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How can design space exploration be improved to be 

faster, more systematic, and cover a wider area of the 

design space?

Research Question

How to methodically support the exploration of 

divergent, non-continuous design spaces in product 

development?
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Research Gap

Background:

Parametric CAD

AM

Non-geometrical 
properties

StaticGeometric 
dimensions

SolutionsNeeds and 
values

Functions

Search Space

Verbal description

Teleological entities

Physical entities

Geometry in code

Geometry meta-model

Visible 3D geometry

Physical geometry

Abstraction

Function Model

Prototype

Value Modelling 

CAD

After: Müller, J.R. (2018), Towards Automated Conceptual Design Space Exploration - An Investigation into the Design Process of Aerospace Components, Licentiate Thesis, Chalmers University of Technology 10
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Frame of reference

Illustration

Analysis: structural, aerodynamic, thermal…

Manufacturing

“Standard product model”

Alternative options

Analysis: systemic, modularisation…

Design Rationale

Rarely to not used 

Function Modelling (EF-M) Geometry Modelling (CAD)
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Redesign process: Suggestion
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Redesign-process: Implementation

Function Model Geometry Model
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Claesson, A. (2006), A Configurable Component Framework Supporting Platform-Based Product Development, PhD Thesis, Doktorsavhandlingar Vid Chalmers Tekniska Hogskola, Department of Product and 
Production Development, Chalmers University of Technology, Gothenburg.

Configurable Component

UDF(s)
Design Solution(s)

SetExpressions
SetInterfaces

Instatiates



23



Transfer 
fluid

Propellant 
flow 

connector

Space env.

Launch 
conditions

isb

icb

icb

Transfer 
fluid

Propellant 
flow 

connector

isbrf Contain fluid
Machined 
tube from 

block

isb
Withstand 
pressute

Wall 
thickness

isbrfrf

Reduce flow 
turbulence

High quality 
surface 

finishing

isb

rf

Assure 
surface 

cleanliness

Low surface 
roughness

isb

rf

Avoid stress 
concen-
tration

No sharp 
corners in 

flow

isb

rf

Reduce 
pressure 

drop

No sharp 
corners in 

flow

isb

rf

Guide out 
flow

Machined  
out volume

isb

rf

Guide in flow Drilled holeisb

rf

Withstand 
corrosion

Material: 
titanium

isb

rf

Connect to 
outlet

Outlet 
interface

isb
Facilitate 

weldability
Minimum IF 

distance 
isbrf

rf

Match to 
outlet 

interface
Diameterisb

rf

Connect to 
inlet

Inlet 
interface

isb
Facilitate 

weldability
Minimum IF 

distance
isbrf

rf

Match to 
inlet 

interface

Rectangular 
section

isb

rf

Attach to 
satellite

2 screw 
interface

isb

Connect 
screws to 

pipe

 Ears  in 
bottom plate

isbrf

rf

Topology 
optimised

isb

Flow req.

Tool 
accesibility

Close cavity
Weld on 

plate
isbrf

icb

icb

Satellite 
interface

icb

Outlet 
interface 

dimensions

icb

Inlet 
interface 

dimensions

icb

ipmb

ipmb

ipmb

Weldabilityicb
Drilling 

constraints

icb

iw

iw

iw

iw

ipmb

ipmb

icb

Machining 
constraints

icb

Withstand 
pressute

Wall 
thickness

isb

Reduce flow 
turbulence

Hydrodyn. 
optimised 

shape

isb

Assure 
surface 

cleanliness

Low surface 
roughness

isbAM tube

isb

Flow req.
icb

AM 
constraints

icb

rf

rf

rf

iw

ipmb

ipmb

ipmbipmb

ipmb

Affix screws
1 hole per 

scew
isb

rf

4 holes

isb

Conclusions



How to methodically support the exploration of divergent, non-continuous 

design spaces in product development?

Function-based geometry model for design space exploration

Extending/varying existing geometry model with reduced modelling effort

Capturing systemic and legacy knowledge

Enabling simulation and assessment of larges numbers of alternatives

Change progression analysis of new functions, constraints, requirements

Conclusions

Collaboration with GKN AerospaceValidation of results

Ongoing workDevelopment of tools
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