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Abstract

Within the Master’s program in mechanical engineering at Linkdping University,
this thesis project unfolds in collaboration with Metso Sweden, specifically at their
Sala factory. Focused on addressing challenges in packaging processes for Metso’s
VASA-line slurry pumps, the project endeavors to devise a concept that not only
meets global shipping requirements but also enhances factory output.

The research unfolds with an exploration of the background, emphasizing the com-
plexities of manufacturing large-scale pumps for heavy-duty industries. Operating
in 45 countries with a workforce of approximately 16,000 employees, Metso’s site
in Sala specializes in pump production, particularly for the mining industry. The
unique nature of slurry pumps, designed to handle liquid solutions containing solid
particles, necessitates a tailored approach to packaging.

The identified problem lies in the high variation of pump configurations, demand-
ing flexibility in production and packaging. Currently, custom-made packages are
crafted by experienced operators, and is lacking feedback on their performance. The
packaging process involves standard pallets or custom-made packages, with the latter
lacking standardization and documentation, introducing uncertainties in transport.

This study aims to improve overall efficiency at Metso by addressing bottlenecks
and knowledge gaps in packaging, focusing on the VASA-line slurry pumps. The
goal is to present a concept that aligns with global shipping requirements and has
the potential to significantly increase factory output. The findings, supported by
production analysis and a detailed implementation plan, estimating a 3.38-fold in-
crease in current production capacity.

The thesis utilizes production analysis methods in supporting product development
and optimizing packaging processes. It further highlights the influence of global ship-
ping requirements on production dynamics, necessitating additional steps in package
assembly. With a focus on time rather than costs, this thesis positions itself as a
practical guide for enhancing production efficiency within a constrained time frame.

In summary, this thesis unfolds as an exploration of packaging challenges, offer-
ing tangible insights for product development in a production setting and package
development, especially in the context of global shipping.



Nomenclature

O0ooooo C00000C0IoO

cT Change over time. Time it takes for an operator to
move between tasks

CTU Cargo transport unit

EPAL-pallets

ERP
Fixture

GT

JiT

VSM

Standardized pallet used in EU, with a safe working
load of 1,500 kg

Enterprise resource planning
Part that fixates a product

Group Technology, production analysis to group simi-
lar products

Just-in-Time, connecting production rate to customer
demand

Value stream mapping
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Nomenclature

0oOoam C00o00ooan
F Force [N]
g Gravity acceleration constant [m=s?]
m Mass [Kg]
y Yield strength, is maximum stress a material can han-
dle before plastic deformation [N=m?]
Te Cycle time
Th Time consumption for handling of product
To Time consumption of main task
Tt Time consumption for handling of tools
Ttakt Takt time
Qud Daily quantity of units demanded

iii



Contents

0 00O0DDDDoonO O
1.1 Background . . . . . . . ... ... 1
1.2 Problem Formulation . . . . .. .. .. ... ... .o 0. 3
1.3 Purpose . . . . . . 4
1.4 Goal . . . .. . . e 4
1.5 Research Questions . . . . . . . . . . . . ... . ... . 4
1.6 Limitations . . . . . . . . . . . .. 5
1.7 Delimitations . . . . . . . . . . . . ... e 5

0 O0000boIooo Oobob 00 0opoo O
2.1 Product Development . . . . .. ... ... ... ... ....... 6
2.2 Production Analysis . . . . .. ... ... oo 6
2.3 Packages in Global Shipping . . . . . . . ... ... ... ... ... 6

0 0O0oooo O
3.1 Packaging in Industry . . . . . .. ... oo 7

3.1.1 Packaging Guidelines. . . . . ... ... ... .. ... 8
3.2 Package for Global Shipping . . . . . .. . ... ... .. ....... 8
3.3 Containers. . . . . . . . .. 9
3.3.1  Weight Distribution . . .. ... ... ... .......... 9
3.4 Load and Stresses on Packages during Shipping . . . . . .. ... .. 10
3.5 Pallets . . . . . . e 11
3.5.1 EPAL . . . . . . 12
3.5.2 EPALPallets . . . . . .. ... . 12
353 ISPM-15. . . . o . o 12
3.5.4 Construction Standards for Packages . . . . . . .. ... ... 13
3.5.5 Durability Calculations . . . .. ... ... .......... 13
3.6 Ulrich and Eppinger’s Product Development Method . . . . . . . . . 14
3.6.1 Identify Customer Needs . . . . . . ... .. .. ... ..... 14
3.6.2 Target Specification . . . . . ... ... ... 14
3.7 Liedholm’s Systematic Concept Development . . . . .. . ... ... 15
3.7.1 Design Criteria List . . . . . . ... ... ... ... ..... 15
372 BlackBox . . . .. .. 16
3.7.3 'Technical Principles . . . . . .. ... ... ... ... ..., 16
3.7.4 Transformation System . . . .. .. ... ... ... ..... 17
3.8 Ullman’s Design Process and Product Discovery . ... ... .. .. 17
3.9 Production . .. ... ... 18
3.10 Production Systems . . . . . . . ... Lo 18
3.11 Information and Material Flow . . . . . . ... .. ... ... .... 19
3.11.1 Product Variety . . . .. ... ... ... .. 19
3.11.2 Imternal Logistics . . . . . . . . . .. ... .. ... ... 19
3.12 Product and Part Flow . . . .. .. ... ... .. ... ... 20
3.12.1 Continuous Transport . . . . . . ... ... ... .. ..... 21
3.12.2 Synchronous Transport . . . .. .. ... ... ... ..... 21
3.12.3 Asynchronous Transport . . . . . . . ... ... ... ..... 21

iv



3.13 Lean Principles . . . . . . . . .. . o
3.14 Value Stream Mapping . . . . . . . . . . . ...
3.15 Group Technology . . . . . . . . .. ...
3.16 Cycle Time . . . . . . . . .
3.17 Lead Time . . . . . . . . . .o
3.18 Parameters to Determine Profitability . . . .. .. ... ... .. ..
3.18.1 Profitability in Production Processes . . . . . . . . .. .. ..
3.18.2 Profitability in Shipping . . . . . . . . ... ... ...
3.19 Sustainability . . . . . . ..o
L1ooono
4.1 Product Development Methods . . . . . .. ... ... ... . ....
4.1.1 Ulrich and Eppinger’s Product Development Method . . . . .
4.1.2 Liedholm’s Systematic Concept Development . . . . . .. ..
4.1.3 Ullman’s Design Process and Product Discovery . . . .. ..
4.2 Product Development Method in this Project . . . . .. .. ... ..
4.3 Product Development . . . . . . .. .. ... oo
4.3.1 Customer Needs . . . . . . .. .. ... ... ... ...,
4.3.2 Design Criteria List . . . . . .. .. ... o0
4.3.3 Target Specification . . . . . ... ... ... ... ... ...
4.3.4 Function Analysis . . . . ... ... ... L.
435 BlackBox . . ... ... o
4.3.6 Technical Principles . . . . . .. ... ... ... ... ...
4.3.7 Transformation System . . . . .. ... ... ... .. ....
4.4  Group technology - Product Development . . . . . .. .. ... ...
4.5 Design Evaluation . . . ... .. .. ... Lo
4.6 Production Analysis Methods . . . . .. ... ... ... .......
4.6.1 Value Stream Mapping . . . . . . . . . . .. ... ...
4.6.2 Internal Logistics . . . . . . . . ... ..o
4.6.3 Group Technology . . . . . ... .. ... .. .. .. ...
4.7 Profitability and Sustainability Analysis . . . . . . . ... ... ...
Qooiboboo
5.1 ThePumps . . . .. . ..
5.2 The Package . . . .. .. .. ..
5.3 The Processes . . . . . . . . .
5.4 Identified Areas of Interest . . . . . . . . . . ... ... L.
5.5 Safety Risks . . . . . . . . .
0000000 doomoodooo
6.1 Isitdoable? . . . . . . . . ...
6.2 Customer Needs . . . . . . . . . . ..
6.3 Design Criteria List . . . . . . ... ... oo
6.4 Target Specification . . . . . . . ...
6.5 Technical Principles . . . . . .. ... ... oo
6.6 Group Technology . . . ... . .. . . ... . . ... ... ...

oo
35
36
37
44
45



O

od

oo

oo

0ooooao
7.1 Pallet . . . . .
7.2 Side Modules and Side Connector Modules . . . . .. ... ... ..
7.2.1 Module Overlapping Sides . . . . . . . ... ... ... ....
7.2.2 Filling Sides . . . . . . . ...
7.2.3 Corner Modules . . . . . ... .. ... ... .. .. .....
724 Roof . . . . .
7.2.5 Fastening . . . .. .. ... L
7.3 Support Structure . . . ... .. L
7.4 Evaluation of Design . . . . . . . ... .. Lo 0oL
7.5 Material Choice . . . . . . . . . . ...
7.5.1 Material Choice for Pallet Module . . .. ... ... .....
7.5.2 Material Choice for other Modules . . . . ... ... ... ..
7.6 Evaluation of concept . . . . . . .. ... L.

Q00iOoo0d OO00o 000 tOoOooooooa 0 Uoooooooa
8.1 Group Technology . . . . . . ... . .. ... ... ... ...
8.2 Safety . . . . . .
8.3 Concept in Production . . . . . .. ... ... ... ... ... ....
8.4 New Operations and Line Balancing . . . ... .. ... ... ....
8.5 Internal Logistics . . . . . . . . . .. .o
8.6 Revised Value Stream Mapping . . . . . . . . ... ... ... ....
8.6.1 General Improvements of Production . . . . .. ... ... ..

C000000

9.1 Information Needed to Develop a Package for Global Shipping

9.2 Summary of concept . . . . ...
9.3 Summary of Effect on Production . . . . . .. ... ... .. ... ..

(000000000 000 DOo0Oobonl O0Do0boooiono
10.1 Method . . . . . . . o .
10.1.1 RQ1: Information Needed to Develop a Target Specification
for a Product used in Global Shipping . . . . . ... ... ..
10.1.2 RQ2: Production Analysis Methods in Product Development
10.2 The Concept . . . . . . . . . . . . e
10.2.1 RQ3: Requirements for Global Shipping Effect on Ability in
Production . . . ... ... ...
10.3 Implementation in Production . . . . . . . ... ... ... ... ...
10.4 Concept in Shipping . . . . . . . . . . .
10.5 Ethical and Social Considerations . . . . . .. .. .. ... ... ...

Oooooag

0Dhooooo 0oboooo

vi

00
95
o6
o7
o8
99
99
60
60
61
63
63
65
66

oo
67
68
69
70
71
73
77

0d
78
79
80

od
81

82
82
83

84
85
86
87

oo

oo



List of Tables

© 00 ~J O Ui W N~

[
@)

12
13
14
15
16
17
18
19

Container types and sizes . . . . . . . . . . ... 9
Acceleration forces on cargo in road transport . . . . .. ... .. .. 10
Acceleration forces on cargo in train transport . . . . . . . .. .. .. 11
Acceleration forces on cargo in sea transport. . . . . . . . ... ... 11
ISO-standard pallets used in different regions globally . . . . . . .. 12
Specifications of EPAL Euro pallet [1]. . . . . .. ... ... ... .. 12
The customer statements and how they are interpreted as needs. . . 48
Design criteria list for the package . . . . .. ... ... ... .... 49
Target specification . . . . . . .. ... o oL 51
Shows the highlighted technical principles that should be removed

from the project. . . . . . .. .. L 52
Number of modules in each category of sides. . . . . .. . ... ... 57
Material alternatives fulfilling the targets. . . . . . . ... ... ... 64
Processability for different materials . . . . . ... ... .. .. ... 65
Target specification, . . . . . .. .. .. .. ... ... ... ... 66
Grouped pumps relative their need of modules . . .. ... ... .. 68
Revised line balancing . . . . . . . . .. ... ... ... 70
Information flow with new concept . . . . . . ... .. ... ... .. 74
Removed or modified operations compared to current state . . . . . 75
Standards, regulations and legislation which should be considered

when developing a package for global shipping . . . . . . ... .. .. 78

vii



GBbi Q7 6B;m 2b

~

T O Z W ® 0O~

9]

SB+im2Q7 o0oa ®XMKKXX X X X X X X X X X RX X X X X X
bF2i+?2 Q7 o0a >. THMKTIX X X X X X X X X X XkX X X X X X .
T +F ;2 mb2/ #27Q 2 i?22 T QD2+i ¥iXiR/XiX2APX X X
2b+ BTiBQM Q7 i?2i?°22 /Bz2 2MiXdXp2Hb XQ K T HF XBM; X
a?QrBM; ?2Qri?2 +QMi BM2  /BK2XIXBRO MbX 2 XP@M X X
P'B2Mi iBQM Q7 ++2HR XiBQMX @ X2% X X X XRy X X X X X
AaSIJ@R8 K "FBM; 7Q° TT RPRXKR ¥nK 2bX X XRX X X X X X
.2}MBiBQM Q7 #&HX+K &KQX X X X X X X X X X XR¥ X X X X X
‘2M2° H b+?2K iB+ pB2r Q7 i° Mb7DQXKXBQX RdbiZK X
'2M2° HT Q/m+iBQM bvbi2K M/ BibXBzX XMIRBiZ;Q B2bX
Pp2 pB2r ?2Qri?2/Bz2 2Mi "2 b Q7 K2i?Q/b Bb +QM/m+i2/ /m

X

>

T OD2XIX X X X X X X X X X X X X X X X X X XK X X X X X )

S'QTQDb2/ T Q/m+i /2p2HPETK XMX TX X+2bb X X KNX X X X X X
oa TmKT M/ BibBKTQ i Mi T “ib 7QX X BbXT XQ& 2¢ i X
aBKTHB}2/ ~Qr+? i Q7 i?2 TmMKTh iX QmX 2Xi %2 & % iR " vX
SB+im 2 Q7 T +F ;2X#XBMX#MBH X X X X X ¥dX X X X X X .
GBbi Q7 +iBQMb 7Q  #mBM/BN XTX+F X2X X XjX X X X X X X
*QMiBMm iBQM Q7 +iBQM HBbi XQC Xma X/R NCGjMTX+F X2
*QMiBMm iBQM Q7 +iBQM HBbi XQC XmxB M/R NGOYTX +F X2
amKK v Q7 +iBOQNMKHBEI X X X X X X X X X 9K X X X X X >
*m > 2Mibi i20alJ @ PHXPBXrX X X X X X X X BKK X X X X X |
*m > 2Mibi i20aJ @ .2HBEX XbX DBEMK X X X X9K X X X X X X
G :2z2+i Q7 /2K M/ bTBF2b BM X2K B X WbX DB @& X X X
S2°+2Mi :2 /Bz2 2M+2 BM H2M:i? +QKT "2/ rBi?8fmKTb BM 7" |
S2°+2Mi ;2 /Bz2 '2M+2 BM rB/i? +QKT "2/ rBi? TA®KTb BM 7" K2
SQi2MiB H7Q bi +KBM XTHIKTK X X X X X X X8 X X X X X X

6BM H +QM+2Ti 7Q T ©F X2Xb R EKMXBXQM X X X B8X X X X X X
S HH2i KQ/MH2 7QX iR XTXHH XX X X X X X X ¥&X X X X X X )
JO/MH2 Qp2 ' H TTBM XB/XbX X X X X X X X X 83X X X X X X
6BHHBM; bBXK2X @/ME2X X X X X X X X X X X B3X X X X X X
*Q M2  KQMNIK20 X X X X X X X X X X X X X X 8N X X X X X
QQ7 Q7?22 TX+F X2X X X X X X X X X X X X Xe¥X X X X X X X
a2+m BM; KQ/MH2 7R Xi22 X KHK2K X X X X X Xoy X X X X X X
amTTQ ibi m+im 27Q THMKTIXQM X MHRIX X X XeR X X X X X X
ai’2bb M HvbBb Q7 X2X TKHFX2X X X X X X X Xk X X X X X X
Ji2’B H+?2QB+X WE+RPOX X X X X X X X X X & X X X X X X

*QMiBMm iBQM Q7 K i2 B HX+R QBX2XTXQX% 2b K Xe& X X X X X
AMi2 M H HQ:BbiB+b 7Q" DX X PBXBM XbX iBQEMX kX X X X X X

AMi2°™M HHQ;BbiB+b 7Q i?22 X XPBM; XD iXiKQMXdX X X X X X
_2pBb2/ p HM2 bi 2 KXKXTXBMX X X X X X X X ¥HXK X X X X X
_2pBb2/ p HmM2 bi 2 KK TTBM; Q7 i?2XTX K BMJbiXiBQMX
SMKT KQmMi2/ BM i?22 X XEX; XXX X X X X X X ¥ X X X X X
GBM2 # H M+BM; Q7 XxmK XMi¥iXi2Xx X X X X X NjX X X X X X
TrBM;b 7Q 7 i?72 T HHRIXKQA/MEK2X X X X X X X N& X X X X X

pBBB



R AMi"Q/m+iBQM

h?Bb T°"QD2+i Bb i?2 K bi2  i?2bBb Q7 i?2 J bi2°" BM K2+? MB+ H 2M
i GBMF°TBM; IMBp2 'bBiv M/ Bb +QM/m+i2/ BM +QHH #Q  iBQM rBi
Bb +QM/m+i2/ iJ2ibQdb 7 +iQ°vBMaH r?2°2i?2v 2T 'Q/m+BM; H
7Q° ?2 pv/mivBM/mbi B2bX

RXR +F; QmM/

J2ibQ Bb ;HQ# H +QKT Mv QT2  iBM; BM i?2 KBMBM:; BM/mbi v- N
+QmMi ' B2b M/ 2KTHQvb "QmM/ Re-yyy T2QTH2X h?Bb T QD2+i B
bBi2 BM a H - ar2/2M r?2°2 i?2v 7Q+mb K BMHv QM T Q/m+BM; Tml
bT "2 T "ib7Q° TmKTbX h?2 TmKTb "2 mb2/ BM /Bz2 2Mi BM/mbi B
BM KBMBM; r?2 2 i?2 TmKTb i MbTQ ib i?2 KBM2/ K i2°'B Hb iQ;2i?
ri2>7Q " 7m’i?22°i°2 iK2MiX h?2 TmKTb "2 /2bB;M2/iQ TmKT HB[mME
i BMBM; Q7 bQHB/ T "iB+H2b- BM /Bz2 2Mi bBx2 M/ 7Q KX h?Bb KE
Ki2'’B HBb + HH2/ bHmM “v- M/ i?2 TmKTbkBX h?RRHZJ HBI/MT VB@KTb
+H2bBM bHmM "'vQ7i2M +QMi BMb ? /K i2°'B Hb-2X; K2i Hb-+"2 iBN
Ki2 B Hb mb2/BM i?2 TmKTbX * mbBM; i?2 TmKTbiQ #2 p2°'v ?2 pv

6B;m 2 R, SB+im 2 Q7 oa @TmKTX

J2ibQ Qz2 b /Bz2 '2Mib2'B2b Q7 bHmM v TmKTb- M/i?Bb T QD2+i70Q
b2"B2b- b22R3;m?2 oa @b2 B2b ? p2 irQ bm#+ i2;Q ' B2b- oa M/ o
>2 pv.mivU>.VX"Qi?7oa M/oa >.Bb ?2Q°BxQMi HTmKT-BM/B+ i
i?72 TmKT b? 7i Bb TH +2/ ?2Q BxQMi HHvX o0 a @HBM2 TmKThb ? p2 #
r?2°2i?2 bK HH2bi TmKT r2B;?b j9y F; M/ i?2 #B;;2bi r2B;?b HKQDb
6B;mKB?Qrb bF2i+?2 Q7 oa >.TmKT M/ T "ibQ7BMi2 2biX "Qi? o a
oa > TmKTb ? p2?2 pvTmKT ?2Qmb2b-b?B7iBM; +2Mi 2 Q7 ; pBiv
+2Mi2° Q70?2 TmKT iQr /bi?2 TmKT ?2Qmb2X h?Bb Bb M Bbbm2 /m" I
M/ ?2 M/IHBM; Q7 i?2 TmKT- T'BK "BHv #2+ mb2 HB7iBM; 2?2 pv Bi:
+2Mi'2 Q7 ;" pBivBM+'2 b2b "BbF Q7 7 HHBM; r?2M iBHi2/X



6B;m 2 k, bF2i+? r?B+? b?Qrb oa >. TmKT M/ bQK2Q7i?2T ‘ib "2 bT2+B}2/-
br2HH bi?2 +2Mi2° Q7 ;> pBiv7Q  i?2 TmKTX

h?2 T°Q/m+i Qz2 ' BM:; Bb KQ/mH - bmBiBM; +mbiQK2 b BM/BpB/m H
i2b ?B;? p "B iBQM Q7 i?2 T ib BM i?2 TmKT- z2+iBM;: T'BK "BHv
bT2+B}2/ T ib M R mQX2 Q7 i?2 T “ibi? i "2 KQ/mH ~T°Q/m+i Qz2"

J2ibQ Bb iQ/ v#mBH/BM; +mbiQK K /2 T +F ;2b7Q° K DQ Biv Q7 i?.
T +F ;2b "2 #mBHiIi BM i?2 7 +iQ v- ii?2 /2HBp2°v bi iBQM- #v 2tT2"
h?2 T +F ;2b#mBHi 7i2°i?2 TmKT ? b#22M /2HBp2°2/iQi?2/2HBp2
MQT2 iQ i F2b K2 bm 2K2Mi M/ bi i #mBH/BM; i?2 T +F ;2X

T +F :2 Bb +QMbi m+i2/ #v /Bz2 2Mi T “ibc T HH2i- bB/2b- iQT- H
}t iBM; TQBMib- X2 JTmR :26b K BM Q#D2+iBp2 Bb iQ KQp2 T'Q/m
QM2 TH +2iQ MQi?2 rBi?Qmi/ K ;BM;i?2:QQ/b Q 2MpB QMK2MiX






	Introduction
	Background
	Problem Formulation
	Purpose
	Goal
	Research Questions
	Limitations
	Delimitations

	Theoretical Areas of Focus
	Product Development
	Production Analysis
	Packages in Global Shipping

	Theory
	Packaging in Industry
	Packaging Guidelines

	Package for Global Shipping
	Containers
	Weight Distribution

	Load and Stresses on Packages during Shipping
	Pallets
	EPAL
	EPAL Pallets
	ISPM-15
	Construction Standards for Packages
	Durability Calculations

	Ulrich and Eppinger's Product Development Method
	Identify Customer Needs
	Target Specification

	Liedholm's Systematic Concept Development
	Design Criteria List
	Black Box
	Technical Principles
	Transformation System

	Ullman's Design Process and Product Discovery
	Production
	Production Systems
	Information and Material Flow
	Product Variety
	Internal Logistics

	Product and Part Flow
	Continuous Transport
	Synchronous Transport
	Asynchronous Transport

	Lean Principles
	Value Stream Mapping
	Group Technology
	Cycle Time
	Lead Time
	Parameters to Determine Profitability
	Profitability in Production Processes
	Profitability in Shipping

	Sustainability

	Method
	Product Development Methods
	Ulrich and Eppinger's Product Development Method
	Liedholm's Systematic Concept Development
	Ullman's Design Process and Product Discovery

	Product Development Method in this Project
	Product Development
	Customer Needs
	Design Criteria List
	Target Specification
	Function Analysis
	Black Box
	Technical Principles
	Transformation System

	Group technology - Product Development
	Design Evaluation
	Production Analysis Methods
	Value Stream Mapping
	Internal Logistics
	Group Technology

	Profitability and Sustainability Analysis

	Pre-Study
	The Pumps
	The Package
	The Processes
	Identified Areas of Interest
	Safety Risks

	Product Development
	Is it doable?
	Customer Needs
	Design Criteria List
	Target Specification
	Technical Principles
	Group Technology

	Concept
	Pallet
	Side Modules and Side Connector Modules
	Module Overlapping Sides
	Filling Sides
	Corner Modules
	Roof
	Fastening

	Support Structure
	Evaluation of Design
	Material Choice
	Material Choice for Pallet Module
	Material Choice for other Modules

	Evaluation of concept

	Estimated Effect and Implementation in Production
	Group Technology
	Safety
	Concept in Production
	New Operations and Line Balancing
	Internal Logistics
	Revised Value Stream Mapping
	General Improvements of Production


	Results
	Information Needed to Develop a Package for Global Shipping
	Summary of concept
	Summary of Effect on Production

	Discussion and Ethical Considerations
	Method
	RQ1: Information Needed to Develop a Target Specification for a Product used in Global Shipping
	RQ2: Production Analysis Methods in Product Development

	The Concept
	RQ3: Requirements for Global Shipping Effect on Ability in Production

	Implementation in Production
	Concept in Shipping
	Ethical and Social Considerations

	Conclusion
	Further Studies

