is baseoh theguide rail and fishplatdeformation
through yielding by using friction and swaging.

Figure 64. Connection between fishplate agaide railin conceptl.

Final shape o& conceptl joint after the two guide rails argoinedis shown in figure 5.

Gray parts that are showmthe side of the guide rail in figur® @refishplateside stoppers

Figure 65. Final shapeof theconceptl joint betweerthefishplate andheguide rail
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4.6.2 Detail design otonceptd

Shape of theoncep was modified again after the embodiment design pliasas noticed
thatthe top parbf aspring steepartwhich is shown in figure @does not fitto top of the
guide rail surface and it will collide with the guide shoes. Basically, it does not fulfill the

requirement 2.from the requirements list. Requirement list can be found from appé&ndix

Figure 66. Concept4 top part

The problem ishiat there is a possibility that the red part of the spring steel part that is shown
in figure & starts to bend ovdime or the part starts tHatigue Material of a spring steel

part can weakehecause of the cyclic loadinghis can cause joint to open, ipartlosesa
compressionlmpact of compression loss is tlaé red part in figure®bend upwardsand
causegollision withacounterweight guide shoes. This is a safesty.

Part shapes from figuredand % was combined andased ortheresults from tabl® and

10 a5 mmmaterial thickness was chosétew shapef thepart isshown in figure .

o S R\

Figure 67. Concept locking spring part.
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In figure 67 is showna spring steel paifior conceptd before the part is installettea was

to form spring like propertiet® creates kN pretensiofiorce to a locking spring”retension

is created whethelocking spring is deforming during the installation from the shape that is
shown in figures7 to shaje that is shown in figuré8. Part was designed deform around

10 mm from the original shape to final shape after installation. This deformation needs

around5 kN force.

Figure 68. Conceptd spring steel part after installation.

Designed pring steel part includes three different mi@aturesThese éaturesareanover-

hang,alocking contact point and installation guides. Thiesgures are shown in figur&.6

Figure 69. Spring steel part features.

In figure 69 numberl is anoverhang featurdts main function is to create spring like pro
perties. In figure ® number 2 isalocking point for the locking spring. It is rounded so that

is slides easily over the guide rail bottom surface duaimigstallation. Idea of this feature
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is that duringthe installation when locking spring is deformitige rounded part will slide

undertheguide rail bottom surface and lock the part.

Feature nmber3 in figure @ is a part that guides locking spring througlguide rail anca
fishplate duringheinstallation. Function is based anangle of the part that opens the part
profile andhelps and guides durirtbeinstallation.Only top partof the locking springs in
contact with the guide rail top surface and rest of the part is inside the guidesrsilown

in figure 70. In figure 70is shown section view of theoncept 4oint.

Figure 70. Locking part andhenew fishplate insidéhe guide rail profile

Jointis created by using twlocking springpartsper joint In figure71is showrthecomplete

connection between twguide rails when alherequired partareinstalled.

Figure 71. Locking part andhe newfishplate insidehe guide rail profile forconcept 4.
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Concept 4equiresanew fishplate and modified guide rail. In figure Zis shownthenew
fishplate and modified guide ralt.is possible to use sarfishplatedesignthat is usedvith
the conceptl butit needs to be modifietb havea four rectangleholes forthe spring steel
part.Additionally, theguide rail needs to be modifiéalhavea rectangléoles for the spring
steel part and same kind of cutouts in the end of the guidesragedvith theconceptl.

Figure 72. New fishplate and modified guide rail fooncept 4

FEM simulation wagerformedto validate théunctionality of the partshown in figure68

with a5 mm material thickness. It was noticed that the stress lergtssuitable but the

level of deformationvasquite lowas seen in appendidIThis led toaconclusion that other
material thicknesssshould be tested withpart shape shown in figu8. Conclusion was
that5 mm material thicknedsada goodstress levelbut low deformationand because of
thatmaterial thicknesses mm and 3 mm should be tedt Spring steepart with the mate-
rial thicknesses of 5 mm, 4 mm and 3 mm was simulated by EEfbrmation was mea

sured from the surfaces show figure B.

Figure 73. Deformation measurement surfaces.
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Results from the FEMimulation are shown in tabld &nd in appendix 1L Part width that
was used was 14 mand it was chosen because it was maximudthatihat fits to the top

of theguide rail profile.

Table 1. FEM simulation results foconcept 4spring steel part

Deformed
' ~ | inthe part
Thickness of| Stressyon | Stressmax | Stressmaxi-
| Width of the _ o where
the material Mises principal mumshear )
part (mm) force is
(mm) (MPa) (MPa) (MPa) .
applied
(mm)
14 1663 1811 905 1.80
4 14 2454 26 1344 3.90
14 3923 4337 2165 1030

As canbesea from table 1 thatthespring steel part with5 mm material thickness had
suitablestress levels butdeformation level was too lavin addition resultsshow that same
conclusion can be made wig¥ mm material thicknes3he spring steel part witla 3 mm
material thickness hadsaitablelevel of deformation buthe stress levels were tagnifi-
cantfor thespring steeinaterial to withstan@ kN force Conclusionwvas that based @pace
limitation issue antheresults from table llthisconceptdoesnotwork, and itrequiresmore
research in the futur8asically,the material thicknessompared to deformation amnal the
stress levels were tdow or significantagainst to manufating tolerances adspring steel

part shown irfigures 67 and @.
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5 DISCUSSION OF PROPOSEDCONCEPTS

This chapterincludes analysis ofproposedconceptsfor hollow type guide rail joints.
Anaysesareperformedby comparing proposedonceptsagainstgiven limitations and re-
quirementsDuring thisthesis twoconceptsvere createdconcept 1 and.During chapter
4.6.2 it was noticed thathe concept 4deformation levels compared tioe stress levels that
the chosematerialand shape of the paran withstandvas not suitableBasically, thelevel

of deformation with the suitable stress level u@ser than manufacturing tolerances of
spring steel padnd because of thconcept 4equires more research in the future anubis

analyzed during this chapter.

Conceptl wasanalyzedand compareavith the limitations and requirements shown in the
requirementdist. List can be found from thappendixl. Someof thesectiors that are men-
tioned in the requirement ligtaschallengingto compare becausegrototype testing is still
to be done for theonceptl. Analysis is divided tdour differentsectionsaccording tahe
requirement listThe sectionsare nechanical propertiespace requirementsnstallation
processandmaterials of the guide rail and joir€@ostrelatedrequirements are confidential

and are not shown in this chapter.

5.1 Concept Imechanical properties
Requirements foconcept Imechanical properties wagven n the requirement lisThis

chapter is dividd to different sections according the requirements.

5.1.1 Requiremergfor strength androsssectional valuefor concept 1

The first requirement was thatjoint need to have at least equal strength wiitle guide
rail. This requirement was classified to be miiate featureRequirements fulfilled be-
causeof aguide railandafishplatematerialwasnot changedin addition,as it can be seen
from the appendix A that thesecond moment of are& andly and the moduis ofcross
sectional areaWy andW for the corncept 1 are higher compared &isting guide railand
fishplatevalues.This requirement ifulfilled becauseonceptl material is kept same than
in existing solution and crossection valueare higher thathe existingguide railand fish-

platehas
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The ®cond requirement was thiéie joint needsto have at least equal second moment of
area with the guide raiT'his requirement was classified to be mihstve featureThe second
moment of areslx andly for the existingHT60 guide rail and joinare shown in table2l
Additionally, in table 2 is shown values for theonceptl joint area and for theonceptl
joint areai 1 mm.Conceptl joint area 1 mm isacomparison value for thexistingbolt
area.Existing bolt area is area whettee bolts are locatedVioreover,conceptl fishplate
and existing fishplaterosssectionavalues are shown in tabl2.IComparison is performed
by comparing eachoncept 1 joint are@aluewith theexistingguide rail valuesResultsare
shownas apercentag®f existingguide rail valuesin addition, ame comparison is done
for fishplate véues.In appendixl2 is shown detailed drawings and values fonttentioned

joint and fishplateareas.

Table 2. Comparison of crossectional values for existing solution acmhceptl.

Type Ix (%) ly (%) Wx (%) Wy (%)
Existingguide rail 100 100 100 100
Existingfishplate 100 100 100 100
Existingbolt area 3824 404.3 461.8 404.7

Conceptl joint area 144.5 242.7 143.1 220.9
Conceptl joint area
241.2 296.6 230.6 270
1 mm
Conceptl fishplate
151.3 157.8 334.6 91.7
non-stopper area
Conceptl fishplate
160.9 266.1 321.5 131.2

stopperarea

As canbesea from table 2 thesecond moment of arebi andly and the modulus afross
sectional area\Wy andW, for theconceptl are highecompared t@xistingguide rail values

In addition,conceptl fishplatevalues are higher comparedexistingfishplatevalues.

Joint area betweethe two guide rails isa weakest link inajoint becauseexactly ketween
the two guide rails isonly aluminumfishplate Fishplats secondnmoment of aremareless

thanacombination of fishplate and guide rail h&sme situation iwith anexisting solution.
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Conceptl fishplate andnexisting fishplate for HT60 guide rail is manufactured fribra
same materiaStrength wise aluminum is vaker compared taguide railmaterial,but the
difference is not significarttecausehe guide rail materiaproperties are similawith alu-
minum (KONE internal document 2020)This requirements fulfilled becauseconceptl
values are higher thahe existingguide railand fishplatéhas In addition,guide rail and

fishplate materiahresame than in existing solution

5.1.2 Requirements for forcesveight andigidnessfor concept 1

The tird requirement was th#tejoint neelsto withstand forces that are affecting and must
fulfill therequirements fronthe standals EN81-20:2014 and EN850:2014.This require-

ment was classified to be musive feature.

Requirementérom thestandardEN81-20 (2014 p. 100) was:

- Maximum allowed éflectiontpermfor guide railavas10 mmin both directionghor-
izontal and vertical) This was valid for counterweight guide rails or balancing
weighs if the safety gears are not used.

- For guide rail fixings containing nemetallic elenents the failure of these elements

shall beconsideredor calculation of permissible deflections.

The third requirement is fulfilled becaus#f a guide rail orfishplate materialvas not
changednd because of matergtlrength valuetr conceptl, are same than e existing
solution Moreover, the crossectional values faronceptl are higher compared to existing

guide rail values as seen from tabk 1

In the chapteB.1 wasspecified forces and stresskat need to be consideredhé elevator
guide rails and joints aesignedin the chapter 5.1.it was stated thabniceptl had higher
crosssectional values compareddwistingguide rail valuesForces and stresses mentioned
in the chapteB.1 was notnecessary tbe calculatel becausef this. Conclusion ighat the
conceptl withstands more force compared to existing HT60 guidamdilased orthisthe
third requirement from the requirement list is fulfilled.
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The fourth requirementvas that ¢tal weight ofa guide rail andajoint must be unde25 kg
so thatthe conceptis hand installable bgne personThis requirement was classified to be
musthave featureThis requirement is fulfilledbecause according to appendx3la com-

binedweight forthe conceptl fishplate andaguide railis 16.48 kg

Additionally, theweight ofa joint should bdight as possibleThis requirement was classi-
fied to be niceo-have featureThis requirement can bsatedto be fulfilled becausef a
weight per meter fathe conceptl is undemnexisting weight per meter for the HT60 guide
rail and fishplate combinatioiexisting weight was3.25 kg andhe new weight per meter
was3.23 kg.

The fifth requirement was th#étejoint should beigid, and ro horizontal or ertical bending
areallowedin the joint areaAdditionally, guide rail movemenis notallowed at the joint
areg, i.e. theguide rail jointis not allowed to opeduring the use of elevatofhis require-

ment was classified to be musive feature.

Conceptl joint isdesigned to begid, butto validate thigrototype testings neededFor
example friction and tolerancebetweenconcept Ifishplate and guide rails inner surface
area criticalfactor. Friction must be sufficient engh to holdthe guide rail and fishplate
togetherIn addition,manufacturingolerances of concept 1 and guide rail is required to be

tight enoughto formalmost permanent joint.

Joint is not rigid enough ifolerancesetweenconcept 1 fishplate and guide raile too
loose Loose tolerancesan causgint to open.Tolerances are loosettie fishplatehas too
large minus side tolerang€eompared to guide rail tolerancés addition,guide rail end
deformation is tocsignificantif fishplate has too large plus side tolerances compared to
guide rails toleranceand it will destroythe guide rail profileby opening itlaterally and

vertically as shown in figure 43.

The sxth requirement was thalhe conceptshould be insida guide rail. This requirement
was classified to be nige-have featureRequirements fulfilled becauseonceptl is al-
most totallyinside the guide radnd only minor part of the concept 1 fishplate is outside the

guide railas can be sednom appendix10,3. Additionally, there wasa requirementhat
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hexagonheadbolt must be used screws or other than bolt fixing method is needédre-
over,requirementspecifiedthatthe use of bolts is natlowedin the installation siteThese
requiremets arefulfilled becausef conceptl does nousescrews, bolts or any other me

hanical fixing methosl

5.2 Space requirements the elevator shafor concept 1
Conceptl needso fulfill space requirements mentioned in the requiremenglikthe space
requirements and limitationsaneclassifiedto bemusthave feature The first requirement

was thathe conceptmust fit toexisting space in the elevatsnaft

In figure 7 is showndimensions fora conceptl joint area Conceptl is not totally inside
theguide rail andsome parts are outside the guide rail profillee conceptl requires only
3 mm space towardbe car and shafivall as shown in figure4. According to KONE in-

ternal docmentation (2020)his requirement is fulfilledbecausen the elevator shathere

is more thar8 mmfreespace towards the car and sheils.
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Figure 74. Conceptl parts that are outside the guide rail profile.

The ®cond space requirement was #wainstallation tool needs to fit tanexisting space
Conceptl is installed by hammeringfishplate insidehe guide rail andoulling the second
guide rail top of the fishplatéstallation happens from to top sioighe guide railFishplate
can be preassembl&dth the guide rail in the factory or before moving itinside an ele-
vator shaftRequirementor installation tool that needs to fit eamexisting spacés fulfilled
becauseonceptl fits to the existig spacd KONE internal documentation 2020)

The hird space related requirement was tih@guiderails needsto bepossible tdbein-

stalledfrom the top ofanelevaor car. Now the guide rails are installed from the top of the
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car. Conceptl follows the same method thaan existing solutionandthe guide rails are

installablefrom the top of thelevatorcarand ased on thighis requirement is fulfilled.

5.3 Installation ofconcept Iguide rail and joint
Therewasspecified requirementsr the installion processhatconceptl needs tdulfill .

These requirementgerementioned in theection 3 irarequirement list.

5.3.1 Self-aligning andight concept Joint

The frst requirementvas thatthe solution needs tbe selfaligning so thatthe guide rails

are alignedstraight away duringhe installation This requirement wadassified as a niee

to-have featurelnstallation test needs to be performed to validate this require@amtept

1 was promising from the sedligning point of viewaccording taa preliminaryfeedback

from the installation teamThe manufacturing tolerancearethe critical aspects because
flonce the GROs are stuck on the tsowdlbeperct i on
fectly aligned (Global Installation feedback for solutid2020). Moreover, if the selflign-
mentworks estimation is thaaninstallation time is savedecausehere is no need to file

the CWT joints anymoreln addition, removal of boltand nutsreducesnstallation time
Moreover, this fulfills requirement fdessinstallation timecompared texisting HT60 so-

lution.

One of the most important installation requirements wasathatv conceptshould be de-

signed so thathere is no notclor gapbetweenthe two guide railsand joint must béight

and seklfaligning This was mushave requiremeniThe manufacturing toleraes 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. Accberpdne-ng t
tration depth of the joint within the rail will be critical ensurdghatthereis never a space

left between the leading edges of eaclo@lobal Installation feedback for soluti@®20).

The fishplate and the guide rail enénedesigned so that there are cutouts in the side of the
guide rail anda counterpart for those cutouts in the side of the fishp@tgouts was used

to form a connectionbetween the guide rail and fishplate. Moreoweitouts are usefibr
stopping the podsility to install the fishplate too deep inside the guide radcording 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 ancCréstat.
factor for this requirement is manufacturing tolerances and a friction to engermanent

connection between fishplate and two guide rails.

In addition,there was a requirement thaint alignment is not allowed to move during an
installation. t was specified that the existing HT60 joiligament moves very easifuring

an installation if guide rails af®uched This was one of the nide-have requirements.
According to FEM simulations that was performed in the Chapter 4a6cnnection
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 fislaplate is locked to each other almost

permanently.

5.3.2 Installationprocessequirement$or concept 1

There was requirement to createnewconcepisothatthere is no need for filingnymore.
This requirement was nige-have feature and if the joiigt selfaligning and the connection
between the two guide rails is tight enough then this requirement is basically fufitted.
cording to manufacturing drawings shown in the appen@jxtere should not be a notch
or g between the two guide rails thaquires filing but to validate this the prototype parts

and installation test need to be performed.

One of therequiremerg was thathefishplate need# bepreinstalledin afactory oratan
installation siteThe requirement waslassified to be nicéo-havefeature Conceptl fish-
plate is possible tbe preasseinled with the guide rail in the factory oat the installation

siteandbased orhis therequirement is fulfilled.

Additionally, there wasa niceto-have requirement that installation tools needbeokept
same or to be removed completeBonceptl fishplate is installed inside to guide rail by
hammering Installation can be done by usiagistingtoolsand because dhis therequire-
ment isfulfilled. In addition,if the installation test gives green light for teelf-aligning
requirementit is possibleto removethefiles from the installation sitesompletely Moreo-
ver,installation can be automatized by develogmgexamplehydraulicmachine thagrips

on the guide rail angulls guide rails together and after that can be slide to next joint.
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Machine can usér examplea hydrauliccylinder with aribbon thattightensaroundthe

guide rail and pulls two guide rails together.

There was one additional musive requirement concernimgstallation.The equirement
was that no noise increase at the guide rail joint drieia requirement requiraesstallation
test andide comfort measuremestio validatea reatlife noiseanda vibrationlevelsfrom

the inside androm theoutside of the elevator cand shaft

5.4 Materialsof concept lguide railand joint

Materiak of the guide rail and joint was one of the sections thatmastionedn the re-
quirements listsThereweretwo requirementtghat was classified as mtisave feature The
first musthave requirement wasrequirement fom joint anda guide rail materibto havea

corrosion resistance or made froine material that doesot rust

Conceptl guide rait are manufactured frothe samematerial than HT60 guide railAd-
ditionally, conceptl guide rais follow samematerial specification thatme HT60 guide rail
andarezinc coatedFishplate materiabf concept 1is kept same than theexisting solution.
The fishplate is manufactured froam extruded aluminunanda corrosion is not a problem
with the aluminum fislplate. Corrosion resistance requirementtifierconceptl is fulfilled

by the material choiceln addition, the second musave requirement which specified that
theguide rails shall be made frotinedrawn steel, or the rubbing surfaces shall be machined

is fulfilled becauseonceptl usessame materialthantheexisting solution.

Therewerealso three nic¢o-have requiremenis the material requirement sectidfirst of
them was thathe weight per meter should be lighter thaith the original solution HT60
solution had amxisting weight per meter 3.3 kg/ms canbe see from the chapteb.1.2
thatthe conceptl weight per metewas 3.23 kgi. This requirement is fulfilledecause

conceptl weight per meter is lower compartdexisting weighper meter

Secondiceto-have requirement was thteconcepshould be possible to lksassembled

without breakingRequirements not fulfilled be@auseof conceptl joint is formedthrough



93

yielding by usinga friction anda swaging.The connection is designed to be almost perma-
nent andthe jointis not possible tdisassemble without breakimg at leastvithout plastic

deformations.

The hird niceto-haverequirement was thahe existing guide rail features need to be kept
same The guide rails featurecould be changed but iwasnot to best alternative awias
not recommendedn addition, t was specified thatnimpact onaroll forming tools should
be minimum anda guide rail nose anthe sliding surfaces should be kept untouchEde
solution 1 usesthe same guide rail profile thatie existing HT60 solutionThe guide rail
nose andliding surfaces was kept untouch@hly the giide rail end is modified with the
cutouts shown in appendi®,2. Additionally, holes forthebolts are removed his require-

ment is fulfilledbased on theopicsabove.

5.5 Testing needs for concept 1

Concept 1 requires protype testing to compare alifeallata to FEM simulation data to
validate the results. It was noted in the chagt@r2that he concept dequires more research
in the future Concept 4s redesigned in the future and after thavill be prototype tested
with the same kind of testing methods tltanceptl will be tested. Prototype testing was

not part of the scope of this thesis.

Prototypetests include for example tensile and installation tests. Installation test includes a
smallscale anc complete elevator installation testing. Sreadale testing is needed to see
how conceptl performs during the installation and it gives feedback for more advanced
testing like for example mentioned complete elevator installation tesicdg, the small

scale test defines that is it even sensible to perform more testioigcéptl does not work

in the smallscale testing.

The smalscale test can be done by using two short guide rail ends and a fishplate. Test is
performed by assenibhh one HT60 guide rail joint by usirgpnceptl. 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 ottreeptl 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 fmanceptl to see how solution will perform in the long

run elevator usandto validate durability of developed joint and the materikl&as men-

tioned during chapter.2.2that tere is no significarftuctuating loadgpresenthat can cause

fatigue failures but for safety reasons this needs to be tested. Fatigue can cause structural
damages te@onceptl fishplate and to guide rails. Structural damages can loosen the joint.
The fatigue test can be done by running the elev@t@nd down in an elevator shaft simu-

lating elevatorservice life Fatigue test requires a test shaft anddadlle elevator installa-

tion or apurposely madeester.

Additionally, quality of joint has significant impact on ride comfort and therefordste

be testedFor example, a noise and vibrations inside and outside the elevator car and shaft
needs to be measuramget information how elevator interacts with the surroundi8gs-
roundings includes spaces like for example offices and corridoesmience around the

elevator shaft.

5.6 Further developmerdf concept 1 and 4

Concepts 1 and 4 are conceptual level designseaquires further development in the future
to optimizedesign to be suitabfer volumeproduction In addition,FEM-results fo concept

1 and 4need to be validated byensile and functionalityests tosee howdesigns work in

reatlife and toreduce margin of error.

Design of concept 1 and 4 are et suitdle for production implementation. Fexample,
concept 1 requiresifther development and a research how it works in astalle elevator.
Points that neeflirther development inancept lare for example fishplate shafghape of
the concept 1 fishplate need to be optimized for a volume production to reduce production

costs.



95

Additionally, concept 4 requires further developmedbncept 4 shape ardimensioning
needs more research in the future. Current design shotle chapter 4.6.Bad problems
with the material thickness compared to a deformation and to stressthatalsre too low

or too significant Futureresearch topics are shape and dimensioning of spring steel part.
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6 CONCLUSIONS

Topic of this mast er é&bsltlesshomtstar fsollow tye guide nails | o p r
in elevator use. Thesis was divided into a theoreticabargnpirical part. The theoretical

part focused on how the elevator guide rails and joints should be designed and what kind of
solutions can be used tgtaceHT60 guide raibolt joint. The empirical part concentrated

on the development af conceptual solution that cegplace the existing methods of joining

the HT guide railsThe scope of the thesis was limited to only HT60 guide rail.

The objectiveof this thesis was to investigate and propose a conceptual solution that can
replace the existing methods of joining the HT guide rélke main target of the thesis was
to find alternative cosgeffective solutiorfor atraditionalbolt joint. This objectiveand target
wereachieved 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 joinhouldbe designed in Europe by following elevator stan
dards EN 8120 and EN 8350. According to standards thexeeforces that are affecting to

the guide rails and joints and must be considered when desitpang These forcesre
bending stress, buckling, combination of bending and compression/tension or buckling
stressesMoreover a flange bendingand deflectionsnustbe consideredeflections and
stressegverethe most important aspectsiteconsideedwhen dsigning the guide rails and
joints. Boliedjoint can be replaced by mechanical fasteremsdhesive bonding or kgn
expanding joint. Additionally, boltless joint can be formed by usitgynative joining met

hods likeatube end forminga swagingandinterlockingjoining metlodsthat are usetbr

examplein warehouse racking system

Two conceptual solutiongoncept 1 and weredesigned during this thess replace HT60

bolt joint. Theconceptual desigrisied to fulfill the abstraction that was performed during
thesystematigroduct design process. The abstraction eeasion resistanhand install-

able and strong enough to withstand required forces to fulfill requirements from- EN81
20:2014 and EN850:2014 while fitting given space.



97

Conceptl was to most promisingpnceptuasolution to replacabolt joint andto fulfill the
abstraction. In additiorgonceptl fulfilled almost all the requirements given. Some of the
requirements from the requiremédist thatwasshown in the appendik was not fulfilled.
For example,sections concerninfyinctionality of concept Jlarestill to be validated byns-
tallationtests.

According to preliminary resultheconceptl should fulfill installation requirenmgsgiven.

As a conclusiomf preliminary resultgheconceptl saves installation time because of bolts,
nuts and washers are remowellich causes cost savingpgcausenmaterial costs reduced.
Estimation is that quality of the joint is significantly higher compared to existing HT60
guide rail joint and the joins selfaligning. Additionally, if the quality of the joint is higher
than the existing solutionasthenanotch, and gas are removedrhis will removea need

of filing and it will save costs because the installation time is redudedeover conceptl
reduces the space requirements in the shatft.

Concept 1 answers toain target of the thesighich wasto find alternative cosgffective
solution for araditionalbolt joint. Estimation is thatdtal cost saving is coming froreduc-
tion of installationtime becausenanufacturing costof existing solution and concept 1 are
similar. Concept 1 requires furthegsearch andevelopment in the future, for@mple ten-
sile and functionality tests needs to be perfornide: 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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KONE Requirement list for HFguide rail without bolt joint 1.7.2020
Requirements
Nice-to-have has three different importance levels:
1. Important
2. Medium important
3. Less important
Must- Importance
have
. Requirements
Nice- 1 2.1 3
to-have
1. Mechanical properties for hollow type guide rail and joint
M 1.1. Joint to have at least equal strength with gude rail
1.2. Jont to have at least equal second moment of area with the guide rail
M - L for exusting HT60 guide rail 1s 100 %
- I, for exusting HTG0 guide rail 1s 100%
1.3.Joint needs to withstand forces that are affecting and must fulfill requirements
from EN81-20:2014 and EN81-50:2014.
M - Deflection dpam = 10 mm 1n both directions (horizontal and vertical) for
guide rails of counterweight or balancing weight without safety gears.
- For gude rail fixings contaming non-metallic elements the failure of these
elements shall be considered for calculation of permissible deflections.
1.4. Total weight of guide rail and joint < 25kg
1.5.Create solution that 1s hand installable by one person
- Exusting weight per meter 3.25 kg
M - Weight of 5000 mm gwmde rail 16 2 kg
- Weight of the 2500 mm guide rail 8.1 kg
- Weight of the existing fishplate 0.3 kg
1.6. Create solution that is rigid
- Joint needs to be rigid
M - No horizontal or vertical bending m the jomt area
- No gwde rail movement allowed at the joint are
o guide rail joint 1s not allowed to open
N 1.7. Weight of the joint solution to be light as possible 1
N 1.8. Create solution that is willingly inside the puide rail 2
1.9. Hexagon head must be used If screws or other than bolt fixing method 1s
M needed
- No use of belts allowed in the installation site
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1. Space requirements in the elevator shaft

M 2.1, Solution noust fit to shaft to the existing space

M 2.2, Installation teols needs to fit for existing space

M 2.3 Guide rails to be installed from the top of the car
) - Guide rails are installed from the top of the car

Installation process of the hollow tvpe guide rail and joint

3.1. Create solution that 15 self-ahzuing
- (hude rail alignment straight away durng mstallation
- Design to be self-alipning. example fishplate and suide rail to be self-
aligning or with the help of shape and tolerances

N

3.4 Fishplate to be possible to be preassembled in the factory or in the nstallation
sife

=]

N

3.3, Keep mstallation tools same or remove completely

- Counterweight guide rail alignment tool (KM716180G01)
N - Counterweight guide rail positioning tool (EMT16175G01) 1
- Hand file - N remove hand file
- 2xMI10 Spanners

N 3.6. Installation fime to be less than with existing solution

=]

3.7. Create joint solution that deesn’t move easily during installation
N - Alignment of the guide rails moves very easily so that there are not in the
alizn amymore if joint or guide rail is fouched durmg mstallation

M 3.2 Create solution so that there is no notch between two gude rails

3.9. Create joint that doesn’t need filing
N - Joint quality to be good so that no filing needed 1
- Mimmize notch and gap between two guide rails

M 3.10. No noise increase at the guide rails joint area
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4 Costs for hollow type guide rail and joint

4.1 Full chain business case must be positive
- Mo total cost increases
- Sclution can be more expensive if installation 15 cheaper
- Weight per meter cost is not allowed to increase or if increase then process
must be cheaper also from the supplier end

L]

Materials of the guide rail and joint

3.1. Weight per meter should be lighter than onginal soluticn

N - E=misting weight per meter 1s 3.3 kz/'m 3
3.2 Joint and guide rail material to have corrosion resistance or made from matenal
that doesn’t must
- Corrosion resistance according to IS0 12944-6:
M o €3 low: 120k for ISO 7253 (neutral salt spray)
2 C3 low: 43 h for ISO 6270-1 (water condensation)
N 3.3. Create solution that it can be disassembled without breaking 3
34 Eeep existing guide rail features
- Guide rails feature can be changed but it is not to best alterative and 1s not
recommended
- Min mmpact on roll forming tools
- Guide rail nose width 16 mm
- Guide rails sliding surface height 30 mm
N . 1
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M 3.3, The gumide rails shall be made from drawm steel, or the mbbing surfaces shall be

machined (ENE1-20:2014)
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FEM simulation results foconceptl with the different level interferences wittine guide

1mm interference 0,5m interference
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FEM simulation results fathe conceptl withthe 0.5 mm lateral and 0.5 mm vertigaer-
ferencewith theguide rail.
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FEM simulation results for theonceptl with the 0.5 mm lateral and 0.5 mm vertical inter-

ference withtheguide rail.Interference by sharp bumps in the surfacthe fishplate




