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Abstract

Curtain airbags are currently assembled manually onto the car body above the side windows, placing
them in an ergonomic red zone for operatbesspite the use of specially designed fixations to facilitate
the assembly process, there is no standardized design ¥otes<argvehicle rangeConsequentlythe
attachment points on the curtain airbags and the corresponding hole patterns on the car body vary between
models, which is both time and resource ineffici@ierefore, a new curtain airbag fixation design is
developed in this thesis, featuring an interface that is optimized for adaptability across a wide range of
vehicle modelsThedevelopmenprocess included benchmarking existing solutions, gathering input from
stakeholders and developing conceptual desigd initialprototypesKey findingsfrom the gathered

data ndicatedthat using a screw in the fixation is the most suitable option from a \Gdvsperspective.
Critical requirements that were considered were the need for lowipdstces, traceability and

durability during deploymeni he proposed solution is a plastic stiping that fits around the screw.

The ring snaps into a hole in the car body and a spededignedveld nut milled wider at its base

gives space for theng to secure itselfThe final concepachieveshe goal of standardization because it
can fitvariouscar modelgiue to its simple footprint, which consists solelyagbund hole

Ai rb@gst &i nFi AXiart @WherghaddARushin ForcesAErgonomicsASt andar di zati on 4
AutomotiveABody in whiteA Saf ety



Abbreviations

BiW i Body in White

CAB'i Curtain Airbag

CAD i ComputerAided Design

EOP1T End of Production

FMEAT Failure Mode and Effects Analysis
GDL i Group Design Leader

HTA T Hierarchical Task Analysis

IC T Inflatable Curtainsynonymousd curtainairbag)
ME T ManufacturingEngineering

OEM Original Equipment Manufacturer
PLM 1 ProductLifecycleManagement

TCT1 Teamcenter

TC Visi Teamcente¥Wisualization

VCC Volvo Car Corporation

VCSi Volvo Cars Standard

VP11 Verification Prototype



Dictionary

Curtain airbag (CAB)

Airbag located above the side doors of the car, that falls down to protect th
passenger during side collision amdlovers.

Attachments (of the CAB)

The components of the curtain airbag that are used to attach ithodién
white: fixations, gas generator bracket, and strap with strap buckle.

Fixation

The attachments of the curtain airbag that connect the bagtodlgen white
A curtain airbag has several fixa
explicitly refer to the attachment mechanism, for example the-tt@indi and
screw combination, or airbag clip
both the hanger and the fixation, as it is the most important aspect of the w
in the context of this thesis.

Third -hand

Many fixations include a separate thindnd feature, that keeps the fixation ir
place during assembly. This is used in fixations that include a screw, whict
means that both hands are needed to use a screwdriver and the curtain ail
cannot be held in pt& manually by the operator.

Hanger

The part of the fixation that sits on or around the curtain airbag and conne
to its fixation mechanism. Different suppliers use different hanger designs,
made of different materials such as plastic or metal. The word is used to
explicitly exclude thdixation mechanism and focus only on the material
between the airbag and fixation mechanism.

Gas generator

A metal capsule that upon ignition inflates the curtain airbag.

Gas generator bracket

A metal bracket to attach the gas generator totity in white

Strap

The strags eitherconnectedo the frontend of the curtain airbag (at the front
of the car), or at the front antde back, depending on the car model. It allows
for the curtain airbag tonroll andtherefore twist upon deployment.

Strap buckle

A buckle sitting at the end of the strap to connect it tdotuy in white

Body in white (BiW) / car
body

The pressed sheet metal structure of the car, without the panels and head!
etc.

Cantrail The part of théody in whitethat runs across the side of the car, above the ¢
doors. It is the edge part of the roof adjacent to the side of the car.
Footprint Hole pattern in théody in white used for attaching components to the car

body. For example, the footprint of a screw is a circular hole in the car bod

Interface (CAB/BiW)

All components that connect the curtain airbag to the fodyhite: the
footprint, the fixations, the gas generator bracket, and the strap buckle

Pushin forces

The force that the operator exerts to assemble the fixation tmthyein white
on the assembly line. If a screwdriver is used, this is not included in thérpu
force. In that case, the pushforce revers to the thirtdand feature. In case of
an airbag clip, not requiring a screw, the pirsforces refer to the assembly
force required to push in the airbag clip into thedy in white
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1. Introduction

This chapter introduces tihackgroundand problem desiption to the studyresearch questierandaim
as well aghe scopeand limitations.

1.1 Background

Theautomotiveindustry plays an important role in current socitglpersonal vehicles are the most
common form of transportatian Sweder(Statista, 2024Nonetheless, it is also one of the most
dangerous ways of travellirgs approximately 1.19 million people die every year because of road traffic
crashes (World Health Organization, 2023)lvo Carsare actively working to save lives the road and
havebeena leader in car safety for decades (Volvo C20233). With innovations such as the thrpeint

safety beltthe rearwardacing child seaand the inflatableurtain, Volvo Carglaims to have

contributed to savingver one millionlives (Volvo Cars, 2023b)lhis project aims to focus on the

inflatable curtairinterface andherefore reaches a purpose beyond aesthetics and convenience, playing a
part in advancing this critical safety feature.

Theinflatable curtairn(IC), also known asurtain airbag CAB), is one of around ten airbatfsat can be
found intheVolvo Cars vehicles. lvas introduced in 1998nd is the firsairbag system that offers
protection for occupants boih the front and rear segigolvo Cars,2023a) In case of aide impact or
rollover scenario, the purpose of the curtain airbag igotectthe occupar@t s  framabdth impact and
glass shardd hecurtain airbags positioned along the roof above the side windows.

1.2 Problem description

Currently, thecurtain airbads manually assembled oritee car body, also called Body in White (BiW).

There is no standard interface for thrtain airbagBiW assembt at Volvo Carswhich means that the
attachmert on thecurtain airbagand thehole pattern ofootprint onthe bodylook different for every car

model whichis both resource and time inefficiebr an overview of the interface apdrts included

see Figure 1.1IThe interface includes all the components ensuring that the car body and curtain airbag are
connected: the footprint, the fixations, the gas generator bracket, and the strap buckle. The fixations are
shown in more detail, where the thindnd feature is indicated. The fixation refers to the components
connecting the airbag to the car body as a whole: thehhind feature and screw, or any alternative
connection system. The hanger is the part connecting the airbag to the fixations. As the fixation is the
most important part for this thesis, it is also used when referred to the hanger and fixation as a whole.
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Figure 1.1:0verview of the curtain airbag terminology used during this remmtiematically indicated in a
simplified illustration of the CAB/BIW interfacauthor illustration

Often the desigof the attachmentis controlled by the suppliers that provide the curtain airbag.
Depending on the material the suppliers work with and the shape of the attachments, the hola pattern
the car body must be customizéithe holes need to be different shapesling costsincreaseWhen it
comes to the attachments, there is a multitude of requirements at Volyeviarsmeans that the
attachmergfrom the supplier neet be customized to fit Volvos needs. This, in combination nétkd

to customizeor the new car model, means thadny iteration®ver alongertime periodarenealed
beforethe design can be frozen and the vehicle project can move to the next phase.

In addition to theesource and time iffeciencies the lack of standardizatiqggosesa problem for the
assembly line worker3heyneedto learn new attachmesteps for every new modethichincreases
training time and complexityAdditionally, the curtain airbag is assembledmtine roof which means
that the workers have to work with their arms above their.hdad instantlyplaces thecurtain airbag
assembly an ergonomic red zoRerthermorethe pushin forces when mounting the curtain airbag are
currently too highwhich leads to pain in the p e r &andsrasddingers.

To summarize, écause there is retandardized interfadeday; each car model requires significant
additional work to integrate thaurtain airbagvith the car body. This lack of standardization not only
increases assembly time but also introduces potential quality and compatibility issues. Additionally,
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assembly line workers must learn different attachment steps for each model, adding to training time and
overall complexity while thework positions and high push forces contribute tpoor ergonomics

1.3 Aim and research question

Thegoalof thethesisis to develop a conceptual solution for a standardized interface for attaching the
curtain airbago thebody in white This will contribute to the aim tmake new car projesat Volvo Cars
more effective by being able to freeze the car body design e&uighermore,tte standardized solution
aims to make the push forces for the fixations loweo improve theergonomic conditions fdhe
assembly workerdlo achieve an optimal standdanderface requirementaveto be definedor different
parameters such as ergonomic assenfibbtprint, serviceandsupplierdemandsBenchmarkindhasto be
performed both within Volvo Cars but also when it comes to compet#ndprototypeshaveto be

created to be able to evaluate the solution.

Based on this, the @an research questids formulated as follows

A How can the interface of thrirtain airbagittachment to the car bodhe standardizedo ensure
optimal safetyergonomic assembbind compatibility across different vehicle models?

The sub research questions are as follows

What are the critical needs for the interface?

Which attachment designs already exist on the market?

How can the attachment be easy and ergonomic to assemble?

How can the attachment be strong enough to survive the impact of thedepgdagmen?

How can the attachment be suitable for various different car models and thus measurements?
How can the prototype be tested to ensure that the safety requirements are met?

p =Tl ~TH ~Tl -1 >~ Tl 1

1.4 Scope and limitations

Theresearch is restricted to the Volvo Chasilities in Gothenburg and therefatees not consider
manufacturing plants and assembly worker conditions in other countries.

The report will only focus on the curtain airbag interface which incltidatons,gas generator
attachmentsstrapbuckleandcar body footprintThis means thahe ergonomic situation will only be
addressed within this interface and no additional physical measures for improved ergonomics will be
considered.

The solution for the project is the interface between the curtain dikagignsand the car body, which
means that thkangerthat the fixation is attached i® out of the scopesince those are designed by the
curtain airbag suppliehe same goes for the curtain airbag itself.

Additionally, the focus of the thesis is on the fixations. The redesign of the fixations is prioritized over
that of the gas generator bracket and strap buckie latter two are regarded, but less extensivddg.
reason for this is because the fixations have the most influencéhevieterface and the solution for the
fixations can potentially be included in the gas generator bracket and strap bhellixationshave the
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most potential for change and improvement whereas the gas generator &mdcsteap buckle are more
limited in their design.

There are limits to the extensiveness to the physical prototypeltésis prototypeswill be used which
means that they might not reflect tivgal material A reaistic assembly test withn actial car body and
screw fasening with trackig screwdriverswill not be performedbecause of practicéimitations.

Themain purpose of the thesis is to explore warabptimal standardized interface could look like.
Further implementation will be executed by VoRarsif it comes to it Material selectiorand
manufacturingonsiderationsvill be touched upon but n@t extensive detail due to time constraints.
Instead, the focus is m@on the conceptual development of a functional solution, and less on the
implementation.



2. Theoretical framework

This sectiorprovidesa theoretical framework gonining methodsthe curtain airbagbody in white

footprint anderror-proofingmethodsAs this thesis is all about joining parts together, this chapter
commences with a generalgard to the act of joining and a brief introduction to what joining types exist.
After looking at joints in a broader perspective, shbsequergectiongeturnto the scope of the curtain
airbag Its different components are introducaddbackground on theody in whitefootprintis
provided.Lastly,an important aspect of curtain airbag desigglaborated upomamelyerrorproofing

The concept opokayokeis introducedjnformation onantitwist in airbags iprovided andthe

importance of traceability is elaborated upblost of the information presented in this chaptasw
obtained from discussions and observations at VVolvo Cars.

2.1 General joining methods

The principle of connecting two or more parts is a fundamental act that dates back to ancient times
(Caputo & Koivu, 2022). There are numerous possibilities for creating these connections, which can be
alchemical, chemical, mechanical, or conceptual inreaiVhen it comes to joining parts together, the

methods are diverse and plentiful. Basic fasteners include items such as dowels, plugs, pins, nails, screws,
and bolts. These fasteners are commonly used due to their simplicity and effectiveness irpaakling

together securely.

In addition to basic fasteners, there are various mechanical joints that serve specific purposes. These
include node joints, shackles, hooks, brackets, clamps, magnets, springs, ditd. dbagh type of
mechanical joint offers unique advantages depegndinthe requirements of the connection.

Furthermore, products can be joined using different materials and techniquesokMeodd

connections, knots and knits, adhesives and sealants, and welding and fusing are all viable methods for
joining parts. Each technique has its own set of charaateribat make it suitable for particular
applications.

In the automotive industry, the standards for joining parts are particularly diverse and numerous. This
reflects the complexity and precision required in this field, where reliable and durable connections are
essential for the safety and performance ofales.

2.2 Curtain airbag

As mentioned,iecurtainarbag islocated alondpoth sides of thear, above thsidewindows see

Figure 2.1 This partof the carcan also be callechntrail The curtain airbags located underneath the
headliningand when iteploys, the headliningbends outward taccommodatairbag inflation Upon

inflation, the curtain airbagleploysdownwardto cover the window protecting thgpassengers from

impact and glasshardsEach inflatable curtain contains a gas generator with aibudniter. Upon
deployment, the igniter activates, increasing the pressure inside the gas generator. This pressure causes
the generator to break open, allowing the gas to inflate the curteerbag is fully inflated after abob



milliseconds(Ohlund et al., 1998As thecurtain airbag is ofspecial importancduringarollover, it
remainsinflated up to6 seconds.

Thecurtainairbagitself is produced by external suppligrsclose collaboration witiWolvo Carsand
assembledh the camanuallyatanassembly line. The workers thereed to be able to mount the airbag
by themselvesas ergonomically as possiplghich the attachmentare designed to accommodalbe
curtain airbags attached to theody inwhite using three types attachments: the gas generator bracket,
thefixations, and the strap buckle.

Figure 2.1: Curtain airbagmounted in the BiW. Top imagaurtain airbagfrom XC60mounted ontdéhe Biw. The
entire cylinder is the curtain airbag. In tleenter an additional cylinder is the gas generatBeveral fixations are
located along the curtain airbag. On the right, the strap and strap baeklBund.Image fom Teamcenter.
Bottom image: schematic and simplified image ofGA®/BiWinterface depicting the components more clearly,
and how they fiinto the hole pattern in the car boduthor illustration

2.2.1 Gas generator

The gas generator ike propellant that prvidesgas that inflates theurtain airbadn case of a crash

(Ohlund et al., 1998)n the context of the attachment interface the gas generator is a heavy part located
in the middle of theurtain airbagThe attachment needs a strong hook to keégstenediuring
deployments well as &hird-handto keep it in placeluring assemblyexamples will be shown section
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5.2 In this casea screw is not an option on both sides because one side is covered by the gas generator
itself, blocking the way foscrewdriver usagdéuring assembly, the gas generator is assembled first

2.2.2 Fixations and third -hand

Thefixationsthatmountthe curtain airbago theBiW can be shaped in various waybe hangers that
attachthe fixation to the curtain airbag candadled lug hangers or package holders, depending on the
supplier. Depending on the length of the car, the numbfetations can vary because of distance
requirementsAt Volvo Cars, thdixationsare always mounted with screws and need to inclutzdca

hand The fixations are connected to the curtain airbag in various ways and can be made from materials
such as plastic or metal. Different suppliers tend to work eiffarentmaterials. There anearious

fixation types on the marketome are mounted with screws, while others use clips.

In the context oturtain airbagassembly, théhird-handis a crucial concept at Volvo Cars.third-hand
is a part of theurtain airbadixation that makes sure that it is held in place before the screws are
mounted. Thehird-handcan be a hook or something sticking out that can be pushed into a hole. It is also
possible to integratethird-handinto a screwAn exampleof hook thirdhandss shown in Figure 2.2.

When it comes to screws, the standarolvo Cards VCS5511,119the information is retrieved from
Volvo Cars StandarDataBase.Thescrewsneed to be fastened with a specific torque, otherwise the car
cannot exit the manufacturiqdant All screws have traceability, which means that it is possible to go
back in a database and see exactly when a screw was fastened and with what torque.

Figure 2.2 Example ofa third-handfeatureand screwThe two hooks function aghird-hand Left image: sketch
indicating thedifferentparts of the fixatiormndtheaccording footprint Author illustration Righ: CAD imagefrom
Teamcenter.

2.2.3 Strap buckle

Thecurtain airbagnterface includes strap bucklealso called theéetherbracket The strap iither
located at théront of the curtain airbag, near thepiilar, or both at the front and the bagkd of the car
This dependsn the car model and supplidthestrap buckles attached to the erad the strapand is
commonly made imetal The attachment can look differebutthe majority have a hole for the screw
and one or two hooks that actthsd-hand. The purpose of thstrapis to hold thecurtain airbagn place
during deployment while alsavoiding it being towigid to allow forunrolling of thecurtain airbag



2.3 Footprint

The footprint is the hole pattern the car body. This includes holes for fixations holes for the gas
generatobracketand holes for thetrap buckleWhen it comes to the holes, different methods are used
for different materialsThe front of the car body is madeliot-formed steeandat VVolvo Carsporon

steelis used to this en@P2,Personal communication, 202%pr details about P2, see Table.4l'his
steelhas a very high strength, which is preferred in the case of a front Treshides of the cduody,
however, are made with cefdrmed steel, usually &®0 or dp800The reasoning for this is that the steel
on the sides should Imeore elastic and bend in the case of a side chasloron steelthe holes are laser
cut, whilein the coldformed steel the holes are punched. This also determines which hole shapes are
possible and not.

On the car body, there are certain areas reserved fouttan airbagootprint This is needed so that the
holes do not conflict witikades and other important holes in the vicindyditionally, some holes have
embossingi.e. a raised part of the met&Inereason for this can be to make the hales certain angle

or to clearly mark out the holes for thartain airbagThe different fixations imply a certain footprint.
Currently, as different suppliers offer different attachment solutions, a template of the different existing
solutions is used at the stagservinga placeor all alternatives. Only later, the definite footprint is
confirmed.In Figure 2.3, an example off@otprintis shown including the fixation and gas generator
footprintson the left, and the strap buckle footprint on the right

GAS GENERATDR oo
.
IR

lbo TRRINTS

Figure 2.3:Left image: &amplefootprint of the curtain airbag fixations and gas generaildre gas generator
footprint consists of a hole for the structural hook (left) and hole for the screw with ehtimiidihook (right). The
fixation footprints consist of two slots for the thliednd hook and a round hole for therew in the middleAuthor
illustration. Right image: kample footprint for the strap buckleonsisting of a rouhhole for the screw and a
square hole for the thirthand hookFrom Teamcenter.

2.4 Error-proofing

Navigating complexyroducts and systeneamot only take the system reliability into consideration, but

also other aspects such as human reliability (Dhill&89).Human error is an important factor to

considelin engineering systems becatisé e i r | mpact on rm@uctsgyeaterthandree r el i ab
might think, according to Dhillornfwo important terms are used when talking about huralgaility:

human error whichrefers to the fidure of performing a specific task that can leadisyuptive



consequences damage to equipmerdand human reliability whichrefers to the likelihood that humans

will successfully complete a job or task at any given stage of system operation within a defined minimum
time frame During the assembly process of thetain airbagthere are several operations where errors

can occuywhich is why it is important to consider human error and human reliability and integrate
proofingby design.

2.4.1 Poka-yoke

At Volvo Cars there is a requirement that states that all restraint parts must hekeldesigned to

secure that parts only can be assembled in correct position and eliminate mikeylant (P3,Personal
communication2025).Pokayoke is amethoddeveloped by the Japanese manufacturing eng8tégeo

Shingo Ehimbun,1989).The term pokay o k e ¢ an b emidtakepraofingoaptr e d% fadiai IMig o

and the purpose of the term wasmake previoug f epaloof i ngd concept Singont o a f
came up with the term pokake since heecognizedhatt he -fif oofl i ngo | abel coul d

The goals of pokgoke methods are to eliminageality control inspections amtodue zero defects in
complex workplace<Errors are inevitable, but pokeoke methods aim tavoid defects, even when
accidental errors are made. Soexamplef pokayokeare: guide pinsf different sizes, error detection
and alarms, limit switchespuntersand checklistsThe basic functions of pokgokebuild onthe idea
thata defect exists in two statesis either about to occur (prediction) it has already occurred
(detection) Pokayoke has threbasic functions against errogdiutdown, controland warning.

2.4.2 Anti-twist

Another requirement at VolvBars concernthe antitwist features of the curtain airbagVhen
assembling theurtain airbago thecar body, there is a risk thide airbag twists in betweehe fixing
points.A twisted airbag cannot properdigploy andimplementing anttwist features is therefore crucial.
One existing methotklies on printed lines on the curtain airb@be assembler is visually alertédhey
would twist the curtain airbag upon assembly it twists the lines on the airb@mother approach
involves folding the curtain airbag in a specific, compact manner to minimize the risk of twisting.

2.4.3 Traceability

Lastly, certainvehicle componentst Volvo Cargequiretraceability This ensures that, for example in
case of a legal dispute, it can be proven ttatparts were correctly assembled. In case ofultain
airbag, it is important to verify whether all screws were attached with the correct tBhigigacking can
be achieved by means of an advanced screwdrivelodgtscrew data. If it concerns a different type of
fixation, alternative traceabilityolutions exist, such as @fdes that are only swaable uportorrect
assembly. More on this in sectibril.1 The data should be kept for at least 15 years aftérof
production EOP.

10



3. Methodology

In this chapter, the process and methods for the project are presedtexplained.

3.1 Process

The projecfollows the double diamongrocessa visualizations depictedn Figure3.1 The double
diamond procesisivolves four phasesliscover define developanddeliver(Kochanowska Gagliardi
2022) The initial phasgediscover focuses on conducting research to get a broad perspective. Openness
and empathyreimportant in this phase observe and understand the u$ée second phasdefine
involves analyzing the gathered data to make senseltosiabout understanding the informatjon
looking for patternsand connecting dotéfter this phase, the design challerngbetterunderstoodhan
duringthe initial assumptionThe third phase is thdevelopphase. In this phase, creativagd thinking
outside the box is encouraged. Maojution ideas should be created regardless of their feasibility.
Different methods can be used to geneidgas,and many iterations arekperimentshould be
performed.The last phase weliverand is about developing and reforming the ideas from the previous
phaseThis phase includes more iterations &esting,and the end result should bdetailed solution

with a plan for implementation.

Y pesiGN THE RIGHT THING JBY  DESIGN THINGS RIGHT

PROBLEM DEFINTION

PROBLEM SOLUTION

Solutions that Work
& Receive Feedback

Insight into
the Problem

Scope down Potential
the Focus Solutions

Figure 3.1 The double diamond process visualizReprinted with permission.

For this specific projecthediscoverphasenvolves thebenchmarkinganddata collectiorphase. The
definephaseconsists of the analysis as wellresedsdefinition with the listof requirementsMoreover,
thedevelopphasdncludes the idea generation as well as the concept development, theesdigliver
phasecan be broken down intmncept evalations and iterations that ultimately results infthal
concept
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3.2 Methods

The various methods that are used during the thesis are described in the subsequent sections.

3.2.1 Benchmarking

Benchmarking is a process where the performanceroe 6 s company i s compared to
other companies and competitoksiikford, 2002) The purpose ahis method is to learn from others by

analyzing the strengths and weaknessélef organizationThe idea is not to copy from others, but

ratherto get inspiration which can lead to new ideasiamutove existing conceptBenchmarking is an

efficient way to improvehe performance ain organization

3.2.2 Interviews

Interviews are a form of qualitatidata collection wherthere is a meeting with the ug§vikberg
Nilsson et al., 2015)The purpose ito find out theirexperiences, attitudes, motivatigepinions and
behaviorsconnectedo a product or servicénterviews can be used during different stages of the design
processin the beginning, interviews are useful for gathering information and understdoudirtgpw
current products are used ambat needs the user has for future developments of the prathece are
different ways to conduct an interview, they carstracturedsemistructuredor unstructuredWikberg
Nilsson et al., 20154 structured interview is prepared with exgaestions, a serstructured interview
can have some questions prepared but fetlieeconversation opdn what the interviewee has $ay.
Finally, an unstructured interviei8 more like a conversation with the uséthout any prepared
guestionsDuring an interview, it is beneficial to be in a quiet and calm environrifehe user allows it,
recording is a advantage for lat@émalysisput noteshouldalsobe taken during the process.

3.2.3 Observations

Observations are useful for discovering problems and needs that the user might not know themselves
(WikbergNilsson et al., 2015)he purpose of observations is to study, listed ask the user questions

when they are performing a specific task or using a specific prothete is also selbbservation which

can be used t o experQbservatiens ardhagyreat supporbirsunderstandimgehe t i v e
user and what the user doetuitively without thinking.This way, the user needs can be ids. To

conduct an observation, follow the usergome time while performing a specific task, take pictures,

notes and ask questions during the process to get as many insights as possible.

3.2.4 Co-creation w orkshop

In aco-creationworkshop,userswithin the target group, experts people outside of the project meet to
creativelyexplorea specific are@WikbergNilsson et al., 2015)The benefitof a workshop is that people
can explore a problemogether an@ombine their different perspectives to come up with solutiies-
creation workshop has approximately four phgdEesrad et al., 2019)The warmup phase is about
everyone getting to know each otlaerdgettingto know the agenda. Then there is the orientation phase
which is about making sure everyone understands the togive working phase, the groigeatesto
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find solutions together andake mutual innovations. Lastlere is the conclusion where the workshop
is summarized andrapped up teffectively reflect uporthe process.

3.2.5 Ergonomic assessment RULA

RULA or rapid upper limb assessment iiseagonomic assessment methodhteestigate thehysical

load of the upper body in workplaces (Mefney &Corlett, 199). The method is used to analyze the
load on theneck, trunkandupper limbsalong with muscldéunctions and external load&/hen conducting
the assessment, an operator is observed during the performance of a specific task amerkraycle.
The observer uses the RULA scoresheet and recorgsahes for the different parts of the bodie

final score iscalculated angrovidesan initial recommendation

3.2.6 NASA Task Load Index

The NASA Task Load IndefTLX) is a workload assessmenbl developedy HartandStaveland
(1988). The method assesses the subjective workload of operators within a-manhime systerny
scoring and rating ssbales. These includetental demand, physical demartemporal demand,
performance, effort and frustratiofihe tool is used for a specific task where the operator fit®wn
high the workload is for the different subscalBsen thesubscales are pairwise compared wedjhted.

3.2.7 KJ analysis

A KJ methodnvolves the formulation and analysis of qualitative d&tupin, 1997)There are four
necessary steps when conducting a KJ anali/sisfirst step is formulating thoughaad concepts from
observations and interview data and writing them down onaawtis or other labels. The second step
involves shuffling thesaotecards around and grouping them iliféerent categorieslhere is no exact
science to this process, instead it shoulithhetive, andthe categories should be formgahdually
throughout the proceslext, titles are assigned to tleategories androuped as many times as
necessanltimately, the charted data isummarizedn writing and thus more manageable than the raw
data.

3.2.8 MoSCoW prioritization

The MoSCoWMust, Should, Could, Woujdanalysis techniquis usedto assess and rank requirements
(Kravchenkoeet al., 2022)A Mustrefersto requirements thdtaveto be fulfilledfor the solution to be
considered a succegs.Shouldis a requirement thas of a high priority andhould be included if
possible A Couldis a requirement that is desiralidet notessentialLastly, awouldrefersto
requirements that #/not be implemented into the solution but can be considered for future
developments.

3.2.9 Brainstorming

Brainstorming is a method wheaegroup of peopleome up with as many ideas as possible, without any
judgement involved (Johannesson et al., 20I3%. idea quantity is more important than the idea quality
in this method and the participants should encourage eachoith@relop new ideahere are @me
ground rules to think about when brainstormiRistly, critique is notallowed, neither negativeor
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positive Secondly, gantity issought afterit is important to generate many ideas since it increases the
chanceghat some of them are gaothirdly, it is encouraged tthink outside the boxynique ideas with
some modification can result @xcellent solutionsLastly, ideashould be combined. Wén ideas that

are generatedre combinegthey cancomplementach other and create nealutions to problems

3.2.10 Braindrawing

Braindrawing is a creative methtitht is performed in a group (Johannesson et al., 20h8)method
aims to first let the participantenerate solutionseparatelypased on a problem descriptidine ideas
aresketched andescribed on papeandafter afew minuteghe participantpass on their sheebhd
continue tadevelopthe othed s i Ttheepaperarepassed omintil everyone has had the change to
ideate uponacho t h e r 6The purdoseaofthis nigod is toget many different perspectives on a
problem andise othep e o pdoletiéns as inspiration for individual ideas.

3.2.11 Morphological matri x

Different methodscreativeas well as systematican be combined to generate as many soluéiens
possible(Johannesson et al., 2018@ne method to achieve this is to use a morphological mbiré.
morphological matrix, the sufolutions that were generatedfulfill the requirementsire put in a matrix.
The subsolutions are then combined in different ways to genemteplete solutionsThe purpose of the
morphological matrix is that all of the complete solutiani$ fulfill the requirements are feasibland
have geometrical and psical compatiblesubrsolutions.

3.2.12 Pugh matrix

In a Pugh matrixgonceptsare selecteased on comparisons (Johannesson et 3).The criteriathat

are used for the comparison are taken from the requirement specifiddt#gooncepts are then put into a
matrix, together with aeferencedesignto compare them to. This reference can be either of the concepts
or most commonly, the reference is an already existing solétlbaf the concepts are compared to the
reference whether they are better than the referenciigips good as the reference (0) or worse than the
reference-l). Theconcepts are ranked to their total sum of poifis rarking aids in makin@ concept
selection to further development.

3.2.13 Prototyping

Prototyping is about testing and evaluating concepts, usually by matkysgcal models (Wikberg
Nilssonet al., 2015)The purpose of prototypésto geta better understanding bdw the concepts work,
what they need to be able to,dmdto gaininsights for developing them furthérototypes can bmade
in many different ways, one way isuse virtual prototypingJohannesm et al.2013).Virtual
prototypingrefers tomodeling and simulationena computer, such as CADhe purpose is to be able to
look at the product in 3D in the CAprogram before making a physigabtotype That waythe product
can be seen from different anglekich provides a more comprehensive picture than sketdRimgical
prototypes can also be created to allowaféangible evaluation of the concept (Wikb&ligsson et al.,
2015). These may include-foprototypes, such as simple cardboard models, or mdievéisions like
3D-printed models or moekps
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3.2.14 Appearance FMEA

The Appearance FMEas developebly Forslund eal. (2009) at Chalmerdniversity of Technology
andaims to identify possible visual problems edhyoughseveral steps-irst, thecomponents and the
relationships between twemponentsieed tdbeidentified. The components and relationships are listed
separately, and each are considered both &donm perspective, and a color/texture/glossiness
perspectiveThe second step is to identify possible deviations that may occur during manufaaturing
ageing, usage, and environment. The third stepdsttmate the error probability, its effect, and how
visible it is.Each is given a score from1D, where 10 is the highest probabiligffect, and visibility,
while 1 reflects a minimal probability, effect, andibibty. Using these numbeyshe risk number can be
calculated by multiplying them.

Risk number Error probability * Error effect * Visibility

The fourth and last step is to come up with a measure of action for the aspects thdtidglaviska
number All steps are composed into a table Mable3.1 depicted below.

Table 3.1: Appearancé&MEA, based on the table introduced by Forslund et al. (2009)

1 2 3 4
Error . Error . .
Component possibility Ag|r_\g, use, Cause of error | proba Effect V.'§" Risk Measure of
. environment - bility number | action
manufacturing bility
1 Form
Color/
texture/
gloss
2 Form
Color/
texture/
gloss
é é
Error . Error - .
Relation possibility ér?\ll?l%nl:r?:}lt Cause of error | proba | Effect ?:)/illftl_ ElIJSrTI1(ber gllctiiz(a)snure of
manufacturing bility y
1-2 Form
Color/
texture/
gloss
1-3 Form
Color/
texture/
gloss
é é
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3.2.15 Sample standard deviation

In case of a repeated measurement, the dispeskibe measurements around the mean valyedgn be
expressed using the sample standard deviagjomife formulafor the sample standard deviation is
shown below.

Here,x; is each of the measurement valuigom which the mean is subtracted. Tése values are
squared and added up. The sum is divided by the number of measuremanis one. Taking the
square root of the total results in s@mplestandard deviatioa Using the sample standard deviation,
confidence intervals for the measurements can be calculated asegdhe formula below.

Y o

00t ot—=

e

Here,Cl is the confidence interval,the meansthe sample standard deviation, arithe number of
measurements. Thevalue depends afie confidence level and numbermoéasurements amén be
found instatistical tables.
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4. Execution

This chapter elaborates on how the methods described previously were applied during thé-psbject.

the execution of thbenchmarkinds described. This is followed by the agi of the data collectioand a
section on thenethods applied during tlamalysis of this datahe sections that follow show the steps

taken during the idea generation, concept development and final concept development. The last section
explains theexecution of the evaluation. The results of the execution will be presenteddhapters it

follow hereafter, chapteris11, in the same order.

4.1 Benchmarking

To gain better insights into whatrtain airbagttachmentgxist on the markethe databaskeberg3.0

was used to review competitor solutiolteberg 3.0 by Caresoft Glokala versatile and scalable

enterprise platform for acquiring vehicle benchmarking @saesofiGlobal 2024). The keysearch
wordsusedwerdiCur t ai n ai r bago daThaeresilts werelthen fikelbet ey brand #mel a i n
tab call ed AT asadodinwagesivhenanagesmwoixssting solutions were fourttiat
werefundamentally differento previously found solutionsheywere added ta Miro board, and in the

end, thecategories of existing solutions weggthesizedvith acorncise KJ analysis.

To analyze theurtain airbagttachmentat Volvo Cars the softwaréleamcente(TC) and Teamcenter
Visualization (TCVis) was utilized. Teamcenter is theroductlifecycle managemerfPLM) software
developed by Siemengsedby Volvo Cars where all car modelsre saved and can bisualized in the
connecting software TC Vighe advantages and disadvantages of various solutionslisenssed
internallywith the Airbags & Steering Wheels teambetter understand the strengths of competitors and
the strengths of Volv@ars

4.2 Data collection

To gain comprehensive insights into the requirements and needs of various stakeholders and users, both
gualitative and quantitative data collection methods were empldyeddescription of the approach is
found below.

4.2.1 Expert interviews

To gaina betterunderstanding ohie needs and wishes of the different departments invaivedrtain
airbagfixations severakxpert interviews wereonduced A semistructured interview approach was
chosen tensure thaall relevant topics would be covered, as well as allowliegjationsin case other
relevant aspects would come Ujhe interviewtemplates can be found in Appendixinterviews were
conductedn Swedishwheneveiit was the intervieweefirst languageallowingthem to express
themselvesnore comfortablyn their nativetongue.Interviews were recordedgith approval from the
intervieweesto allow for further aalysis.More details can be found Trable 4.1 For in-text citation of
personal communication withe participantthe dbrevations infirst cdumn of Tade 4.1 are usedn
this report moving forwardThisis to ensure thanonymity of the participants
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Table 4.1 Conducted expert interviews.

Participant | Who Language Medium Appendix

P1 Attribute LeadefService Swedish Onsite A.l

P2 Principal Engineer UppdBody | Swedish Onssite A2
Structure

P3 Manufacturing Engineer Swedish Onssite A.3

P4 Assembly lineworkers(3 Swedish Onssite -
people)

P5 Curtainairbag supplier English Teams Meeting| A.4

4.2.2 Ergonomic analys is

The NASATLX developed byHartandStaveland (1988wvas used to evaluate theental workload,

physical workload, time pressure and frustration oftssemby workers Additionally, a RULA

assessment was conducted to obtain measurable data on the ergonomic positioning of the ugiper body
the assembly workerBoth of the ergonomic analyse®re performedtthetest productionvith the
assembly workers that mount the curtain airbag. Their work positions were observedtiuring
performance of the task order to fill in the RULA scoresheedind afterwardthe same workers filled in

the NASATLX templateby themselvesThe aim of the NASATLX was to gain a deeper understanding

of the mental and physical strain of the yseorder to know what aspects need improvement.

The method was conducted with two participants from the test production at VolvbeCatséehe test
production workers do not experience the same time pressure as the workeessenhiad\line, since
they only assemble VPs (Verification Prototypes) for tes@Bag also section 4.Z& more information
on the production facilitiedHowever,one of the participantsad previous experience from tagsembly
line and could perform the method with that experience in miféch made it possible to compare the
different results for a more nuanced picture.

4.2.3 Observations

Observationsvere performed at both thest productiorand actual production facilities at Volwars At
the test productiorgars are manufactured at a relatively low pace of approximately peratay. These
cars are prototypebat could for example be used in safety tests suchaah testsThe actual
productionor assembly lineon the other handappenst a much higher paceor examplepnly 57
seconds is reserved forountingonecurtainairbag (P3, personal communication, 202Buring this
time, the gas generator, fixations and strap butileto bemountedand all of the screws need to be
fastenedThedifferenain pace atthetest production versus the actpabduction means that more time
is awailable to interact with thassembly workers alh¢test productioncompared to the actual
production.

At the test productionwto different observations were performed. One of them was with the Autoliv
hook solutiorand the other one was with a solution from a current VCC prdjaabservation of the
assembly worker was performexswell asa selfobservation. By trying to assemble the curtain airbag as
beginners, many problems and difficulties were discovered. Concerning the current VCC project, the
observation was done during a material inspection at Volvo Cars, where a curtain airbddyasseker
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wasalsopresent. A few questions were asked during the observation, and there was a possibility to try the
assemblyBeside the ergonomic analysis covered in se@&i8nan observationtemplate was used

consisting of four column£roblem noted, Number of people, Possible causgSeverityas seen in

Table 4.2 For the severity, the following scale was used:

0- No usability problem (not included because it is not a problem)

1- Cosmetic usability problem (the user did not notice it was a problem)

2 - Minor usability problem (the user noticed thiblem,but it did not affect their ability to
complete the task)

3 - Major usability problem (the user noticed the problem and it affected their ability to complete the
task)

4 - Catastrophic usability problem (the user gets stuck and cannot complete the task)

At theassembly linethe sameabservation template was used to analyzeufiadility problemsin

addition to thisprief unstructured interviews were conducted, where questions were asked at the same
time as the worker assembled thetain airbagThe types of questions that were asked were questions
about ergonomical problems, problems with existing solutions and generally their insights on how to
improve the assemblyf.o get a better overview tiie assembly process and the tasks included, a HTA
wasused to structurep each stedor the HTA, see chapté:2.2

Table 4.2 Format useds a guide for the observations atdlsesemblyine.

Noted problem Number of people Possible cause Severity
affected by problem

4.2.4 Questionnaire

As explainal, only limitedinteractionwaspossible with the assemblyorkersat the asemby line, since
their workis characterized blgigh time pressurelo gainfurtherinsight into their reflectioson their
own work, agquestionnairevas made in Microsofforms.The questionsverebased on the NASALX
factors, but as the questionnaire is statlwhe, more specific questiongereasked Posterswith a QR
code to thigjuestionnairevere left in their breakroonas seen in Figure 4.1. Freeokieswere used as a
motivatorfor those taking the effort to fill it ouThe full questionnaire can also be found in Appendix
B.1.

Figure 4.1: Example poster put il
the production breakroom with

Hi! DO YOU MOUNT INFLATABLE QR code leading to the

CURTAIN AIRBAGS? FILL OUT questionnaire. Image: Volvo Car:
OUR SURVEY! Global Newsroom. Reprinted wit
SCAN THE QR-CODE AND TAKE A FREE COOKIE | permission.
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4.2.5 Expert co-creation workshop

An expert cecreation workshop was conducted wigmpeople from the Airba& Steering Wheslteam
at Volvo Cars to leverage their expertige curtainairbag fixations.The cocreation workshopgenda is
shown below.

14.00 Introduction (icebreaker and project update)
14.20 Brainstorm needs/requirements

14.40 Existing solutions and other joining methods
15.00 Coffee break

15.15 Co-creation

15.45 Evaluating ideas

16.00 End of session

During the ice breaker, participants were asked to choose antbatagpresented their current moad
well as one for their neighbor to the right. This was followed by a project ygdatenarizing all

findings up to that poiniThereaftey participants brainstormed the needs and requirementsrtain

airbag fixations and wrote them aticky notes. During the final activity before the break, current fixation
solutions and other general joining methods were presented

After the coffee break, participantsereasked to choosesticky notewith a need or requirement to focus
on andcome up with ideas taddresst. Pens, paper, cardboaehd other materialwere providedo
enableparticipants to create quick moaips of their ideaslhese ideasereevaluated during thiénal
activity, by assigning stickers with different meaningshtedifferent ideasThe focus was on identifying
the potential in the ideas.

4.3 Analysis

The data from theata collectiorphasenvas analyzed with differembethods such as a KJ analydike
KJ analysis wasubsequentlysed as a basis for the list of requirements.

4.3.1 KJ analysis

A KJ analysis was performed to summarize the findfngs the interviewsFirst, the most important
insights from the interviews wexgritten downon sticky notes in Miro. This was done by listening to the
recordings of the interviewand writing dowrrelevantquotes and other insighfBhenall findings were
grouped into different categories the boardSticky notedrom the different interviews were spread out
onto the board and thsticky noteswith similar contentwerecategorizedA legend was used with
different colors assigned to the different intervieseseFigure4.2 This method facilitated the process of
synthesizing the data and laid the foundation for the list of requirements.

. Principal .
Attribute ) Curtain .
Engineer ; Manufacturing Assembly
Leader Airbag : .
. Upper Body ) Engineer Line Workers
Service Supplier

Structure

Figure 4.2 The legend used in th&J analysis
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4.3.2 List of Requirements

The list of requirements was based on the categoribe KJ analysis, with some adaptations where
neededThe MoSCoW method wassed as explained in section 3.2.BheWouldcategory was excluded
to focus on the documentation of requirementsrkatied to be fulfilled. These inclulfist Should or
CouldrequirementsComments were added to certain requiremdateexampleneasurable Lastly,the
table included reference caimn, to documentie sourcesf each requirementhe list of requirements
formeda base for what toonsiderduring the ideatioras a measure to compare concégiey on in the
processand as a way to evaluate the final concept

4.4 |dea generation

Duringtheidea generationideation sketches were madgtially focusing on the fixationsGeneral
ideation was applied, as well biindrawingto further ideate upoea a ¢ h o t hSeveldnspiratiana s .
boards of existing solutiorend differentmaterias were made¢o spark new ideag& morphological
matrix was made as well, see Figdt8. Moreover lo-fi prototypeswvere madéo quickly test some
functional aspects of the idead,whichan example is shown in Figuded.

A B c D E F

1. Location of third hand Above/below screw MNext to screw mirrored On screw tip In footprint Inclip No-hale solutions (vaccuum)

(Two holes) (Three hales) (One hole) (More complicated footprint) | (Square hole)

2. Type of third hand Tree/elastic material Hook Snap fit/form fit/friction Clamp Clip Alternatives/special:

vaceuum, mini hooks, ete.

W7 Cao \

3. Location z-axis Seperate part between BiW Integrated into tag Between tag and screw head, |On screw tip
and tag, doubles as star through tag
washer

4. Assembly guides Embaossing Inward embossing Poka yoke Tactile feedback Audible feedback Semantic aids

Figure 4.3 Morphological matrixof fixations including thirdhands
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Figure 4.4: Sketching and prototyping procesfsfixations

Beside the ideation focusing on the fixatippgme additional ideatiaom the gas generatandstrap
bucklewas performeas well This includes anorphologicaimatrix for the gas generatofFhe matrix
consisted ohissembly directiorthe shape of thstructured handthethird-hand and thefootprint of the
structural handThe latter relies on the shape of the structuaald butsome variations still exisThe
solutions found during the benchmarking wput intoa matrix similar to theone depicted irrigure 4.3,
in the cells of their respective partial soluti@msl different variationemergedLo-fi prototypes vere
made for theyas generator as well.

Focusing again on the fixationgetideas from th&lea generations were analyzed using al&dved
approaclto gain an overview of all theketched and prototyped ide&milar to a regular Kanalysis all

the sketches wemriscussedand ideas were grouped based airthimilarities. They were pastedan

their respective categories on a Miro boaek Figure 4. The categories from the KJ were then

reiterated upon. Some categories were selected, several other categories were combined to form new
ideas. These directions were usedevelop initialconceptswhich were made into digital sketchies
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quickly communicate their functioithese inital concepts were used as a starting point foctdmeept
development explained in the next section.

Tree on screw

Anchor on screw

Star washer replacements

Push-in third hand

Material elasticity

Interacting in weldnut

Tip on screw
Hook(s)
)
o
Sidewards hook
Clip
Two-arm clip

= »~

A )

{ | o

Clamping

Snap fit

Hook in footprint

Ergonomic help

Blind assembly

Figure 45: Sketch KJ analysis

Double third hand

Mini hooks/bristles

Suction cup
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4.5 Concept development

Beforeevaluatingtheinitial conceptsdevelopediuring the idea generatigtihe existingclip solution used
as a standard by otheriginal equipment manufacturel®EMS) and suppliers was discussédter
evaluating this existing solution, the developed conogpteassessed usirggPugh matrixThe criteria

in the Pugh matrixverebased on the list of requirements. Howewvecluding all individual requirements
led to am unmanageably large matrix. Instetfte Pwgh matrix was sortethto the requirement categories.
While comparing in each categote concepts were rated based on all of the individual requirements
within the categorieOne Pugh matrix was made for each of the common exitiatipn methods, at
Volvo Cars and other OEMZ his includes the cliygcrew, treghird-hand metal hook, and metal clipn
example of the matrix can be found in Figdi@

Figure 46: Pugh matrixtemplate

After evaluating the concepts in the respective Pugh mattiespncepts were further discussed in a
team meeting witlcolleagueghat workwith the curtain airbagJsing both the results from the Pugh
matrix and the meeting, the conceperenarrowed down to three for the fixations, and additional ideas
for the gas generator bracket and strap budlties selection was further developed by means of-high
fidelity prototypes. CAD models were built in CATIA V5 and sent for either sheet metal laser euting
bending,or 3D printing.See Figurel.7 for examplesThe prototypes were tested and iterated upon.
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Figure 47: Examples of 3Eprinted highfidelity prototypes

4.6 Final concept

After iterating upon the Hii prototypes,one concept with the greatest potential was seledehe final
concept. Thiglecision followed from testing the prototyp&giich madeapparentwhich prototype fit the
requirements best amkhibitedthe leasissuesRenders were made from this final prototyp€&€kTIA
V5to clearly visualize thdixation. It was decided to make these renders in CATIA ratherdinaore
renderingfocusedsoftwarebecauséhe solution is mainlyunctional rather than aesthetic. The surface
expression and colors are therefore not of high relevance.

In addition to the render§ranta Edupack was usedn@ake a preliminarynaterialselection.This
material selection wassed as a starting point for the possible production techniques asnvEito
Audit of these materials was performed in Granta Edupack asonalbluate the sustainabilitfhese
initial reflectionsupon material and productions are to be seen as a startindgudinther development
of the concept.

4.7 Evaluation

Lastly, the concept was evaluated. The prototypes were tested on a testdigcagsed with a
manufacturing engineefhe concept was also compared to the list of requiremamtisa appearance
FMEA was performed_astly, based on these evaluatioihg nexisteps for the concept were formulated.
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4.7.1 Prototype testing

To test the prototype, the footprint was-Bbnted and assembled onto a test rig available at \0ars
An inert curtain airbag with prototype hangers was used,ren8@printedparts of the final concept
were put ontdts screvs. The testing focused on the fixations and not the gas generatoapibuckle.
The assembly was performed and discussed togetheawitmufacturing engineer.

In addition, thepushin forces were measured using a speddice metetool. Thepushin forces were
measured 15 times from different anglasing varations of the 3Bprinted final concepand weld nuts.
Thefixationswere pushed in both carefully and more roughly, to mimic the actual assembly as much as
possible SeeFigure4.8. The measurementgere used to calculate a mean value and confidence interval
based on a 95% confidence level, using the sample standard deviation.

Figure 4.8: Pushin force testing

4.7.2 Comparison to requirements list

To determinef the final conceptetthe initial requirementsutlinedin the requirements list, a
comparison wasonductedThisinvolvedadding a columto the requirements list anddicating
whethereachrequirementvas fulfilled by the concepthe following symbols with the following
meanings were used:

n Fulfilled
X Not fulfilled
4 Need further investigation

A Not relevant tsolution

Thedifferent categories in the requirements list were then discussed in relation to the final concept and
why it did or did not fulfill certain requirements.
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4.7.3 Appearance FMEA

An AppeaanceFMEA wasperformed as well. Slight adjustments to thlelewere made to make it

suitablefot he pur poses of the concept. This includes r ¢
aestheticsThis resulted in Tablé.3, where color, texture and gloss changes were no longer considered
Thevisibility factor was remova as well, as all parts end bjpidenb e hi nd t he cTher 6s head|
error probabilities and effects were estimated in accordaitbea predefined scaledepicted in Table

4.4 and 45.

Table 4.3: Adjusted FMEA table

1 2 3 4
. . Error .
Component Error p055|t_>|||ty Aglrjg, use, Cause of error proba | Effect Risk Measure of action
manufacturing environment bility number
1
2
é
. . Error .
Relation Error p055|t_)|||ty Aging, use, Cause of error proba | Effect Risk Measure of action
manufacturing environment bility number
1-2
é
Table 4.4: Error probability scales Table 4.5: Effect scales
Error Implication Effect Implication
probability
10 Possibly reoccurring 10 Part cannot be used
8 Possibly reoccurring but seldom 8 Part can hardly be used
6 Possibly occurs at some point 6 Partfunctionality somewhat affected
4 Possible but unlikely to occur at some poin 4 Partfunctionality hardly affected
012 Highly unlikely to occur at all 01 2 Part functionality not affected
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5. Benchmarking

This sectionpresentshe results of the benchmarkiagalysis, highlightingolutions frombothVolvo
Carsand itscompetitorsFirst, four different categories dixationsare covered(1) metal hook (2) tree
third-hand (3) clip-screw and(4) clip. This is followed by findings on the gas generaite strap
bucklebenchmarking ishortlycovered, as solutioraequite uniform. Lastly findingson the footprint
are discussed.

5.1 Fixations

Below the existing solutionf®r curtain airbag fixationthat were found in Iceberg 3.0 and Teamcenter
are presented

5.1.1 Metal hook f ixation s

The first type offixation is made of metal andas one or twohooks that act asthird-handduring
assembly(CaresoftGlobal 2024) A screw kept in place by star washers is used for the final attachment
of thecurtain airbadiangerto the car bodySeveral examples of different car brands can be found in
Figure5.1, including one from Volvd&arsproduced by Autoliv.

Figure 5.1: Metal hook fixations.eft: Two hooks a fourd in the Cadillac Escalade Sport Platinum 202Caresoft
Global, 2024) Similar desigrs can be found iv o | \EX3® €enter.One asymmetric hook, as found in the Nissan
Pathfinder Plationum 4WD 2023wuthor illustrations Right: One symmetric hook, as found in proj&et9Q

produced by Autoliv.

Two hooks create symmetuyhich is positive for tooling costsut also require two holes in the car body
and the more holes are added the more ths tmseasdP2, personal communication, 2025Yhen it

comes to one hooksgammetry requires either different buckles to be produced for either side of the car,
or an asymmetric footprint on either side of the car body. It can also cause confusion for the assembly
workels since the fixations are mounted differently on different sides of the car

As for the Autoliv symmetric hook, #olves the aforementioned problems, but in this case is limited by
the thickness of the sheet metal. Double sheet metal requires a longer hook, which the design does not
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allow because there ot enough materialA metal hook is relatively easy woduce buts less precise
with regards to screw alignment. Additionallige Autoliv solutiorrequires & extrakeyholeshaped hole
in the car bodywhich is more difficult to produce than a round hole.

No example of a hook placed above slkbeew could be found. This is probably due to limited space on
the cantrail The screw must bi@ reach tdbeable to use thecrewdriverand therefore is located a bit
above the curtain airbag, thataligned with theantrail If there would be a hook placed above the

screw, thecantrailwould have to be very wide to account for an additional hole above the screw hole in
the BiW.

An alternative design to the asymmetric hook design from Figdrean be found in Figurg.2 As the
part can be rotated fwacethe hook on the other side of the screw, a symmetric dasigss the cazan
be achieved without adding to tooling codtkis design can be found theBYD Seagull Flying Edition
2023 and a similar solution is found in tidhangan SLO3 705 Pure Electric Version 2(2aresoft

Global, 2024)
bz =TS ~
/ \
\
!
(‘

Figure 5.2 Separate part for asymmetric hotblird-handas found in thé&YD
Seagull Flying Edition 2023uthor illustration.

5.1.2 Tree third -hand fixation s

The second type dixation is mainly madefrom plastic anccontains atr e e 6 pintthatdumctions as a
third-hand(Caresoft Global, 2024PDne example of this is from Tes&ee Figur&.3. An additional
screw with star washer forms the defiritnnection. Théree thirdhandis easy and fasb use and he
pushin force is low, therefore ensuring ergonomic assern(®B; personal communication, 2028h
additional hole is required in thedy in white however both holes are round, reducing tooling costs.
The solution is also symmetrimeaning that the same tools can be used on either side of the car.
Structural @uble plateat some parts of theantrailcan cause problems, as it requigesaterclearance
between the two holes becaus@wérsized holes otine second platdhis means that tree thirdhand
under the screwnay not fit everywheren the cantrail and would have to be next to the scresemé of
the fixing points Additionally, this would be adss onsistent andsymmetric desigwhich is negative
because¢he same tools cantbe used for the holes, leading to increased tooling costs.
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Figure 5.3:Tree thirdhandfixations.Left: fixation withtreethird-hand below the screwirromTesla.Picture taken

by the authorsRight: tree thirdhand further along the curtain airbags in theleep Grand Cherokee L Summit
Reserve 4x202 (Caresoft Global, 2024)Author illustration

5.1.3 Clip-screw fixation

Another type of solution is jplastic tip on the screw that is to form the permanent conneaiéound in
the software Teamcentek squareplastic tip is injedbn molded onto a screw, with corners slightly
bigger than the hole, see Figird. This integratedn-screw solutiorwas only found in Volvé sarsand
is currently used iproduction(P3, personal communicatior§incethe solution is integrateidto the
screw, itcan be used regardlesisthe material on the hanger whigkduces reliance amy single
supplier.Additionally, it only requires oneound holein the footprint whichis easy t@roduce. A
downside is the highushin forcebecause the solution uses friction to stay in placmbined with only
a small area to push otine screw headt also happens that part of the plastichbéaks making the
solution hard to use.

\ Figure 5.4: Plastic tip
integratedon screw solution
\ Picture fromV o | w806 s

The metal clip solution does not require a screwpBymanent attachme(€aresoft Global, 20245ee

Figure5.5. Instead, the clip can be pushed in without the need of a screwdriver and is strong enough to

stay put during airbag deploymd®b, personal communication, 2029he clip 5 pushed into square

shaped holes, thus done in one step instead of a separateatiirdtep anscrewdrivingstepT he cl i po's
design is relatively complex which could add to part costs. Additionally, it requires a higingoste,

Metal clip

5.1.4 Clip fixations
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too highfor current VolvoCarsstandardsAnother VolvoCarsstandard getting in the way of
implementing metal clips igsaceabilityas stated in the Volvo Cars StandBataBase Solutionsdo

exist but require an additionmifrastructure of either cameras or scannéh& solutiorreduces the
number of holes and parts, saving both time and money. Versions with flexible legs for varying plate
thicknessexist. With respect to service, the clips are removed using pliersh can beunfavorable

since thee is cabling nearbfP1, personal communication, 2025)

Figure 5.5: Metal clip fixationsLeft: airbag clip as found in th&¥olkswagen ID Buzz 1st Edition 20@3aresoft
Global, 2024) Center: BMW iXxDrive40 2022. The two arms allow varying plate thickness. Right: Metal clip with
ergonomical helprharked for easier assemblys produced ¥ Araymond MobilityAuthor illustrations

Theplastic clip solution is in many ways similar to the metal clip though bigger in size and made of

Plastipfastic see Figurd.6. It comes with similar issues and advantages. In addition to the metahelip,
sustainabilityof usingplasticcan be consideretlsing plastic could come with lower part priées with
the metal clips, removing plastic clips for service is challengingceability is an issue as well.

Figure 5.6 Plastic clip as found in th&oyota bZ4X Limited AWD 20Z8aresoft
Global, 2024) Also found in Lexus RX 500h$port+ 2024 Author illustration

5.2 Gas generator

During this sectionthe gas generator bracket is considered. Variations between different car models are
less commorompared teurtain airbadixations, and therefore a more general explanation of the
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bracket attachment is provided. First, how the gas generatttachedo the BiW is coveredlhen,
assemblyrelated considerations amgentioned.

The gas generator is attached through its gas generator brackéirathkist generallgontains two

hooks oneon either sidewhich are differentri shape One hook is structurdbecause the gas generator
is in front of it, which makes it impossible to add a screw as the screw head would not be ifilreach.
other hoolfunctions as #hird-handand is accompanied by a hole for a screw. This side of the biacket
longer than the gas generator and thus allows for a screw to be mounted to asti@wg @onnection

(P2, personal communication, 2025)

The hooks need to be guided into the holes of the foogmishthe different hooks belong to differently
shaped holes, ensuripgkayoke assemblyDifferent car brands have different shape hooks, but their
main functionappeargo be largely the saman example is found in Figuke7. Sometimes bolt is used
asthe structural hook, see Figuse8. Lastly, afewexceptions use differetygpes of bracketsee Figure
5.9

Figure 5.7: Example of a typical gas generator brackete structural hook is
depicted orthe bottom leftthethird-handhook with screw hole on thiep right As
found int theAudi Q4 etron 50 Quattro 202ZCaresoftGlobal, 2024) Author
illustration.

Figure 5.8 Bolt as structural hookfrom XC6Q On the right, the screw can be seen.
Here, a clipscrew serves the thisdand feature instead of a metal hoekom
Teamcenter.
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GAS GENERATOR.

CURTAIN AIRGAG

[
Figure 5.9 One of the few exceptions to theesulvhere the backet is placed
above/below instead of behind the gas generator. FrorBHii¢/ iX xDrive40 2022
(Caresoft Global, 2024)

5.3 Strap buckle

Similarly tothe gas generator bracket, the strap bud&kigns differ lesbetween different car models
thancurtain airbadixations (Caresoft Global, 2024%enerally, the design is a strap witbracket
consisting ofa hook at the top and a hole for the screw in the midtile.complexity of this topook

varies slightly, see Figug10left andcenter This design was used at Vol@arsas well and worked

well combined with thelip-screw. When newhird-hand were designed for the fixatiorike screwof

the strap buckle was replaced with a regular scié®.sngle hook design does not seem to work as well
without theclip-screwandtendsto fall out or causessuesvhen the screw is fastened wits@ewdriver
(P3, personal communication, 2026pr that reason, Volv@arsnow uses a double hook design as
depicted in Figur®.10right.

Figure 5.10: Strap buckle designs. Left: as found inTilaglaCybertruck AWD foundation series 20@3aresoft
Global, 2024) Strap buckle witta hook at the topCenter:as found in thévatr 12 650 Thredidar AWD GT
Edition 2024. Strap buckle withsimple hookAuthor illustrations Right: from theEX90. Strap buckle with double
hook, so it cannot fall out or move when the screw is fastémeth Teamcenter
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5.4 Footprint

Some different footprints found in existivplvo carsand cars from competitors are presented below.

5.4.1 Fixation footprints

The appearance of the footprint can vary basetthe how the fixations loog The fixation withone
metal hook in theente hasa corresponding footprint consisting okayhole shapegholeand a hole for
the screwseeFigure5.11 left. Alternatively if there is only on@symmetricahook,the footprint
conssts ofa round hole for the screw and a rectangle hole for the hookiggee 5.11 center When it
comes to fixations with two hooks, the corresponding footpist rectangle hole on either side, see
Figure5.11right.

Figure 5.11: Hook fixation footprints. Lefiootprint of fixationwith a centered hookCenter: footprint of single
asymmetric hook. Right: footprint of symmetric, double hBokm Teamcenter.

The treethird-handthatis usedby Tesla among otherbas a different corresponding footprifhe
footprint consists of a hole for the screw, and a bigger hole for the tred#nidCaresoft Global,

2024) The footprint can be seenkigure5.12 left. As for the clipscrew, the footprint is simply a round
hole, seeFigure5.12right.

O »
O

Figure 5.12:Left: tree thirdhandfixation footprints.Right: clip-screw
footprint.

The footprint varies slightljrom the other fixationsvhen usingnetalor plastic clipsThere is no round
hole for a screw since no screw is needed. Insteathdhgint is in the form of a square or a rectangle,
seeFigure5.13
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Figure5.13 Square footprint$or metal clip fixations. Fronvolkswagen ID.3 1st Edition Max
2021 (Caresoft Global, 2024 Author illustration.

5.4.2 Gas generator footprints

The gas generator footprint most commonly consists of two different holes. The shapes of these holes
vary depending owhetherthere are two hooks @nly one hook and onhird-handfixation. In the case

of two hooks, the holes commonfok the same on both sides exctptthe hole for the structural hook

is bigger than the hole for the thildind hook. A hole for the screw is included as welthecase obne
hook andonethird-hand fixation suchasa clip-screw there is @ole for the structural lok and in case

of a clipscrew only a round holen the other sid&Some different variations dfifferert holesthat are

part of thegas generator footprin be seen iRigure5.14 Generally, having one structural hook and
one thirdhand fixation would be preferrabiecause it is much easier to guide into the footmatier
thanhaving to aligrtwo hooks in at once (P4, personal communication, 2024).

E— Oy ==
-_‘F o

©

-
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Figure 5.14: Gas generator footprints. Left: keyhole shfapetructural bolt Centerleft: holefor structuralhook,
variation one. Center righthole for structural hookvariationtwo. Right:for third-hand hook wittscrew From
Teamcenter.

5.4.3 Strap buckle footprints

The strap buckle footprints am@iform across most car modeigt both competitors and Volvo Cars. The
footprint has a round hole for the screw and then either one or two rectanaée®smmodate for the
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hookthird-hands). Sedrigure5.15for the strap buckle footprint$he footprint for one hook is
beneficial because less holes save costs (P2, personal communication, 2024).

\

Figure 5.15: Strap buckle footprints. ltebne hook. Right: two hooks. Image from
Teamcenter.
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6. Data collection

In this chapter, the results from the data collection paesgresentedThe insights from the expert
interviews are summarizethe ergonomical analyses that were made with the users are presenie|
as the observation dataastly, hequestionnair@nswers and theo-creation workshop results are
presented

6.1 Expert interviews

A summary of the insights from the expert interviews can be found b&lmanswers from the
interviews werelatercompiled into a K<analysis which is described more in deptlsestion7.1.

6.1.1 Attribute Leader Service

Theinterviewwith an Attribute Leader for Service at Volvo Cagsulted in many insights and needs for
service ofcurtain airbagttachmentsThe interview yieldednformation about when theurtain airbag
needs service arftbw many timsit should beexchangeabléelhe intervieweemphasized the
importance ohaving a robusthird-handthat does not break during the service prod@asthe other

hand the interviewee pointed othat thethird-handshould not befastened too tightly so that it leads to
difficulties when demounting itJItimately, thecurtain airbag should urable for more than 15 years
after end of production.

6.1.2 Principal Engineer Upper Body Structure

The interview yielded what differehble patterns are possible to manufagtasewell as the different
manufacturing method#sights were gained about what materials the car body coofiatsdwhich
holesworks for what material Furthermorethe interviewee showeslhere on the car body the curtain
airbag holes usually are located and which surrounding hulesbe taken into consideration. Ultimately
the requirementand preferences about hole shapes from an economicspatial perspective were
covered At the end of the interview, the interviewee showezhr body storage. A notable observation
there was thabn one car bodythe curtain airbag was removed, but the clips were left in the footprint

6.1.3 M anufacturing Engineer

The information from this interview was crucial in understandvhgt needs to be improvedth regards

to the assembly worker$he intervieweeommunicated which requirements there are to ensure
ergonomicassemblybut alsohighlighted that the curtain airbag assembly is one of the worst assemblies
in the car fom an ergonomical perspectiviEhere was emphasis on the importance thira-handand

that the pustin force should not be too higMoreover the interview yielded information about the
assembly proceshow it works,what the assembly workers ,dgmdthetime limits. The concept opoka
yokewas alsanentionedand the importance of preventing errors by dedtgimthermoreinsights about
costs screw requirements, traceability requiremgtatkerances and other technical information was
communicated.
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6.1.4 Curtain airbag supplier

The main insight from thmterview with thecurtainairbag suppliewas thatdjustments to current
solutions can benade, but tht these adjustmentequirenew tooling, thus adding to cosEhey also
highlighted that their standardized soluti@meoptimizedand ttat customizing them could be a
disadvantageThe standard solution that thepplier provided seemed ltave many benefitélowever,
this solution poses some challenges with respect to \&gegific requirements.

6.1.5 Assembly line workers

The interviewswith the assembly line workevgere unstructurednd conductedimultaneously as the
workers assembled the curtain airpabich made it possible watch the process and ask questions
duringit. Oneadditionalshort interview wasonducted with a worker in the break rodrhese
interviewsgaveimportant insights about what problems the @sunallyfacein thepractical context.
Theanswers of thentervieweeswvere fairlysimilar, for example that the gas generator was difficult to
mount, that the push in forces affected their hands and firageighat the\utoliv solution for the XC90

car was thesolution with the most problemBroblems with thelip-screwwerealsodiscussegdwith the

man takeaways being that theushin forces are too high and that the plastic tip on the screws can break
and cause issues.

6.2 Observations

Observations were performed at Volvo Cars with the purpbeeticingproblems and/or errors that the
users themselves might not think abdte result of the observations made are presented below.
Observations were made both at the test production arassleenblyline. Further analysis of the
observations can be found in chaptet

6.2.1 Test production

One observation was made with the Autoliv hook solution, see Figurar@llanother one was made

with an unreleased current VCC projdetom these observations, several issues were identified. One of
the most prominent issues was the difficdfynserting the gas generator. This task required the
simultaneous alignment of two hooks. Limited visibility, often obstructed by the gas generator itself,
complicated the hook alignmests it made it hard to see the mounting footprint clearly. Moreover, the
workers had difficulties inserting the cable into the gas generator without a flashlight.

Another common problem involved aligning the screw with its designated hole. On the one hand, this was
caused by the screw sitting loosely on its curtain airbag hanger, making precise alignment difficult. A
second cause was the thirdnds sitting too loosely in its footprint. The hook could be difficult to insert

and pull down into the keyhclghape hole, because the hook is fairly short. It sometimes sat too loosely
andspontaneously detachagquiring readjustment.

From an ergonomic perspective, some problems were identified. One problem was that the workers had to
twist their body in a way that is not ergonomic to reach inside the car body. Another problem was that the
forcefrom the screwdriver was higand therefore the workers havepiash on top of the screwdriver
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head Furthermore, it was observed thia¢ tether at the end of teartain airbaglangled and gataught
oncabling and therparts in thecar body

Figure 6.1 Pictures of the Autoliv hoddolutionfrom the observatiofor EX9Q Pictures taken by
the authors.

6.2.2 Assembly line

The observations that were performed at the assemblyiéitteed similar results as the observations from
the test production, with the difference that thesas Wigher time pressur€he solution that was looked

at here was thelip-screw The assembly line workers were observed during the assemblyafrthain
airbag andsome questions were asked to the experiemcekiersthat could mount theurtain airbag
simultaneouslyA major difference with this observation compared to the test production observations
was that the assembly line workers mountecttiveain airbadrom the outside of the car, ilglind
assemblyinstead of doing it from the insid€hey stood outside of the car body gnd the curtain

airbag through the windows, then thepved it up to the cantrail and inserted it with their arms through
the windows.

Similarly to the test production observatiptise assembly line workers had difficulties inserting the gas
generatorThey stated that the gas generator with one structural hook amtipseerew was easier to
insert than the bracket with two hookglditionally, the operators mentiongidat the gas generator could
pop out and they had to push it in a second tuging the assembly, the strap at the end ottireain
airbagcouldmove a lot Because of this, the operators chosetmunt the strap buckle before the
fixations in the frontwhichdeviates fronthe instructionsin order to prevent damaging the cad¥xs

paint Regarding thé¢hird-hand there were some difficultiesith its insertionbecaus®f variousreasons
for example hindrancerom foam in the car bodychallenges with regards ¥@ryinganglesinability to

see the hole becauséblind assemblyanddifficulties aligning the thirehandwith the hole.

From an ergonomic perspective, the blind assembhoi® beneficial than the assembly at the test
productionbecause the operatdoes nohave to work with their arms over their hebldwever the

current fixationghat are in usbavea higher pushin forcethandesired The operators mentioned that

their fingers are hurting because of this, especially whenjtisegtarted their jobOther than thasome
observations were made that the operators had to twist their torso to reach certain spots within the car
body.
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A hierarchical task analysis (HTAyas made tbreak the process down into different tasks, the HTA can
be seen ifFigure 6.2.

Assemble

the IC to the
car body

Prepare IC Perform IC Fasten IC
assembly assembly assembly
( . \ ( Y
Take an IC - Push;g the PiIrL:{goca:SI‘e
from a bin 8 8
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N o/
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the back
./ L
Put the Align
—strap buckle 1 screwdriver
in with screw
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Push in the
o ) Fasten
— fixationsin — e—
the front
N ~

Figure 6.2 HTA that breaks down thaurtain airbag (IC) assembly process

6.3 Ergonomi c analysis

To better understand the problems that the users face, two different ergonomical analyses were conducted.
A NASA-TLX was performedo gainan understanding of the cognitive and physical demands of the user
during curtain airbag assembly. The RULA method was used to further analyze the physical strain of the
upper body.

6.3.1 NASA Task Load Index

The results from the NASALX are presented below.articipant Iperformed the analysigith assembly
at the test production in mind, while participant 2 performed the analysis with their experience from the
assembly line in mind.

Participant 1

Participant lhas been working at the test production for a little while asddime experience with
mounting the curtain airbagvhile filling in the NASATLX, theyshared their reflectiongon the
guestionsRegarding thenental demandheystated thaa bit of thinking is requiredNhenproblems

arise deckions need to bmade,and solutions nee found The physical demand is fairly high because
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of working with arms abwe heartheight, apositionthatcan cause straids only two cars are
manufactured per day at the test production, no time pressure or temporal demand is experienced.
Participant 1 expressed tHatistration arisesvhensomething goes wrong@s seen ikigure 6.3, where

the attributdrustrationhas thehighest demand. Overagflarticipant ® s
receiveda score o#7,7. Thisscore is considered as a somewhat high worklBeab@ge/ari et al, 2019).

Participant 2

The second participamtorkedat the assemblyine for 15 years beforstartingatthe test production.
During the NASATLX, theyperformed the method witheir experiencdrom theassemblyline in

mind. Participant 2 stated that the mental worklasal little high because you have to thitkout the
process and remembthings Similarly to participant 1theythought that thee is a physical demand

Rating Tally Weight
0.26666666666666666

Mental Demand 30
Physical Demand 50
Temporal Demand 10

Performance 20
Effort 50
Frustration 65

Overall =47.666666666666664

4

2
0
1
3
5

0.1333333333333333
0

perceived

3

0.06666666666666667

0.2
0.3333333333333333

Figure 6.3 The results from the NASALX performed
with participant 1 focusing on the test production

evel

becaus®f the arm position and working with the arms over the headhermore, theemporal demand
is very high on thessemblyline, because of the moving line and only haviitgseconds to finish the
curtain airbagassemblyLastly, participant 2 stated thiais notdifficult to succeed, but that it is not easy

either It was expressed thdte assembly takes a bit of efidoutthattheyexperiencdow frustration.
The overall scoréor the perceived workload levef participant s 68, which is consideredhigh

workload Prabaswari et gl2019)

Mental Demand 70
Physical Demand 75

Rating Tally Weight
2 0.13333333333333333
3 02
Temporal Demand 90 5 0.3333333333333333
Performance 40 2 0.13333333333333333
Effort 45 3 02
Frustration 25 0 0

Overall = 68.66666666666667

Figure 64: The results from the NASALX performed
with participant 2 focusing oassembly at the assembly

line.
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When comparing the two different results, it is apparent thaethporal demant substantially higher
attheassemblyine compared to the test productittowever there is also a difference in how much
frustration the participants feel. This gamssiblybe explained byifferences irlevel of experience with
the assemblpetween participant 1 and Bhe conclusion from these results is thatdhgain airbag
assembly has a somewhat high to high workload depending on where the work is performed.

6.3.2 RULA template

To get a deeper understanding of the working position and physical demand of the assembly workers, a

RULA analysis was performed. Observations were nadtlee test production facilitywhere there was

enough time to observe thesitions of the upper bodyhe analyses yielded that the position of the

upper armss critical since they are located abovethp er at or 6s head and the | owe
Furthermore, the wrist positions arvet ideal since the wrist is befinom the midline and can also be

twisted.The forceput on the armis around 2 kgWhen it comes to the neck and trunk, the analysis

showedhatthe neck is benand that the trunk can be bent and twis€@eerall, the RULA score for both

the left and right sides of the body was 7, on a scale of 1 to 7, indicating the lowest level of ergonomics.

The entirety of the RULA scoresheet can be founfippendixC. Because of confidentiality, no pictures

weret ak en of positien,andall aksessniest waerformedon the spot.

6.4 Questionnaire

The responses to tlyiestionnairavere few,though theydid offer a channel for less experienced
assembly line workemas they could not answer our questionghe assembly lind.here are around
eightworkers that mount the curtain airbag and fieplies were collected:he fve replies that did come
in were gathered between tB# of February and Tlof March.

The results showed tha0% of respondentsaveworked at the assembly line less than a y&@¥phave
worked forl-5 years, and0% haveworked5-10 yearsas seen ifrigure6.5. The workers had varying
experienceswith four people answering that they do it automatically and one person answering that they
are just learning how to do itherespondents have ustw metal hook and screw solution as well as the
clip-crewsolution, which is the current one used in the Torslanda arthermore, thguestionnaire

showed that\eeryoneusesblind assembly, mainly because it is more comfortable physiaatlypecause

it is common pactice at th@ orslanda plant

Regarding ergonomicshe majority of the assembly workers answered thaassembly is most
physically demanding on theands andingers,seeFigure 6.6. Additionally, mostof them(3 outof 5)

use glovesThe most physically demanding steps in the assembly prucessl out to be assembling the
gas generator and fixatiorBesides the fixations, threajority think that theyas generatdakesa long
timeto assemble and oft@ausesssuesThe question about common isshesl annteresting answer
thatreadasfollows:

ASometi mes you don 0 twhepthe scrawiyn fpecedibtaickn .(a |l i ¢k

All questionnairanswers can be found AppendixB.2.
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How long have you worked at the assembly line?

20%
40% \ m Less than a year
\&Q‘Qz a 1-5 years
\ 5-10 years
N ¥

40%

How much experience do you have with From which side do

assembling the IC? you assemble the

IC?
| have assembled it a lot and it happens
automatically

m | have assembled it a few times and am starting
to learn the process

4

100%

1 = From the outside, blind

I assembly

Figure 6.5: Questionnaire results about experience and assembly details.

Where on the body is the Which step takes the longest
assembly the most physically time?
demanding?
17%
m Back m Neck <
Arms % Hands/fingers "4//’/ 50%

# Shoulders

2
1
-

Which step(s) do you find the most physically demanding?

3
Assembling the gas generator

» Assembling the fixations

m All screws and single gas generator

13% Gas generator assembly
Y
13% ///%5

38% = Assemble the fixations

= Fastening the screws

= Screws, gas generator
38% with hook

Figure 6.6: Questionnaire results about ergonomics and assembly steps
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6.5 Co-creation workshop

The purposef the cocreation workshogvas to leverage the knowledge within the teamamd

transition into thedea generatiophase Ten engineers from the department Airbags and Steering Wheels
at Volvo Cars attended the workshop to share their insights and knowidtiehe initial icebreaker,

the first task that was performed was to brainstorm requirements and write them detickyamotes.

This step confirmed some requirements that had alreadytiheght of as wdl as providingsome new
requirements, for exampl®w sustainability impact. A summary of the brainstormed requirements and
needs can be found Figures 6.7, 6.8and6.9.

A N t i _ hSOIIL;tiontsb Different
Volvo specific ZOU dnot N Production solutions from
requirement . i, time different
tWI St operator body e
size
Blind
assembly

Figure 6.7 Needs, requirements and open problems brainstormed by team Gvedvio
specific requiremendtrefers tothe stronger requirements on for example ergonomics and
traceability that Volvo has compared to other car manufacturers.

Low No negative Easy
sustainability impact on assembly, Cost for Class 1
impact (Single performance one go weld nut  fastenin
material, etc) (Anti twist) assembly g
Comply with Third hand Fast
FMVSS5226 Low solution e
(Ejection Wei ht (Pre- & y
mitigation) 24 mount) 60 sec
Figure 6. 8: Needs, requirements and open probl ems
fasteningo is a requirement at Volvo Cars and ref
traceable.
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Effective Keep the Hold the
Poka N o
support & airbag in Support airbag in
yoke for position ] position
coverage bl during vehicle packaging during
for 3rd row assembply life deployment
Should support Assem b|y Should support
correct f t' Assemb|y correct
deployment in veritication N deployment in
interaction with fU”y verification interaction with
headlining trim (anti-twist) seatbelts, SAB,
panels assembled DAB, PAB

Figure 6.9: Needsrequirements and open problems brainstormed by jediow. SAB:
Side Airbag, DAB: Driver Airbag?AB: Passenger Airbag.

The next task was for the group to rate the existing solyti@esigure 6.10 The results were as follows.
Generally, hooks were considered more ergonomic to mount thafrpcigbs. With regards to
sustainability, single material designs were prioritized, and plastic was largely omitted. With regards to
costs, simple designs were rated less expensive. gadglitiactors proposed by the participants included
traceability, overengineeringprocess costas opposed tpart costsverified assemb|yautomated
assemblyandsupplier independencé&he latter stresses the advantage of having a cliphindehand
integrated in the screw.

Figure 6.10: Rating the existing solutions

After rating the current solutions, the grogedectedsome of theisticky notes with requirementnd
needs that they previously wrote down and started to idea generate solttepatticipantanade
prototypes, sketchednd used materials such as papego pens andlay, seeFigure6.11 Ideas
included different ways mountthe curtain airbag. Bottmore conventinal solutionsandout-of-the box
ideaswere thought afSome examples of ideagludefixationsbased orsuction cupsutilizing air
pressureandincludingrotation. Other ideasicludesome sort o€ombined clipand screw solutigrand
screws withwings at the end to be fastened in the weld iné.session ended with some discussions,
concluding that the suction cup idea was the most creative amd-thébox, while theclip and screw
combnation had the greatest potential to be impatad
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Figure 6.11 Pictures from the c@reation session
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7. Analysis

The results from the analysis phasepresented belowlhe synthesized data from the KJ analysis is
presented first, thereaftdre observation templates afgownand lastly, some results from the list of
requirements are presented.

7.1 KJ analysis

The result of the KJ analysis is presented bddgwoing tlioughthe categories that formed during the
method A description of the interview data that the categories were based on is also provided.

7.1.1 Ergonomics

In the interviews, MEManufacturingenginee}, the suppliersservice and the assembly line workers
communicated that the physical ergonomics oftciimeain airbagassemblys problematic The reason for
this is thathecurtain airbags assembled above thep e r eéh¢ad whils causes physical strain for the
PhysIg HEKEUSrding to ME, everything that is mounteatothe ceiling is a red zone immediatelowever,
atthe Torslanda plant, the workex®rk around this bynounting thecurtain airbagrom the outside of
the carBut even if this method improves the ergonomicppies challenges with regatusd
assembly, which means that the workeamat see the footprint in the car body and have to mount the
curtain airbagy feeling.The assembly workers mentioned thataeeembly causes strain on the arms
andneck.ME also mentioned thaheinflatable curtainIC) is the worst assembly in the car.

A T h e olr@orstassembly inthe car- Manufacturing Engineer

h-ip . . . . : .
Fus Another problem that was mentioned was the paghrce.According to ME it is requiredthat the third-

hand should not be pushed in with more than 15 N per fingerand that the forcileally shoull notexceed

20 N overall However, the problem is that the curreatutionin production the clipscrew, has a higher

pushin force since it relies on friction to stay in pladée assembly workemmunicated thaheir

fingers hurt from pushing in theurtain airbadixations, especiallywhen theyhad just startedorking

with the assemblyMeanwhile, the interview with the suppliers yielded that the clgedto be pushed in
Coaniiritisregresavtd 35 N, which is a too hidbrce according td/E.

The cognitive ergonomics were analyzed from the interviews and obsenaitibagest production, as
well as from the NASATLX method Key insightsrevealed thathe interfacevas initially challengindo
comprehendandassembly line workengquiredtime to learn theorrecttechniquesRelianceon
memory andtognitive effortduring assemblied tostrain andatigue. Observationsom theassembly
line highlighted significantime pressureasworkersneeded to mourhe curtain airbagvithin 57
seconds. This was also confirmed by the ME interview.

filt takes some time to leafthe assemblybut you learn in the endd Assembly line worker
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7.1.2 Assembly

Context

When it comes to the assembly, some problems were discoVéeed.are many cables located close to
thecurtain airbagassembly, so the workers have to be careful not to interfere with the caiieng.
cabling is also one of the reasons why magnets are not prefexiallg with the fact that metal dust can
get stuck to the magnets and make a m@kservations during the visit to thesemblyline yielded that
some workers wear gloves when assembling, which means thusdige of thdixations shouldake

into accounthe u ofgloves.

Third -hand

Thethird-handthat is currently used in the Torslanda plant isdigescrew When talking to the
assembly workers about this solution, they stated that the plastic tip could sometimes arrive broken
which madet challengingo insert into the car bodAdditionally, as mentioned before, thip-screw

has too high push forces which results in pain in the fingers for the assembly line workers.

"[Hard] to push in the screws on all mod&is Assembly line worker

Gas generator

According to the assembly line workers, the most difficult part to assemble is the gas gehleeagais
generator is what takes the most time and can be tricky to insert into the footprint depending on how it
looks. Theinterface that consists of two hooks that has to be inserted into the car body at the same time
was the one that was considered the worst, while the interface with one hook amddem&ndwas
considered better and easier to assentibleas stated thahegas generator is positioned above the rear
door for ergonomical reasons, and this should remain the same in future des@mding to ME, &

mm distance between the gas generator and BiW should be ensured to allow for comfortable assembly
and hehooks cannot clash with other geometry as the gas generator slides into place.

"Make all IC curtains like the design of the XC60/V60. Easy, brilliant. The XC90 is gobds i
Survey respondefidssembly line workér

Strap buckle

Themost cruciabroblemdiscoveredwith the strap bucklevasthat the long strap moves arousdbt,

which means that there is a risk that the metal strap buckle can damage the paint oB#uagse. of

this, the workersnounted the strap buckle before the fixations in the froms is nothow it is supposed

to be done according to ME. The order in which the assembly should be thgrfeess mounting the gas
generator, then the fixations in the back, followed by the fixations in the front, and lastly the strap buckle.

7.1.3 Errors

During the assembly, there are severabrsthat canoccur. The fixations can be inserted the wrong way,
thecurtain airbag can kgvisted,and thescrews can bfastenedat a wrong angldf the operator fails to

hook in one hook and continues with the rest of the fixations, they haeetount everything and

assemble it again. When it comes to errors, it is very important to haveglkantegrated by design
according to ME. This means that the parts are designed in a way that it is not possible to assemble them
incorrectly. At the Torslanda plant it isf special imporince that the fixations amounted correctly

despite of blindly assembling them.
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Alf it is possipkelogplteco wndKe nmea kmi sat anki es,tiak e, i
Manufacturing Engineer

7.1.4 Existing solutions

Metal clips

The metal clipsctas athird-handand permanerfastener in one. However, there are some problems
with the metal clips from a Volvo perspectivecording to ME, the metal clipgquire a too high push

in force. Therequiremenfor pushin force at Volvais that itcamot supersede 30 kbr pushing with two
fingers which can also be translated® N per finger. The metal clip howeusas to be pushed in with
around40 Nand only about two fingers fit on the surface afesther challenge with theetal clips is

the traceability aspecht Volvo, correct assembly isgged with special screwdrivers and since the metal
clips are not fastened with a screwdriver, the traceability aspect becomes comigdtestmore, the

clips haveto be removed with pliers which is negative from a service perspective, since it is not
preferable to have pliers close to cabling.

AOh, we dondt | i éWe hawacablingrunningaalong theré as well, and .using tools
and pliers in this area against an IC is not favorabieAttribute Leader Service

Clip-screw

During the observatiorst the assembly line, the currdixations were analyzedhe clipcrewsthat are
usedwork in practice, but there are a few disadvantages. After talking to the assembly line workers, it
turns out that some of them experience pain in their fingers by insertisgréves because of the high
pushin force.They also experienced that the plastic tip at the end of the screws could come broken,
which complicated the assembly process.

Hooks

Duringthedata collectiononly one type of hook was studied. The Autdikation which consists of a
screw and a hoogticking out underneath it. The discovered problemage that the hook was short which
resulted irnthefixation being hard to assemblend thethird-handwas too loose which madepbpout of
the footprint.Other than thatscrew alignmenis important to consideasthe screw ends umisaligned if
the hook is not inserted all the way intfootprint. The screw can alsoomplicate insertion as it sticks
out and maynterfere with the car body befoa¢igning withits hole in the footprint.

Tree third -hand

The tree thirehandobserved on the Tesla solutibas some benefits but also some drawbacks. Benefits
include that there is a low pudtforceand good traceability since a screw is involvEde serviceability

is alsogoodbecause the thirtdand does not sit too tigitt However,since the thirehand sits loosely,

there isrisk that itmoves out a bit before the screwfastened Additionally, the screw alignment might
notbe optimal. Amtherimportant aspect to consider is that the footprint fottrxe thirdhand has two
holes in a vertical direction. This means that the footpvithtnot fit on small areasf the cantrail

7.1.5 Footprint

The interview with the Principal Engineer at Upper Body Strugitogided the information that when
there is double sheet metal, th@leson the outer sheet need to be larger than the holes on the inner sheet
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This isso that the holes do not becosreallerdue tominimal misalignmentHowever, this can become
a problemwhen there is too little spader examplédf there are two holegertically. Since the holes need
to be larger on the outer sheet, it can mean thgtdbenot fit on a smalbart of thecantrail. In asituation
such as this, a unique fixation might have to be develdfas takes both time and®stly,so it is
beneficial to avoid thisThe Principal Engineerrecommended for the holes to not be too close to each
other in the areas with double platEsr the gagenerator a keyhole shape is preferred.

ASo, it can be a bit problematic sometimes when we have double plates. Then we prefer to have the holes
a little bit apart from each othey.i Principal Engineer Upper Body Structure

7.1.6 Consistency

Something that came up during the intervievesthiat consistency is importaint the design of the

fixations. Symmetry is one aspect that can be beneficial to lower costs, among othelfttiiags.

footprint is symmetrical acro$mth sides of the car, the holes can be punched with the same tool instead
of the need for two different tool€verall, it is beneficial to be consistent when it comes toctmain
airbagfixations and footprintsas \ariantscan confuse the workers and increase the risk for errors.

fiThere should be no ifs or buts. If it gets complicated to assemble or disassemble, the risk of errors
increases. So, no ifs or buts. Straightforward stuff. Beisyttribute Leader Service

7.1.7 Producibility

Because theurtain airbags dependent on the supplier that produteis is important that théxations

and components are producible by said suppligaroblem is thatifferentsuppliers work in different
materialsfor exampleZF Lifetec generally works the most with plastic and Autoliv works with metals.
This is challenging because in order to standardizeuttain airbadixations, they need to be producible
by different supplies.

7.1.8 After end of production

An important requirement at Volvo Cars is thattin partshaveto be traceable so that the data can be
accessed after EOPhere are different ways to achieve tfiketorque for the screwsan bdogged
with the screwdrivethatfastens themin case of a clip instead of scravgceability isachievedwith the
help of a QRcode that can be scanned only when the clip is assembled cottreoetigver, the interview
with ME madeapparenthat theQR-code solutionrmay not be optimal. Cameras that automaticakgan
the codes may have issues when workers stand in front of the codes or lightingTisislimplies that
the camedais need to be checked frequerathd possible mistakeshould becorrected which would notbe
sustainable over timén alternativecould be to have workers scan tteelesmanually with a scanner,
but this would add an extra step to the assemiglggss as well aput the worlers innon-ergonomic
working positions Furthermore, the interview with the Attribute Leader for Service yieldedtibat
curtain airbadnas to be serviceable and exchangeable up to ten ametast for 15 years after EOP
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7.2 Observation template

To analyze and synthesize the data from the observations, observation templates were used. The
observation templateghown belowwvas used for the observation at the test production, wheratbév
hookwasobservedThe different participants were compiled into a table,Tsd#e 7.1 Then the noted
problems, the number of people who had the projéem the severity were compiled into another table,
seeTable 7.2The results include difficulties inserting the gas generator, the strap buckle getting caught
in protruding parts in the caand difficulties inserting the thirtand.

Table 7.1 User profiles

# Role

1 Responsible for station, worker at test production center, worked asskenbly lindor
many years

2 Worker at test production center

3 Master thesis worker 1

4 Master thesis worker 2

Table 7.2 Observation template

Noted problem Number of Possible cause Severity
people
Difficulties inserting the gas 1 Two hooks that need to go in at th 5
generator 1,2,3,4) same time, hard to see the holes
Angle is a little off, the screws
Not being able to fasten the screw Il move outsideghe hole, the 3
properly 3,4) screwdriver is not positioned
properly on the screw
. L , th has hook
The hook on the strap getting Il ong strap, the bigket has hooks
. . that gets caught, trstrap moves 2
caught in other things (1, 3) . .
around a lot during fastening
Have tostronglypull theIC to the Il The thirdhand not aligned 5
side toget the thirdhand in the hole (3, 4) properly, IC has to be taght?
The thirdhand is todoose and the " The thirdhand is too short, not
screw does not align with the hole 2. 3) properly put in the hole from the | 3
when fasteninghangerjumps up) ' beginning
Twisting body in a way that is not | Il The _holes cannot b? s_een from th
. outside, hard to be inside vehicle,| 2
ergonomic 1,3,4) .
can't reach hole
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Difficulties reaching the screws Il The body is in the way, odd angle

. . . 3
with the screwdriver 3, 4) small opening
Unsure what to do when the screg |l User has not learned it yahd does
. 4
shows that the screws are red 3,4 not know how to do it

Have to put hands on the head of | Hard to get enough pressure whel
the screwdriver to get enough o just holding the handle, screws ne| 2
pressure to be pushed in more

Foam in the way, weird anglasot
1 possible tasee the hole, hole is on
1,2,3,4) sheet that moves, thitgand is not
aligned with hole

Hard to insert the thirthand

Dark, camot see the inputifficult
angle to see ipnly fits in one way, | 3
did not push hard enough

Difficulties inserting the cable into| 11l
the gas generator 1,2,3,4)

Theseverity scalausedis as follows 01 no usability problen{not included because it is not a probjem
17 cosmeticusability problenm(the user did not notice it was a probje@i minor usability prollem (the
user noticed the problem but it did not affect their ability to complete thg Bisknajor usability
problem(the user noticed the problem amdffected their ability to complete the tqsénd 4
catastrophicusability problenthe user gets stuck and cannot complete thé.task

7.3 List of requirements

Ultimately, thedata from théaenchmarkingnd thedata collectiorthat was analyzeksulted in a list of
requirementsThe completdlist of requirements can be fouimdAppendixD. The list was divided into
different categoriebased on the KJunction requiremeniergonomics (physicalthird-hand gas
generator strap buckle context/assembjyerror-proofing ease of assembly (cognitive ergonomics)
consistency in desigfootprint (BiW) producibility; costs sustainabilityandafter end of production

To illustrate, the first category ghown in Table 7.3The first categoryncludes requirements ofreat
importanceas itincludesthe main functions of the solutiowith regards taequirementl.4, fitting a
varietyof car modelsan be achieved by being suitable for varyiag body thicknessegarying cantrail
angles andizes, and being producible bifférent suppliers and the resgtive materials they work with.

Table 7.3 The function requirements
1. Function requirements 1.1The solution must keep the airbag in place during its lifetime

1.2 The solution must keep the airbag in place during deploymen

1.3 The solution must not affect the airbag performance

1.4 The solution must fit varietiesf car models
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Essentiallythe requirements are about ensuring saféain airbagleployment andbout standardizing
the solution to fit different car modelBhey summarize the findings of the analysis phaseconaise
list. For example, ther importantequirementsnclude

A

The pushin force must not exceed 15 N per fingEnis means thavhen the fixation is pushed
into the footprint, the forcesaveto be lower 15 Nper finger or 30 N for two fingers

A third-hand must be integrated by desigvhich refers to that the curtain airbag must stay in
place on the cantrail before the screws are fastened

The assembly must be posstisigperformwith blind assemblySince blind assembig usedat
the Torslanda plant, it is important that the solution accommodates that

It must be impossible to incorrectly mount the curtain airbdte curtain airbag should not be
possible tanountthe wrory way aroundr in the wrong direction for example

The hole(s) should fit on 50 mm in heigfite footprint should ndeke up too much space in the
verticaldirection for compatibility reasons

The solution must beroducibleby different suppliersAs mentioned,his ensures that the
solution is producible regardesf what material the suppliers work far compatibility and
standardization reasans

The assembly data must be traceable for up to 15 y€arsect assembly must somehow be
logged and savesb that it exists if it needs to be used.
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8. ldea generation

The results from thilea generation phase are presented below, including the results from the methods
used.First, the ideation results are presentiellpwed bythe prototypesand intermediate concept
directions,andlastly the final concept directiomseshown and explained.

8.1 ldeation

All resulting sketches from thideation phase can be fouimdchronologcal orderin AppendixE. Several
idea categoriesf fixationsresulted from the applied techniques as described in sectipas well as

ideas for the gas generator bracket and strap huguteng the categorization, some sketches ended up in
more than one category because of combining aspects of either caldgodjfferentidea categories are
covered during the upcoming sections.

8.1.1 Screw tip ideas

The first categor of ideas resulting from the égtionis a redesign of the screw tip of the main screw
forming the permanemonnection. Some of the ideas focused on agiheged screw tip as depicted in
Figure8.1shown below.
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Figure 8.1 Tree on screw ideation.

Alternatively, the screw tip could have some type of anshaipe to function asthird-handbefore the
screw isfastenedo form the permanent connection, requiring a more complicated footprint and more
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complexif not impossiblanteraction with the weld nut. The ideation sketches are shown in RBddire
Anotheridea is to keep the old clgcrew design and experiment with different materials to optimize
pushin forces and sustainabilitifhese sketches are depicted in Figlige Lastly, dher ideation
sketches focused on the specific interachetweerthe screw tip and the weld nut, making use of its
form and propertiesSee Figure 8.4.
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8.1.2 Two-armed solutions

Another category of ideas resulting fraheideationwasideas with two arms on either side of a screw
forming thepermanent connection. The ideas canibidd into three groups: clamps, sriap and
doublethird-hand. The clamping solutions are depicted in Figdre Here, the two arms are somewhat

tighter than the distance between the two holes, and in thatlaraponto the
materials were considered, such as metal, wood, and (flexible) plastic.

material. Different

NN} u\ W_::u i @ @ D
i o ﬁ y P
@ .P llmn j2z8y 7 W e

Actual frxation
/z, ben¥ 0
WGy
The Wgheng Tie S [l e
( /1‘00‘:(’"*
v == ] HOOF - 1NEPIKED =
G ‘&) ‘
ST S <
= 1 0 AN
o }Aﬁ' e llor P “‘"”! " \\\ i\;Sﬁ.‘ /,lz = £ |
L seewed Y g o
- 9 ploge) 3
e (O l/ Sof# plashie
\ — Clowpii
&"‘;}Y i‘{ P "?’;a\\ | — i /,, 2 a; ;/j 4
S Cibossiig
Ry ~.- N J
—4 ] r!<—— N INEN A il 100
A - - - tlote —»
Release e clip omd. (1 } ( clampIny
IR

it pusllas nwor l

Figure 8.5 Clamping ideation

S N
// - "\\ - PRESS -1 ro0T PRINT {
f gﬁéﬁﬂ = sades SIS '
»‘__‘_' ‘_] , \\ /- \\/ o Z \\ S/ (\"r.
AL varipb Q [ Faotprivt Buitt-in < 1] |
Q:b Wa///ﬁ/c’%r ﬂ | ) oSlgrs —— Ll
: E R N I LT
A —r | I'LO s/ '
TS kil
I e T ]
= D i R S(RTwW
o '_,, | SEReRATE j HOLE FO
FPLASTIC

A T

(supplrer ingép.)
é HOL PATTERR

Figure 8.6 Snapfit ideation

arinbl
(j) wall //x/z

N

S

fofl oo

Tws drees

a

.'D}

_ala

x--_.l Vs

/7

Figure 8.7: Double
third-hand ideation

56



Thesnapfit solutions are similar in functidout use asnapfit form to hold omo the material, thustayng

in place because of their form rather than active clamping once the solution is pushed through the holes.
See the sketches in FigBe. The last category is doubtleird-handsolutions. The big difference here is

that the function of théhird-handdoes not requirewvo arms. The two arms are solely there for symmetry

and alignment purposes. See Fig8ra

8.1.3 Hooks

The next category of solutions covers the hook deskjgare8.8 depicts general hook desgn
consisting of either one or two hoofferent manufacturing methods and materials are considered,
includinga thin wooden piece for a more sustainable de3ige.location of the hook is reconsidered as
well, mainlyfocusingon the impact ofmoving the hook to above the screw rather than hdfawere is
sufficient space on the chody and the impactathe assembly require further consideration
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Figure 8.8 Hook(s)ideation

Figure8.9depicts a sideways hook, requiring the fixation to be pulled to thensitadof downwards.
Figure8.10depicts hooks integrated into the car body. Here, the idea is that the hook is integrated in the
shape of the footprint hole, rather tr@mthe fixation of the curtain airbaghis could offer more

flexibility in material choice of thbanger and potentially be easier to modime complex footprint does

howeverpose a challenge.
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8.1.4 Push-in third -hands
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Pushin third-hands rely on aflexible or partially flexible part thatolds the fixation in place near the

screw.In Figure8.11, different(treeshapediforms are ideated up
the screw is considerd¢d minimize the number of holealthoughit
strength of the permanent connection once the screw is fasiteg
material elasticity asway to create third-hand see Figur®.13
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8.1.5 Clips

The clips category contains solutions that do not require a screw, and rather create the permanent
connection at once, without the need of a tdalexisting clip currently used by other car brands is
considered in Figur8.14, where a chip could potentially improve the traceability. More elaborate
ideation was performed on tvaym clip solutions, depicted in Figugel5 The two arms next to each
otherallow for solutions to clamp arourttle remaining sheet metalllietweerthem Traceability could
be ensured through a code osbannablevhenever thelesign is clamped around Hither a snap hinge
or material elasticity could enable this.
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Figure 8.14 Clip Figure 8.15 Two-arm clipideation

8.1.6 Star washers

During the ideation, the idea to integrate the star washer into the desigewetsped as welllhe star
washer keeps the screw in place during transporasseimblyandis relatively costly for its part size
(approximatelyl SEK per pieceBuilding thethird-hand onto the star washer also separates it from the
rest of the fixation, which can make the solution easier to implement in different designs from different
suppliers See the ideas in Figugl6
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8.1.7 Alternative solutions

Entirely different ideas based on more unusual joining methods can be fdigutés belov. In Figure
8.17, usingVelcro or bristlesis considered. In Figui& 18 a thirdhand ugg a suction cup is ideated
upon The ideas pose challenges with regards to alignam@himanufacturingut dopotentiallyreduce

the number of holes.
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Figure 8.17 Mini-hooks and bristles
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8.1.8 Assembly aids

Someideationon solely making the assembly easier was performed asBrgdinomicaids were ideated
upon, depicted in Figur@ 19 mainlyfocusng on increasing the push area and thus reducing thesh

in force per fingerDifferent embossing designs are depicted in Fi§u26, aiming to guide blind
assembly.
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8.1.9 Gas generator bracket

The gas generator bracket ideation was performed separately from the fixation ideation. One example of
sketch is shown in Figui&21 The sketches mainly focus on challenges resultimmg the screw on the

right sticking out, and thimaccessibilityto thestructural hook on thieft-handside, as it is located

behind the gas generator. In addition, ease of assembly is aimed to be improved through increased
allowance formssembly from various angles. Increasing this allowance is one way to solve the issue of a
screw sticking out, as it can simply &gsembled at an angle away from the sciaditionally, local

indents on both the bracket and the footprint are propdseather ideancludes ahinge, and ifferent

structural hooksvereideated upon as wellvith the goal to reduce friction.
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Figure 8.21 Gas generator ideation.

8.1.10 Strap buckle

Lastly, improved solutions for the strap buckle were ideated,jepicted in Figur8.22and8.23 The
main problem identified for the strap buckle is thalaihgledreely during assembly, riskindamaging

the car. Additionally, a single hook on the strap buckle does not always safficeometimes the buckle
falls out. This depends on third-handsolution if there is ahird-handintegrated in thacrew, one

hook suffices. Without an integratddrd-hand two hooks are required to ensure stabilltye ideation
focuses on solutions to reduce ttanglingof the strap. Different ideas teduce strap length during
assembly are proposed, such as elasticity, folding, and rdllamgporary attachment to the side of the

airbag is also considered.
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8.2 Lo-Fi prototypes

After ideation through sketching,-foprototypes were made to test some of the functional aspects of the
ideas All lo -fi prototypes can be found #ppendixF. In the upcoming sections, the most important
findings are covered.

In Figure8.24, someprototypes witithird-hand on the screw tip are shown. The main challenge
identified was its scale and interactions with the weld nut.

63



)
$ =) =)
)

o

N

T~ ) )

Figure 8.24 On screw tip

During the lofi prototyping of theclamp, different clamp shapes and sizesetested. Especially its
effect on footprint hole sizeecameapparentAlso potential issues with regards to serviceability were
identified, sincesnapfits can only be inserted in one directiamd are difficult to remove when pulled in
the opposite directioriLastly, the pototyping also gave insight into potential manufacturing techniques.

See Figure3.25

N 4

Figure 8.25 Clamping prototypes
When prototyping different hooks, the amount of space needed to place the hook above the screw became

apparentlt was concluded thahodk above the screwould not work because of thihe influence on
footprint size was explordukereas well. See Figurg.26
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Figure 8.26 Hook prototypes

Thesnapfit clip was prototyped as welere, the challenges with regards to sergie®f even greater
importance, as the permanent clip needs ta kkitmorestrongly. This wouldlikely make it impossible to
remove for serviceSee Figure 8.27.

Figure 8.27 Snapfit clip prototype

Lastly, a prototype of third-handwith a hinge was mad&heidea turned outlifficult to assembleSee

Figure8.28

Figure 8.28 Hinge third-handprototype
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8.3 Intermediate concept directions

A reiteration of the ideas from the sket#€hi andprototypes resulteith elevenintermediate concept
directionsfor the fixations Those includ®n screw tip clamp snagfit, two-arm clip, improve (double)
hook footprint hookimproved tregintegrated in weld nytotation, ergonomicsimproved hookand
wood/cork concept

The ideas concerning a redesigned screw tip were grouped as one initial difdaisgmmetric clamp
or snapfit third-handwas chosen as a second concept direction, and-artwealip as the third. A new
idea combining thenapfit and the twearm clip arosas well Several ideas to improve the (double)
hookwere chosen as a direction, including the idea to integriati® the star washefhe footprint hook
was also chosen as one of the directions.

Additionally, ideas to improve thieeethird-handwere groupedBecause of limited space on the car
body,the idea wadhatplacingthethird-handbesidethe screw hole horizontallis preferablelt would be
manufactured as a separate piecedhatbe turnedo no new tooling is required to mirror the design to
the other side.

A new idea integrating thiaird-handinto the weld nut emerged after reconsideration of the jdeas
also Figure8.29 The idea behind the desigrsimilar toa dish cloth holder arip tie. The snall scale of
the desigmrmay be challenging, but it woultk supplier independemind not require any special screw.
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Figure 8.29 Third-handintegrated in weld nut idedl op: current weld nut. Bottom: ideas including-tip
inspired locking systems.
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Moreover,new ideas regarding rotation emerg8dme solutiornvolving ergonomics was made into a
separate category. Lastly, a waanat cork concept directiamasincluded, which resulted from the
material brainstornperfamedduring the ideation.

8.4 Final concept directions

From these initial concept directions,dlrconcept directions were definatkpicted in the digital
sketches in Figur8.307 8.42

8.4.1 Screw tip concept

The first conceptlirectioncombines thecrew tip wood and cork, and ergonomic idea directidre tip
of the screw is either made from a more elastic and sustainable material such as cork origood, or
injection molded into a mor@rm-efficient screw tipThe concept is extended with an ergonomic star
washer tool to redugeushin forces even more. See Fig@&0

IsfHC, wood, Cork

Figure 8.3Q Screw tip concept direction

Considerations concerning this concept include improvemesrtarproofing as well as making the
assembly easier and more intuitiltas also considered to combine this idea with the weld nut, possibly
preventingmistakesWays to reduce the costeuld be furthemvestigatedAdditionally, serviceability

may be improved.

8.4.2 Snap-fit concept

The secondhitial concept directiomleveloped into thenapfit concept direction depicted in Figu8e31
It is designed as a plastic add to thecurtainairbag fixationso that it remains suppliexdependent. It
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sits onthe hanger othe side of the screw head, and the arms ofilagfit sit through thdhanger The
hole is threaded to double as a star washegaad through an opening in thanger A small offset of
the holes in the car bodynhsureghe clamping and form fitting of the concefthe snapfitting provides
tactile and audible feedback to the assembler.

Audible & factile Bl pametnnier ]
feedback.

Figure 8.31 Snapfit concept

Several potential points of improvement for thisicept are listed. Firstly, the desigguld be made more
pokayokeby moving the holes on the side down a bit, so it can no longer be assembled upside down.
However, since the gas generator is assembledifitse gas generator is in the correct position, it would
be difficult to assemble the fixations in the wrong whlye idea should be tested on differshéet metal
thicknessesand serviceability and removability should further be researdimedhree holes take up
relatively much space on the car body, at getting both pins in simultaneousprowaghallenging.
Furtheroptimization for injection molding should Iperformed Lastly, metal needs to be included

against the car body and the screw head to prevent relaxation.

8.4.3 Two-arm clip concept

The hingehird-handwasdiscarded because of the complexity that a hinge wouldiadldecause it
provedineffectiveduring the prototyping. Therefore, thextconcept directioparetwo-arm clips. Two
two-arm clips were developed, the first one is presented in FggB2eUpon assembly, the two arms
point straight forward tbe moved through the twslothsin thecar body.Then theclip is clipped into
place flattening the backside of the clip. This side cdwgdcovered in a barcode only scannable upon
right assemblywhen the surface #at.
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THWO-ARM CLIP
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Figure 8.32 Two-arm clip concept direction

It is of great importancénat the barcode is only scannable upon correct assevithlyegards to the
traceabilityrequirement of Volvo Cardt shouldonly be possible to scan when closed and assembled to
the BiW and not when it is closegbart from the BiWThebi-stablehinge shold also be of great

strength so that it does naease upon airbag deploymeYigt, it should not bé&oo strongduring
assemblypecause oérgonomicconsiderations

8.4.4 Carbine clip concept

An alternative clip concept was developed based on a carbinsedig-igur&.33 Theclip is pushed

into thespecially shaped footprint, whidpensthe lever Once the carbine clip is pushed all the way
through, the lever jumps back in placesulting in audible feedback to the assembler that the clip is in
place.

The advantage over the previous concept is thatgsembled bpushing itstraightin, which will bend
the hinge out of itself. Thiaward rather than outward movementloé hinge does also make the clip
more stable during airbag deployment, as that will produce outward féree$iny hinge coulde a
weak spot in thelesign however

Its challenges include traceability. A threghdough the clipcould potentially be tested for closeness
through running a tingurrentthrough it ensuring correct assembBut alsoin this case, the traceability
requiremenposes challengeslso servicing could behallengingas thehinge disappears behind the car
body and is therefore difficult to reach once mountedeRtra levecould be addetbr this purpose.

69



CARBINE CLIP CONCEPT
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Figure 8.33 Carbine clip concepdlirection

8.4.5 Double hook concept

Improving the double hook ideasulted in the double hook concept depicted in Fi§Ld4 The star
washer is extended tocludetwo metal hookdentfrom a single metal sheet depicted on the top of the
sketch. It sits behind tHengerand is hooked into a fitting footprinAs it is a separate part, it is also
relatively supplieindependent.

Lnkegrafed slar waser
(or alkaparively threading)

Suppusr rdogendont

Figure 8.34 Double hook concept direction
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As the solution is twaarmed, it could be more complicatedhtount it, as botlarmsneed to be aligned.
The hooks should also work fearying carthicknessAlso, the fact that it is attached to the screw and
not the curtain airbag fixation could make it less stable and more difficult to mount.

8.4.6 Hook angling concept

During the development of thimproved double hook conceghirection, it was realized that the screw
sticking ou can complicate the hooking.iWhen ahird-handis pressed ifinearly, the part of the screw
sticking out ends up directiyt the opening before the weld ndbwever, the motion of inserting a hook
misaligns thescrew with the weld nufTo counter this issue, a rotational hook was thought of, see Figure
8.35 Here, the screw is aligned with the screw hole direatherea thearm of the design can be hooked
into the footprint through a rotational motidrhis desigris alsoreplacing a star washer.

Figure 8.35 Hook angling concept

In the case of this concefitshould be tested if the one arm actually suffices to keep the curtain airbag in
placeuntil the screws arfastenedThe design may also be experienced as counter intuitive and difficult.
The design is asymmetrical as well, which implies either a different part on either side of the car, or an
asymmetric footprint.

8.4.7 Hook integrated in footprint

The next concept directida based on the hook integrated in footprint jdege Figure 8.3@he handle

is put through the car body at top of the footprint and pulled down into glaedandle for the hooking

is placed under the screw hole to ensure sufficient space on the caltbtmbation also ensures tttae

fixation will slightly face downwards instead of upwards once hooked to the car body, as the screw sticks
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