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Learning objectives

« Learning about challenges for integration in PSS

* Looking at different methodologies for integrated product and production service
systems development
« Concurrent Engineering (CE)
« Set Based Concurrent Engineering (SBCE)

* Value Creation Strategies

« How we will work with integrated product and production service systems
development in the course
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Recap: product service systems

From ownership to accessibility

 Shift towards sale of ‘use’ instead of sale
of ‘product’

» Responsibility transferred from user to
provider

New Challenges for product developers
* Lifecycle view

* Changes in user behavior and in the
production system are

« common, but difficult to foresee
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Recap: production service systems

From ownership to accessibility

» The same shift is observed in the
production arena towards sale of ‘use’
instead of sale of ‘product’

» Selling ‘use’ (production throughput) rather
than selling production equipment (e.g.
robots)

New challenges for production system
developers (e.g. smart maintenance system)

* Lifecycle view

» Changes in product design and user
behavior is common, but difficult to foresee
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Increasing dependencies between
product and production

This happens already without PSS

BUSINESS
INSIDER TECH INSIDER FINANCE STRATEGY CAREERS LIFESTYLE

» Tesla changing from aluminum to stainless
steel in the body panels

» The change in materials would require

processes new to Tesla Elon Musk on Model 3: '"We're going to go

through at least 6 months of production

hell'
B Follow @siNordic | W Follow eBiNorsic ETIEYvery

MatthewDeBord (D29 Jul 2017 6:10 AM ~ # 945

» "There's a big difference there. They haven't
been doing a lot of spot welding on the first
two vehicles because they're all aluminum,”

» "The learning curve is pretty steep.”

Tesla could be struggling to get the welding right with its Model 3 sedan.
The vehicle's production ramp has been delayed. Tech investors are also
struggling to understand the unique difficulties of building cars.



Integrated Product and Production

development

Four modes of interaction

upstream

Mode 1: Serial/batch

batch communication
downstream

upstream

Mode 2: Early start
in the dark

batch communication
downstream

CHALMERS

upstream

Mode 3: Early
involvement

downstream

upstream

Mode 4: Integrated
problem solving

downstream

[ ey

Wheelwright, S. C., & Clark, K. B. (1992). Competing through development capability in

a manufacturing-based organization. Business Horizons, 35(4), 29-43.
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Integrated Product and Production
Service System Development

TRADITIONAL MANUFACTURING APPROACH PSS APPROACH
0 SALE D

) ) )
)

)
— 8 {,

Business!

Tan, A. R., McAloone, T. C., & Andreasen, M. M. (2006). What happens to integrated

product development models with produc/service-system approaches?. In IPD 2006:

Proceedings of the 6th Workshop on Integrated Product Development, Magdeburg,
Germany, 18.-20.09. 2006.
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Enablers: Concurrent Engineering
(CE)

A way to work with feedback and feed forward

1. Concurrent engineering (CE) is a
upstream work methodology emphasizing the
parallelization of tasks (i.e. performing
tasks concurrently),

1Y downstream
P - 2. sometimes called simultaneous
engineering or integrated product

[ .

P development (IPD) using
P an integrated product team approach.
Product Desizn 3. Built on core principles such as Cross-
Process Design functional teams, information sharing
Manufacturing

Procurement

Prasad, B. (1996). Concurrent engineering
fundamentals (Vol. 1). NJ: Prentice Hall PTR..
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https://en.wikipedia.org/wiki/Integrated_product_team
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Enablers: Set Based Concurrent
Engineering (SBCE)

A way to work with feedback and feed forward

Cars SUVs and Minivans Trucks Formulated after observing the Toyota
e aiiie ﬁ - ! product development process
Avalon Avalon Hybrid 4Runner F) Cruiser acoma Double Ca L)
iy = Tecormaoukle The Second Toyota paradox

~

‘

T . T  « Toyota considers a broader range of
i ﬁ ﬁ possible designs and delays certain
C°r°“a ——— “‘°““_".“‘“‘g.._“'a' o decisions longer than other auotomotive
Q s — o ‘2D companies do, yet has what it may be the

fastest development cycle in industry.»

e o o

Venza Yaris Tundra Double Cab

Sobek I, D. K., Ward, A. C., & Liker, J. K. (1999).
Toyota's principles of set-based concurrent engineering.

MIT Sloan Management Review, 40(2), 67

2021-02-10
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Enablers: Set Based Concurrent

Engineering (SBCE)

A way to work with feedback and feed forward

Point-Based Serial Engineering

Styling Marketing Body Chassis Manufacturing

o— &— &6— 00— 00—

Point-Based Concurrent Engineering Styling Marketin
-— g

- Body

g~ Chassis.

. Manufacturing

1"

Traditional design practice, whether
concurrent or not, tends to quickly
converge to a solution, a point in the
solution space, and to modify it until
it meets design objectives.

This seems an efficient approach

Unless one picks the wrong point
in the design space

SBCE, by contrast, focuses on
considering sets of possible
solutions, and to gradually narrowing
the set to converge to a final

solution.
2021-02-10



Enablers: Set Based Concurrent
Engineering (SBCE) Three key principles:

A way to work with feedback and feed forward 1. Map the Design Space: thorough

understanding of the sets of design
possibilities for the subsystems

SBCE enablers embedded (Inputs)

G [ tamienoms 2. ‘Integrate by intersection’, or the
using Quality Function Deployment.

principle of set-based communication

3. ‘Establish feasibility before
L commitment’, or the principle of
o> convergence, that allows the

Step (C) 2 <:| Knowledge provision (front-loading) to
Eliminate technically infeasible alternative |:> 5 eliminate iléfcabs:blclair;-v‘lanc con:_binal!io::?_ a re S S i Ve e I i m i n ati O n Of i n fe ri O r
-~ nabler: limit curves from testin; g g

airplanes.

i design solutions

The solution space then is narrowed until compatible .

x EoR— K Cost and Time analyses to select an
and feasible alternative airplanes remain. Choose an s yitomni
airplane that has least cost and time to develop. Li rpanc.

Steps of ‘Stage 2”

Step (A)
Exploration of alternative subsystems (cockpit,
body. wing and tail).

Step (B)
Looking for intersection among subsystem
ives. Eliminate i ibl

Sobek I, D. K., Ward, A. C., & Liker, J. K. (1999).
Toyota's principles of set-based concurrent engineering.

MIT Sloan Management Review, 40(2), 67.
2021-02-10
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SBCE principles

Figure 2

Example of Set-Based Concurrent Engineering

Design Engineering

“We've come up with several
designs that would meet our
functional requirements. They
look roughly like this.”

“Great. We will work within these
limits and keep you posted on
developments.”

“We've narrowed the possibilities
to this set and also fleshed out
some more of the detail.”

“This is very close to our
final design. Please do your
final manufacturability review.”

Set of Product
Design
Possiblilities

Set of
Manufacturable
Product
Designs

Manufacturing Engineering

"Our manufacturing capabilities
are best suited for designs with
these characteristics.”

“OK. We can handle any solution
in that set. This is enough
information to order tool steel
and start process planning.”

“Looks good. Your set is still with-
in our capabilities. We have some
minor design changes to request,
then we’ll order castings.”

“This design looks good. Thanks
for including us early on. We'll
start fab'ing the tools and get into
pilot as soon as possible!”

CHALMERS

Three key principles:

Map the Design Space:

‘Integrate by
intersection’,

‘Establish feasibility
before commitment

2021-02-10



SBCE applied

SBCE game used for training

Participants divided into

departments
First trying a PBCE approach, then
a SBCE
Group 1
Customer Requirements
Ranges Min Max
Number of passengers 91 110
Length of airplane 10 22
Weight of airplane 9,500 14,500
Wingspan 7 20
Tail span 7 15

14

LEGO Number
components LHESNE single points
ssssss o
Body
cessssaszy
- :
-
- ;
b
Ll 3
Tail
-l .
= :
Key: .
L length of airplanc Tb— length of body Cockpit - 3
lc — length of cockpit It - length of tail
Iw — length of wing wb — width of body - 4
ws — wingspan ts — tail span

Kerga, E., Rossi, M., Taisch, M., & Terzi, S. (2014). A serious game for introducing set-based concurrent

engineering in industrial practices. Concurrent Engineering, 22(4), 333-346.

2021-02-10
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SBCE methods and tools

Trade-off curves

* In this case, the possible
body modules (wb and Ib) are
(2, 10), (2, 12), (2, 16), (2,
18), (3, 10), (3, 12), (3, 16),
(3, 18), (4, 10), (4, 12) and (4,
16). These body sizes are
possible solutions to satisfy
the customer requirement of L
(10, 22).

» the trade-off curves provided
for the subsystems
departments, possible
solutions are mapped out

Trade-off curve of body department

Width of body (wh) -2 -3 -ad

450

350

Number of passengers (Np)
&

Tix - 1TE
e 182
#1120 T

w3
eg. customer #7384
require ment 50
Np= (91, 110) %
#7312 26
#7288 _ w88
_a?o
et =752
#7340 a5
316 =36 200
x192 _ =138 _193
aTé2 m —"T‘““Jm
= 4156

Upper boundary N =109

7 T
* T2 Lower boundary N =92
0 s A
v
0
6 10 12 16 18 20 22 24 26 2B 0 32 M
Length of body (1b)
Mapping possible body modules — body department

Length of
body (Ib)

wh=2 wh=3 wh=4

Trade-off curve of cockpit department

Width of body (wh) 2 83 -t

eg. customer
requirement
L=(10,22)

Upper boundary [=21

EEBRREEEEREEES

E

Length of sirplane (L)

[N

(RN
L

=)

§

Lower boundary L=11

6

Length of
body (Ib)

10 12 16 18 20 2 24 26 28 W RN 34
Length ofbody (1)

L

Mappi ible body modul

Ll et

—cockpit department

wh =2 wh=3 wh=4
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SBCE methods and tools

Checklists for communication between departments

* In this example,

CHALMERS

— m— Altermative
the onIy body Mustration — compatibility of body modules ISrmml e
modules (wb and Body Codpit Body Cocipr
dewign space - or design space for design space o -
Ib) that are i G Nasberof | Lenghof
workable for both O™ Moot L-aez) | ComEy
the body and value| okino? |vale| okino?
. ) 2 16 96 ok 16 ok m
SOCkpr;t t I‘q‘l’:((:l‘;!hv 2 18 108 ok 20 ok m
epa men S are department 3 12 108 ok 15 ok compatible
(3, 12), (2, 16) 2 10 | 60 no 12 ok moampatible
and (2, 18) 2 12 |72 no 14 ak mncompatible
2 16 | 96 ok 18 ak compatible
* The rest of the E> HEREIEREE compatible
SOIUtIOﬂS are Ich:::gnhy 3 10 | 90 no 13 ok meompatible
. . 3 2 ok 5 ok compatible
ellmlnated from S ; :6 :(: n: :" (: moompatible
the SOIUtlonS 3 18 | 162 no 19 ok moampatible
Space K 10 | 120 no 14 ok moompatible
4 12 | 144 no 16 ok moampatible
no compatible body module
4 16 | 192 no 20 ok moampatible
2021-02-10
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Results

SBCE vs. PBCE

CHALMERS

Stage | Stage 2 Percentage improvement
(Stage 2 vs Stage |)

Team Number  Total Total Number  Total Total Total Total

number  of trials development  development  of trials development  development  development  development
time cost time cost time cost

| 3 120 1200 I 58 580 >50% > 50%

2 I 45.6 380 I 45.6 380 0% 0%

3 2 525 518 I 45.6 380 1 4% 27%

4 2 10 900 I 528 440 > 50% > 50%

5 3 102 | 445 I 56 800 45% 45%

6 2 772 1192 | 61.6 880 20% 27%

7 2 108.3 1675.7 I 714 1020 34% 40%

Kerga, E., Rossi, M., Taisch, M., & Terzi, S. (2014). A serious game for introducing set-based concurrent
engineering in industrial practices. Concurrent Engineering, 22(4), 333-346.

2021-02-10
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Value Creation Strategies

i : . Da
A way to work with SBCE before requirements are established JoySWa /s 5
] . S
Current methods for SBCE imply that U
requirements are known and well Hia 'C
defined Group 1 -
) Customer Requirements
Often not the case in complex :
. Ranges Min Max
development projects
Number of passengers 91 110
Length of airplane 10 22
Weight of airplane 9,500 14,500
Wingspan 7 20
Tail span 7 15

Isaksson, O., Kossmann, M., Bertoni, M., Eres, H., Monceaux, A., Bertoni, A., ... & Zhang, X. (2013,
June). Value-driven design—a methodology to link expectations to technical requirements in the
extended enterprise. In INCOSE International Symposium (Vol. 23, No. 1, pp. 803-819)..

CHALMERS

2021-02-10
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Value Creation Strategies (VCSs)

A way to work with SBCE before requirements are established

A
\

c

\.

Stakeholder | Stakeholder Expectations Stakehoider Needs
Operators expact spacstugs with high timelines, defined as as the sum of Reeponse Time (starting whan mission order is received
OPERATORS 414 anding when the targst satelite is captured) and Transfer Time (rom caplure 1o salelite relsase at the desired destination). Radusnt kst toe
a‘ RAT Operators expact spacstugs with high mating capablity, which is a matter of contral and grappling mechanism and was m‘
\“ ORS descrbad in discrete levels as low, medium, high, or extreme in tarms of the mass of the grappling mechanism used.
sl -SYSTEM Maintain product
» Maintain current expectations on avaitablity of use for sselile cperalors in order 1o ensure mission fullfliment without failure. reliability and
MANUFACTURER -
YSTEM A product with highar cost will be proposed on $ha market at @ higher price and may be ks compatiive; reduca NN MCUTeNt cost a8
MANUFAGTURER low 88 possible. Reduced product cost
SUB-SYSTI . . . o Increased product
UFACTUI Exaryd the use of electric propulsion syslams Lo a broader range of applicalions (6.g., lowards both higher and lower power levels). = ity

Increased ability to

+Head of Division

~Technkal
Manage:
~Propct Manager

*Marketing &
Sales

F SUB-SYSTEM nas an architecture that is compatible with the compary’s future fechnology roadmap. integrate future
MANUFACTURER
technologies
1 s e— QEETICHTON ProcEss SNOUK] b6 r6dUCEA 56 Mch &5 FOSBIDN IPIMBNTNG NEw PoCSIUNSS B OEVEIoEI W SUN VSIS Redwcod Dovelopment |
G UB-5' areovey, increasing the relisbility of both stand-alone tests and scaled set-up could play an Important role to reduce the fme for e | lead time indluding
MANUFACTURER ok the neeckat
SUB-SYSTEM . Increased product
H | MANUFACTURER Recuce - Supply chain (¥ of parttima k. provide Inout-house components == bility
SUB-SYSTEM Davelop W&nnn for the and testing phases; Increase chamber diagnostics) » testing
] UFACTURER V) pressure, plasma-chamber wall inleractions). Improve lab equipment o
MAN capabiities; NM cordiion simulation; e
’: S| YSTEM  Operations with -—.v-\ lowsring the costs; possibilty to design diferant &-PROP srchitlecturs could extand Increase product
TRANUFAETURER e market opportunities f diflarent applicatons.
TN |
S

Panarotto, M., Isaksson, O.,
Habbassi, I., & Cornu, N. (2020).
Value-Based Development
Connecting Engineering and
Business: A Case on Electric Space
Propulsion. IEEE Transactions on
Engineering Management.
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Concurrent Engineering in PPU231

« Different goals for product and production )
+ Product: fulfilling the needs of a broad customer base Joint wo rkshops
* Production: achieving high production efficiency JW1 c 1 1 Feb

* Interdependencies between product and production
» Decisions taken in product design affects production, and vice versa

J»2: 25 Feb

» Trade offs between product and production performance Task 5
» Improving frame design and ensuring production efficiency

« Joint solutions that benefit the overall goals of the company

o ) ) Company goals
» Maximize profit of E-bike Inc.

Joint
solutions?

Product goals ' P Production goals
Interdependencies?
Trade offs?

2021-02-10
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CHALMERS

Goals of Workshop 1

 Learn about goals from each other

» Understand interdependencies between each other Proft e 1 F i
M SEK brOdUCHO” PSS business

° Manage trade Offs together The revenue curve c:t:i;e:t

Low efficiency in is not “steep”
production is enough, because of

« Make joint decisions about solutions to convince the .

times (bikes do not

CEO get out of the
[l e factory fast enough)

2. The demand Years
needs to be further
increased by
attracting new
customers (through
new functionalities

Long Production and reduced costs
Lead Time and hence fees)

Long pay-back

2021-02-10
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Goals of Workshop 1

 Learn about goals from each other

» Understand interdependencies between each other Proft e 1 F i
M SEK brOdUCHO” PSS business

° Manage trade Offs together The revenue curve c:t:i;e:t

Low efficiency in is not “steep”
production is enough, because of

« Make joint decisions about solutions to convince the .

times (bikes do not

CEO get out of the
[l e factory fast enough)

2. The demand Years
needs to be further
increased by
attracting new
customers (through
new functionalities

Long Production and reduced costs
Lead Time and hence fees)

Long pay-back

2021-02-10
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Goals of Workshop 1

* Digital tool

» Goals & interdependencies (30min)

* Trade offs & solutions (30min)

* Presentation and final decision (15min)

* Relate goals, interdependencies, trade offs, and
solutions to the goals of the company!

« Everyone needs to be involved!
» Work together!

» Convince the CEO!
* Basis for grading task 5
* « Include learnings in report!

CHALMERS

Goals Interdependencies
/""—\ [ 7 V«\‘ /\
L \ \
3 _'_'_,_,_// ‘\
\ \
Trade offs Solutions
/-’”—\

am

2021-02-10
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How can you prepare?

Product Projects

Start analysing the stakeholders needs

Strart with making a functional breakdown,
and understand how the components of the
bike impact the stakeholders needs

Propose alternatives!

Be prepared to describe the trade-offs
invovlved in your decisions

Decision

Design change Cutting  |Welding |Heat treatment 1 |Heat treatment 2

7005 T6 material

7075 T6 material

Head angle

Chainstay length

Stand over height

Reach

Bottom bracket height

Bottom bracket type
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How can you prepare?

Production Projects
Start analysing the Production System

Propose alternative production systems

. Be prepared to describe the trade-offs invovlved in
Qe your decisions

Figure 16  Sitting E-scooter production layout

25

\ / . o
Figure 17 Standing E-scooter production layout Vv Figure 18 Skate E-scooter production layout
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Summary

* New challenges

Profit ;
* Lifecycle view RSl Production
. . Current
» Changes is common, but difficult to foresee (e.g., p— W state
variability in requirements) odeionis snough, because o
times (bikes do not maintenance costs
. . . T et out of the
* Further challenging integration capabilities 0 (R -
2. The demand ears

needs to be further
increased by

* New dependencies atracting now

customers (through
new functionalities

Long Production and reduced costs
Lead Time and hence fees)

Long pay-back

* Need to ways and enablers for crossfunctional
communication

* E.g. set based concurrent engineering (Trade-off
curves)

* Net Present Value curves

2021-02-10
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