
 Eindhoven University of Technology

MASTER

A new layout for producing mounts for PAR38-lamps

Houben, M.

Award date:
2005

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/ca3e625f-5b60-48b6-aa09-86123ea5cc29


A new layout for producing 
mounts for PAR38-lamps 

DCT 2004.122 

M. Houben 
~476106 

Master thesis committee: 

Prof. dr. ir. M. Steinbuch, chairman 
Dr. ir. P.C.J.N. Rosielle, coach 
Dr. ir. R.M. van Druten 
Ing. H. Kessels (Philips) 

Weert, December 2004 



CONTENTS 
...................................................................... PREFACE AND ACKNOWLEDGEMENTS iii 

SUMMARY ............................................................................................................................. iv 

SAMENVATTING .................................................................................................................. v 

NOMENCLATURE ................................................................................................................ vi 

GENERAL INTRODUCTION .......................................................................................... 1 

............................................................................................................ 1 . 1 THE PAR3 8-LAMP 2 
1.2 COMPONENTS .................................................................................................................... 3 
1.3 PRODUCTION PROCESS ...................................................................................................... 4 

2 . THE MOUNT AND ITS PRODUCTION PROCESS ...................................................... 5 

2.1 THE MOUNT ....................................................................................................................... 5 
.................................................................................................................... 2.2 COMPONENTS 5 

2.3 PRODUCTION PROCESS ...................................................................................................... 6 
2.3.1 Connecting the lead wires to the glass bar ............................................................... 6 
2.3.2 Connecting the lead wires to the filament ................................................................ 7 
2.3.3 Connecting the support wires to the glass bar .......................................................... 7 
2.3.4 Connecting the support wires to the filament ........................................................... 7 

3 . ANALYSIS OF THE PRODUCTION PROCESS ............................................................ 8 

.................................................................................................................. 3.1 STEM-MAKTNG 8 
................................................................................................ 3.2 MOUNTING THE FILAMENT 9 

................................................................................... 3.3 STABBING IN THE SUPPORT WIRES 1 1  
3.4 CREATING PIGTAILS BY ROLLING THE SUPPORT WIRES .................................................... 1 2  
3.5 THE STEM-MAKING AND MOUNTING MACHINE ................................................................ 12 

..................................................................................... 3.6 CONCLUSIONS OF THE ANALYSIS 1 3  

4 . PROBLEM DEFINITION ................................................................................................ 14 

REQUIREMENTS OF THE NEW PRODUCTION PROCESS ............................................................. 14 

5 . THE NEW CONCEPT ..................................................................................................... 16 

5.1 S~M-PIIL~LYTNG ................................................................................................................ 16 
5.1.1 Reduction of heat .................................................................................................... 16 
5.1.2 Reduction of mass ................................................................................................... 17 

....................................................... 5.1.3 Deriving the new concept for producing stems 18 
5.2 MOUNTING THE FILAMENT .............................................................................................. 19 

5.2.1 Lead wire bending ................................................................................................... 19 
5.2.2 Presenting the filament ........................................................................................... 21 
5.2.3 Clamping the filament ............................................................................................. 21 
5.2.4 Stretching the filament ............................................................................................ 23 
5.2.5 Lengthening the filament ......................................................................................... 23 

5.3 ATTACHMENT OF THOE SUPPORT W ~ S  .......................................................................... 2 4  
5.4 CREATING PIGTAILS ........................................................................................................ 2 5  

5.4.1 Alternative rolling concepts .................................................................................... 25 
5.4.2 Forcing the pigtail .................................................................................................. 27 

5.5 PRODUCING MOUNTS IN A LADDER .................................................................................. 2 8  



6 . DEVELOPMENT O F  THE NEW CONCEPT ............................................................... 29 

................................................................................................ 6.1 PRODUCING THE LADDER 30 
.................................................................................................. 6.1.1 Supply of lead wire 30 

.................................................................... 6.1.2 Supply and softening of the glass bars 30 
..................................................................................... 6.1.3 Attachment of the glass bar 32 

............................................................................................ 6.1.4 Bending the lead wires 32 
6.1.5 Holding and indexing the ladder ............................................................................ 34 

6.2 MOUNTING THE FILAMENT ON THE LADDER .................................................................... 37 
6.2.1 Supply ofJilaments ................................................................................................. 37 
/ - - -  . P .. r, n o . L . L >upply and preparation OJ the extensions ............................................................... s cr 
6.2.3 Lengthening and welding the filaments .................................................................. 40 

6.3 MOUNTING THE PIGTAILS ................................................................................................ 43 
6.3.1 Inserting the support wire and creating the pigtail ................................................ 43 

.................................................................. 6.3.2 Supplying and presenting support wire 46 
.................................................................................................. 6.3.3 Softening the glass 46 

............................................................................ 6.4 PROCESSING ARC-SHAPED FILAMENTS 47 
.................................................................................................. 6.5 FINISHING THE MOUNTS 49 

CONCLUSIONS AND RECOMMENDATIONS ............................................................... 51 

.................................................................................................................. BIBLIOGRAPHY 55 

APPENDIX I TABLE O F  FILAMENTS ............................................................................ 56 

APPENDIX I1 DIFFERENT TYPES O F  MOUNTS ....................................................... 57 

APPENDIX I11 STEPS IN MOUNT PRODUCTION ........................................................ 58 

APPENDIX IV MACHINE ANALYSIS ............................................................................. 59 

APPENDIX V THE COSTS O F  THE MACHINES ........................................................... 61 

APPENDIX VI LOWERING THE GLASS BAR ............................................................... 63 

APPENDIX VII CLAMPING THE FILAMENT ............................................................... 66 

APPENDIX VIII INSERTING THE SUPPORT WIRE .................................................... 75 

APPENDIX IX PIGTAIL ALTERNATIVES ..................................................................... 80 

APPENDIX X STIFFNESS O F  THE LADDER ................................................................. 82 

APPENDIX XI USING V-BLOCKS .................................................................................... 84 

APPENDIX XI1 CREATING PIGTAILS ........................................................................... 86 

APPENDIX XI11 TEST RESULTS ...................................................................................... 89 



PREFACE AND ACKNOWLEDGEMENTS 

This report describes the design that is developed in my Master thesis project on Eindhoven 
University of Technology, faculty Mechanical Engineering, group Constructions and 
Mechanisms. This project has taken place at Philips Lighting Weert, from October 2003 until 
December 2004. 

First, I would like to thank Philips Lighting Weert for giving me the opportunity to conduct 
my Master thesis project, especially my supervisor ing. Harrie Kessels, who has given me 
exceptional freedom to work on this project wifhin fhe piantis Technoiogy Group, but was 
always available when guidance was needed. Further, I would like to thank my colleagues at 
the design office for their company, advice and attention. 

I am grateful to Prof.dr.ir. M. Steinbuch for giving me the possibility to finish my study at the 
division Dynamical Systems Design and to dr.ir. R.M. van Druten for taking place in the 
thesis committee. 

Special thanks go out to Eef Reker and my fellow students of the group Constructions and 
Mechanisms, whose comments and inspiring advises during every stage of my project helped 
me to develop my design to what it has become until now. Further, I would like to express my 
gratitude to dr.ir. Nick Rosielle, who has been my coach for the past two years, who has 
opened my eyes for the importance of the basic design principles, and who has taught me to 
think and act as a mechanical engineer. 

Finally, I would like to mention a few people who have done their contribution to my Master 
thesis project, each in their own specific way: Ir. B.A.C. van Rijt, MSc N.V. Vreeken, Dr. K. 
Houben and last but definitely not least, BBA M.A. Manders. 

November 2004, 

Martijn Houben 



SUMMARY 

At Philips Lighting Weert the robust flame sealed PAR38-lamps are produced, in which 
different types of filaments can be used. The suspension of the filament in the reflector is 
called a mount. It is made out of two lead wires, which are clamped to the filament and are 
connected to each other with a glass bar. In addition, several support wires can be stabbed into 
the glass bar and rolled around the filament, creating a pigtail. Because the filaments differ in 
geometry, many different types of mounts are produced. 

The performance of the production process of these mounts does not live up to the current 
requirements anymore, which is mainly caused by the high wear rate, the time, which is 
required to switch between the processing of different types of filaments, and the failure rate. 
The wear is mainly caused by the heating of the machines and the excessive mass of their 
moving parts. The conversions take much time because of the many small differences 
between the mounts and because unpredictable spring-back after lead wire processing, is able 
to influence accurate processes. In addition, conversions are currently done by fine-tuning 
instead of using fixed settings, which is time-consuming. Failure mainly occurs during the 
attachment and the rolling of the support wires. Therefore, there is a great interest in renewing 
the production process to allow the production of all types of mounts, with a large reduction 
of wear, conversion time, and failure, and a capacity to supply two production lines. 

This report proposes to produce mounts in a ladder, in which they are processed in pairs. This 
ladder will be made from two long lead wires, which will be connected by glass bars. The 
softening of the glass will take place in a heating trajectory to improve efficiency and to 
reduce wear. The support of the ladder can be realised simpler than the support of the many 
small components, whereby the mass of the moving parts of the machine will be effectively 
reduced. 

In addition, it is proposed to change the layout of the mount, whereby the different types of 
mounts will be more universal, so that fewer conversions are needed. By lengthening the 
filament with a strip of defined thickness, which can be welded to the lead wires, the 
clamping, the lead wire length, and the lead wire spacing will be equal for all types of mounts. 
Besides, in this way spring-back after processing the lead wires will not influence the quality 
of the mounting of the filament anymore, because the filament will be stretched before 
welding to the bent lead wires. Furthermore, the glass bar will be lowered, whereby the 
distance to the filament is increased, so that the temperature of the glass bar during operation 
of the lamp will be reduced and only one type of glass can be used to produce all types of 
mounts. 

To reduce failure, the support wires will be cut into the glass, making the attachment less 
dependent on the softening of the glass. Besides this, triangular pigtails will be created by 
bending the support wire twice. In this way, the pigtails are created with a minimal number of 
takeovers and a reduction of the required accuracy of the filament's position. 

By adapting the layout of the mounts for PAR38-lamps and designing a new machine, which 
is optimised to produce these mounts, a production of mounts will be realised, which can 
easily supply both production lines, with minimum conversion time, maintenance and failure. 

iv. 



SAMENVATTING 

Philips Lighting Weert produceert onder andere de robuuste PAR38-lampen, waarbij 
verschillende typen spiralen kunnen worden toegepast. Twee pooldraden, aan de spiraal 
geklemd en onderling verbonden met een glasstaafje, vormen de ophanging van de spiraal in 
de reflector, die "een stel" wordt genoemd. Daarnaast, kunnen aan het glasstaafje nog enkele 
steundraden worden bevestigd, die als oogjes om de spiraal worden gerold. Omdat de spiralen 
onderling verschillen in geometrie, worden er verschillende typen stellen geproduceerd om zo 
alle spiralen in hetzelfde type reflector te kunnen bevestigen. 

Het productieproces van deze stellen voidoet niet meer aan gesteide eisen, wat met name 
veroorzaakt wordt door de hoge slijtage van de machines, de duur van het omstellen naar de 
productie van andere typen stellen en de uitval in de productie. De slijtage van de machines 
wordt vooral veroorzaakt door de opwarming van machineonderdelen en de hoge massa van 
de bewegende delen van de machines. De lange omsteltijden worden met name veroorzaakt 
door de vele kleine verschillen tussen de stellen en doordat onvoorspelbare terugvering na het 
bewerken van de pooldraden enkele nauwkeurige bewerkingen be'invloedt. Daarnaast worden 
omstellingen momenteel gedaan door het afstellen van de machine, wat zeer tijdrovend is, in 
plaats van gebruik te maken van vaste maten en instellingen. Uitval komt vooral voor bij het 
bevestigen en het rollen van de steundraden. Hierdoor is het van belang het productieproces te 
vernieuwen, om zo alle typen stellen te h e n  produceren, met minder slijtage en uitval, 
minimale omsteltijden en een capaciteit hoog genoeg voor beide productielijnen. 

Dit verslag stelt voor de stellen paarsgewijs in een ladder te produceren. Deze ladder zal 
worden gemaakt van twee lange pooldraden die onderling zijn verbonden met glasstaafjes. 
Het venveken van het glas zal worden gedaan in een venvarmingstraject, wat efficienter is en 
minder slijtage veroorzaakt. De ondersteuning van de ladder kan simpeler dan de 
ondersteuning van de losse componenten van de stellen, waardoor de massa van de 
bewegende delen van de machine effectief kan worden verminderd. 

Verder wordt er voorgesteld universaliteit te brengen in het ontwerp van de verschillende 
stellen, zodat minder omstellingen nodig zullen zijn. Door de spiraal te verlengen met een 
strip van gedefinieerde dikte die aan de pooldraden kan worden gelast, zal het klemmen van 
de spiralen en de lengte en de uitbuiging van de pooldraden universeel worden. Bovendien zal 
op deze manier de terugvering na bewerkingen van de pooldraden geen invloed meer hebben 
op de kwaliteit van de montage van de spiraal, omdat deze zal worden opgerekt alvorens deze 
te lassen aan de reeds gebogen pooldraden. Daarnaast zal het glasstaafje in de stellen worden 
verlaagd, zodat de afstand tot de spiraal toeneemt, waardoor het glas tijdens het branden van 
de lamp minder wordt venvarmd en er nog maar S n  type glas nodig is. 

Om de uitval te verminderen, zullen de steundraden worden gesneden in het glasstaafje 
waardoor de bevestiging van de draad minder afhankelijk wordt van de venveking van het 
glas. De oogjes zullen worden gemaakt door de steundraad twee keer om te zetten, waardoor 
het overpakken van de draden en de spiraal wordt geminimaliseerd en minimale 
nauwkeurigheid van de positie van de spiraal is vereist. 

Door het stel van PAR38-lampen aan te passen en daarbij een nieuwe machine te ontwerpen 
die is geoptimaliseerd om deze stellen te produceren, zal een productie van stellen worden 
gerealiseerd die gemakkelijk beide productielijnen kan voorzien, met een minimum aan 
omsteltijd, onderhoud en uitval. 



NOMENCLATURE 

a distance [mm] 
b distance [mm], width [mm] 
c stiffness [ ~ l r n r n ~ ]  
d deflection [rnrn], diameter [mm] 
e maximum fibre distance [mm] 
h heat transfer coefficient [w/(m2 OK)], 

height [ m ]  
h, step size [rnm] 
k correction factor [-I, stiffness [Nlmm] 
m mass [kg] 
n number [-I 
q heat transfer [W] 
q" heat transfer [w/m2] 
r radius [mm] 
rb bending radius [mm] a 
t thickness [mrn] a b  

t, indexing time [s] at 

u displacement [mm] E 

uo positioning error [mm] 8 
v displacement [mm] P 
w width [mm] 0 

x degree of freedom, displacement [mm] 
x acceleration [mrn/s2] GY 

y degree of freedom, displacement [mm] z 
z degree of freedom, displacement [mm] cp 

area [mm2] 
arbitrary constant 
diameter [mm] 
Young's modulus, modulus of elasticity [N/mm2] 
force [N], geometric view factor [-I 
lifetime [h] 
moment of inertia for bending [m4] 
mass moment of inertia [kgm2] 
distance [mm], length [mm] 
pitch [mm], power [W] 
radius [mm], electrical resistance [R] 
temperature [OK] 
Voltage [V] 

angle [degrees] 
bent angle [degrees] 
angle of spring-back [degrees] 
emissivity [-I, strain [-I 
degree of freedom, rotation around z-axis 
density [kg/rnm3] 

2 0  4 constant of Stefan-Boltzman [W/(m K )I, 
stress [ ~ l m m ~ ]  
yield stress [N/mm2] 
shear stress [ ~ / m m ~ ]  
degree of freedom, rotation around x-axis 

y degree of freedom, rotation around y-axis 

ABBREVIATIONS 
AI. Si. Aluminosilicate 
BoSi. Borosilicate 
CFH Centre Flange Height 
HV High Volt (>200V) 
Kr Krypton 
LV Low Volt (1 00V-200V) 
LWS Lead Wire Spacing 
NV Nether Volt (4 0 0 9  
PAR Parabolic Aluminium Reflector 
PIR PAR Infi-a Red 

vi. 



GENERAL INTRODUCTION 

Philips Lighting is one of the world's largest manufacturers of lamps. She designs, develops, 
fabricates and sells a wide range of lighting solutions. At Philips Lighting Weert different 
types of lamps are produced, of which one is the robust flame sealed PAR38-lamp. 

All PAR38-lamps, over thirty different types, are produced using one kind of reflector cup. 
Various types of lenses can shape and colour the beam and several filaments allow production 
of lamps in a wide range of Voltage (12-240V) and power (60-250W). The filaments differ in 
geometry and the support needed. Because fhe filaments all have to fit into the same reflector, 
a mount is made, in which the fiiament is suspended and supported. The PAR38-lamp and an 
example of a mount are presented in figure 1. 

Figure 1: PAR38-lamp and mount 

Two production lines at Philips Lighting Weert produce these lamps. In each of the 
production lines the mounts are produced in stages, using two types of machines. The 
production process dates from the early 1980's and the performance does not live up to the 
current requirements anymore. Mainly the conversions required for switching between 
processing of different filament types consume much time. 

This report describes the analysis of the current mount and its production process. This 
analysis pinpoints the main causes of the unsatisfactory performance of the production 
process. Accordingly, a new concept for producing mounts is developed. This concept realises 
a safe production of all types of mounts, where a minimum of conversion time is needed and a 
double capacity is provided to feed both production lines. This is achieved by changing 50th 
the layout of the mount as well as the design of the machine. 



1. THE ROBUST FLAME SEALED PAR38-LAMP 

In this chapter, the robust flame sealed PAR3 8-lamp is discussed and a brief explanation of its 
components and its production process is given. 

1.1 THE PAR~~-LAMP 
In figure 1 . l ,  the robust flame sealed PAR38-lamp is presented. PAR stands for Parabolic 
Aluminium Reflector and 38 indicates the diameter of the lamp: 38xl18inches. It is a gas- 
filled lamp of which the lens is hermetically flame sealed on the reflector. The lamp is made 
of moulded glass with a thickness of approximately 3mm, which insures the high quality of its 
mechanical and thermal properties. Because of these good properties, the lamp is mostly used 
in high-end purposes, where ordinary blown-bulb reflector lamps have proven to be 
vulnerable. The main applications of the lamp are outdoor lighting, cattle breeding, industrial 
and commercial lighting as well as health care purposes. 

Figure 1. I :  The PAR38- lam^ 



1.2 COMPONENTS 
In the production process, the PAR38-lamp is assembled from the individual components, 
which are presented in the cross-section in figure 1.2. The characteristics of the lamp are 
determined by the various components, which can be used. As is mentioned in the general 
introduction, different types of lenses and filaments can be used. In addition, it is possible to 
use different types of caps or use burners (CDM or Halogen) instead of mounts with 
filaments. This report will focus on PAR38-lamps, where tungsten coiled coils are used as 
filaments. 

The base nf the PAR38-!a~p i the c q ,  a h  called the reflector. Its outer shape is the sadme 
for the various PAR38-Imps, and therefore all types can be produced on the same h e .  The 
inside has a parabolic shape on which aluminium vapour is deposited. In this way, the light 
generated by the filament is reflected as a parallel beam, of which the shape can be altered by 
the lens. In the bottom of the reflector, two small metal caps called the ferrules are attached to 
create the electrical connection between the filament inside and the cap outside of the 
reflector. Between the ferrules, an exhaust tube is attached, which enables to fill the lamp 
after the lens is attached to close the reflector. Inside the reflector, the mount, which contains 
the filament, is attached to the ferrules, after which the lens is flame sealed to the reflector to 
ensure a hermetic seal. After pumping the lamp, the cap is placed on the reflector and is 
connected to the ferrules by lead wires. 

Lens 

CupIReflector 

Gas-filling 

External Lead Wires 

cap 

Exhaust Tube 

Ferrule 

Mount 

Filament 

Figure 1.2: Components o f  the PAR38-lamp 



nter 1. The robustJune sealed PAR38-lamp 

1.3 PRODUCTION PROCESS 

First preheating machine 
Second preheating machine 
Ferruling machine 
Cooling transport 
Rerlectorizing machine 
Soldering mill 
Stem-making machine 
Mounting machine 
Placing of lenses 
Preheating machine 
Sealing machine 
Cooling transport 
Pumping machine 
Cooling tower 
Finishing line machine 
Packing machine 

In figure 1.3, the ground plan of a PAR38-lamp production line is presented. The cups are 
loaded on the first preheating machine. Together with the second preheating machine, this 
machine heats the cup to its annealing point. When sufficiently heated, the cup is transported 
to the ferruling machine where the bottom of the cup is locally heated in order to attach the 
ferrules and the exhaust tube. Because these components are attached by softening the glass of 
the cup and by pushing in the components, a hermetic seal is achieved. From the ferruling 
machine, the cup is transported back to the second and subsequently to the first preheating 
machine to control the cooling process. The cooling is continued on the cooling transport, 
which brings the cup to the reflectorizing machine on which aluminium is deposited on the 
inside of the cup to make it a reflector. On the soldering mill, the reflector and the mount 
come together and the mount is soldered into the ferrules. The assembly of the mount is 
performed on the stem-making and mounting machine. At this point, both the lens and 
reflector are heated and flame sealed together, again to create a hermetic seal. After cooling 
the lamp, its resistance against pressure is tested. Using the exhaust tube, the lamp is filled 
with the desired gas, after which the exhaust tube is pinched and sealed. After cooling in the 
cooling tower, the cap is placed, and electrically connected to the ferrules using the external 
lead wires, on the finishing line machine. At the end after testing the lamp, it is packed and 
boxed. 



2. THE MOUNT AND ITS PRODUCTION PROCESS 

This chapter will focus on the mount, its variables and its production process. The different 
types of mounts will be discussed and their specifications are explained. 

2.1 THE MOUNT 
The main function of the mount is to position the filament in the reflector as well as to 
provide an electrical connection to the cap. The filament must be positioned in the focus point 
of the reflector, so that a parallel beam is generated, which can be shaped by the lens. 
Altogether 26 different filaments can be used and therefore 26 different mounts are produced. 
In Appendix I, a complete overview of all filaments is given. In principle the filament is 
mounted in a straight line, however, long filaments are mounted in an arc-shaped 
construction. 

2.2 COMPONENTS 
In figure 2.1 a schematic representation 
of the basic shape of the mount is 
given. The base of the mount is the 
glass bar, which functions as an 
electrically isolati~g bridge between 
the two nickel-manganese lead wires. 
The lead wires are damped to the 
tungsten filament and thus form its 
suspension. In the middle of the glass 
bar, molybdenum support wires are 
attached, which are rolled around the 
filament and are needed to suppress the Finure 2.1: Mount 

- - 

sag of the filament. 
The shape of the mount depends on the type of filament. As is mentioned, filaments can be 
mounted in a straight line or in an arc-shaped construction. In addition, the lead wire spacing 
can vary as well as the number of support wires and the geometry of the clamped joint 
between the lead wires and the filament. In principle, all mounts are made out of the same 
components, only a few types use longer lead wires andlor a different type of glass. In figure 
2.2, a few examples of different mounts are presented and in Appendix 11, an overview of the 
main types of mounts is given. 

Figure 2.2: Different tvpes o f  mounts - .  

Every type of mount has three important fixed dimensions, which are given in figure 2.1. The 
"Centre Flange Height" (CFH) indicates the total height of the mount and determines the 
height of the filament in the mount. The height of the centreline of the glass bar is a fixed 
dimension as well. Together they currently determine the position of the filament within the 
reflector, because the glass bar is used as reference for the mount in the soldering mill. All 



mounts have to be soldered into the same type of reflector meaning that also the lead wire 
spacing (LWS) below the glass bar must be fixed for the mount to fit in the ferrules. 
One exception to these fixed dimensions occurs in mounts that have arc-shaped filaments. For 
these mounts, the centreline of the glass bar lies 2mrn higher. To place their filaments in the 
focus point of the reflector, conversions have to be done on the soldering mill. 

2.3 PRODUCTION PROCESS 
Each production line has two machines that produce the mounts, which are the stem-making 
and the mounting machine. The stem-making machine is a twelve-headed mill, while the 
mo-tinting is a tii;eiity-headed mill. To prodiice the moiiiit, all vai-ioiis coixpoiieiits 
must be connected. The processes required to make these connections are diszwsed in the 
following sections. A complete overview of all steps in the production process of the mounts 
is given in Appendix 111. 

2.3.1 Connecting the lead wires to the glass bar 
The stem-making machine attaches the lead wires to the glass bar. The product, which is 
created in this wav is called the stem and is illustrated in fimre 2.3. 

Figure 2.3: The Stem 
The stem is made by softening the ends of the glass bar using flames, after which the lead 
wires are pushed in. In advance, local heating oxidises the lead wires to make a better 
connection between the glass and the metal. However, a true (chemical) glass-metal 
connection is not produced, but rather a clamping connection. To ensure this connection, the 
softened ends of the glass bar are pinched around the lead wires, after the wires are pushed in. 
Important for this last action is that the glass is not pinched completely around the lead wires, 
because the difference in thermal expansion between the metal and the glass can cause the 
glass to break. When the glass surrounds the lead wires the difference in the thermal 
expansion will cause failure. The stems produced by the stem-making machine are finally 
transported to the mounting machine, where the filament and, if necessary, support wires are 
mounted. 



tev 2. The r n o w h z d  its production lnrocess 

2.3.2 Connecting the lead wires to the-filament 
The filament is mounted to the lead wires by creating a clamped joint between ends of the 
lead wires and the ends of the filament. To allow the use of filaments with different length, 
the lead wires can be bent before the clamped joint is realised. During the attachment, the lead 
wire spacing is 2mm smaller than its final value. Later on in the production process, the lead 
wires will be spread to their final value, which causes the filament to stretch and hang in a 
straight line. The ends of the lead wires are flattened before they are clamped to the filament, 
so that the clamped joint will be well defined, with low contact resistance. Before the filament 
is actually mounted, the flattened ends are bent into a hook. Subsequently, the ends of the 
filament are placed in these hooked ends, which can now be pinched to create the clamped 
joint. The ends s f  the filament are singly coiled, mainly because clamping a coiled coil would 
introduce too large deformations of the filament. 

2.3.3 Connecting the support wires to the glass bar 
Connecting the support wires to the glass bar is done by softening a spot on the glass bar and 
stabbing in a heated and oxidised end of the support wire. The support wire is stabbed in 
approximately lmm, being supplied from a reel. The support wires are cut to the right length 
directly after they are attached to the glass bar. 

2.3.4 Connecting the support wires to the- filament 
To support the filament the support wires need to be connected to the filament. On the 
mounting machine, the filament will be put into a mandrel around which the support wire is 
rolled. At this point, the support wires are called pigtails. In a later position on the machine, 
the support wires are shaped to optimally support the filament. 



ter 3. Analysis of the production p r o c a  

3. ANALYSIS OF THE PRODUCTION PROCESS 

In this chapter, the production process of the mount is analysed and the main problems of both 
machines are pinpointed. This is done by evaluating the different production stages, which are 
described in chapter 2. 

3.1 STEM-MAKING 
As stated in section 2.3.1, the ends of the glass bar are softened by the use of fire. On the 
stem-making machine, seven of the twelve positions are equipped with burners. Each of these 
positions has four burners SO that both ends of the glass bar can be heated by two burners. In 
figure 3.1, schematic views of a holder on the stem-making machine are presented. In these 
schematic drawings, only the main contours of the holder are shown, and the parts of the stem 
are drawn in solid black. The arrows indicate the direction in which the burners and the holder 
can move. 

1. Burners 
2. Glass bar holder 
3. Holder plate 
4. Lead wire 
5. Glass bar 
6. Attachment point 

to machine 

M o v e m e n t  o t  h o l d e r  p l a t e s  

Figure 3.1: Partial views o f  the stemholder 

The glass bar is positioned with its centreline in radial direction of the mill. The burners are 
attached to the machine bench, fiom which they can move towards the glass bar. In this way, 
they can heat the ends of the glass bar at both the front and back when looked upon in the 
direction of the transport. This way of heating is copied fiom the stem-makmg machine for 
mounts of GLS-lamps (lamps for General Lighting Solutions) and has two disadvantages; (i) 
the heating becomes a time-consuming process, (ii) the holders are heated as well. The first 
disadvantage is caused by the fact that after the index the burners have to approach the stem 
and have to be pulled back before the start of the next index, remaining only approximately 
50% of the step time to heat the glass bar. This inefficient heating is disadvantageous because 
it leads to the need of more positions on the machine to soften the glass. Therefore, it will lead 
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to larger machines with higher mass, more moving parts and hence more wear. The second 
disadvantage has two causes. The first is because the glass bars are relatively small whereby 
the holders are close to the heating region. The second cause is that there are several 
components to be held, which brings more holders to the heating region. The heating of stem 
holders is a known cause of wear. On the stem-making machine of the PAR-mounts, these 
two disadvantages are larger than on the stem-making machine for GLS-mounts. This is 
caused by the fact that on the stem-making machine, parts of the holder plates are located on a 
larger radius than the glass bar to hold a lead wire. This affects both disadvantages in a 
negative way. The heating will be less efficient because the burners must travel a larger 
distance when qproaching the glass bar or being pulled backi leaving less time to heat the 
glass. The heating cf the holders will increase because they tire being directly exposed to fire 
when the burners pass the part that lies in their path fiom and to the glass bar. 
To push the lead wires into the glass bar, the holder plates are actuated. Their movement can 
be seen in the detail in figure 3.1. Because the holders are required to perform such actions, 
the wear of the holders on the stem-making machine for PAR-mounts can sooner lead to 
failure. Besides the heating of the holders, wear is also caused by the contact with the lead 
wires and glass bar. When the holder plates are actuated, slip will occur between the wires 
and the plates. This will cause wear on the holder plates, so that they cannot properly hold and 
push the wires anymore. 
To be able to produce a different type of mount, the stem-making machine can be converted. 
Conversions in the stem-making process can be made to process a different type of glass 
andlor longer lead wires. To process a different type of glass, the settings of the burners on 
several positions must be altered. The stops on the twelve holders have to be switched to 
process longer lead wires. 

3.2 MOUNTING THE FILAMENT 
The mounting of the filament actually determines the quality of the mount and therefore the 
performance of the lamp is largely dependent on this process. Deviations in the mounting of 
the filament will lead to a spread in the quality of the lamps and therefore especially the 
mounting must be performed with high accuracy. The quality of mounting is mostly 
determined by three factors; (i) the quality of the clamped joint, (ii) the length of the mounted 
filament, and (iii) the strain of the stretched filament. 

(i) Clamping the filament with the ends of the lead wires is a 
precise process. On the one hand it is required to clamp hard so 
that the filament is firmly attached with low contact resistance, 
on the other hand failure will occur due to high deformations of 
the filament when it is over clamped. This contradictory 
requirement has led to low tolerances on the flattening and the 
pinching. The flattening of a round wire is a difficult process 
because of the high friction. Therefore, this process causes a lot 
of wear on the machine, the low tolerances are hard to reach, and 
failure can easily occur. Accurate pinching of the clamped joint is 
also difficult because of the spring-back that occurs, which is 
unpredictable. To reduce failure due to these processes, the 
flattened and bent ends of the lead wires are heated before 
pinching. This heating is used to soften the lead wire material and 
to avoid spring-back. However, it also causes extra wear due to 
extra heat on the machine and extra moving parts. To ensure the 
quality of the clamped joint, the thickness of the clamped joint is ~ i ~ u r e  3.2: Clampedjoint 



given for each group of filaments, mainly depending on the power, for which they are 
designed. Figure 3.2 presents a detail of the flattened and folded end of a lead wire in the case 
of a filament for which is given that the thickness of the clamped joint should be 1.17mm. In 
the figure, the dimensions and their tolerances are given. It directly shows that the tolerance 
on the flattened ends is higher than the tolerance on the thickness of the clamped joint, 
respectively *0.05mm and k0.03mm. This is strange because the tolerance of the flattened 
end comes twice in the thickness of the clamped joint. When looked at the situation given in 
the figure it can be seen that the spacing in the clamped joint can vary with *0.13mm, which 
is the tolerance on the thickness of the clamped joint added with twice the tolerance on the 
flattened ends. This leads to another strange relation: which is that the tolerance can exceed 
the spslcing in the c!ampe$ joint, so that it can become negative. This occurs with several 
groups of filaments, as can be seen in Appendix I. 
In Appendix I, it can also be seen that the nominal spacing is not even large enough for two 
wires lying on top of each other. This means that when pinched, the filaments could be 
completely flattened and then pushed into the lead wire material. This is not real, because any 
filament will fail when such high deformations are introduced. Currently nine different 
clamped joint thicknesses are required to mount all filaments. As been stated, the 
specifications only speak of dimensions instead of clamping forces, to verifl the clamped 
joints. Although this leads to the problems stated in the forgoing, the products made with 
these requirements all reach their lifetime. It is probable that this occurs due to the heating of 
the lead wire, which makes it so soft that the filament is imbedded in the material. 

(ii) The length of the mounted filament is determined by the quality of the filzment, the lead 
wire spacing and the shape in which it is presented. The mounted length of the filament 
influences the temperature and therefore the lifetime of the filament in operation. For this 
reason the bending of the lead wires and the presenting of the filament must be done 
accurately. However, the lead wire spacing is dependent on the spring-back that occurs after 
bending. This causes an unpredictable 
spread in the lead wire spacing, which Pinch e 
makes it hard to reach the required Pressu re  pin 
tolerances. The bending of the lead ie a d  
wire is currently done as is K a l l  b e r  
schematically represented in figure 3.3. w i r 
The lead wire is clamped in the pincer 
and pushed by the pin against the 
kaliber. This way, the bending is not 

I 

Figure 3.3: Lead wire bending unit 
defined and therefore it is inaccurate. 
The filament itself is presented by two coil feed arms, which hold the filament with vacuum. 
The shape in which the filament is presented and mounted influences the lifetime not only 
because of the length of the filament, but also because curvatures in the filament introduce 
hotspots where the windings of the filament approach each other. 

(iii) Stretching the filament will cause an increase of the distance between the windings of the 
filament and therefore a decrease in temperature. Again, the temperature influences the 
lifetime of the filament and therefore accuracy in the strain that is applied is essential. 
However, the strain is applied by spreading the lead wires, and therefore spring-back will 
spoil the accuracy of this process as well. 
In the above, it is explained that mounting the filament requires high accuracy, and it is 
discussed that this accuracy is often hard to reach because of the spring-back that occurs. 
These two aspects not only cause failure on the machine, but also have a larger 



disadvantageous influence on the conversions on the mounting machine. Because the process 
of mounting the filament is highly dependent on the geometry of the filament and high 
accuracy is needed for a good quality of mounting, many different settings can be made 
during conversions, such as the initial and final lead wire spacing, the thickness of the 
clamped joint, and the stroke of the coil feed arms. Most of these settings must make 
allowance for the unpredictable spring-back of the lead wires and therefore demand many 
adjustments for fine-tuning, which costs much time. 

By mounting the filament, the height of the filament in the mount is determined. However, it 
does not have an accurate reference to ensure accurate positioning of the filament in the focus 
poht of the reflector. This is caused by the fact that the height of fhe filament is not defined 
on drawings. On the soldering mill, the centreline of the glass bar is used to define the 
position of the filament. Therefore, only this dimension is given on drawings together with the 
total length of the mount. The height of the filament in the mount is determined by the stroke 
of the coil feed arms, which is manually adjusted to position the filament. Besides this, the 
height of the glass bar is not defined on the machines. The lead wires find a stop on the stem- 
making machine after which the glass bar is attached. However, in the mounting machine, the 
other ends of the lead wires are used to position the stem in the holder and the ends that are 
positioned by the stop are processed. In other words, the height of the glass bar is dependent 
on the accuracy of the length of the lead wires. Meaning that the height of the filament in the 
reflector is also dependent on the length of the lead wires, together with the manually adjusted 
stroke of the coil feed arms 

3.3 STABBING IN THE SUPPORT WIRES 
The principle of the attachment of the support wire is that the glass should be softened when 
presented to the inserting element, which holds a hollow needle where the support wire comes 
out. This element will stab the oxidised wire into the softened glass. Before pulling back the 
hollow needle, the inserting element will wait to allow the glass to solidify. Because the wire 
will now be attached to the glass bar, it will be pulled out of the needle when the needle is 
pulled back, and the wire can be cut to the right length. In figure 3.4 a cross-section of the 
situation is given. The attachment of the support wire largely depends on the softening and 
solidifying process of the glass bar. Failure will occur due to glass bars that are not softened 
enough so that the support wire will buckle, or glass bars that are too soft and the support wire 
will be pulled out when the needle is L e a d  w l re  
pulled back. The most important 
cause of wear at the position where 
the support wires are attached is the 
hard molybdenum support wire, that 
has a diameter of 0.17mm. At this - - 

position, the support wire is pulled 
out of the hollow needle, which / 

wears because the wire cuts through Figure 3.4: Attachment of  the support wire 

it. 
Conversions on this process need to be done when a different type of glass is used and a 
different number of support wires is required. These conversions are done by altering the 
bum-er settings and enabling or disabling the desired inserting elenents. 



3.4 CREATING PIGTAILS BY ROLLING THE SUPPORT WIRES 
Rolling the support wires around the filament is a very complex process, which causes much 
failure as well as wear. In figure 3.5 a part of a rolling element is presented, in which the 
mount is hanging up side down. Failure is \ - -  - 

mainly caused by the many takeovers during this 
process. First, the filament has to be caught and 
placed into the mandrel, and then the support 
wire has to be caught by the hammer and placed 
on top of the mandrel. When this has succeeded, 

leaf spring pushes the wire zgainst the L+ 

bedplate of the rolling element, so th2t the roller 
can grab the support wire and push it around the 
mandrel, creating a pigtail. Because the mandrel 
also functions as the axis for the roller, any part 
of the filament that sticks out of the surface of 
the mandrel will be destroyed by the roller. 
Finally, a hook pushes the pigtail off the 
mandrel and the filament is taken out. When any 
of these takeovers do not succeed, the process Figwe 3.5: Rolling element 
will fail, making this a vulnerable process. 
The wear that occlkrs on this process is again caused by the sharp molybdenum support wire. 
Especially because the support wire is taken over many times, it causes much wear on the 
element. Wear also occurs due to the many moving parts of the rolling element. 
Conversion of this process is needed when a different number of pigtails is required. This 
conversion is done by replacing or removing a complete block of rolling elements. 

3.5 THE STEM-MAKING AND MOUNTING MACHINE 
In this section will be focussed on the machines on which the mounts are produced. In figure 
3.6, the stem-making machine and mounting machine are presented. Clearly recognisable are 
the burners, which surround the holders on the stem-making machine. 
First, will be focussed on the mass that has to be displaced on both machines, secondly the 
conversions on the machines are discussed. 

As is stated in section 3.1, the holder plates have to be displaced to push the lead wires into 
the glass bar. This means that the sternholders must perform actions, which make them 
complex parts of the machine, which have high mass. Because the holders have high mass, 
the mill that caries these holders has to be stiff. This is done in such a way that the mass of the 
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mill is high as well. Together, the mill and the holders have a mass of approximately 80kg. 
When indexed, the reduced mass that has to be displaced by the indexing cam is about 11 5kg 
(that is 3.49kgrn2 at 0.174m). In comparison to the mass of the components of the stem 
present in the machine (lead wire=0.22g glass bar=0.77g), this is approximately 9000 times 
larger, neglecting the mass of the moving burners and other processing units. The holders on 
the mounting machine are much simpler and therefore have less mass. Nevertheless, the mill 
of the mounting machine still has a mass of approximately 54kg and when indexed, the 
reduced mass that has to be displaced by the indexing cam is about 96kg (5.27kgm2 at 
0.234m), approximately 2400 times the mass of the components that is displaced (assuming 
20 times 2.0g). Not surprisingly, much wear occurs due to the displacement of these high 
masses. The calculations of these masses are presented in Appendix TV. 
The biggest problem of the mounting machine is that none of the conversions that can be done 
to mount the 26 different filaments are designed to use fixed settings. At least at 10 places 
conversion goes together with analogously adjusting a parameter (see Appendix 111), for 
example using a bolt as a stop or a slot hole to allow fine-tuning. This means that conversion 
takes much time and a lot of material to test whether adjustments were done properly, which 
can be regarded as failure. The most complex conversion, which has to be done takes at least 
half an hour. 
Because the stem-making machme and the mounting machine have a capacity of about 10% 
higher than the rest of the production line, a small stock can be produced to fill gaps in the 
mount production caused by standstill of the machines due to conversion or maintenance. 
However, this stock is not always large enough, so that standstill of the production line 
occurs, which has high costs. An estimation of the costs generated by the stem-making and 
mounting machine is given in Appendix V. 

3.6 CONCLUSIONS OF THE ANALYSIS 
From the analysis of the production process of the mounts, which is described in this chapter 
can be concluded that improvements are needed. These improvements must reduce wear, 
failure, and most importantly the conversion time. 
The main causes of wear are fire, high mass, flattening round wires and handling of 
molybdenum wire. Failure can occur at several steps in the production process. The most 
important causes of failure have been pinpointed. First, the accurate mounting of the filament 
is dependent on the flattening of round wire and spring-back causing processes. Secondly, the 
attachment of the support wire is dependent on the softening process of the glass. Finally, 
many takeovers are required to create the pigtail. Long conversion time is mostly caused by 
the many small differences between the different types of mounts and the lack of using fixed 
settings. 
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4. PROBLEM DEFINITION 

In the previous chapter, the production of mounts for PAR38-lamps has been analysed and the 
disadvantages of the current production process have been given. It is obvious that the 
standstill of the production line due to the stem-making and mounting machine is 
unacceptable (see Appendix V). Especially since the production batches tend to decrease in 
size, conversions are performed more often, which will cause even more standstill. Besides 
that, the machines have wear and failure causing aspects, which produce unnecessary high 
costs. -- I'hese disadvantages make it suitable to rethink the current production process of mounts. 
Therefore, a new concept of producing mounts will be presented in the next part of this report. 
This new concept will contain a new design for both the machines as well as the mount itself. 

No conversion time 
The new concept must be able to produce all types of mounts. The time needed for conversion 
to the production of any type of mount must be a fraction of the time needed for conversion of 
the current machines. In any case, it should never result in standstill of the production lines. 
By making the layout of the mounts more universal, conversions can be reduced. In addition, 
the remaining conversions can be based on fixed settings, whereby the conversion time can be 
drastically lowered. 

Reduction of wear and failure 
The wear and failure that occur during production with the new concept must be a fraction of 
the current situation. Reduction of wear can be realised by avoiding heating of the machine, 
minimising handling of molybdenum wire, avoiding flattening of round wire and reducing the 
mass of the moving parts of the machine. Reduction of failure can be reached by minimising 
the dependence on the accuracy of the flattening and spring-back causing processes as well as 
the softening process of the glass. In addition, the number of takeovers in creating the pigtails 
should be reduced. 

Fit for use 
Although the layout of the mounts produced in the new concept may differ from the layout of 
the current mounts, they must be fit for use. This implies that it should be possible to solder 
the mounts into the ferrules and place the filament in the focus point of the reflector. 
Moreover, the mount should satis@ requirements like efficiency, lifetime and beam shape. 

High capacity 
The new concept will have to produce about 4200 mounts per hour, to supply both production 
lines with mounts. The high capacity will assist in avoiding standstill in the production lines 
because of the larger stock, which can be produced. When this capacity is reached by one 
machine, it can ultimately save one operator in the production lines. 
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Offline 
It is desired that in the future the production of mounts will take place offline. Therefore, the 
new concept must be able to produce the mounts offline. 

In the next chapter, the new concept of producing mounts will be presented based on the 
analysis of chapter 3. Again, the different stages of producing the mount will be discussed and 
alternatives will be offered to reduce the analysed problems. 



5. THE NEW CONCEPT 

In the previous chapters, the key points for the new concept are generated. In this chapter, the 
new concept is presented, again discussed in the forgoing divisions: stem-making, mounting 
the filament, attaching support wires and creating pigtails. 

5.1 STEM-MAKING 
Heat and mass reduction are the most important issues for improvement of the production of 
stems. These issues are discussed separately in the following sections. 

5.1.1 Reduction o f  heat 
The machine wears because it is heated by the burners, which soften the ends of the glass bar. 
In this section, alternatives are offered to reduce the wear due to the heating of the machine. 
There are five possibilities offered to reduce this type of wear on the machine. 
- Continuous heating 

When heating is performed continuously, less fire is needed to soften the glass and 
therefore less wear will occur on the machine. In addition, it will be easier to isolate the 
fire from the rest of the machine. 

- Reduction of glass 
An alternative layout of the stem can be imagined, where the glass bar is reduced to a 
small drop that connects two lead wires, which cross each other. This small amount of 
glass will require less heating than the current glass bar. 

- Reduction of aluminosilicate glass 
For several lamps, aluminosilicate glass bars are used instead of borosilicate glass bars, 
because of the high temperatures their filaments reach in operation. To soften these glass 
bars, higher temperatures must be reached. This means that the holders are also heated 
more, which increases the wear. 
Heating of the glass bar during the operation of the lamp is mostly caused by radiation 
directly from the filament. Therefore, the heating is dependent on the distance between 
the filament and the glass bar. When this distance is increased, the heating of the glass 
will thus decrease, whereby the need for aluminosilicate glass will no longer exist. 

- Alternative connection between the lead wires and the glass bar 
When the lead wires are either twisted around the glass bar, or clamped in the glass bar, 
softening of the glass will be unnecessary. Another way of connecting the lead wires to 
the glass bar is to weld them onto metal caps pressed over the ends of the glass bar. 

- Alternative material 
When an alternative material is used to which the lead wires can be attached 
mechanically, heating will be unnecessary. 

These alternatives have been considered and another material, which is resistant to evenly 
high temperatures, stays electrically isolating and is commercially attractive, was not found. 
The layouts that were found, which could reduce the amount of glass, were not considered 
feasible because of the complexity they would add to the production process. An alternative 
connection would be possible but a true mechanical connection between the metal and the 
glass, which can resist the high temperatures is not possible. However, a combination would 
be a possibility, where for example the lead wires are welded to metal caps pressed over the 
glass bar. The big disadvantage of these concepts would be that they introduce an extra 
component to the mount. The alternatives of continuous heating and the reduction of 
aluminosilicate glass are also still applicable. A definitive choice between these remaining 
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alternatives will be made in section 5.1.3, depending on the proposed alternatives for the 
reduction of mass. 

5.1.2 Reduction of mass 
The main causes of the high mass of the moving parts of the stem-making machine are 
summed below. 

Complex holders 
The high mass of the moving parts on the stem-making machine is mainly caused by the 
oversized mill, which is designed this way because of the complex stemholders, as has 
been stated in chapter 3 (also see Appendix IV). Holders that are more complex have 
higher mass and will require higher stiffness of the mill, which has led to a high mass of 
the mill as well. 
Small components 
The fact that the stem is assembled out of small components, which each needs its own 
reference, requires holders that are more complex. Therefore, this contributes to the high 
mass of the moving parts of the machine. 
Holders that are required to perform actions 
Because the holders have to be able to push the lead wires into the glass bar, they are 
even more complex. 
Many steps 
Because the inefficient heating sf the glass bar takes much time, many steps are needed 
on the machine to soften the glass.   his causes the machine to have many holders, and 
therefore it contributes to the excessive mass of the moving parts on the machine. 

A possibility to effectively reduce the mass of the moving parts of the machine is to reduce 
number of holders as well as their complexity. This can be done by making the stem out of 
larger components, which require less reference. Two alternatives are derived f?om this idea. 
The first consists out of making the stems in a ladder, using long lead wires, which are 
connected to each other with glass bars at a fixed pitch as if they were rungs. Stems could be 

with lower costs than the 
current stems and the ultimate 0 
layout can be shaped as desired. 

cut out of the ladder after production. 
The second alternative is to implement the lead wires in a stamping product. This stamping 
product can be a band, which contains many stems and can have reference holes for easy 
holding and indexing. The lead wires in the stamping product can already be bent and hooked. 
Flattening the wires will become unnecessary, because the wire is stamped out of the band 
and therefore already is a flat strip. An example of such a product is given in figure 5.1. Many 
options as stops for the glass bar are possible, as well as using two small baads with only lead 
wires instead of one wide band ril, 

Disadvantages are that this is 
more difficult in handling than 
the second alternative and that 
processing of the lead wires is Fizure 5.1 : Possible lavout o f  stampinn product 

with both lead wires for each - 

stem in the stamping product. 7- 

Both alternatives have their Folding hne 

advantages and disadvantages. Base rna t e r~a l  

The first alternative has the \ Connec t~ve  s t r ~ p  

advantages that it can be made Aid f o r  g lass  c o n n e c t ~ o n  



still needed. The advantages of the second alternative are that the lead wires hardly need any 
processing or holding and that indexing is easy. The disadvantages are that the product will be 
more expensive than the current stem, since different lead wire spacing requires a different 
layout of the product and that much scrap is produced. 
The first alternative is chosen for the following reasons. Building a ladder out of the lead 
wires will already be a major improvement in the reduction of the mass of the moving parts 
on the machine. It is believed that the stamping product can enlarge these improvements but 
this enlargement does not justify the costs that go together with the stamping product. These 
costs do not only imply financial costs but also the costs of being more dependent on other 
companies when the goal is to create a concept, which will improve the flexibility of the 
production. 

5.1.3 Derivinn the new concept" for producin stems 
Producing the stems in a ladder makes it possible to use small and simple holders on the new 
stem-making machine. Since the use of small components is decreased to reduce the mass of 
the moving parts, it is not desirable to add new small components like metal caps to the stem 
to reduce fire. Especially, when these metal caps only realise a small reduction of fire, its 
implementation does not satisfy the requirements as stated in chapter 4. Therefore, it is chosen 
to heat the glass bars continuously and make the connection as is done currently. This 
continuous heating will be done by creating a heating trajectory in which the fire is isolated 
from the machine. In this way, less fire is needed and the fire that is used does not heat any 
tender parts of the machine. A schematic layout of this concept to make stems is presented in 
figure 5.2. 

Figure 5.2: Schematic representation o f  rnakinp stems in a ladder 



To reduce fire, the reduction of I 

alurninosilicate glass can also be 
implemented by lowering the glass bar in 
the layout of the mount. As can be seen in 
figure 5.3, enough space is left between 
the reflector and the glass bar, especially 
for the mounts that have the height of the 
centreline of the glass bar at 23.5mrn, 
which occurs with five out of the six types 
of mounts that use aluminosilicate glass. 
By lowering the glass bar, the heating by 
radiation will decline with 20% and 
therefore this glass is not needed anymore. 
Appendix VI presents the calculations, 
which were done to confirm this effect. 

I I 
Figure 5.3: Stem in cup 

Should the stem-making machine be able to process two types of glass, the conversion that 
would be required could be done easily by adapting the heating trajectory. Processing longer 
lead wires will require a more drastic conversion, which is the increase of the step size of the 
ladder that is produced. Although this conversion is possible to realise, it affects all processes 
that are done on the ladder, such as cutting the stems out of the ladder and storing the stems. 
Such a drastic conversion is undesirable, therefore in the next section will be focussed on why 
different lengths of lead wires are used and if this can be avoided. 

5.2 MOUNTING THE FILAMENT 
The mounting of the filament is divided into four stages, namely bending the lead wires, 
presenting the filament, clamping the filament and spreading the lead wires. In this section, 
these processes are further discussed and alternatives for these processes are given. Finally, 
the alternatives that will be implemented in the new concept are derived. Excessive mass also 
causes wear on the mounting machine, in the previous section the mass of the moving parts is 
reduced by producing stems in a ladder. This ladder makes the stems easy to hold and index, 
qualities that are useful for mounting as well. Therefore, it would be ideal if the ladder could 
stay intact as long as possible. 

5.2.1 Lead wire bending 
In section 3.2, it is stzted that bending the lead wires causes spring-back, which amongst 
others causes difficulties during the conversions. The easiest way of reducing conversion time 
is to create universality among the mounts so that conversions become needless. The 
conversions, which refer to the 
bending of the lead wires are not 
only the conversions for different 
lead wire spacing but also the 
conversions for different lead wire 
length. The conversions for 
different lead wire spacing are 
discussed first. As can be seen in 
Appendix I and 11, the lead wire 
spacing can have six different 
values, which is caused by the 

Figure 5.4: Universal bending o f  the lead wires 
different lengths of the filament. 



The easiest way to reduce this is to create universality in the lengths of the filaments. Since it 
cannot be realised in this research to alter filaments, the only way to reach this, is to lengthen 
the filaments to one standard length, so that the lead wire spacing also can have one value. 
Another alternative could be that the bent lead wires will have a "L-shape" on which clamped 
filaments of different lengths could be mounted. In figure 5.4, these alternatives are presented. 
The conversions regarding the different lengths of lead wires can be reduced by focussing on 
the reason for the use of different lengths. The mounts can differ in the lead wire spacing at 
the height of the filament to implement filaments of different length. With the height of the 
filament and the lead wire spacing below the glass bar being a fixed dimension, larger lead 
wire spacing at the height of the filament requires longer lead wires. The current lead wire 
spacing can have six different values, however only two different lengths are used to produce 
these mounts. This is possible because the ends of the lead wires are flattened and folded to 
clamp the filament. When mounts are produced with small lead wire spacing, the ends that are 
flattened and folded are longer. When the lead wire spacing is 33mm, the flattened ends 
would get too short when the 42mm lead wires are used and the clamping of the filament 
would fail. Therefore, in these mounts the lead wires are 45mm. 
In Appendix I1 the layout of the mounts with 33mm lead wire spacing is drawn. It can be seen 
that the bending of the lead wires is done in a "S-shape". This is done because the lead wires 
have to be perpendicular to the filament to realise a constant filament length that is clamped 
between the lead wires independent of its height. However, the geometry of this S-shape is 
not optimised for reduction of lead wire length. When it is started directly above the glass and 
ends directly under the clamping zone, lmm could be gained. Lowering the glass bar as is 
proposed in Appendix VI can result in another 1.5mm gain, so that lead wires of 43.5mm 
could be used for all mounts. The disadvantage of using longer lead wires is that more lead 
wire material is used, which introduces higher costs of the mount. 
The influence of the spring-back is that the lead wire spacing is not constant. This influences 
the length of the mounted filament. The length of the filament is proportional to its resistance 
[Exalto, 19631, which influences the temperature. The lifetime of the filament depends largely 
upon its temperature, because it is determined by the evaporation of the tungsten. The relation 
between the temperature and the lifetime is given in the following equation. 

This means that a temperature increase of 1% leads to a decrease of lifetime by 30%. The 
tolerance on the lead wire spacing, the shape of the mounting and the quality of the filament 
cause a variation in lifetime of *lo%. The variation of the lead wire spacing only introduces 
this small variation in lifetime, because the ends of the filament, which are clamped are singly 
coiled. This shows that the quality of the mounting influences the lifetime of the filament, 
which is now dependent on the spring-back. Though spring-back in wires is hard to predict, it 
can be approximated by looking at the formula for spring-back in plates [Kals, 19961. 

at Angle s f  spring-back 
o, Yield-stress 
E Young's modulus 
i-b Bending radius 
t Plate thickness 
ab Bent angle 
It can be seen that spring-back depends on the yield-stress of the material, however the yield- 
stress cannot be assumed constant, because it depends on many properties and the processing 
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of the material. Therefore, the spring-back is unpredictable. This means that the spring-back 
can also lead to a lead wire spacing that does not fall within the tolerances, which will lead to 
a variation of lifetime, which is even larger than %lo%. It would be ideal if the lifetime of the 
filaments would be no longer dependent on spring-back in the lead wires. It can be seen that 
the spring-back is dependent on the bending radius and therefore it can be reduced by 
lowering this. In figure 3.3, it can be seen that in the current setup of the bending process no 
bending radius in defined, whereby the wire will bend over the largest radius possible and 
much spring-back occurs. Therefore, spring-back can be reduced when the bending is done by 
presenting two small radii and force the lead wire to follow them. However, the spring-back 
sti!! occ::rs. By qpbyifig the I~yOiits, i;v'hieh zre greseated in frgie  5.4, the spdng-back thai 
occurs will not influence the mounted length of the filament. This way it is dependent on the 
accuracy of the lengthening of the filament. Nevertheless, the big disadvantage of these 
concepis is that it requires an extra component. 
When looked at the possibilities to bend the lead wires while the ladder is still intact, it can 
only be done when the stems in the ladder are produced in pairs in which the stems are 
orientated mirrored as can be seen in figure 5.5. The disadvantage of such a layout is that the 
axial stiffness of the ladder decreases and the pitch will alter depending on the lead wire 
spacing. 

/ 

Fiaure 5.5: Lead wire bending in the ladder 

Because the layout of the bends also influences the other processes, they will be discussed 
first before deriving the layout for the new concept. 

5.2.2 Presentiq the- filament 
As is stated in the previous section, the presenting of the filament also influences the quality 
of the mounting. The coil feeder currently sorts the filaments, using vibrations to send them 
through a valve. After this, the filament is guided to the coil feed drum out of which it is taken 
by the coil feed arms, which present them to the hooked lead wires. The two arms cannot 
ensure the presentation of the filament in a straight line. Ideally, the filament would be lying 
in a block with a "V-shaped" slot that supports the filament over its total length so that it is 
always presented lying in a straight h e .  Eying in this "V-block" will also define the position 
of the centreline of the filament so that remurzte positiming af the f;,!tmer,t is possible. 
In the next section, the clamping of the filament is discussed and it is considered 
implementing this way of presenting. 

5.2.3 Clamping the filament 
In section 3.2, it is stated that the tolerances, used in the clamping process, are strangely 
related. Besides that, six of the different clamped joint thicknesses lay in between 1.13mrn 
and 1.32rnm, this means that the difference between two settings is 0.04mm in average. When 
this is compared with the tolerances on the thickness of the flattened wires (%0.05mm), it is 



believed that when a clamped joint is made with material of defined thickness, the number of 
settings can be reduced, and so fewer conversions are needed. Another advantage of clamping 
this way is that the wear causing flattening is avoided. Concepts that can realise such a 
clamped joint can consist out of lead wires made of strip material, or filaments that are 
lengthened by a strip. These strips can be of lower thickness than the flattened wire, so that 
high accuracy on their thickness can be easily realised. 

Because heat on the machine has to be avoided, this will be implemented in this process as 
well. By removing the heating of the lead wires from this process, the filament cannot be 
pushed intn the lead wire ?~?ateTi^al anymore and spring-back will 0cc-m after pinching. This 
means that the current thickness of the clamped joint cannot be used as a criterion for the 
clamped joint anymore. Therefore, a new criterion is formulated to indicate whether a 
c!mqed joii~t suffices. This criterion is based on a c!ampir,g f~rce ,  v~EicE, ensues a geed 
attachment of the filament, which will not fail before the filament will. When this force is 
delivered by the deformation of the strip, when it is folded around the end of the filament, a 
universal clamped joint is designed, which is applicable for all filaments, see Appendix VII. 
The spring-back that occurs after pinchmg must be reduced. In section 5.2.1, it is explained 
that spring-back depends on the ratio between the plate thickness and the bending radius. It is 
expected that the bending radius will decrease proportionally to the decrease of the plate 
thickness, and therefore the spring-back will not alter because of the lower plate thickness. 
When the layout of the clamped joint is not altered, the removal of the fire will lead to 
clamped joints that depend on the uncertain yield-stress, which will certainly cause failure. 
Therefore, a new layout of the clamped joint is necessary. A secure way to avoid spring-back 
is to mechanically lock the clamped joint. By creating a mechanical restriction of the spring- 
back of the clamping strip, spring-back cannot lead to failure of the clamped joint. A possible 
way to realise this is to have a long strip, which is used to clamp the filament and after 
pinching, sealing the clamped joint by welding. 
An alternative can be thought of where no F ~ l a m e n t  

bending is needed to create the clamped joint. C l  
For example, when the lead wire is made out of 
a strip, the filament can be clamped to it by E 
using another strip to form a sandwich. When \ I 
both strips are welded to each other, a clamped ( . 9 
joint is formed, which is independent of spring- 
back. The concept of lengthening the filament Finure 5.6: New layout clampedioint 

with an extension strip creates the possibility to fold the strip around itself so that it forms a 
restriction for spring-back. Figure 5.6 presents a schematic representation of such a clamped 
joint. 

Mounting the filament on the ladder is possible with some of the mentioned concepts. 
Creating a sandwich construction or iengthering the filament makes it possible to rmount the 
filament without having to cut out the stems. When these alternatives are compared, they both 
have the advantages of making a ciamped joint without the use of flattening and fire and 
being able to mount the filament on the ladder. Disadvantageous to the first alternative is that 
it requires an extra component. In addition, the use of a strip as lead wire will bring 
difficulties in bending the lead wires, attaching the glass bar, and the stiffness of the mount 
will be reduced. The second alternative also has the disadvantage of adding an extra 
component. Nevertheless, it makes it possible to clamp the filament when it is presented lying 
in a V-block. The length of this block can now be used as a reference for the length of the 
filament that is mounted by the extension strips. 



5.2.4 Stretching the filament 
The final lead wire spacing is reached when the lead wires are spread at the end of the 
production process. By spreading the lead wires, the filament will stretch so that it will hang 
in a straight line. This process also influences the lifetime of the filament as is stated in 
section 3.2. Again spring-back will lead to a variation of the strain, which is caused by 
stretching the filament. The relation of the strain to the temperature is given in the following 
equation. 

&I ( T I  
The lead wire spacing has a tolerance of &0.2mm, which leads to a temperature variation of 
k0.07%, which gives a variation of lifetime of k2.5%. The variation due to the 
mpredistabi!ity of the, spring-hack will be higher. Altogether, it has been shown that the 
lifetime of the filament is influenced by the quality of the mounting. The spreads that are 
mentioned, are calculated assuming that the processes are done within their tolerances. A 
larger spread is probable, because of the spring-back in the lead wires after bending and 
spreading. To avoid having spring-back cause a spread in strain of the filament, it is proposed 
to bend the lead wires immediately to their final lead wire spacing and then mount a stretched 
filament. This way, the strain of the filament is independent of the spring-back. However, it is 
difficult to stretch the filament before mounting. The alternatives presented in figure 5.4 make 
stretching before mounting easier and prevent spring-back from influencing the quality of 
mounting. 

5.2.5 Lengthening the-filament 
In the previous sections, the lengthening of the filament is often mentioned as an alternative 
to improve the mounting of the filament. The only real disadvantage that is mentioned is that 
it requires adding an extra component. The advantages that are mentioned in the forgoing 
sections are now summed to see if they justify the use of an extra component. 
- It is possible to produce all the mounts with one lead wire spacing. 

- 

- Mounts can be produced with only one lead wire length. 
- The length of the mounted filament is independent of spring-back. 
- The filament can be presented in a V-block, which can also function as a reference for the 

length of the filament that has to be mounted. 
- The flattening of a round wire will become unnecessary. 
- The universal clamped joint as is presented in Appendix VII can be applied. 
- There is no fire needed to mount the filament. 
- The stretching of the filament can be done independent of spring-back. 
- All processes of mounting the filament can be done with the ladder intact. 
The disadvantages of adding an extra component are that the costs of the mount increase and 
that the handling of this component requires extra moving parts, which will cause extra wear 
on the machine. Because the handling of the extension strip can be minimised by supplying 
ibis s i ~ p  from a red the ~ i i i r ~  costs tire compensated by the large !is: of advaiitages, it is 
justified to add an extra component. Therefore, it is chosen to mount the filament by - 

clamping its ends with an extension strip, while lying in a V-block, which ensures a well- 
defined length that is mounted. This lengthened filament will be stretched and then welded to 
the lead wires. Figure 5.7 presents a part of the ladder containing two different lengthened 
and mounted filaments. By lengthening the filament the lead wires will not have to be folded 
anymore, therefore lead wires of approximately 42.5mrn can be used to produce all mounts, 
based on the dimensions given in figure 5.7. 



Figure - 5.7: MountedjZaments 

5.3 ATTACHMENT OF THE SUPPORT WIRES 
Now it is proposed to mount the filament with the ladder intact, it would be ideal when the 
attachment of the support wires could be done with the ladder intact as well. In sections 3.3 
and 3.4, it is stated that wear and failure occurs due tot the many takeovers of the support 
wire. Therefore, it is suggested to attach and roll the support wire in the same step. Since 
these processes take place at different ends of the wire, they can be discussed separately, as 
long as it is kept in mind that they do not disturb each other. 

The main problems with the attachment of the support wires are that failure occurs due to the 
large dependence on the state of softening of the glass bar and that wear occurs because the 
wire can cut through its holder. When looked at the support wire in the mount, and keeping in 
mind that the rolling has to be done in the same step, it is more useful to approach with the 
support wire parallel to the lead wires instead of perpendicular as in the current setup. 
Avoiding the failure mechanisms, it is required that the inserting elements can bring the wire 
into the glass, overpowering the resistance caused by glass that is less softened. Besides that, 
it is also important that the inserting element can be pulled back, without loading the support 
wire and pulling it out when the glass is still soft. This has led to the idea that the wire should 
not be stabbed into the glass but cut into its surface. This means that during the insertion a 
movement will be made in the direction of the length support wire so that its resistance of 
getting into the glass can be easily overpowered. When clamps hold the support wire, they can 
easily release it to allow them to pull back, this will also lead to the desired reduction of wear, 
since the wire does not cut into its holder. This way of inserting the support wire will also 
cause a reduction of fire, although r l  ri 
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loads during the insertion is given. 
Figure 5.8 presents a sketch of this 

Figure 5.8: Cuttinz the support wire into the zlass bar 
new concept. 
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5.4 CREATING PIGTAILS 
When the support wire is attached, it needs to be rolled around the filament. Again, wear and 
failure must be reduced. The concepts of creating the pigtail are originated by the thought of 
reduction of takeovers and reducing moving parts around the filament. Since the filament is 
stretched before it was mounted, the filament cannot have as much deformation as in the 
current setup. Therefore, the concepts will create a pigtail without handling the filament. 
Because the support wire is cut into the glass bar, it is presented lying on top of a mandrel in 
which the filament is lying as can be seen in figure 5.9. From this setup, a pigtail has to be 
created. 

r ~ - - -  L - -  

5.4.1 Alternative rolling concepts 
Many different concepts are developed creating a pigtail with a reduction of wear and failure. 
In Appendix IX a complete overview of rolling mechanisms is given. In this section, only 
those concepts, which can create the pigtail with the ladder intact are mentioned. 
- Pulling the wire around the mandrel 
- Rolling the wire around the mandrel 
- Knotting the wire around the mandrel 
- Forcing the wire in a pigtail without using a mandrel 

The first concept is derived from the current roller unit, except instead of having a roller, 
which pushes the wire around the mandrel, the wire is pulled around it by a small hook as 
presented in figure 5.10. This hook forces the wire around the mandrel while pushing it off at 
the same time, replacing the hammer, leaf spring, hook and roller of the current unit (see 
figure 3.5). The advantages of this concept 
are that it only requires catching the 
filament after indexing and catching the 
support wire during its attachment without 
any fbrther takeovers. The disadvantages 
are that although the number of 
components is reduced the wear due to the 
wire still occurs and that there are still 
moving parts around the filament. 
The second concept is based on a miniature cam roller, which is attached to a scaling- 
mechanism. This roller prescribes a circle around the mandrel dictated by a crank, while 
--TI:-- 41-- ,..--- 2 -,,..-A 4t. -,,A,,l TT7L,, 
1u11111g CIIG ~ U _ V ~ U I L  W I ~ F ;  aluuuu ~112 uauula. V v  1 1 ~ 1 1  the movemel?t of the ci"~lllC is scded down, 
the roller is driven with high stiffness, high accuracy and low play. In this concept, it is 
assumed that the support wire is bent around the mandrel during the attachment. This way, the 
roller is not required to roll completely around the mandrel, see figure 5.1 1. This model can 
be altered by replacing the crank with a four bar mechanism to prescribe a curve around the 
mandrel, which also has a displacement along the centreline of the mandrel to avoid collision 
with the fixed end of the support wire. The advantages of this concept are that wear will be 
minimised. This is realised, because the rolling element is actually rolling instead of dragging 
the wire and the mandrel is not fbnctioning as an axis, which makes it easier to put the 



filament in it. Besides that, it makes it even 
possible to let the mandrel exist out of two 
halves, which surround the filament to 
completely protect it. The main disadvantage is 
that it is a rather complex mechanism especially 
when the four bar mechanism is added. 

Concept three is based on the thought that to 
create a pigtail, it is enough when the wire gets 
zmmd ths madre1 2 ~ d  is drawn tight. Tn this 
case slip between the wire and the rolling 
element will be minimised and therefore wear 
will be reduced. A g ~ a  the ~'~ipport wire is 
presented bent around the mandrel, but now the 
end is clamped onto a four bar mechanism, 
which will knot it around the mandrel. In figure 
5.12, a schematic representation is given. The 
advantage of this concept is that the filament 
cannot be damaged by this mechanism and it 
will allow the mandrel to be inaccurately placed. 
A disadvantage of this concept is that it is never 
possible to drive it with the crank of the four bar 
mechanism without demanding an oscillating 
movement of this crank. Because this has to be 
done in a short time, an extra external drive is 
proposed, which makes the concept more 
complex. Also the clamp is a disadvantage, 
when it has to be operated it also makes the 
concept more complex, when it is force-closed 
and the wire will be pressed in and pulled out it 
will wear. 

1 
Figure 5.11: Rolling concept 2 

1 \ '  I /  Body a t tached  t o  

Figure 5.12: Rollinn concept 3 
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The previous concepts were all based on a mandrel, which surrounds the filament, partially or 
completely, around which the pigtail is created. The last concept is based on the idea of 
forcing the wire around the filament without the use of a mandrel. Based on this concept, 
many alternatives can be found. In this section, two possibilities will be discussed. The first 
possibility is to introduce a local deformation in the wire and continuously repeating this 
deformation towards the end of the wire. This can be done for example by a set of three 
rollers of which the middle roller offers a bending radius to the wire and the other two force 
the wire around it. When this mechanism is displaced towards the end of the support wire, 
fii,nz!!y tr? release it, the wire will ~1111 up itself around the filament and a pigtail is created. In 
figure 5.13, a schematic representation is 

/ 
given. 

u 
Finure 5.14: Triangular pigtail. 

The second possibility is based on the idea that to function, the shape of the pigtail is 
irrelevant, as long as it surrounds the filament. Considering this, a concept of creating a pigtail 
has arisen, which is based on creating a triangular pigtail by locally deforming the support 
wire twice, as can be seen in figure 5.14. 
The advantages of these concepts are that they are simple and have low failure rates. These 
low failure rates are accomplished due to the minimization of takeovers and the low 
requirements on the position of the filament. The disadvantage of these concepts is that 
forcing the pigtail to be two-dimensional is hard to control. By this is meant that it is wanted 
that after rolling, the end of the pigtail will lie against the fixed end of the support wire, to 
minimise the short circuit it forms with the filament. 

5.4.2 Forcing the pigtail 
The forcing of the pigtails is preferred above the other concepts, because it has the most 
reduction of failure and wear. The reduction of failure is realised by reducing takeovers and 
moving parts around the filament and demanding no accuracy on the position of the filament. 
The wear is reduced because of the simplicity of the concept. The handling of molybdenum 
wire can be minimised or done in such a way that it will not cause wear or only on easily 
replaceable parts. 



5.5 PRODUCING MOUNTS IN A LADDER 
The previous sections have presented the new concept for producing mounts. For all stages in 
the production process a new concept is given. In this section they will be summed and 
analysed to what extend the problems as stated in the problem definition are solved. 

No conversion time 
The new concept has increased the universality of the mounts. The current layout has seven 
variables (besides de type of filament) out of which sixteen different mounts can be produced. 
The new concept only has three variables, the lead wire length, glass type, clamped joint 
+t.; ,,,,bm1b9s -I-.-. ~ q d  the h&g,+, of the centreline =f &.?,e glass bar h2xvre ber,ome ~ ~ ~ x ~ e r s ~ ~ ? ! .  The 
conversions required mounting and stretching filaments of different length have bec~rne 
settings of the machine and therefore independent of spring-back. This means that all critical 
conversions are done at one point reducing the time to convert. 'v'v'hen ihe V-block is used as a 
reference for the length of the filament, conversion will only require changing the V-blocks. 
The number of pigtails and the shape of the filament will still require conversions on the 
machine. In chapter 6, it will be explained that these can be easily realised and therefore do 
not take much time. Conversions that are done to the coil feeder will remain. 

Reduction of failure and wear 
By reducing fire and mass of moving parts on the machine, wear will be reduced significantly. 
The removal of the flattening process and the better handling of the molybdenum wires also 
help to reduce wear on the machine. Failure on the machine is reduced by making processes 
independent of spring-back and low accuracy of flattening round wire. Further, takeovers are 
reduced and the production process is less dependent on the softening and solidifling process 
of the glass bar. 

High capacity 
Because the mounts can be produced in pairs, the capacity is doubled automatically. By 
lowering the mass of the moving parts and decreasing the step size, further enlargement of the 
capacity is possible. 

Figure 5.15: Mounts in a ladder 
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6. DEVELOPMENT OF THE NEW CONCEPT 

To produce mounts out of their components according to the new concept, several processes 
have to be performed. In this chapter, these processes are discussed and some of them are 
detailed. The following processes are needed to produce the ladder. 

Supply of glass bars 
Softening the glass 
Supply of lead wires 
Attachment of the glass bar 
Bending the lead wires 
Xo!di!ing sled indexing the ladder 

Supply of filaments 
Supply of extensions 
Preparation of extensions 
Lengthening the filaments 
Welding the lengthened filaments 

Supply of support wires 
Presenting the support wires 
Softening the glass 
Attachment of the support wires 
Creating pigtails 

Cutting the mounts out of the ladder 
If need be, bending the mounts 
Storing the mounts 

r Mounting the filament 

I- Mounting the pigtails 

I- Finishing the mounts 

These sub-processes are divided in four main processes. In the following sections, these main 
processes are discussed, developing requirements for the sub-processes and offering concepts 
to realise several sub-processes. 
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6.1 PRODUCING THE LADDER 
The processes of producing the ladder actually replace the original stem-making machine, 
added with the bending of the lead wires, which is the first process on the mounting machine. 

6. I .  1 Supplv o f  lead wire 
First will be briefly focussed on the supply of the lead wires. The lead wires are supplied from 
reels, driven by the indexing of the ladder. The reels will have to put a small amount of 
tension on the wires, to avoid sag or unrolling the reel. It is probable that the wires will not 
come straight off the reel, therefore they must be corrected before being guided into the 

This can be doEe by bending theri back vJheE puj!ed 

6.1.2 Supply and softening o f  the glass bars 
The attachment of the glass bars will be done by softening them continuously in a heating 
trajectory (see figure 5.2). Because the ends of the glass bar are heated, the bars need to be 
held in the middle. The supply of the glass bars can be done by the same feeder as is used in 
the current stem-making machine, this feeder presents the glass bar lying in a V-shaped slot. 
A holder must takeover the glass bars and transport it through the heating trajectory to present 
it to the lead wires. The holder should consist out of two bodies, one to offer a reference to the 
glass bar and one to load the glass bar, so that it follows the reference. An example is given in 
figure 6.1, in which the holder consists out of a rigid bed and a wire-spring [TUIe 40071. 
~ e s ~ i t e  the heat is isolated in 
the trajectory, it can still cause 
wear to the holders. Therefore, 
the holder must be compact, 
robust and concentrated in the 
middle of the glass bar because 
it is the only part of the 
machine, which is exposed to 
the heat. 

v 
Figure 6.1: Bar holder 

The glass bar is currently softened in five steps, it is PrPspntlna 

assumed that at each step the glass bar is heated for 
approximately one second (75% of the time it 
stands still), thus it is softened in five seconds. 
However, it is cooled during the index, therefore it 
is assumed that heating it continuously in the 
heating trajectory for a period of two indexes (3.6s) 
will be sufficient to soften the ends. This means that 
the transport of the glass bars must contain at least 
four bars, one that is loaded, two that are heated and 
one that is being attached to the lead wires. 
Different possibilities can be found to realise this 
trmspnrt, nne exmqde is givec in figure 6.2, where w 
the holders are attached to a wheel, which can be 
positioned below the lead wires. 

Finure 6.2: Transport o f  nlass bars 



In the ladder mounts are produced in pairs, this means that two glass bars need to be attached 
per unit. However, the holder that presents the second glass bar cannot be placed permanently 
between the wires to avoid the collision with the first glass bar, which will occur during the 
index. This means that it must have a possibility to withdraw before the first glass bar is 
indexed, and passes the position where the second bar is supplied. Therefore, it is considered 
to use two mechanisms to supply the glass bars, so that the withdrawal of the holder can be 
easier realised. Three concepts are developed to reach this, one based on a completely 
displaceable mechanism, one based on a holder, which folds after releasing the glass bar, and 
one based on a holder, which can be withdrawn. 
The first concqt  is the s iq l e s t  sdut;ir?n, hy displacing a complete supply mechanism in 
vertical direction, passing glass bars can be avoided. Its disadvantage is that it requires 
displacing unnecessary high mass. - rI r. 

The second eoncepi e m  be reahszd 1 - - - - - - - 

by adapting the holders so that they _C \ 
are folded automatically when the n 
bar is released. In figure 6.3, an I I i P I  - 
example is given of such a holder. hw 
In this case, the glass bar is lying on Finure 6.3: Holder that is folded 

top of the transporting wheel being held by two hooks, which are initially tensioned. The 
upper situation represents the attachment of the glass bars. The other situation represents the 
index, in which the second holder is folded into the wheel. An advantage of the first and 
second mechanism is that they can be implemented in a mechanism that supplies two glass 
bars per step, so that only one mechanism is needed 
The third concept is based on 
indexing the transport of the glass 
bar to withdraw the holder. For this 
example, a transport set up with 
holders attached to a chain is used, 
as can be seen in figure 6.4. In this 
figure, a heightened holder is used, 
which transports the glass bar up 
through the heating trajectory and 
presents it to the lead wires. After 
the attachment is made, the holder 
releases the glass bar, and by 
indexing the transport, it is 
withdrawn, as can be seen in the 
right situation of figure 6.4. 

L3 Figure 6.4: Holder that is withdrawn 

Several concepts &e possible to realise the attachment of the glass bar to the lead wires, it is 
important that it is kept in mind that the holders stay simple and robust because they are still 
being exposed to heat. The hoider of the first concept is a good example of a simple and 
robust holder. However, by displacing the complete mechanism to avoid passing glass bars, 
the displacement of high mass is required, which makes this concept unfavourabie. The hoider 
as it is displayed in figure 6.3 brings the glass bar, and therefore the heating, too close to the 
wheel, which is disadvantageous. The holder of the third concept improves this, but since it is 
attached to a chain, the further the glass bar is attached fiom the chain, the less stiffness is felt 
at the glass bar. However, the glass bars do not load the holders. The only load that will be 
applied is the resistance of entering and exiting the holder. These processes occur when the 
holders are in a position where they can derive stiffness fiom the chain wheel. Although the 



third concept requires that the bars will be supplied by two mechanisms, it is preferred 
because of its easy withdrawal and the advantages of its holder. 

6.1.3 Attachment o f  the glass bar 
The attachment of the glass bar can be done the same way as it is currently done. The lead 
wires must be pushed in and afterwards the ends of the glass bar must be pinched around the 
lead wire. It is proposed to do this in one step, so that extra heating to postpone the solidifjring 
process becomes unnecessary. It is a possibility to combine the attachment of the glass bars 
with the bending of the lead wires, in which the lead wires will be pushed into the glass by the 
bending mechmism. EIowsvsr, this wi!! l e d  tr! a situation in which the ladder must be 
supported directly h m  the attachment of the glass bars and spring-back can be inhibited in 
the ladder, which is disadvantageous as is explained in the next section. Besides that, it means 
that both glass bas  shodd be attached zt one position, which is not obiigec! with alternative 
methods of attachment. 

6.1.4 Bending the lead wires 
Bending the lead wires is a process, which brings many difficulties. The three main 
difficulties are the loss of stiffness in the direction of the transport, the alteration of the pitch 
of the ladder, and the spring-back that is caused by bending. 
To estimate the influence of the loss of stiffness, it is quantified. The stifhess of a unit in the 
ladder before bending equals the summed stifhess of both lead wires, which will be 
expressed in the Young's modulus of the lead wire material, E, because it is unknown. 

Loading the bent ladder in the direction of the transport will cause moments on the wires, 
which will significantly reduce the stiffness. 

N 
kbent ladder = 5 2 E .  - 

mm 
These calculations are based on the geometry of the ladder as is presented in figure 5.7 and 
are discussed in Appendix X. It can be seen that the stiffness of one unit of the ladder is 
reduced with a factor 500. Because the bent ladder contains series of these units, it is not 
suited to be loaded in the direction of the transport and therefore the ladder must be supported 
as soon as it is bent. 

The alteration of the pitch is caused by the 
fact that the bending requires the glass bars D i r e c h o n  o f  t r a n s p o r t  
to approach each other. In the ladder, this 
will mean that one of the glass bars must be ( /I\ 

displaced, as can be seen in figure 6.5. ' i ) A 
I 

in Regarding the direction of transport in figure - 
6.5, only the left bar can be allowed to 
displace, since displacing ?he ladder on the 
other side of the bending position will disturb 
all mounting processesr o n  the side before 
the bending process, only the attachment of A ' the glass bars is influenced. Three i~ 

possibilities are offered to deal with this C- 

1 O m 
problem. m 

The first way is to bend the lead wires I 
( 

initially as the first process of the stem- 
1 

F k r e  6.5: Altevation of-pitch 



making. This has the big advantage that the pitch is determined in the first step of the 
production and will no longer influence other processes. A disadvantage of this concept is that 
the loss of stifhess will take place in the first process and the axial stiffness of the wires 
cannot be used anymore, so that support is directly needed. 
The second possibility is that the mechanism that attaches the glass bars must release the glass 
before the bending starts, this means that these processes must be realised in the same step, 
thus in half of the time. This is very disadvantageous, especially because in section 6.1.3 it is 
stated that the presenting of the glass bars also has to be done in the same step. 
The third concept is that the attachment of the glass bars displaces with the lead wires. This is 
easily redis~ble becmse the hemling me&---ism, mxst move along as wellj so that it can 
drive the displacement of the a.ttacherat of the glass bars. The disadvantage of this concept is 
that it involves displacing unnecessary high mass. The choice between the offered alternatives 
is highly dcpendeii: on the final desiga of several parts ~f the machine, 2nd therefere it is 
postponed to further research. 

Although spring-back is unpredictable, it can be assumed that the spring-back that occurs in 
the four bends, produced in one process in one wire, is constant. This means that the spring- 
back will lengthen this wire and decrease the lead wire spacing. This spring-back cannot be 
inhibited, but must be able to relax before the mounting of the filament. When this spring- 
back will relax after mounting the filament, it will influence its strain and height. By 
minimising the bending radius, spring-back will be reduced (see section 5.2.5). It is assumed 
that this enables the possibility to reach tolerances of +0.2mm on the lead wire spacing. 
Because the spacing is determined by both lead wires, this will lead to a displacement of the 
welds of +O.lmm. This will not cause failure, because the displacement can easily be 
compensated by choosing electrodes, which are large enough. The lengthening of the wire, 
which occurs due to the spring-back is approximately *O.lmm. This will influence the 
distance between the glass bar and the filament. 
When the lead wires are bent before the attachment of the glass bars, the lengthening due to 
the spring-back will only have the consequence of the displacement of the attachment point of 
the glass bar. This will not have any disadvantageous influence, because the lengthening is 
relatively small. When a larger lengthening would occur, it would lead to a situation where 
the glass bar is attached to a bent part of the lead wire, which could lead to failure. 

The support sf  the ladder has to be realised with simple holders. This means that the ladder 
cannot change in lead wire spacing or pitch when it is supported. The lead wire spacing under 
the glass bar of 21.2mm, is determined in the process of attaching the glass bars. Therefore, 
the support must start after this process. Because the support must also start directly after the 
wires are bent, the attachment of the glass bars must be done before the bending of the lead 
wires, where the support will start. The ladder will be held as soon as the bending is finished 
and the spring-back has had time to relax, but before the indexing starts. To enable fast and 
secure operating of the holders, it is proposed to design them bi-stabile. 

As is stated in section 5.2.1, the new bending mechanism must minimise spring-back and 
wear. This can be done by forcing the lead wire to bend over a small bending radius and 
avoiding the wire to slip in the mechanism. To force the wire to bend over a small radius it 
must be bent locally, this means that it must be forced to bend around a mandrel, or that the 
rest of the wire must be restricted to bend. To avoid slip, the mechanisms that create the four 
bends in one wire can be connected, so that the wire will not move with respect to the 
mechanisms. Figure 6.6 presents two different bending mechanisms, which ensure local 
bending without slip. 
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Figure 6.6: Bending mechanisms 

The first setup is based on bending the lead wire over a mandrel by restricting one end to 
move and forcing the other end with a roller. The second mechanism uses holders, which only 
allow a small part of the wire to bend, when these holders are rotated with respect to each 
other a local bend is created. To avoid slip during bending, the position of the rotation points 
between the holders must be optimised. By fixing only one of the rotation points to displace 
and allowing the other end of the mechanism only to move in one direction, the mechanism 
follows the contours of the bent ladder and therefore no slip will occur. The details present a 
part of the wire before and after bending. 

6.1.5 Holding and indexing the ladder 
Because the ladder stays intact during the whole production process, it is possible to design 
the support and drive of the machine without having to displace high mass. In the previous 
section, it is explained that the support has to begin in the production step of bending the 
ladder. This means that the stem-making process can even be realised without having to 
support the ladder. 
The main hc t ions  of the support are to hold and index the ladder, besides that it cannot 
disturb the processing of the ladder and it would be convenient if it suppresses sag and 
vibrations of the filaments. When the arc-shaped mounted filaments are produced, the support 
should be able to hold the filaments in the desired shape, section 6.4 will discuss the 
production s f  these mcmnts a d  will further discuss the s~pport of the filament. It is preferred 
that the support holds the ladder on the wires, because the glass bars need to be processed on 
the machine. This implies that the holders should be able to clamp the wires. When looked at 
figure 5.15, it is clear that the ladder should be held where the lead wire spacing is 21.2mm. 
This part of the ladder is not processed and therefore holders on this part will not handicap the 
processing. However, the holders will have to account for the cutting of the mounts. 



Figure 6.7 gives a schematic representation of how the clamps should hold the ladder. 
Because the bent part of the ladder has no stiffness, it is obliged to hold every unit. Although 
this causes the ladder to be held over-determined, it is justified by the low stifhess of the 
wires. When looked at the wires separately they both have to be fixed in six degrees of 
freedom. The upper wire in figure 6.7 is held by a clamp consisting of two bodies, of which 
one is fixed in six degrees of freedom. This body can give reference to the wire in the y- and 
z-direction. The ladder is held in x-direction by the fiction in the clamp, to improve this, long 
clamps must be used. This also causes the clamp to give reference to the wire for the rotations 
around the y- and z-axis, respectively the v- and 9-direction. The remaining degree of 
freedom is the ro t t im  m u d  the x-mis, the 9-direction, the friction in the clamp cannot hold 
movements in this direction became of the small diameter of the wire. This problem is solved 
by the glass bars, which connect the two wires. Because, when the second wire is restricted to 
move in z-direciioii, the q-direction of the first wire is restricted as wel!. 
Now the first wire is held, the support of the second wire can be discussed. In principle, the 
second wire is held by the glass bars in 6 degrees of freedom, however the glass bars are 
attached to the lead wires, which have low stiffness and the restriction of the second wire in z- 
direction is needed to restrict movements in cp-direction of the first wire. Therefore, clamping 
the second lead wire is obliged. The low stiffness of the lead wires only allows the glass bars 
to restrict movements of the second wire in y- and 9-direction, therefore the clamps of the 
second wire can hold it in 3 degrees of freedom, letting the movement in y-, 9- and 9- 
direction free, as is schematically represented in figure 6.7. 
In figure 6.7, the clamps that hold the first unit are open, because the unit they hold is not bent 
yet. During the bending, the wires will have to be allowed to move in x-direction, therefore 
these clamps cannot be closed yet, as is stated in the previous section. The dotted line 
indicates where the support of the wires will begin, before this position the wires are stretched 
between the reels and the support, so that the glass bars can be attached. 

I 

Finure 6.7: Supportinn the ladder 

Figure 6.7 presents the clamps positioned on the ladder precisely on the part, which has to be 
cut when the mounts are separated. Therefore, this setup will have to be altered so that they 
hold the ladder elsewhere. It is also important that they will not be too close to the glass bars, 
because then they might disturb processes, which makes it difficult to design a long clamp. A 
concept to solve this problem is to divide the length of the clamp in two parts and clamp the 
wires between the glass bars and the part that needs to be cut. The global design of the clamps 
must account for the restriction of all mentioned degrees of freedom and it would be ideal if it 
is designed bi-stabile so that it can be easily operated. For exampie, the claraps can consist out 
of two bodies of which one is a body with a V-shaped slot and the other body can push the 
lead wire into this slot. 



The capacity of the machine must be at least 4200 mounts per hour. Because by producing the 
mounts in a ladder, two mounts are processed per step. Therefore, 2100 steps should be done 
in one hour, so that one step will take as long as 1.7s. The indexing is done according to an 
inclined sine wave, because in this way no steps in acceleration will occur. The maximum 
acceleration in this index can be calculated according to the following equation. 

- 
%ax - 

2~hnt 
2 

t n, 
The step size, h,, is determined by the layout of the mounts, according to figure 5.7 this will 
be 82.5mm. The indexing time, t,, must be chosen considering that although a shorter 
indexing time will result in a ionger processing time, it wiii increase the maximum 
acceleration, and therefore the inertial forces, proportionai to the second power. The 
positioning error can be calculated dependent on the relative vibration time, z. 

This equation shows that the positioning error is changed by the indexing time proportionai to 
the third power. The increase of the capacity has led to a shorter step time, because the 
processes will require the same amount of time as in the current setup, it is proposed to reduce 
the indexing time to reach higher capacity. Although, this is very disadvantageous to the 
forces on and the accuracy of the machine, it can be justified by the large reduction of mass of 
the new concept. The mass of the moving parts of the machine according to the new concept 
will be below the 30kg. Assuming an indexing time of 0.3s and a concentrated mass of 30kg, 
the required stiffness to reach an accuracy of 0.05mm is 840-10'~lm. The support will 
maximally hold 10 units of the ladder, therefore its length will only be 825rnm, which means 
that the step size will be approximately the same. This means that a steel wire with a diameter 
of 2.5mm has enough stiffness to index the ladder. Nevertheless, it is recommended that the 
indexing time will not be reduced. Generally, it is recommended that the capacity will be 
doubled by creating two machines, which can have long indexing times and processing times 
to improve lifetime and performance. In this specific case, the large reduction of mass 
justifies the reduction of the indexing time, and therefore it can be applied. 
In the forgoing, several requirements of the support are derived. The support must hold at 
least 10 units of the ladder and therefore must be able to support a part of the ladder of - - 

825mm. It is preferred that this can easily be altered so that new processing units can be 
added and empty steps can be removed. The layout of the support cannot disturb processes, 
therefore it must be positioned completely under the ladder. Besides that, it must account for 

- 

processes as welding and cutting, which need to reach specified places on the underside of the 
ladder. As is explained in the forgoing, the required stiffness for a position accuracy of 
0 . 0 5 ~ m  c2n easily be rezched. Nevertheless, t h e  ~ p p l i e d  stiffness wi!! be shoser, wen higher, 
so that a more accurate positioning will be reached and possible expansion of the machine 
wiii be automatically accounted for. However, this maximisation of stiffness can never lead to 
excessive mass. 
The ladder is not loaded by processing in the direction of the transport, therefore it will not be 
required to detain the ladder. At most, the drive of the ladder will be blocked. The support and 
index can be realised by different setups. It can be imagined that the ladder is supported and 
driven by a wheel, or that the holders are driven by a chain. In any case, the mass of the 
support and drive must be minimised. 



6.2 MOUNTING THE FILAMENT ON THE LADDER 
The filaments will be mounted by presenting them lying in a V-block, in which it is 
lengthened by strips. Mounting arms will take these strips and stretch the filament before 
welding the strips to the lead wires. 

6.2.1 Supply of filaments 
The filaments are currently supplied by the coil feeder, which separates the coils and 
transports them through the flap tray to the coil drum. In the case that the coil feeder does not 
supply a filament, the flap tray has the possibility to let the next filaments catch up with the 
flow of gfi!5;TisBts towz:& the coil d ~ d r ~ .  It is proposed tb& f;he feeder z ~ d  tE,e &!p grc 

copied into the new concept. As is stated in section 5.2.2, the filslments will now be presmted 
in a V-block instead of the drum, on which the extension strips will be clamped to its ends. 
Tne difficulty of this process is to get the filaments centred inio ihe 'J-block. To ceiiti-e the 
filaments on the coil drum, two arms move synchronically towards the filaments until a stop, 
which is set by the operator. The disadvantage of these arms is that they do not centre 
filaments smaller than the set distance, and filaments that are too long will be loaded and 
displace unpredictably after they are released. Because the filaments have very low axial 
stiffness, the centring arms cannot form a force closed connection with the filament to solve 
this problem. Therefore, it is suggested that the arms are positioned in an angle so that they 
form a divergent path for the filaments. This way, the shorter filaments are centred first and 
the longer filaments will be centred at the end. As is mentioned in the forgoing, the centring 
of the filaments is mainly hindered by the large variation on their length. However, this 
variation is measured at the production of the filaments and therefore it is known for each 
batch of filaments. It is proposed that this information is used as an input to the position of a 
stop, which enables the right positioning of the filament in the V-block. 
When the filaments are presented in a V-block, the position of the centreline is determined 
and the filament can be mounted accurately on the stem. The ends of the filament will never 
be positioned on its centreline, therefore clamping them can cause the filament to displace and 
disturb the accurate positioning of the centreline. To prevent influencing the accuracy of the 
height of the filament in the mount, the clamping should take place perpendicular to the plane 
of the lead wires. 
In Appendix I, it can be seen that filaments of the same length can have different diameters. 
When the filaments are only divided into groups based on length, a wide spread in the 
position of the ends of the filaments is caused. This can lead to failure, because the ends need 
- 

to be clamped, therefore this situation must be 
altered. The easiest way is to have special V- 
blocks for all filaments, however some filaments 
resemble each other that much that it is needless 
to have separate V-blocks for them. The ideal 
division is reached when the filaments are divided 
into ten groups based on length and diameter as is 
presented in Appendix XI. An angle of 90" is 
chosen for the V-shaped slot and the height is 
chosen so that when the filament with the smallest 
diameter of the group is lying in the slot, it will be 
at the height of the clamping strip, as can be seen 
in figure 6.8. This means that filaments with 

Figure 6.8: Filaments in V-block larger diameter are positioned above the strip. 
  his deviation has an &ceptable maximum of 6sPm. 



ter 6. Develonment of the new concept 

6.2.2 Supply andpreparation o f  the extensions 
As is stated in section 5.2.5 the extensions are best supplied fi-om a reel, fi-om which they are 
prepared, clamped to the filaments and cut off. The V-block will be used as a reference for the 
length of the filament that has to be mounted. By using this V-block as a stop for the supply 
of the extensions, they will be cut at the right length without needing extra conversions. The 
concepts for the layout of the extensions can be divided into three groups: cut out of a strip, 
stamping product and composite extensions. 
The first group of concepts is based on producing the extensions out of an ordinary strip. This 
strip is universal and can be prepared to have all needed lengths. To clamp the filament, 
c!a12?-ping stxips E X S ~  be mt ~ l ? t  ~f the base material and bent so that the clamped joint can 
easily be realised. Because the bending and cutting of these clamping strips require many 
processes, the preparation of the strip can be divided into different steps. In figure 6.9, a 
possible layo-& of S U C ~  a strip is presefited. 
Another way of transforming a strip into an 
extension is to use different cutting angles to 
switch between cutting a straight clamping 
strip and cutting and bending a clamping strip 
at the same time. When a small cutting angle 
is used, the strip that is cut off will only be 
deformed elastically by the cutting tool, as is 
presented in situation A in figure 6.10. When 
the cutting angle is larger, the strip will be 
plastically deformed by the cutting tool so it is 
bent, as is schematically represented in 
situation B. When a cutting tool with variable 
cutting angles is used, the clamping and 
restriction strip can both be cut and bent by 
this single tool and the base extension strip 
can be clamped to the filament in one step, 
see figure 6.11. To ensure the clamped joint, 
the bends can be pinched as is proposed in 
Appendix VII. The big advantage of these 
concepts is that they can increase the 
-miversality and do not have the high c ~ s t s  of 
a stamping product. Disadvantageous is that 
relatively much processing is needed, which 
causes wear, and the material is not used 
efficiently because the width of the base strip 
has to be larger than the extension strip 
requires in order to cut out the clamping and 
restriction strips. 
The concepts based on the use of a stamping 
product are arisen out of the thought fhat the 
extension should be minimised and finished 
as far as possible to ensure fast processing. 
Several layouts can be thought of, based on 
easily realisable clamped joints and easy 
indexing of the product. A problem with the 
stamping product is that the length of the 
extensions will be fixed. 

:I 
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Finure 6.10: Cutting andes 
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Figure 6.12: Stamped extensions 



Two ways to overcome this problem are presented. The first is to make the extensions in the 
stamping product as long as is needed to mount the shortest filament and cut it for larger 
filaments. The second is to build up the product out of small universal units, so shorter 
filaments will use more units and longer filaments will use less. Advantages of using the 
stamping product are that the drive is simplified and that a layout can be imagined where two 
filaments are lengthened out of one product. Disadvantages are that the costs will be higher. 
Figure 6.12 presents different layouts of stamped extensions, the first is built up out of small 
units, the second out of long extensions and is designed to mount two filaments. 
The third group of concepts is based on easier catching the 
fil~mmt. a base strip is preser?ted mder the end of a 
filament the easiest way of catching this end is to approach 
with a parallel strip, which can function as a clamping strip. 

exampk where this concept is combined with the 
clamping theory of Appendix VII is the use of a staple. 

Mul 
Figure 6.13 presents a layout where a staple is used to 
clamp the filament. Although this concept can realise a 
clamped joint with a minimisation of failure, it also has 
disadvantages. These disadvantages are that the staple must 
be restricted to slip off the base strip and the handling of an 1 

extra component is required. Finuve 6.13: Staple 

The concept that will be implemented in the production process is creating extensions out of a 
base strip, and realising the clamped joint by using a cutting tool with a variable cutting angle. 
This way of making extensions can be done in one step, and is simple and universal. 
The large width of the extension strip can have a disadvantageous influence on the production 
of light, therefore it can be dealt with in two ways. The strip can be folded so that the area, 
which can block the light, is reduced, but since it requires the same amount of processing, it 
can also be cut off. Experiments must show if the large area of the extension will have a 
significant influence on the production of light. When it does not have a significant influence, 
it can be maintained so that a larger area for welding and handling can be created. 



G a p t e v  6. Develagment of the new concent 

6.2.3 Lengthening and welding the-filaments 
In this section, the previous sections come together. By joining the filament and the 
extensions, the clamped joint can be realised and the filament is lengthened. Because the 
extensions are made by cutting, the clamped joint is generated automatically. By choosing the 
right dimensions of the extensions, it can be designed so that all ends 
of filaments will be clamped without causing failure, as can be seen in 
Appendix XI. Subsequently, the filament will be mounted by welding / 

the extensions to the lead wires. 

In the ided situation, the lengthening will be realised in one step, 
which contains at least the following processes. First, the filament is 
positioned into the V-block and the extension strips are supplied using 
the V-b!oek as a refereme to determine the right Ie~gth. Seccndly, the 
cutting tools are driven and the filament is clamped to the extensions, 
the clamped joint is ensured by pinching the two bends and after Brid e 

properly holding the extensions by mounting arms, they are cut at 
length. To cut the clamping strip, the base material must be held with 
Imm of it sticking out. Because the end of the filament is lying on the 
strip, it cannot be held over its total width, therefore the holder must 
contain a bridge at the part that is not cut, so that the filament is not 

reference on this holder to ensure cutting of good quality. 

& 
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damaged (see figure 6.14). It is important that the cutting tool finds its Fimre 6 . ~ ~ :  Byidre 

The actual mounting is done when the lengthened filament is taken by the mounting arms and 
is stretched and welded to the lead wires. This process must be done with high accuracy 
because it will determine the stretching of the filament as well as its height in the mount. As is 
stated in the previous section it is important that the mounting arms hold the filament before 
the extension strip is cut off the base material. This way the accurate position of the strip and 
therefore the filament is copied onto the mounting arms, which can now accurately stretch and 
weld the filament. 
The extension strip offers different places for the mounting arms to grasp. The first concept is 
to hold the filament with the same mechanism that pinches the bends of the clamping strip. 
Another easy way of holding the strip is by using the holder that is used to realise the cutting 
of the clamping strip. The third concept is based on using the holder of the process in which 
the strip is cut off the base material. After cutting, the mechanism will hold the extension 
strip, while the end that is cut off will still be attached to the reel. Finally, it is also possible to 
hold the strip with an extra mechanism. 
When looked at the four concepts, the main difference is the place where the strip is held. 
This place cannot be in the way for the welding process and preferably does not require extra 
long extension strips. When the first concept will succeed in holding the extension strip on the 
clamped joint, there will always be enough space for the welding process. However, it can 
only hold the extension strip on the approximatdji hmi2  where the beads are piiidied, 
therefore its reliability is doubted. The second alternative holds the strip directly besides the 
ciamping strip. Because this piace is preciseiy in between the clamping strip and fne welding 
spot, the width of the holder can maximally be Imrn, and even then, there is a risk that the 
holder will collide with the lead wires. An advantage over the previous concept is that a larger 
part of the strip is held. The third concept has the advantage that the strip can be cut even after 
the welding process. However, it has the same problems as the second concept, because the 
part of the strip that is held will eventually stick out of the mount, which restricts the width of 
the holder. Besides that, it also will hinder the electrodes of the welding process, which need 
to reach the spot where the strip lies over the wire. Another disadvantage of the previous two 



concepts is that the takeover of new extension 
strips is more difficult than in the first concept. 
The last concept has the big advantage that it is 
designed specially for this operation and 
therefore can be optimised for this specific 
operation. When the extension strip will have 
the full width of the base material, i t  will have 
more room to be grasped without disturbing 
further processing of the strip. It is 
disadvantageous that it requires more handling 
and takeovers of the filament. 
A combination of the third and the fourth 
c~ncept is proposed, in which the mocstisg am 
can be attached on the corner of the extension 
strip, which will stick out of the mount. Because 
the lead wires are positioned under an angle 
beneath the strip, this will not require the use of 
extra long extensions. Figure 6.15 gives a 
schematic representation of how the mounting Fiaure 6.15: Mounting a m  
arm is integrated in the cutting tool and that it 
holds the extension strip on its Eorner. 

It is preferred that the distance between the V-blocks and the ladder is minimised. At best, the 
V-blocks would hang over the ladder so that the arms will only have to travel a short distance 
to mount the filament. However, this will require the complete mechanism to be above the 
ladder, which will reduce its accessibility. By minimising the parts, which are positioned 
above the ladder, an ideal midway will be created. For example, the coil feeders and the reels 
with the extensions can be placed besides the ladder, which leaves the V-blocks, the arms and 
the cutting mechanisms above the ladder. Because the mounting arms also need to stretch the 
filament, it is proposed to position one of the arms fixed in y-direction as is defined in figure 
6.7, which will be driven to pick and place the filament. The other arm will be attached to 
this, having a possibility to stretch the filament. This way, this arm can be designed with low 
mass so that high accuracy in the stretching can be realised. It is estimated that the improved 
accuracy of the mounting will lead to a reduction of the spread in lifetime of at least 50%. 
Figure 6.16 gives a global representation of the setup of the V-blocks above the ladder. 

Cutting t o o l  / 
Fipure 6.16: Schematic overview o f  the mounting o f  the-filament 



ent of the new concent 

The welding process will be done by the electrodes, which are fixed to the machine bed. Their 
setup will allow the ladder and the extension strips to be placed in between the electrodes so 
that the welding can take place. It is proposed to let the lower electrode approach the ladder to 
a fixed position related to the position of the mounting arms, so the wire lies in between the 
extension strip and the electrode, using the low stiffhess of the lead wires to compensate 
errors in the positioning of the electrode and the strip. The upper electrode can load the 
connection so that the welding can take place. As is stated in section 6.1.4, the electrodes need 
to compensate the inaccuracy of the lead wire spacing, therefore they need sufficient area. 
The momti-ng of the filament is now redised. To see what accuracy can be reached, the 
relevant processes are analysed. On the soldering mill, the distance between the filament and 
the centreline of the glass bar determines the height of the filament in the reflector. The 
position of the filammt is determined by the mwnti~lg ams, which find reference on the 
machine bed. The position of the filament in the arms is influenced by the V-block, the 
clamping and the takeover by the arms. Finally, the position of the glass bar is determined by 
the presenting of the glass bar to the lead wires, the attachment, the index and the bending. 
Although these processes are all designed on reaching the high accuracy, reaching a 
positioning of the filament in the lamp with an accuracy of *0.25mm on height will be 
difficult. To improve the accuracy of the position of the filament in the lamp, the mounting 
arms can find reference on the glass bars, or on the soldering mill, the extensions will be used 
as a reference for the height of the filament. 
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6.3 MOUNTING THE PIGTAILS 
In section 5.3, it is explained that attaching the support wire and creating the pigtail has to be 
done in the same step. Because this will be the most important step of this process, it will be 
discussed first so that the requirements of the other processes can be derived. 

6.3.1 Inserting the s u p p o 4 1  
The support wire is held by clamps that can realise the cutting into the glass. In Appendix 
VIII, it is stated that the wire is held on both ends. The holders should be carried out as 
pincers, which clamp the wire, as is explained in section 5.3. The wires have a diameter of 
A ITm-  0.1 iil+iii, t h i s  mems thzt 2 pipincer rneveme~t of 0 . 3 ~ 1 ~  is !age e n m  g-A h to open the nincer L- --- so 
that a wire csln be clamped. The pincers will be built out of hardened clamping bodies, which 
have elastic guidance. To takeover the wire without requiring accurate presenting of the 
support wire, the clamping bodies will have skewed edges to easily cztch the wires. The 
elastic guidance is realised by a leaf spring. This leaf spring needs a certain width to resist the 
loads applied by the support wire. Appendix VIII explains that the fiee part of the leaf springs 
will have a length of 20mm and a width of 10mm. These dimensions ensure that the stress in 
the spring will not exceed the allowable 
values due to its deflections and loading. 
The total length of the leaf springs will be 
longer to ensure the attachment to the 
bodies. To ensure a robust clamp, the drive 
is chosen to have a large transmission, so 
that the pincer can easily be firmly closed. 
The clamping bodies will consist out of 
blocks, which are extended with hardened 
clamping plates, to easily mount the leaf 
springs and have an optimal clamping with 
easily replaceable bodies. These plates will 
have a thickness of lrnrn so that a small end 
of the wire can be held and the ends sticking 
out of the glass bar will be minimised so 
that no short circuit can be formed. Figure 
6.17 presents the design of the pincer, 
Appendix VIII ir,cludes cirawicgs, which are 
more detailed. 

L e a f  sprlngs 

B locks  '? 

Section 5.4 has explained that the pigtails can be created by forcing the wire to surround the 
filament without using a mandrel, which surrounds the filament. Two alternatives were 
presented to realise a pigtail by forcing a wire. The first was based on introducing plastic 
deformation by bending around a small radius. By continuously repeating this towards the end 
of the wire, a pigtail is created. A possible way to realise this is to bend the wire over a sharp 
edge and puiiing this sharp edge towards fne end of fne wire so that it wili curl up itself when 
released (as in the curly ribbons around gift wrappings). This will go paired with a lot of wear 
because the wire will cut through the edge, and therefore an alternative as is drawn in figure 
5.13 will be more suited. Because the rollers will follow the movement of the wire, no slip 
will occur in which the wire can cut through the rollers. The disadvantage of this alternative is 
that when the current diameter of 2Srnrn is maintained, the diameter of the middle roller must 
be very small, which makes it difficult to implement bearings for its rotations. Another 
difficulty is to ensure the pigtail to surround the filament, when it is curling up. 
Creating a triangular pigtail by bending the support wire twice has the advantage that the 
small mandrel, which is used, does not need a bearing. The wire can be forced to bend around 
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the mandrel by using a roller as in the previous alternative, or by using a mould to press the 
wire around the mandrel. Although using a roller will reduce slip and wear, it will make the 
mechanism more complex than when a mould is used. The roller will require bearing and a 
guidance, which ensures a rotating movement around the mandrel, where the mould will only 
require one arm, which has bearing. Therefore, it is chosen to create the pigtail by bending the 
wire twice with a mould around a mandrel. This concept can be made simpler than the other 
alternatives and will ensure that the pigtail is created around the filament. In addition, it does 
not require high accuracy on the position of the filament, because the path of the wire is 
defined and can catch the filament as is presented in Appendix XII. The disadvantage is that 
wear will ncmr by using a mould around a mandrel, which will be dealt with by making the 
mandrel and the mould hardened and easily replaceable. 
Two alternatives are offered to make both bends. The first is to use one bending element, 
which is displaced to make b ~ t h  Sends. The second a!tamt.tive consists out nf tvc! elemefits 
with fixed positions, one for each bend. The first alterative is preferred, because not only it 
requires fewer components, it also enables the possibility to keep all the mechanisms 
approaching from above the ladder so that the support can be simplified. 
Because the pigtails must be removed from the mandrel, it is chosen to enable the mandrel to 
pull back so that the wire is released and the index can take place. This way is preferred above 
pushing the pigtail off the wire, because it also facilitates the catching of the wire in the 
takeover from its supply. It is disadvantageous that this will cause the elements, which will 
create the pigtails, to have a large width, therefore only two support wires can be attached and 
"rolled" in one step. It is recommended that this concept will be further developed so that four 
pigtails can be created in one step. Appendix XI1 presents a detailed design of a bending 
element. 

Cis2' Figure 6.18: Pincers and b&dina element 

Figure 6.18 presents the situation as it has developed itself until now. The wire is held by two 
pincers and the bending element is positioned to make its first bend. It can clearly be seen that 
the bending element and one of the pincers are disturbing each other. This has led to the idea 
of using the bending element as a pincer, which will simplifl the mounting of the pigtails. 
Figure 6.19 presents the phases of the process of adding the support wires and creating the 
pigtails schematically. 



p-ppp-pp-ppp 

Figure 6.19: Stem in process 

1. The support wire is presented parallel to the ladder. 
2. It is taken over by the pincer and the bending element, making the first bend. 
3. They cut the wire into the softened glass. 
4. The pincer and bending element are opened and are displaced to position the bending 

element to make the second bend. 
5.  The pigtail is completed and the bending element releases it by pulling back the mandrel. 

As can be seen in figure 6.19, the pigtails can easily be mounted for two mounts at the same 
step. The only problem is that this requires more spacing between the filaments and therefore 
longer lead wires. This can be solved by mounting the pigtails for two mounts of different 
units (see figure 6.20). This will only require a different presentation of the support wires. 
Where in the first setup the wire could be easily presented for two mounts by placing it in the 
middie over the iiiamenis, in the new setup presenting the wire in the middie will cause the 
inserting mechanisms to have large displacements to mount the wires. Nevertheless, it is 
preferred to implement two presenting mechanisms, above using longer lead wires. 
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Inaccurate placing of the ladder or pincers and bending elements can lead to failure on the 
machine. Because the dimensioning of the pigtails has been done to compensate positioning 
errors of the bending element, failure is minimised. The support of the filaments allows the 
bending element to collide with them without having to cause failure. The pincers have the 
risk of colliding with the glass bar when large errors occur. This is unacceptable and therefore 
the accuracies must be maintained in such a way that this will never occur. A possible way to 
help preventing this and to reduce failure is to use the glass bar as a reference during the 
insertion. 

6.3.2 ,czt~~l~l'.tz,o a.tzdprese.~,ti~g s q p r t  wire 
The supply of the support wires is copied form the current machine where they are supplied 
from reels and straightened before led into the machine. Currently the support wires are led 
into the insei-ting elements directly, which a~tomatical!y drive the supply of s~ppor t  wire. Ir, 
the new concept, the inserting elements will not drive the supply, but the wire must be 
presented parallel to the ladder by a separate mechanism. It is important that this mechanism 
ensures good takeovers so that less failure will occur than on the current machines. In the 
previous section, it is stated that the ends of the support wires cannot stick out of the glass too 
far, therefore it is important how the wires are presented to the pincers. In the ideal situation, 
the pincers hold about a millimetre of the end of the support wire without having an end 
sticking out. When the pincers approach the glass bar up to OSmm, the ends will stick out of 
the glass bar for approximately 1.5rnm. Because their spacing is 4mm, this will prevent them 
from forming a short circuit with each other. However, there is another problem, because by 
lowering the glass bar, it approaches the bottom of the reflector on which aluminium is 
deposited with which the wires can form a short circuit. Because shortening the ends of the 
wire by attaching more accurately will be a source of failure, it is proposed to process the 
mounts so that these ends cannot cause failure of the mount. Several possibilities can be 
thought of, as cutting or bending them. 
This concept will result in a very simple presenting of the wire, not more is needed than an 
arm that can pull wire from the reel and scissors that can cut it, which will make it less 
disadvantageous that two presenting mechanisms are needed. Besides that, the pincers can 
maintain distance from the glass bar to ensure that collision is avoided. Although the addition 
of an extra process in principle is disadvantageous, this is amply compensated by its 
advantages with respect to failure and accuracy. 

6.3.3 Softening the glass 
The glass is softened by the use of fire, its optimisation is not discussed in this report. The 
softening of the glass brings many problems, the main problems are that the burners easily 
cause wear on the machine and can cause damage to the ladder when the filaments pass the 
burners. Therefore, it is proposed to enable and disable the burners every step, so that efficient 
heating can be realised. Because the support wires will not have to be cut in as deep as when 
stabbed, the glass can probil'oiy be less heated. in addition, the removal of the need for 
aluminosilicate glass will contribute to the reduction of fire as well. As can be seen in 
Appendix III, currentiy thee steps are needed to soften the giass, with the new design it is 
believed that two positions will suffice. 



6.4 PROCESSING ARC-SHAPED FILAMENTS 
The conversions needed to process arc-shaped filaments have not been discussed yet, 
therefore in this section the requirements for processing these filaments will be briefly 
discussed. To minimise the processing of the mounts, it is wanted that the filament will be 
directly shaped when mounted. This means that the angle of the extension strip must be 
altered to let the filament leave the lead wire in an angle of 60". This can be realised in two 
ways, the first is to bend the strips so that the desiredangle is reached, and the second is to 
weld the strips under an angle to the lead wires, as can be seen in figure 6.21. Because 
welding the strip under an angle to the lead wires will require drastic conversions, the first 
alteria+ie is prefezed. There zre $ ~ o  possible wqrs greser,fied to ~ E X J ~  the &,r;,p bent. The E",rt 
is to bend it directly after clamping the wire, since the extension strip is then held exactly as 
desired to bend the end. The second is to 
bend it when it is mounted by the mounting 
arms so that the downward movement of 
these arms can be used to force the strip to 
bend. The first concept is preferred, 
because it can be easily realised, for 
example by the cutting tools after pinching 
the bends. Another difference in mounting 
the filament is that the change in length 
between the filament in the V-block and the 
lead wire spacing is different than for all 
other filaments. The most filaments are 
stretched for 2rnrn when the filaments are 
mounted on the lead wires, however the arc 
shaped filaments have a mounted length of 
42mm and a lead wire spacing of 33mrn. 
This means that the stroke of the mounting 
arm, which stretches the filaments, must Figure 6.21: Mounting an arc-shaped-filament 

have different settings. 

The filament must be supported in the desired shape, this means that the support of the ladder 
needs to be altered. To see in what way this is possible, the requirements of the support of the 
filament are discussed first. The position of the filament in principle is defined by the 
extension strips, however because of their extremely low stiffness, extra support will be 
required. This support will have to suppress the sag and the vibrations of the filament but 
cannot disturb the creating of the pigtails. To suppress the sag and the vibrations of the 
filament, it is proposed to support the filament with another V-block. This way the filament 
will be restricted to sag and to move in the direction of the transport and therefore it cannot 
vibrate. To create the pigtails, the support must be interrupted so that the pigtails cannot 
surround tne support. Besides tnis, tne support cannot compieteiy 
restrict all movements of the filament, so that a possible collision 
with a bending element will not lead to failure (see section 6.3.2). 
Therefore, it is chosen to enlarge the angle of the V-block, as is 
schematically represented in figure 6.22. This way, the vibrations 
of the filament will be suppressed but its movement is not 
completely restricted. These V-blocks can be standard for all 

Fi uue 6.22: Su out 
filaments, because they do not function as a reference for 
positioning. In order to support the arc-shaped filaments, the support must be able to be 
altered to form an arc-shaped support. When looked at the position of the support wires, the 
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parts of the filament in between two wires can be supported by a straight bed. Three different 
setups that implement this are offered, which are given in figure 6.23. In these setups, it is 
assumed that the filaments that do not require a support wire, do not require support on the 
machine, and in any case are not supported on their coiled-coil parts. 

Figure 6.23: Concepts o f  the support o f  the filament 

The first setup is based on using two blocks, which are positioned in between the extensions 
of the shortest filament and the position of the pigtails when two pigtails are used. To support 
the arc-shaped filament, their position can be altered so that the filament will be shaped more 
or less in a polygon of five parts, which are lying in a V-block, or are stretched between the 
blocks or the extensions and the blocks. The second setup differs from the first, because the 
length of the two blocks is determined by the distance between two support wires in the case 
of the arc-shaped filaments. Besides this, two extra blocks are added, which fit in between the 
position of the support wire when one wire is required and the position when two wires are 
required. In this case, it is assumed that it is allowed to have support under the outer 
millimetre of the extensions. To form arc-shaped filaments the three parts of the polygon 
between the support wires can be supported. The last setup is based on using standard blocks 
equally divided over the total length of the longest filament, which is mounted in a straight 
line. The spacing in between these blocks enables creating pigtails on the desired positions. 
The second setup is preferred because it gives better support than the first a d  is less complex 
than the third setup. The conversion to process arc-shaped filaments must be implemented in 
such a way that with one action all supports are 
altered. For example, it can be thought of that the 
drive of the alteration of all supports is done by a i 

chain, which can be discretely positioned with , 
respect to the drive and the support of the ladder. A - - - - - 
r-7. lhe pigtaiis have to be created around the arc- 
shaped filament and therefore the bending 
elements must approach the filament under an 
angle. Ths  can be realised by using a parallel 
guidance of the bending elements when the 
filaments are mounted in a straight line and 
altering this guidance so that it is nonparallel and 
the bending element is rotated. This guidance is 
set up in such a way that the pincer and the 

Figure 6.24: Altered guidance bending element can takeover the support wires 



in the horizontal plane. Figure 6.24 presents a schematic representation of such an altered 
guidance. 

The support wires will be attached in pairs, when only one or two support wires are needed, 
only the first position is used. This will require an advanced mechanism on the first position, 
which can be converted to mount one support wire, two wires in the horizontal plane, or two 
wires under an angle. The second mechanism can be made simple because it is only used 
when the mounts with four support wires are produced and so that it only has to be enabled or 
disabled. 

6.5 F ~ I S ~ G  THE M O ~ T S  
After creating the pigtails, the ladder will consist of finished mounts attached to each other, 
which only have to be separated and stored. The oniy exceptions are the mounts with an arc- 
shaped filament, which have to be bent so that the filament will approach the focus point of 
the reflector when it is soldered. Figure 6.25 gives a schematic view of how the filament of 
the current bent mount is positioned around the focus point. It also presents the bent mount 
according to the new layout, of which can be seen that the extension of the filament is 
compensated by the lowering of the glass bar. This means that the mount can still be bent 
under the glass bar for an angle of 1 5 O ,  and the filament will be in the same position as in the 
current layout. 

Focus p o ~ n t  Focus p o ~ n t  

Figure 6.25: Bent mounts 

The bending of the mounts can be done in many different ways, however it is recommended 
to first cut the mounts out of the ladder because the bending will again cause an alteration of 
the pitch. Besides that, bending the mounts will require that the lead wires will be clamped. 
Although the support of the ladder does clamp the wires, these clamps are not designed to 
enable the bending of mounts. Enabling these clamps to resist the loads of bending the wires 
will cause a higher wear rate on the machine. Not only because of the larger clamping force of 
the support, but also due to the new requirements on the clamps, which will lead to higher 
mass. 
It is impol-tmt that the s&ir,g of the - 

mounts do not bend the lead wires. This K n f e 
will be a reqirmieiit of ihe took, which 
have to be used. However, it is 
recommended that the cutting force will be 
perpendicular to the plane of ladder (that 
is in z-direction, regarding figure 6.7), 
because this way the quality of the - 

- 

L e a d  w i r e  

Y o k e  
/ 

mounting of the filament cannot be 
influenced. To avoid the lead wires to Finure 6.26: Cuttinn the wires 



bend due to the cutting, the tools can be made to search the lead wires. Figure 6.26 gives a 
schematic representation of a cutting tool, which consists out of a stiff yoke in which knifes 
are guided. The movement of the yoke is made possible by a linear guidance. It is proposed to 
compensate its mass, so that when the knifes approach each other to cut the wire, the yoke 
will move dependent on the height of the wire, and the bending of the wire is minimised. 
The storage of the mounts will have to be realised automatically. At best, the mounts will be 
placed in cassettes, which can be supplied to the soldering mill. This way, less work of 
operators is needed and costs can be reduced. Figure 6.27 gives an overview of the 
A 

development of the ladder in the new production process of mounts for PAR38-lamps. 

Fi.gure 6.27: Development o f  the ladder in the new production pvocess o f  mounts 

50. 
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CONCLUSIONS AND RECOMMENDATIONS 

Reduction of conversion time 
Next to the type of filament, the current mounts differ in lead wire length, glass type, lead 
wire spacing, thickness of the clamped joint, number of pigtails and the shape of the filament. 
When all possibilities of these variables are summed, a total of 23 different settings is 
required. By applying a universal layout to the different types of mounts, the number of 
conversions in their production process will be drastically reduced. The new design has 
managed to reduce these variables to the number of pigtails, the length of the extensions and 
the shape of the filament. The conversions required to realise different settings for these 
variables are no more than enabling or disabling different units, operating a switch, and 
replacing a V-block. These are all conversions, which need little time, and no fine-tuning. The 
total reduction of the conversion time will be over 60%. In any case, converting a machine 
according to the new design will never cause a standstill in a production line. 

Keciuctlon of wear 
By isolating the fire that is used to soften the glass bars in the stem-making process, the main 
cause of wear in this process is removed. The reduction of fire by continuous heating in the 
heating trajectory and the removal of the need for aluminosilicate glass, will manage to 
significantly reduce the remaining wear due to heating. Furthermore, the fire reduction will 
also be introduced in other processes. It will be removed in the process of clamping the 
filament and in the process of cutting in the support wire, less heating of the glass will be 
needed. In this last process, the removal of the need for aluminosilicate glass will have its 
effect as well. 
Producing the mounts in a ladder that can be supported by simple holders will lead to more 
than 75% reduction of mass of the moving parts of the machine. Because the stiffness of the 
lead wire can be used, the stem-making process will even be performed without support of the 
ladder. By reducing the mass, the wear caused by excessive mass is reduced proportionally to 
the third power and will become negligible. 
By improving the handling of molybdenum wire, the wear due to this wire will also be 
reduced. The remaining wear that is caused by the molybdenum wire, will be on components, 
which can easily be made out of hardened material and can easily be replaced. In addition, the 
new design has removed the wear-causing process of flattening the lead wires. 



Reduction of failure 
In the new design, several failure causing aspects of the current machine have been improved. 
Especially creating the pigtail has become a process with a low required accuracy and high 
chance of success. The required takeovers in the current machine have been reduced to one 
single takeover after which the support wire will be inserted and the pigtail will be created in 
the same step. In addition, the moving parts around the filament, which can bring damage are 
removed. 
The insertion of the support wire has become less dependent on the softening of the glass. By 
cutting the wire into the glass, the possible higher resistance can be easily overpowered. 
Besides that, the pincer does not load the wire when it is pulled back, so that it will not be 
pulled out of the glass again. 
The clamping of the filament is better defined than in the current mount. Therefore, the 
mmber of lamps that will fail because of high def~mations of the filament, will reduce. 

Improved quality 
Improvements on the accuracy of the mounting will lead to mounts of better quality. 
Currently, the accuracy of the length of the filament and the strain in the filament depend on 
unpredictable spring-back in the lead wires. By clamping the filament with a strip while 
laying in a V-block and stretching it before it is welded to the bent lead wires, the mounting 
has become independent of the spring-back in the wires. Therefore, the spread of the lifetime 
of the filaments will be reduced with at least 50%. 
Because the filament will be lying in a V-block when it is extended, the position of the 
centreline of the filament is known and therefore the filament can be positioned more 
accurately on the lead wires. In this way, the positioning of the filament in the focus point of 
the reflector can be realised more accurately as well. 
The current tolerances on the flattening process are relatively high with respect to the spacing 
in the clamped joint between the lead wires and the filament. Therefore, the quality of the 
clamped joint has a large variation. By avoiding the process of flattening the wire, the quality 
will be more constant and the spread in the performance of the filaments is reduced. 

High capacity 
The new design is based on the use of one machine to produce mounts for both production 
lines. The increase in capacity is reached by producing mounts in pairs and decreasing the 
indexing time, which is justified by the enormous reduction of mass. In this way, a machine is 
designed that on its own will have a capacity of 4200 mounts per hour, which is over 120% of 
the total capacity of both lines. This machine will still have the same processing time per step 
and will require only one operator. 

Summarizing, the current machines, which produce mounts for PAR38-lamps, have room for 
improvement. It is clearly recognisable that the current machines are derivatives of the stem- 
making afid mmr,ting machine for GLS-limps, a id  therefore they scre iiot optimdly designed 
for producing mounts for PAR38-lamps. The design of the new machine is optimised for this 
purpose and therefore enables the production of mounts for both production lines, without 
causing standstill, with a reduction of maintenance and failure, and an improved quality of 
mounts. 



Conclusions and recommendations 

Research the possilbility of impPementing the new design 
The new design brings many improvements to the production of mounts for PAR38-lamps. 
As can be seen in Appendix V, the costs can be reduced significantly. However, the 
calculations in Appendix V are partially based on assumptions, the real reduction of costs is 
expected to be even larger. Besides this, the development and implementation of a new 
machine brings extra costs. Although it is expected that the costs of the new machine will be 
earned back within two years, further research is necessary to confirm these expectations and 
4- 0- -:-j-t w Va!i.dLaie the :me costs. 

Regarding the separate processes 
This research discusses ail steps in the production of mo-mis, and has a god to improve its 
processes and base a new machine on these improvements to produce mounts for PAR38- 
lamps. However, many processes are also required in the production of mounts for other types 
of lamps. Although this report aims at designing a complete new machine, in many cases the 
recommended improvements can be applied independently. Therefore, the recommended 
improvements on these processes can also be applied to the production of other mounts, 
without requiring a complete new machine. 

Testing the new layout of the mount 
The new layout of the mount differs from the current one, the most drastic alterations are the 
extension of the filament and the removal of the need for aluminosilicate glass. These 
alterations can easily be tested to see if they satis@ the expectation that they do not reduce the 
performance and lifetime of the lamp. Appendix XI11 presents results of tests, which have 
been performed to verify the new layout of the mount and were successful. The same type of 
tests can be repeated to verifl the new layout, with respect to the lowering of the glass bar. 
Besides, this alteration of the layout of the mount can be easily implemented on the current 
machines. 

Better defined bending 
As can be seen in figure 3.3, the bending process does not really define a bending radius. The 
wire is not forced to follow the offered radius and therefore it will bend over the maximal 
possible radius, which causes large spring-bzck that binders tc produce mounts with an 
accurate mounted length of the filament. It is recommended to implement a bending process 
in which the wire is forced to follow an offered radius, so that the bending radius can be 
minimised to reduce spring-back and to increase the accuracy. 

Alternative clamping 
The current used tolerances in the processes of clamping the filament, causes many 
difficuities. By using flat material of a thickness with lower toierances, the settings in the 
damping can be less accurate, and the conversion time can be reduced significantly. It is 
recommended that an alternative clamping will be used, with tolerances on the thickness of 
the used materials, which are more logically related. 



C o n c W n s  and recomm.a&&m 

Better reference for the height of the filament 
Currently the height of the filament is not well defined as is stated in section 3.2. This can be 
improved by rotating the stems 180' before they are loaded into the mounting machine and 
using a fixed stroke of the coil feed arms to position the filament with respect to hooked ends 
of the lead wires. In the new design, the filament is positioned with respect to the extension 
strip. Therefore, it is recommended that on the soldering mill, the extension strip will be used 
as a reference to position the mount. This way, the highest positioning accuracy will be 
reached and the position of the glass bar has become irrelevant. 

This resea-& has discussed the cnlnplete process of producing mounts for PAR38-lamps. It 
has malysed the main problems in producing mounts, and offered simple solutions to solve 
them. Based on these solutions a new mount and machine are designed. Nevertheless, this 
rcport can sti!! 5e zonsu!tecl when other imovaf,ions on the area of prociLlcir,g mounts are 
needed. Therefore it is recommended to consider this report not only as a foundation of a new 
machine design but also as an analysis of the complete range of processes regarding the 
production of mounts. 
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APPENDIX I TABLE OF FILAMENTS 

In the following table the used filaments for PAR38-lamps are presented, the data are 
collected from the archive of Philips Lighting Weert, except for the dimensions of the 12V 
filament, which were measured. The 12V filament is the only filament that is singly coiled 
with straight ends, therefore the values of the second coilings are not given. The open cells 
represent values that were not found. The coil diameters indicate the inner diameter of the 
first and second coilings, the outer diameter can be derived from them and the wire diameter. 
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APPENDIX I1 DIFFERENT TYPES OF MOUNTS 
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III Stem in mntproduct ion 

APPENDIX I11 STEPS IN MOUNT PRODUCTION 

This Appendix gives an overview of the production of the mounts on both machines, in which 
the supply of compone ~ t s  and conversions are denoted. 

Supply of lead wires - 1 

2 
2 

4 

5 1 Heating glass / Suuulv of lead wires 1 2 lead wire lengths 

Conversions 

2 stops on each holder 

Step Process 

Stem-making Machine 

Supply of glass 

Heating glass 

Heatkg glass 

Heating glass 

8 I Annealing and pinching the glass I 
4 

2 types of glass 

2 burner settings 

2 hurr?er setthgs 

6 
7 

Stem transport I 

Heating glass and lead wires 

Heating / uushinn in the wires 

I Transporting the stems I 
1 

1 Coil feeder 1 I Mounting Machine I 

Coil drum 

1 I Supply of stem I Adjustable stop* 

2 Positioning stem 2 stops 

3 Lead wire bending 2 adjustable holders* 

4 Lead wire flattening 6x3 flattening blocks* 

5 Lead wire hooking 

Position feeder* 

6 / Attaching the filament 1 6 different coil-feed arms* 

8 1 Twisting the lead wires I Enabled or disabled 

1 Width drum* 9 Heating the glass 4 burners, two burner settings 

10 Heating the glass 4 burners. two burner settinas 1 Stroke centring arms* I 
Stroke coil feed arms* 11 I Heating the glass 1 4 burners, two burner settings 

12 1 Inserting support wires I Adjustable stroke* 

16 1 Spreading the lead wires 1 3 adjustable blocks* 

17 / Shaping the mount / Adiustabie stroke* 

20 1 Exit 

18 

19 

The conversions denoted with an asterisk, are conversions where analogously adjusting a 
parameter, or fine-tuning, is required. 

Bending the mount 
- 

Enabled or disabled 



APPENDIX IV MACHINE ANALYSIS 

In this Appendix, the mass of the moving parts of the current stem-making and mounting 
machines are derived. The stem-making machine is discussed first. As is repeatedly stated, the 
stem holders have high mass because of their complexity. Figure 3.1 gives the contours of 
such a holder, figure A4.1 gives a more detailed 
view of the holder so its complexity can be seen 
and a mass can be estimated. The holder mainly 
consists out of two cylinders that are connected 
by two thick plates. On this base, four arms are 
mounted and have their bearings, creating a total 
mass of approximately 1.2kg. The centre of the 
mass is estimated to lie approximately 315mm 
remote of the centreline of the mill. Because the 
mill is twelve-headed, the total moment of 
inertia can be calculated using the following 
equation. 

2 i n  i n n m i r 2  A 2 Jh  = mfc = IL.~.L.V.~ID = 1.43ltgm 

Figure A4.2 gives a cross-section of the mill. It 
can be seen that it is built up out of cylinders 
and flanges. The inertial moments of the 
individual cylinders and flanges, can be 
calculated by the following equation and summed 
to estimate a total inertial moment. 
J = 0.5m(~: + R;) 

These two inertial moments can be summed so a 
total inertial moment of the moving parts of the 
mill can be found of 3.49kgm2. In comparison 
with the inertial moment of the stems in the 
machine, which amounts approximately 2.3 10- 
3kgrn2, this is a factor 1540 larger. Figure A4.2 
shows that the cam rollers are positioned on a 
radius of 174mm, this means that the reduced 
mass that is felt at the rollers equals 115kg. The 
index is done according to an inclined sine wave, 
of which the maximum acceleration can be 
calculated by the following equation. 

- 2 d n z  
xmax - 2 

t,?, 

Y 

Figure A4.1: Stem holder 

Figure A4.2: Stem-making machine 

The indexing cam of the stem-making machine generates a step of 90mm in 0.4s, which 
means that the maximum acceleration is 3.6m/s2, and thus the maximum acceleration force is 
41 IN. The force felt at the indexing cam will exceed this force because of the resistance that 
has to be overpowered by the driving force. 



In figure A4.3 one of the holders of the mounting machine 
is presented, its mass is estimated to be 1.4kg, so in total 
the holders will have a mass of 28kg. Their centre of 
gravity is estimated to be on a radius of 330mm and thus 
their moment of inertia will be 3.05kgm2. Figure A4.4 
presents a cross-section of the mounting machine. The 
moment of inertia of the wheels is calculated by the 
following equation [Hoek van der, 19861. 
J,,, = (2x(r - j h, y b, h,, + n j b, h, L ~ ) ~  
Figure A4.5 presents a schematic representation of a wheel 
in which the variables of the equation are indicated, "n" 
indicates the number of spokes of the wheel and "p" 
indicates the density of steel. The moments of inertia for 
the different parts of the mill can now be calculated, which 
leads to a total moment of inertia of 2.22kgm2, together 
with the holders this leads to 5.27kgm2. The moment of 
inertia of the mounts present in the machine is estimated to 4- 

Fi.qure A4.3: Mount holder 
be 6.0 1!T3kP?, ~ h i c l ?  mems tt.& the mi!! cx~eeds this 
with a factor 875. The cam rollers are positioned at a radius of 234rnrn, which means that the 
mass that is felt by the indexing cam will be 96.2kg. 
The indexing cam of the mounting machine generates a step of 73mm in 0.4s, which means 
that the maximum acceleration is 2.9rn/s2, and thus the maximum acceleration force is 279N. 
Again, this force will be exceeded by the force felt at the indexing cam because of the 
resistance that has to be overpowered by the driving force. 

Fiaure A4.4:Mountin.q machine 
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APPENDIX V THE COSTS OF THE MACHINES 

The current machines introduce high costs that are mainly caused by standstill, maintenance 
and operators. This Appendix will give an estimation of these costs and the expected 
reduction of these costs by the new concept. Further, will be focussed on the costs of the 
components of the mounts. 
The standstill of the machines can be caused by converting or failure of the machine. The 
conversion time varies between several minutes and at least half an hour. It is not known how 
much standstill is caused by all conversions, however it is known how often the conversions 
that take half an hour occur, therefore fhe estimation of the standstill is based on fnese 
conversions. In average, these conversions occur six times per week, this means that in a year 
it causes 156 hours of standstill. These conversions only occur on one of the production lines. 
The standstill off both lines caused by all conversions, is estimated to be 150% of this. This 
means that the conversions on the machines cause approximately 234 hours of standstill per 
year. 
In a period of 16 weeks, the standstill of the machines due to failure was monitored on one of 
the production lines. It showed that in 16 weeks 30 hours of standstill had occurred. Assuming 
~1 - Lals was i-epreseniaiive f i r  the whole yez ,  :Elis mems thzt the stz~dsti!! ef this pmdwtisn line 
will be approximately 100 hours per year. The standstill caused by failure of the other line is 
estimated to be 66% of this, because this line does not process the most failure causing types 
of mounts. In total, standstill because of failure will occur 166 hours per year. 
Standstill of the stem-making and mounting machines will cause standstill in the production 
lines. Therefore, the capacity of these machines is a little over the capacity of the rest of the 
production line, so a small stock can be kept to fill in gaps of the supply of mounts caused by 
standstill. However, it cannot be avoided that standstill of these machines will cause standstill 
in the production line. It is roughly estimated that 50% of the standstill of the machines will 
cause standstill in the production line, which means that in total 200 hours standstill will 
occur in the production line. The costs of an hour standstill of a production line is only based 
on the costs of the operators that cannot work at that time and amounts €350. This means that 
the standstill of the stem-making and mounting machines costs approximately €70,000 per 
year. 

The maintenance costs of the machines can be divided into two groups, the regular scheduled 
maintenance, where worn parts are preventively replaced by spare parts and accidental 
maintenance. It is known that in average each machine requires approximately €6,000 per 
year on spare parts, the costs of the mechanists is estimated to be equal to these costs. This 
means that the machines cost approximately €48,000 per year on preventive maintenance. 
The accidental maintenance has been monitored and it showed that in that period the costs on 
accidental maintenance on the machines were 11 % of the total costs [CFT, 20041. This means 
that the accidental maintenance will cost approximately €7,000 per year, which are only the 
costs of the mechanists, the costs of the materials used for this maintenance is assumed to be 
E3,OOO. 
In total, the maintenance of the machines costs approximately €58,000 per year. 

The machines currently are operated by one person per line per shift. One operator costs 
approximately €35000 per shift per year. Because each line will have to have two shifts the 
whole year, the total costs of the operators will be e140,000 per year. 



An estimation can be given to what extend the new concept will reduce these costs. It is 
assumed that the new concept will not cause any standstill in the production lines, will only 
cost one-fourth on maintenance, and can be operated by one person. This will lead to a 
reduction of costs of ample €1 80,000 per year. 

following table. 

The average costs of the mount are calculated by summing the costs of the component, 
regarding the fact that two lead wires are needed. The new mount will have different costs 
than the current mount, the lead wires will all be 42.5mm, the lowering of the glass bar will 
realise that only borosilicate glass is used and for the same reason the support wires will be 
3.5mm longer. The new costs of the mounts will be derived from the current costs. The costs 
of the lead wires will reduce because of the fact they can be delivered on reels, but will also 
be increased because they are a little longer. It is estimated that the new costs will be 0.500€- 
cents per wire. The costs of the support wire are increased proportionally to their length, 
which was 28mm, and therefore will have 12.5% more costs. Besides that, the new concept 
will have extra components, namely the extensions. Their costs are estimated, based on the 
costs of lead wire, because they will be of the same material. It is assumed that lmm strip will 
have 25% more costs than 1 mm wire, the length of the extensions in the mounts are 

the lead wire spacing (LWS) in the 
ven in the following table. 

This means that the new concept will introduce 0.415€-cents more costs per mount. Per year, 
about 10 million mounts are produced, which means that per year this introduces extra costs 
of €14,500. In this calcuIation, the costs of the failure are not considered. Because the failure 
is reduced, these costs will be reduced as well, which can match the increase of the 
component costs, especially when it is considered that the mount in average is only 
responsible for about 4.2% of the total material costs of a lamp. 
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APPENDIX VI LOWERING THE GLASS BAR 

In section 5.1 it is stated that by lowering the glass bar in the mounts where the 
aluminosilicate glass is used, it can be reached that the temperature of the glass bar during 
operation decreases, and the use of borosilicate glass suffices. This could realise a reduction 
of wear and conversion time on the machine. In this Appendix, a rough approximation is 
made of what the influence of the lowering of the glass bar in these mounts will be. 
Figure 5.3 presents how much room is left for the glass bar to be lowered. Two types of 
mounts use the alurninosilicate glass, by lowering their glass bars their layout will alter as is 
presented in figure A6.1. 

~ i a u r e  A6. I :  Mounts with lowered glass bar 
The !eft tjjpe of mwmt is only ased for one fi!ame,-,t v&h 2n oiiter di&zeter ~f 2 . 5 ~ ~ 1 ,  the 
other is a group of five filaments with an average outer diameter of 1 .lmm. The filaments of 
this group of mounts are mounted in an arc shape. This means that the distance between the 
filament and the glass bar is not constant, therefore the distance that is seen in the frontal view 
is used in the following calculations. 



The heat transfer by radiation between two diffusive-gray surfaces can be calculated by the 
following equation [Be'an, 19931. 

0(T,4 -T2"j 
ql-2 = 1 +-+- 

&,A, A142 &,A2 
(5 Stefan-Boltzmann constant 
Tx Temperature of body x 
E, Emissivity of body x 
A, Area of body x 
FI2 Geometric view factor from body 1 to body 2 

In this equation, the filament is seen as body 1 and the glass bar as body 2. The situation of 
the filament and the glass bar is compared with the heat transfer between two infinite parallel 
cylinders. The geometric view factor for this situation is given according to figure A6.2. 

i,, = 4 = x .r -ij12 +s in [+ )  \ - X I  A 
L 

X = 1 + -  
Q 7J 
LA Figure A6.2: Two infinite parallel cvlinders 

In this equation, the cylinders have the same radius, therefore in the equation of the heat 
transfer Al will be chosen equal to A2, Further, the emissivity of the filament is chosen equal 
to 1, the emissivity of the glass bar is chosen equal to 0.9. This will lead to the following 
simdified eauation. 

The glass bar is mainly heated because of the heat transfer by radiation of the filament. It can 
be seen that the heat transfer from the filament to the glass bar will reduce with approximately 
20%, and therefore the temperatwe of the glass bar will decrease. However, the decrease of 
the temperature will cause the heat transfer to increase a little again. Because the temperature 
of the glass will be less than a third of the temperature of the filament, it only contributes to 
about 1% of the heat transfer because of the fourth power in the equation. Variation of this 
percentage will have a negligible influence on the heat transfer. The glass bar will also 
transfer heat to the gas filling of the lamp, which can be modelled by the following equation 
in which the gas is seen as body 3. 

O A ( ~ ;  - T; ) 0(q4 - q4) 
q1-2 = 1 [wl= d 2  = 1 

---+0.11 -+0.11 
4 2  6 2  

The denominator of these equations will change due to the lowering of the glass bar. Because 
this change is dependent on the chosen radius in the model, it is calculated in the cases of both 
mounts for both the radius of the filament as well as the radius of the glass bar. 

Factor 
641-2 
0.81 
0.82 
0.69 
0.73 

Case 

l a  
l b  
2a 
2b 

Distance 
2 
16.5 
16.5 
17.3 
17.3 

Radius 

1.25 
1.875 
0.55 
1.875 

Denom. 
2 
47.8 
33.9 
105.2 
35.3 

Distance 
1 
12.9 
12.9 
11.6 
11.6 

Factor 
Densm. 
1.23 
1.22 
1.45 
1.37 

Denom. 
1 
38.7 
27.9 
72.6 
25.7 



dix VI Tmwerin~ - the bar 

This heat transfer will be affected by the lowering of the glass bar as well. Other heat transfers 
fi-om or to the glass bar are considered negligible. In order to quantify the reduction of the 
glass temperature, the steady state situation is considered. When the temperature of the glass 
bar reaches its final value, equilibrium is reached between the heat that is supplied from the 
filament and the heat transfer to the gas. A steady state equation can be derived in which these 
heat transfers will be equated. This can be done for both situations, in which index A will 
indicate the current situation and index B the altered situation. 

ii - \ 
41-2.4 - qL3,A = h ( ~ , A  - q,A)  

11 - 
~ I - ~ , B  - = h(T2,, - T,,, ) 

\ 
qL2,, = 0.8qL2,r a h(T2,B -T3,B) = o . ~ ~ ( T ~ , A  -T3,A)  

0 ( ~ 2 ,  - ' 3 , )  = 0 4 ' 2 ,  - % A )  

Factor x indicates the relation between the temperature in the current situation and the altered 
situation. It can be seen that it is dependent on the gas temperatures and the temperature of the 
glass bar in the current situation. The temperature of the gas filling is difficult to predict, 
however an estimation can be made dependent on the temperature of the filament and the 
reflector. Because the glass bar in the current situation is closer to the filament, it is believed 
that the gas temperature will be higher in the current situation than in the altered situation. 
These temperatures are estimated to be 800°K in the current situation and 600°K in the altered 
situation. By implementing these numbers in the equation of x, the following equation arises. 

600 - 640 
x = 0.8 + 40 

~ 0 . 8 - -  
T2,A T2,A 

This means that the temperature decrease factor x, will be maximally 0.8, which means that 
the temperature will decrease at least 20%. The maximum temperatures at what borosilicate 
and alurninosilicate can be used are respectively 723°K and 913°K. In the worst case, the 
temperature of the glass bar will be 913OK in the current situation. This means that the altered 
situation will have a temperature of 0.76T2,* that is 694"K, at which borosilicate can be used. 
Nevertheless, it must be remembered that many assumptions were made and that the real 
influence must be tested experimentally. Besides this, it must be considered that the glass bar 
will approach the opening for the exhaust tube, but cannot disturb the pumping process. 



APPENDIX VII CLAMPING THE FILAMENT 

When the singly coiled end of the filament is clamped, it is important that the force of the 
clamp is high enough to ensure a robust clamped joint, but does not bring damage to the 
filament. The currently used criteria to judge the quality of the clamped joint, only speak of 
dimensions, which have strange relations in their tolerances, as can be seen in section 5.2.3. 
Although this way of clamping the filament has not led to filaments that do not reach their 
lifetime, its required processes on the machine cause a lot of wear and long conversion time. 
Therefore, a new criterion is drafted that is based on using a strip of defined thickness to 
create a universal clamp. The layout if this clamp wiii be as is presented in figure A7.1. The 
strips under and above the filament will be pinched together on their ends, so the filament is 
clamped. The geometry of the strip will be chosen so that the clamping force will be as high 
as possible but will not cause stresses in the filament that are higher than the yield-stress of 
the tungsten. 

Figure A7.1: Schematic representation o f  the clampedioint 

The forces that are caused by the deformation of the filament and the strip will reach 
equilibrium. In order to calculate by what clamping force they reach equilibrium, their 
stiffness is being calculated. In these calculations, the thickness of the strip is used to optimise 
the clamped joint. 
As can clearly be seen in figure A7.1, the situation of the clamped filament is symmetrical, 
therefore one strip will reach equilibrium with one half of the filament. A strip can be 
considered as a two-dimensional beam that has a rotation point on one end and a restriction in 
the direction perpendicular to the beam on the other end, as is presented in figure A7.2. 

1 Figure A7.2: Beam 



The stifhess of such a beam can be derived fiom the equation for the deflection caused by the 
force. 

~ a ~ b ~  
d, =- 

L F L ~  
whena=b=--=d,  =- 

3 EIL 2 48EI 

As can be seen in the equation, the stiffness will increase when the force is applied closer to 
one of the ends. The end of the filament will not always lie in the middle of the strip, in order 
to estimate the increase of the stiffness, this deviation must be estimated. The length of the 
strip is chosen to be 3mm (see Appendix XII), the average outer diameter (Do) of the 
filaments is 1.2mrn, and therefore the ends of the filament can lie 0.2L away fiom the middle. 
The increase of stifhess that is maximally felt will then be 40%. 
The stiffness of the filament is more difficult to estimate. It can be compared with an arc- 
shaped beam, however these equations count for beams which length is much larger than its 
width and thickness. Nevertheless, the comparison is made in order to see which dimensions 
of the filament determine the stiffness. When looked at one half of the filament, it can be 
considered as a row of arcs, that can each be modelled as is presented in figure A7.3. The 
deflection and stiffness are given in the following equation. 

F R ~  n2 - 8  dc =- - 
2 8n  1 

kc =y 7 7 L8: 8 )  

d: I = -  3 kc = Cl - d: 
64 R Figure A7.3: 2. Arc-sha ed beam 

It can be seen that the stiffness of the filament is determined by a constant that is dependent 
on the material and the load case, and the relation between the fourth power of the wire 
diameter and the third power of the bending radius of the wire's centreline. The pitch 
determines the number of windings that are loaded by the strip, therefore it also determines 
the stiffness of the filament. 

J 4 



This property of the filaments varies between the 0.087 and the 0.240, as can be derived from 
Appendix I, being respectively of a 250W and 150W filament. In order to see if for filaments 
of this geometry, this property is proportional to the stiffness as well, a finite element model 
has been created of the windings of these filaments. In figure A7.4 a half winding of each 
filament is presented that is loaded by a single force of IN, according to figure A7.3. Without 

;I 
/ 

Finure A 7.4: Z-displacement in loaded AaZfwindings 

accounting the pitch, the stiffness-property of one half ring of the filaments should be 
respectively 17.6 and 32.2. The z-displacement of the mid part of the half winding is 
considered as the defiection caused by the load. iiigha z-displacerients occur around the spot 
where the load is applied, however these are only local deformations. The mid part of the 
250W filament shows an average deflection of 2.8-l0-~mm, the 150W filament shows one of 
1.75-10-~mm. The stiffness-property of the 150W filament is a factor 1.8 larger than the 
stiffness-property of the 250W filament, however its deflection is a factor 1.6 lower. 
Although, there is a difference between these factors of 12.5%, it is regarded as acceptable to 
indicate that the assumption of the proportional relation between the assumed stiffness- 
property and the stiffness itself is justified. 

For a half arc, the maximum stress can be calculated by the following equation. 
eFR 

CTmx = - 
XI 

In this equation, "e" indicates the maximum fibre distance, which is proportional to the 
diameter of the wire. Therefore, it can be stated that the following relation counts. 

This relation has also been verified by a finite element model. The filament with the highest 
value of this stress-property is a 60W filament, the lowest is an 80W filament of which this 
property is 17 times smaller. Figure A7.5 shows that the stress in the 60W filament is 
approximately 16 times larger than in the 80W filament. These filaments were loaded by three 
forces, the maximum stress on the underside of the windings is compared, because the nodes 
on which the filament is loaded show local high stresses. Again, it is justified to say that the 
maximum stress that occurs in the filaments will be proportional to this stress-property. 
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Finure A7.5: Von Mises-stress in loaded halfwinds 

Now the stifhess of the strip and properties for the stiffness and stress of the filaments are 
derived, the critical filaments can be selected. When the filaments are clamped, equilibrium is 
reached, and therefore the following relation counts. 
Fs = Fc e d,ks = d,kc 
In this equation "d," and "d,", indicate the deflection of respectively the strip and the filament. 
These deflections are related to each other according the foliowing equation as can be seen in 
figure A7.6. 

In this figure, one fourth of figure A7.1 is presented, in which the filament without . 

deformation is drawn dashed. The outer radius of the filament is indicated with "R," that is 
equal to the sum of the bending radius of the centreline of the wire and the radius of the wire. 
It can be seen that the following equation counts. 
d, -tdc =R, =R+0.5dW 



Altogether, this leads to the following maximum-stress-property. 
F = dsks 

F = dckc 

d, + dc = R + OSd, 

In order to have an indication of which filament will have the highest stress, k,/C1 needs to be 
known. Therefore, this value is calculated using a Young's modulus for tungsten of 
4 . 0 - 1 0 ~ ~ / m m ~  and for the material of the strip 2.0-10~N/mm~, the width and the thickness of 
the strip are chosen to be lmm and 0.2mm. The result of the calculation shows that it has a 
value of 0 . 2 8 ~ .  This value can be used in the equation to find out which filament is the 
most critical. It showed that the most critical filaments are the 60W filaments, even when the 
value of k,/C1 was varied between Omm and lmm. 
To see whether this filament will fail due to the clamping, a finite element model has been 
created of the strip lying over 19 half windings, because the strip is lmm wide and the pitch 
of this filament is 0 . 0 5 2 ~ .  The deflection of the strip will maximally be the outer radius of 
the filament, when the filament will not have any deflection, which is 0.065mm. According to 
figure A7.2 and the stiffness of the strip, the force that has to 5e applied will be 15.W. This 
means that when the strip is being bend over the filament, the forces on its ends need to be 
7.7N. In the model, these forces are divided over the edges of the filament. In order to have a 
good transition between the windings and the strip, the windings each have a few extra 
elements that create a flat plane on top of the half winding. This way the strip and the half 
windings will not be connected only at one point. Figure A7.7 gives the deformed shape of 
the model, it can be seen that the deflection of the ends is about the 0.065mm. 

'''..7 I aci.iner;.L 

Figure A7.7: Displacement o f  the strip 



Figure A7.8: Stresses in the filament. when the s t r i ~  is 0.2mm thick 
In figure A7.8, the stresses in the filament are shown. It can be seen that the half windings 
show high stresses in their middle and on their ends. These high stresses only occur on their 
outer radius, which is logical because those places have the largest fibre distance. Remarkable 
is that the outer windings do not have such high concentrations of stress, which is favourable 
because the windings outside of the filament cannot be damaged because they reach high 
temperatures. The high stresses in the filament of the model are unreal, this is because a linear 
elastic model was used. The stresses in the model can locally be up to 3 0 0 0 ~ / m m ~ ,  however 
in reality, the yield-stress will be reached and after that, the stress will not increase that much 
anymore until failure occurs. The yield-stress of tungsten is dependent on the processing of 
the material, it has been found that it can vary between the 450-900~lmm~ 
[www.matweb.com] . 
To see whether the whole filament reaches these high stresses or only some small spots, the 
strip has been hidden and the four outer windings of the filament will be regarded singly in 
figure A7.9. 

Figure A7.9: Stress in the outer winds 



It can be seen that these windings have an average stress under the 6 6 8 ~ / m m ~ ,  but also show 
large spots where the stress is higher, especially in the fourth winding where the stresses go 
above the 1 0 0 0 ~ / m m ~ .  To reduce the stresses in the filament the thickness of the strip is 
chosen to be O.lmrn instead of 0.2mm. This has been done in a new model of which the 
results can be seen in the following figures. Figure A7.10 presents the strip that is bent over 
the filament, which ends have a displacement in z-direction about the 0.065mrn. 

Finure A7.10: Displacement o f  the 0. Imm strip 

When looked at the stress in the filament in figure A7.11, it can be seen that the decrease of 
high stresses towards the outer windi_n_gs does occurj but the last winding shows higher 
stresses as well. 

The stresses in the filament can be seen in figure A7.12 that shows the outer rings of the 
filament. 



It can be seen that the stresses only very locally go up to 743N/mm2, far out the largest part of 
the material stays below the 324N/mm2. This means that a strip of O.lmm thickness can be 
used for all filaments without damaging any. In order to see whether the filaments will be 
clamped strongly enough by this strip, the maximum force that can act on the filament to pull 
it out of the clamped joint is derived. This force is derived by stating that when the filament is 
loaded to be pulled out of the clamped joint, it will fail before the clamped joint will. In order 
to see what forces the filament can resist before failing, it is compared with a cylindrical 
spring. The maximum shear stress that occurs when loading such a spring is given by the 
following equation [Hiitte, 19551. 

8 DFk 

In this equation, "k" is the correction factor dependent on the proportion Dld, in the 
application of the filaments this factor varies between 1.4 and 1.8 [Hiitte, 19551. In the 
equation "D" is the diameter of the centreline of the windings, thus D=2R. The maximum 
force that can act on the filament can be derived from this. 

When the situation is considered that the maximum allowable shear stress is 900N/mm2 and 
k=1.4, the forces have been calculated per filament. The force that acts on the filament 
because of the bent strip is also calculated for each filament, depending on its outer radius. It 
shcliired that for a!! f;l!a;z;e;;ts, the f ~ r c e  i~ the c l ~ ~ p e c !  joil"lt is at !east ! 4 times Imger t h ~  the 
maximum force that can act on the filament. Based on these equations, it is assumed that the 
0. imm strip can ciamp aii fiiamen'cs. 
By using the method as is described in section 6.2.2, a bending radius as small as it is drawn 
in figure A7.1, will never be reached. Therefore, it is proposed to pinch the bends after the 
clamped joint is produced. This way, all clamped joints are similar and will resemble the 
situation as is presented in figure A7.1. 



In the forgoing calculations, many assumptions were made, such as the material properties of 
both materials, in order to derive values that could be compared. In order to confirm that this 
way of clamping really is effective, test should be done. These tests can show how the 
clamping of the filament is influenced by the behaviour of the materials with respect to plastic 
deformation and the position of the filament in the clamped joint. In addition, the effect of 
clamping forces that do not act perpendicular to the centreline of the filament can be tested. 

Calculations have shown that a large part of the filaments can be clamped with a strip of 
2mm, without introducing stresses above the yield-stress. Only a few filaments, such as the 
60w filzme~ts, are expected to reach stresses a little over the yield stress. The spring-back in 
the clamped joint is restricted to have a large influence, however it will still open the clamp a 
little. Therefore, it is assumed that also a strip of 0.2mm is able to clamp all filaments, so the 
strip czin be more robust than when it would be only 0.1m.n thick. In the test thzt is 
performed, a strip of 0.2mm is used to clamp the filament, as is explained in Appendix XIII. 



dix VIII Inseztthlp the support wire 

APPENDIX VIII INSERTING THE SUPPORT WIRE 

This Appendix will discuss global calculations of the forces 
that can occur during the attachment of the support wire. First, 
an estimation of the resistance of the wire getting into the 
glass is derived. When looked at the current inserting 
elements, the wire can be stabbed in, while it is sticking out of 
a needle approximately 2.5mm (see figure 3.4). This means 
that the resistance of the wire getting into the glass is lower 
than its critical buckle force. This force can be caicuiated by 
the following equation, assuming the wire can be considered 
clamped in the inserting element (d=0.17mm and 
EM,=330GPa), as is schematically represented in figure A8.1. 

X ~ E I  Figure A8.1: Buckling model 
F, =- = 5.3N 

4~~ 
This force will probably be lower since the wire actually is not clamped in the inserting 
element, but is held by a narrow part of the inserting element that is 2mm long and has a 
diameter of 0.3mm, as can be seen in figure 3.2. Therefore, 
this will be the absolute maximum force that will occur. To 
estimate the resistance of the wire being pushed into the 
glass bar as is schematically represented in figure A8.2, the 
maximum resistance is considered proportional to the frontal 
area that is pushed in. The frontal area in the case of the 
stabbing is the cross-section of the wire that equals 5 
0.023mm2. The frontal area of the wire that is pushed in is 

- 

the development of the fi-ontal area and the resistance 
dependent on the depth into the glass. Figure A8.3 presents FiaureA8.2: Pushinn in the wire 

dependent on the depth. The area is calculated by the product of the length of the wire in the 
and the diameter of the wire, the resistance is calculated proportional to this area. 

Frontal area of the wire pushed into the glass Resistance of the wire pushed into the glass 
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Figure A8.3: ~eve lo~ment~honta l  area and resistance 
It can be seen that when the wire is pushed lmm into the glass, the maximum resistance will 
be 130N. However, one must account for the assumptions made, because several are unreal. 
The critical buckle force is chosen too high, the derivation of the resistance does not account 
for the round shape of the wire and the glass internally will be more softened on the surface, 
because this is cooled first. Therefore, this will be an ultimate maximum value. 



The resistance of the wire getting into the glass will lead to a force in the wire. This force is 
derived in the schematic representation in figure A8.4a. 

It can be seen that this force is dependent on the angle of the wire, in which a reduction of the 
angle, will enlarge the force in the wire. However, it is wanted that the angle is low, because 
then the wire can be mounted in a straight line and the pincers do not have to move far beyond 
the depth of attachment. This 
means that the forces acting on the 
pincers can easily be three times 
12rger thin the resdstmce on the 
wire. Especid.lly when the wire 
gets deeper into the glass, this 
force will increase rapidly, as caa 
be seen in figure A8.4b. The 
resistance on the wire that is 
pushed into the glass can be 
considered as a type of friction 
that loads the wire in the opposite 
direction of its movement, which 
in this case is perpendicular to the 
wire. This will lead to large forces 
on the pincers and high 
requirements on the clamp, which 
are unwanted. Therefore, it is 
proposed to abolish this fiction 
by introducing slip in another 
direction, so the resistance getting 
into the glass is reduced. Figure 
A 8 . 4 ~  presents a wire that is 
pulled through the glass, because 
of the slip in the glass, the 
direction of the friction will be in 
the opposite direction of the 
movement. When this wire is 
loaded by the pincers in vertical 
direction, the resistance getting 
into the be Fizure A8.4: Schematic represen~t~ns'o~Lesi~tance on the wire 
lower and the wire is actually cut 
into the glass bar. Large displacements of the pincers along the ladder are unwanted, because 
they will disturb the creating of the pigtail. Therefore, it is proposed to concentrate the cutting 
movement in the last part of the insertion creating a path as is sckeriiatically represented in 
figure 5.8. In the preceding figures, the wire is held on a short distance of both sides of the 
glass bar, because this way the wire wiii easier be in a straight iine between the pincers. As 
can be seen in figure 5.9 the wire must be attached parallel to the ladder. The end, of which 
the pigtail is created, must also be held to prevent failures due to takeovers, therefore it is 
proposed to hold the wire only on both ends. The influence th s  has in the attachment of the 
wire is as follows. Holding a longer wire means that the deflection of the wire in vertical 
direction caused by the resistance of getting into the glass wili increase. It is dependent on the 
presenting of the support wire how straight it is held by the pincers and therefore this increase 
can lead to failure in the attachment of the wire. If this will occur, it can be solved by 



implementing a restriction for the deflection of the wire. This can be realised by implementing 
a third pincer or a stop that is positioned closer to the glass bar, and helps inserting the wire. 
An alternative to ensure the straightness of the wire and to reduce the loading of the pincers is 
to apply pre-tension on the wire before inserting. 

It is difficult to estimate the forces on the wires as they occur while cutting the wire into the 
glass. Because the cutting movement is limited, not all fiction will be abolished. It is 
assumed that the maximum force acting on the pincers will not be more than the maximum 
resistance of the wire, getting pushed into the glass, which is 130N. The pincers must be able 
tn resist this lad, withnut fd ing  or releasing the wire. 
As is stated in section 6.3.1, only two support wires will be attached and rolled per step. The 
pincers will be built out of two hardened clamping blocks that are elastically guided, which 
clamp both wires against a rigid third block. Figwe A8.5 presents a scE,ematis representztttion 
of this setup. The gap between the blocks is i chosen to be 0.3mrn and the edges are skewed, so 
the wire can enter easily. To close the pincer, the 
leaf springs must allow a deflection of 0.13mm. 
However, the pincer must also be able to close 
without clamping a wire, therefore the leaf 
springs will be calculated based on a 
displacement of the block of 0.3mm. Because the 
block will be pushed against the rigid block, it 
will not rotate and therefore the leaf spring is 
modelled to deform in a S-shape, as can be seen 
in figure A8.6. The stiffness and maximum stress 
that occurs in such a leaf spring can be calculated 1 
by the following equations 

12EI 
C =- 

wt3 
with I = -, 

L~ 12 
As can be seen, long and 

L 

thin leaf springs are preferred so m 
low stiffness and low stresses occur. Assuming the leaf spring 
wil1,be made out of spring steel, the Young's modulus will be 
2.1 - 1 05~/mm2 and the maximum allowable stress will be 
500Wimrn2 based on osciliating loading. k thickness of 
0.5mm and a length of 20mm are chosen. This will lead to a 
maximum stress of 2 3 6 ~ / m m ~ ,  which will guarantee a long 
lifetime of the springs. The width of the springs will i 

determine its stiffness in the direction of the wire (x- 
direction), the force in this direction will be maximally 130N 
as is derived in the forgoing. In the worst-case scenario, this 
force will only load the leaf spring and therefore it will be 
wed to dimension the spring. The maxim~im stress that is 
caused by this force is also determined by the width of the - 

spring according to the following equation. & 
Figure A8.6: Leaf spring 

Filling in the h o w a  values, the minimum width can be calculated, which is 7.9-. The 
width is chosen to be 10mm so the maximum stress will be 3 1 2 ~ 1 m m ~  and the stifhess in the 
y-direction is 65.6NIm.m. 



The blocks are guided by a single leaf spring that 
determines three degrees of freedom. Regarding the 
coordinate system in figure 6.7, the leaf spring captures 
the x-, z- and y-direction of the blocks. The translations 
in the y-direction are dictated by the drive of the pincer, 
which will also restrict the movements in the direction of 
8. The cp-direction will be kept free, so the displaceable 
block can orientate itself against the rigid block and the 
possible wire that lies in between. Figure A8.7 gives a 
sche~~sltic represe~tztion of the block that is loaded by 
the drive that is indicated by the two solid black arrows. 
It can be seen that the block will rotate a little, because 
this xtation will be very small it is believed th& the 
stress in the leaf spring will not exceed the allowable 
stress. 
The drive of the pincer must ensure a large clamping 
force so the wire will not be pulled out during the 
insertion in the glass. The wire will be maximally loaded 
with 130N, the clamping force will therefore be chosen 
10 times larger, 1300N. Several ways are possible to 
drive the pincer and apply the load to the clamping 
block. In figure A8.8, different concepts of driving the 
pincer are presented. 

Figure A8.7: Guidance o f  the block 

Figure A8.8: Drive concepts 

In the first concept, the blocks are being loaded by rollers that are captured in between the 
wedge-shaped blocks and drive. By choosing a smaii angie, the transmission wiii reaiise a 
small actuation force and a large clamping force. The advantage of this concept is that the 
drive will not wear due to the high loads, because of the rolling contact. It is wanted that the 
wire is clamped as low as possible in the pincer, a disadvantage of this concept is that it is 
difficult to have the clamping force act there. In the second concept, levers are attached to the 
blocks that are connected to each other, standing in horizontal position. By applying a vertical 
load on the pivot, a favourable transmission is realised. This concept has the advantage that 
the pivots can be placed at the height of the clamping zone to ensure a robust pincer. Besides 



that, this drive can easily be made bi-stabile. Disadvantageous is that the high loads must be 
transmitted by the small axes and bearings of the levers and the favourability of the 
transmission will decrease along the stroke. The levers in the third concept create a 
transmission that becomes more favourable along the stroke. It also has more room to further 
improve this transmission. An extra disadvantage is that one of the levers is loaded by 
pressure so it must be designed more robust to resist buckle. Nevertheless, the third concept is - - 
seen as an improvement on the second and is even preferred above the first concept. Although 
the first concept has a lower wear rate, the third concept can apply the load on the desired 
position, can endlessly enlarge the transmission and can be designed bi-stabile so it can also - - 

opm the pincer to e m x e  the easy entry of the wire. To enable the levers to rotate a relatively 
large angle with pure rolling, the axis must be fixed in the blocks and the levers must 
surround this axis. This way the body that does not rotate with respect to the vector of the 
force s ~ n u d ~ d s  the other body a d  2 Izrger mg!e can be redised without having slip occur 
[TUIe 40071. 

The wires are going to be inserted in pairs. Figure A8.9 
presents the underside of a glass bar in which four wires are 
cut. Their mutual distance is maximised to 4mm to avoid the 3 n 1 

L V 
ends sticking out to form a short circuit. The length of the 4 
ends sticking out will be about 1.5mm, therefore it is wanted 
that the thickness of the clamping blocks is lmm. Therefore, 
clamping plates are added to the blocks that will be lmm thick 
and of hardened material so these will have low wear rates and 
can be easily replaced during preventive maintenance. These 
plates will be mounted in the middle of the blocks so the 
clamping force can be equally divided over the drives on both 
sides of the blocks. Besides that, the wires must be at a 
defined height in the pincer, and so a stop must be 
implemented. Figure A8.10 presents how the pincer will insert 
the wire, figure A8.11 presents an assembly of the pincer. 

F i ~ u r e  A8.9: Underside glass bar 

L e a f  spr lng 

B lock  

Fiaure A8.10: Inserting the wire 

Figure A8. I I: The ~ i n c e r  



APPENDIX IX PIGTAIL ALTERNATIVES 

In section 5.4, already some these alternative ways to create a pigtail are discussed. This 
Appendix gives an overview of some other alternatives that were considered. Because 
creating the pigtails is a process that is done in the mounts of practically all the types of lamps 
that use filaments, improvements on this process can have large advantageous influences. In 
this research, the process of creating pigtails is approached from a new point of view, which 
can open new possibilities that can lead to improvements on creating the pigtails for all lamps. 
In section 5.4, the concepts of pulling, rolling, and knotting the wire around a mandrel, as well 
as forcing the wire in a pigtaii without using a mandrei have been discussed. in tnis Appendix, 
new concepts are added that consist of letting the creation of the pigtails precede the mounting 
of the filament and creating pigtails around a mandrel with a reduction of failure. 

The alternatives of the first concept can be divided into two 
groups, one in which the pigtails only need to be finished 
when the filament has been laid in, and one in which the 
filament will be stabbed into the pigtails. The first group is 
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account for the filament by preparing pigtails that are almost 
finished and in which the filament can be laid easily. Two of 
these alternatives will be given. The first alternative can be 
seen in figure A9.1, the support wire is hooked, so it only has 
to be closed by bending when the filament is laid in. The 
second alternative is based on pigtails that can be closed by , 
twisting the support wire, as can be seen in figure A9.2. U U U 

Fi~ure  A9.2: Twisting pigtails 

The alternatives of the second group are based on creating finished pigtails, through which the 
filament will have to be stabbed. Because these pigtails can be completely created without a 
filament that is hindering this process, an easy and reliable mechanism can be designed. Three 
of these alternatives will be presented. The first alternative consists out of a mandrel around 
which the pigtail is winded by the supply of the support wire. This mandrel can be pulled 
back into a plate, so the pigtails can easily be removed, as can be seen in figure A9.3. The 
second alternative is based on letting the 
mandrel take the wire and winding it around 
itself, while letting the supply stand still, as can 
be seen in figure A9.4. The last alternative is 
based on twisting the wire to produce a pigtail, 
which can be easily realised by using two 
pincers, as can be seen in figure A9.5. It can be 
seen that all three alternatives have reduced the 
takeovers of the molybdenum wire, and the end 
of the wire can even still be attached to the 
supply. This has the advantage that the pigtails 
can be created larger than needed, so the 
stabbing of the filament can be simplified, and 
after stabbing, the pigtails can be shrunken by 
pulling their ends. 



Fiaure A9.4: Creating pigtails 
with mandrel 

The two alternatives of the second concept that are going 
to be presented are more or less variations on the 
knotting and the rolling of the wire, only they are altered 
so less takeovers or accuracy is required so the failure 
rate will be reduced. The first alternative creates a pigtail 
by remaining to hold the end of the wire while applying 
pre-tension on the wire. Now a needle can easily create 
the pigtail around the mandrel without requiring an 
accurate reference to the mandrel, as can be seen in 
figure A9.6. At the end of the stroke, the wire can be 
released and the pigtail is finished. The second 
alternative uses the mandrel as a reference of a roller that 
e m  search the mandrel. Figire A9.7 przseiits 8i1 

alternative that applies this by using a roller that is 
mounted to a torsion spring. Bofn aiternatives can use a 
cylinder as mandrel so the filament is better protected 
than in an open mandrel. 

U 

Fiaure - A9.5: Creating pigtails bv twistina 

Figure A9.6: Creating pigtails with needle 

4 
Figure A9.7: Using the mandrel as reference 



APPENDIX X STIFFNESS OF THE LADDER 

When the ladder is bent, the stiffness in the direction of the transport is reduced, because 
forces will cause moments in the ladder that have to be resisted by wire. In this Appendix, the 
calculations that where done to quantify the difference in stiffness are presented. 

Fipwe A I  0. I : Unit of ladder 

The ladder without bending is built up out of units as they are presented in figure A1 0.1. The 
axial stiffness of the two lead wires between the glass bars is dependent on the Young's 
modulus of the lead wire material. However, this is not known for the nickel-manganese, 
which is used for the lead wires. Because it is wanted to compare the stiffness of the ladder 
before and after bending, the stiffness will be expressed in Young's modulus. It can be 
calculated by the following equation. 

When the ladder is bent, the unit will be as is presented in figure A1 0.2. 
Calculating the stiffness of this setup requires focussing on this situation. The stiffness of half 
a wire in the bent unit can be compared with the beam as is presented in figure A10.3. 

Fiaure A10.2: Unit o f  bent ladder 



Figure 4 0 . 3 :  Schematic bent wire 

The beam consists out of two parts, part 1 with length L1 that is attached to part 2 under an 
angle a and part 2 with length L2 that is clamped on one side. The deflection of the loose end 
of the beam, parallel to part 1 is called u and the deflection perpendicular to part 1 is called v. 
The displacement parallel to F is called x and perpendicular to F is called y. 
The force F causes four deformations that displace the loose end of the beam in the x 
direction: the lengthening of part 1 and part 2, the deflection due to the bending of part 1 and 
the rotation of paart 1 due to the bending of part 2. 
The lengthening can be easily calculated by the following equations. 

Small deflections due to bending can be calculated by these equations. 
L! F sin a 

d4 
with I = - 

dy L2 FL, sin a v =-L = 
64 

2 dx 1 El 4 
The x-components of the displacements u and v can be found by multiplying them with 
respectively cos(a) and sin(a). Using this, the total displacement in x-direction can be found 
as a result of force F. 

From this it can be seen that the deflection due to the lengthening is negligible, because it is 
approximately 565 times smaller. 
The stiffness of a unit of the bent ladder can be derived from these results, because it contains 
two parallel wires that each consists out of two of these beams in series. This means that when 
a force F is applied, each wire will be loaded with 0.W md therefore will defleci in x- 
direction two times 0 . 5 ~ .  In other words, the stiffhess of the ladder is equal to the stiffness of 
the beam. 

The stiffhess of a unit of the ladder was 26E. 10"~/mm, which means that it is reduced with a 
factor 500 by bending. 



APPENDIX XI USING V-BLOCKS 

As is stated in section 6.2, the filaments are presented lying in a V-block. Because some 
filaments resemble each other, it is preferred to group the filaments and have a specific V- 
block for each group, rather than having specific V-blocks for all types of filaments. The 
angle of the V-block is chosen to be 90°, so the centreline of the filaments will be positioned 
without extremely enlarging the difference in diameter of the different filaments. The shown 
table gives a re-division of the filaments of Appendix I, primarily done on length and 

24,01 120 1 100 1 PAR USA ( 10391 I 01 10391 01 0 

Of each filament the outer diameter is given, again, the 12V filament is only singly coiled (see 
Appendix Ij and aiso for two speciai fiiaments, the diameter of the singly coiled ends is given. 
These are the filaments of the first type of mounts of Appendix 11. It can be seen that their 

. - - - 

ends are long and thick, and 
therefore these will lie in the V- 
block as can be seen in figure W 

0 
0 
0 

A1 I .  I. The seventh column shows 
the difference between the 
minimum and the maximum Figure A1 I .  1 : Special V-block 
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diameter of the group. The column indicated with V-block, gives the total height of a group in 
a V-block, measured from the lowest point of the smallest filament to the highest point of the 
largest filament in the group. As is stated in section 6.2.1, the larger filaments will have a 
small deviation in height, the deviation of the largest filament is shown in the columns 
indicated with "h", the first is absolute, and the second is relative 
to the largest diameter. It can be seen that the group of 26 ----- 

filaments is neatly divided into ten groups causing a maximum LJ?j[[ 
deviation of 65pm. 
Now the position of the filaments is defined, the area in which 
the ends d l  be is a!sc kmwn By choosing the right dimensions k-T~Fx~ 
of the clamping strip, it will always catch the end of the filament 
and no failure will occur due to the variation in its position. As 
can be seen in figwe A1 2.2, the fi!a;nent taxi always be caught 4p 
by the clamping strip as long as it is longer than 2.5mm. 
However, this will require accurate positioning of the strip with 
respect to the V-block. When a length of 3mm is used, the arc 
that the strip describes will ensure that all ends of the filaments 
are clamped. The only filament that can bring difficulties to the Figure A11.2: Dimensions 

clamping process is the 127.5V-250W filament. This filament has the largest diameter and 
therefore is a separate group on its own, this means that the V-block can be altered specially 
for this filament to restrict the area in which the end can be. A disadvantage of doing this is 
that the positioning of the filament will be influenced as can be seen in figure A1 1.3. Because 
this filament is so large, its inaccuracy of position will have low influence on the shape of the 
beam created by the reflector. Therefore, this can be applied on this filament but will not be 
applied to the others. 

Figure A1 1.3: S~ecialli, altered V-block 

In figure A, the situation is given in which the filament is lying in a normal V-block. Figure 
B, gives a schematic representation of how this filament would lie when the end is restricted 
to be under the centreline. It can be seen that in some cases the filament will be lifted out of 
the V-block, which disables the V-block to position it. The situation given in figure C, is a 
copy of figure B in which a restriction for the horizontal deviation of the ends is implemented 
as well. 



APPENDIX XI1 CREATING PIGTAILS 

Section 6.3.1 has explained the concept of the new bending element, it must be a tool that can 
bend the wire twice by using a mould and a mandrel that can be pulled back. This Appendix 
presents a more detailed design of this bending element and will determine the dimensions of 
the pigtails. 
The new pigtails will have a triangular shape, as can be seen in figure 5.14. This triangle will 
be shaped in such a way that the loose end will be perpendicular to the fixed end of the 
support wire, so the filament will be securely supported and no third bend is required. In order 
to create this pigtail the mould will have to be able 
to bend the wire over 135". When the first bend is 
made, the support wire is lying horizontal on top 
of the mandrel. Now the mould must push the 
wire around the mandrel preferably using one 
rotation point. The mandrel has a diameter of 
lmrn, therefore the inner radius of the mould is 
chosen to be 0.67rnm, which is the radius of the 
mandrel added with the tki&iess of thz ii;ire. To 
minimise the stroke of the mould in horizontal 
direction, the rotation point is positioned in such a 
way that the mould approaches tangent to the 
mandrel, as can be seen in figure A12.1. For 
convenience, the distance between the mandrel 
and the rotation point has been chosen to be 
1 Omm. Because this unit will have to be displaced 
every production step, its mass must be minimised 
and therefore it is chosen to use dry sliding bushes 
for the bearing of the mould. The smallest of these 
bushes have an inner diameter of 3mm and an 
outer diameter of 4.5rnrn. The bending element is 
required to bend two wires. It is chosen to realise 
this by applying two mandrels and a long mould 
that reaches both mandrels as can be seen in 
figure A12.2. 
The mandrel has to be pulled back, therefore it is 
proposed to attach it to an arm that also uses the 
dry sliding bushes as bearing. By positioning the 
rotation point over the wire and using relatively 
long arms, a small angle is required to pull the 
mandrel back and its path will approach a 
translation. Figure A12.3 presents an arm that can 
p~!1 back the m2~drd. These cr?qmxnts c211 be 
assembled to create the total bending element, this 
can be seen in figure A1 2.4. 

Figure A12. I: Rotation point 
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Figure A12.2: Bending two wires 
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Figure A12.3: Pulling back the mandrel 
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Firwe A12.4: Desim of  the Een&i%g elemeizt 

In this design the components are attached to a body that can be made out of one block. This 
design has to be hrther developed and optimised. For exampie the drive of the mandrei is not 
implemented yet and the distance between the mandrel and the rotation points can still be 
optimised to reduce the mass and the deflection of the mould. 



The dimensions of the pigtail are determined by two aspects, the first is that it should be 
minimised in order to minimise the sag of the filament, and the second is that it should be as 
large as possible to ensure the catching of all filaments. With respect to this second aspect, 
figure A12.5 presents the situation of the bending element that is bending the wire for the 
second time. It can be seen that the dimensions that are chosen determine the path of the loose 
end and the required accuracy on the position of the filament. 

Finure A12.5: Catchinn the filament 

Figure A12.6 presents the chosen dimensions of the pigtail 
and the path of the loose end of the wire. The last three 
figures present the path around the largest, the average and 
the smallest filament. It can be seen that all filaments will 
be ca~ght  and thzt the most wi!! not require high accuracy I 

I on the position of the filament. 
0 

\ 
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Figure 12.6: Dimensions ofpigtail 



APPENDIX XI11 TEST RESULTS 

In this research, the extension strip is tested to see whether it could resist the heat of the 
filament. Five mounts were made by hand in which the support wire was cut into the glass 
bar, the pigtail was triangular and the filaments were extended according to Appendix VII. 
The material used for the extensions strips was made by rolling a long lead wire until a strip 
with a thickness of 0.2mrn was reached. This way the extensions can be made out of the same 
material as the lead wires, and the weld cannot fail as a cause of a difference in thermal 
expansion. Because the produced strip only has a width of approximately 2mm, the clamped 
joint was made in four steps according to figure A1 3.1, by folding the strip diagonaliy and 
using the extension strip to restrict the spring-back of the clamping strip. 

Finure A13. I :  Extension o f  the tested mounts 

The filaments that were used are filaments designed for 
127.5V and 250W. This one was chosen because the 
250W filaments reach the highest temperature, and this 
one only requires one support wire. In Appendix 11, the 

[+I 
current layout can be seen, figure A13.2 presents the 
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design of the mounts that were tested. In this mount, no 
alteration to the glass bar has been applied. 
Normally, the gas filling that is applied by this type of 
Iarnp contains krypton. However, in the lamps that were 
produced the standard gas filling was used. After 
producing the five test lamps, they were all measured for 
luminous intensity, beam spread, power, luminous flux, 
and temperature. The luminous intensity and the beam 
spread met the requirements. However, the power and the ----- 

luminous flux were too low. Whether this is caused by the 212 1 
wrong gas filling or the new layout cannot be derived. The Fiaure Ai3.2: Lavout o f  the tested mounts 

temperature of the fi!ams,nlts was measllred to be z s m d  
the 2700°K. Three of these lamps were tested for burning 1000hours on 1 10% of the required 
voltage, in which the temperature will probably be around the 2800°K. All three lamps have 
reached the lOOOhours without showing failure. After the tests, they were opened to see 
whether the new layout of the mount had resisted the high temperatures, however no defects 
of the mounts could be detected. Figures A13.3 to A13.5 show photos taken from an opened 
lamp. 






