
Sustainable and affordable design



2

VDL FACTS AND FIGURES 2023

100+
 We consist of more than 100 companies

14.973
Employees in 19 different countries

75% of our
products are
exported to

112 countries 

around the world

6
TOP

VDL Groep is in the top six on the
Dutch reputation ranking

Source: RepTrak

Family business VDL Groep
was founded in 1953

1953

Equity 
capital

63,2%
of total assets

Combined revenue

€6,4 billion



THE WORLD OF VDL GROEP
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Science, Technology 
& Health

Mobility
Energy 

& Sustainability
Infratech Foodtech

VDL ETG



Extremely Large Telescope

Adaptive segmented main mirror

Yann Cœuru
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Design and manufacturing of ElecronBeam systems

Product examples

Vacuum load-
lock?(with << 1 ppwp of 

0.1 µm…)

Transfer chamber

Process chamber

Optical column?

Innovative optics?



Introduction VDL ETG
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EUV light source
Light Source Vessel

Introduction VDL ETG7
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How to machine the parts
How to setup parts
How to measure parts
How to weld parts
How to clean parts

Customer requirements
Module requirements
Part requirements
Qualification requirements
Assembly requirements
Test requirements

Cost efficiency
OEM localization
Standard requirements
Special process qualification

Understand functional 
requirements
Translate to manufacturing 
technologies

DfX with Customer 
engineering

Design with Customer 
designers
Factory automation
Feasibility studies
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System architecture

Process requirements

Vacuum

Contamination

Temperature

Process 
Requirements

Physicist

Environment
Specialists

Hardware
Mechanical 

Architect

Controls
Software 
Architect

Power
Electronics 
Architect

Stiffness

Dynamics

Materials

Tolerances

Power supply

Drivers

Cabling

Machine control

Data control

Diagnostics

Predictive 
maintenance

System architect
DfX architect
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High-tech structures

Structural dynamics

Seismic

Stability

Changing loads 

Thermal

Advanced machining

Kinematic interfaces

Tolerances

Cost

Frames
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Cleanliness & high voltage

Vacuum & beam

Ultra-precision machining

Brazing

Diffusion bonding

RF

High-voltage

Electro-magnetics

Shielding

Contamination control
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Molecular contamination

Organic cooling fluids, greases, finger prints, glues
→Problem: Vacuum quality issues
→Measurement: RGA
→Cleaning strategy: Degrease, bake-out, assembly, RGA qualification

Production introduced contaminiation
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Introduction by Manufacturing or Handling in the system

Particle contamination

Introduction by manufacturing should be removed mechanically, Brushing or Ultrasonic

Introduction by Handling generated by contact between two materials. Avoid as much as possible. Big partical
generators are gate valves because of the big contact surface.
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Ultimate control

Handling

Motion control

Machine logistics

Reliability

Contamination control

Tribology

Robots

Load locks

Diagnostics

Cost
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Ultimate control

Positioning

Motion control

Machine control

Reliability

Contamination Control

Tribology

Actuators

Cost 
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Product Generation Process
Milestones in development and production

Initiation Definition Pilot

Key Question:

- Do we want the business?
- Can we fulfill the 
customer needs?

Description of Activities:
- Study the business fit
- Study of competence fit

- Make risk analysis
- Define owner (MD)
- Define initial project

Key Deliverables:

- Statement of Work
- Business Case
- Project Charter

Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 

- Start project

1 2

Key Question:

- Can we agree on the  
requirements?
- Can we agree on the 

project?
Description of Activities:
- Agree on specifications
- Define architecture

- Agree on  CoG & NRE 
target
- Make project mgt plan

- Make quotation
Key Deliverables:
- Contract with Customer

- Product Requirement 
Specification defined
- Updated business case

- Define impact of new 
manufacturing techniques
- Project Management Plan 
approved

Key Question:

- Can we create the product?
- Is the product feasible?
Description of Activities:

- Design the product concept
- Prove the feasibility 
- Design & process FMEA 
initiated

- Initiate TPD & BOM
- Estimate product cost
- Identify CtQ's for process 

design

Key Deliverables:

- Concept Design defined and 
verified 
- Product Validation 

Specfication
- Supply chain and suppliers 
identified

Key Question:

- Can we create the TPD for 
start proto activities ?
- Can we order the parts?

Description of Activities:
- Create TPD & BoM
- Verify the design
- ESI and manufacturability 

check
- Calculate product cost
- Create process design 

documents
Key Deliverables:
- product design defined 

and verified 
- Supply chain for proto 
released

- Reliability assessment

Key Question:

- Do we meet the product 
specs?
- Can we build the product?

Description of Activities:
- Build prototypes
- Validate the product

- Optimize TPD & BoM
- Prepare for production

(P-FMEA, control plan, etc.) 

- Define cost roadmap
- FAI parts & supplied parts

Key Deliverables:
- TPD and BoM released
- Product validation report
- Supply chain for pilot 

released.
- Proto's

Key Question:

- Can we build the required 
volumes in a stable manner?

Description of Activities:
-- Build pilot series
- Secure supply chain
- Secure production procesess

- Finalise process FMEA risks

Key Deliverables:

- Issue list closed
- Proven processes that meet 
targets (QLTC)

- Process design documents 
released
- Project evaluation and 

Lessons Learned

Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 

Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 

Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 

Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 
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Milestone

Activities:
- Review 

Deliverables

Decision:
- Go / No-Go 

- End project

VDL ETG Product Generation Process Diagram

Milestone

Decision:
Product end of 

life

Volume 7

Key Question:

- Can we deliver the 
products in continuity?
- Can we further improve 

the product?

Description of Activities:
- Lean Manufacturing

- Improvements (CTR/CPR)
- Change management
- Sustaining engineering

- Product improvement 
(MTBF, MTTR)

Key Question:

- Can we extend the life of 
installed base?
- Can we renew the product?

Description of Activities:
- Services & spare parts
- Repairs

- Refurbishment

Service

Milestone

Decision:
End of service 

life

8ProtoDesignConcept 3 4 5



17

V model
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Early Supplier Involvement (ESI)

OutputDesign & TPD creation

Knowledge Error

Input

Reviews

Issues

http://www.suitcasespotlight.nl/wp-content/uploads/2015/04/poppetje-megafoon.bmp

Design knowledge 

Integration knowledge
(ME&EE)

OutputDesign & TPD creation

Error

Knowledge

Input

Reviews

Issues

Design
- manufacturability → Know capabilities Machines
Build
Fastlane to go to High Volume Manufacturing MR1.3
- faster work preparation
- concurrent build tool development
- Use customer service tooling 

ESI Early Supplier Involvement

http://www.suitcasespotlight.nl/wp-content/uploads/2015/04/poppetje-megafoon.bmp

Standard approach

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjtgrDq89nKAhWDZg8KHefTBIwQjRwIBw&url=http://www.suitcasespotlight.nl/?attachment_id%3D83&bvm=bv.113034660,d.ZWU&psig=AFQjCNGBSrgli9lqs0w2fVTlcp7o9S6Etw&ust=1454530837141815
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjtgrDq89nKAhWDZg8KHefTBIwQjRwIBw&url=http://www.suitcasespotlight.nl/?attachment_id%3D83&bvm=bv.113034660,d.ZWU&psig=AFQjCNGBSrgli9lqs0w2fVTlcp7o9S6Etw&ust=1454530837141815
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Shared manufacturability input
Chamber (pre-)milling Supplier interfaces Production boundaries Set Up deformations

Input for tolerances Test program input Chamber tolerances Assembly feedback

Production temp control M-flow input HLQB Process flow input
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Design input for statistically proven tolerances for part production

Accuracy Test program

feature

cpk 1.0 

tolerance 

B+W1

Expectation 

based on 

machine specs

CMM 

deviation

Current 

results

true position gat 1-8 0,07 0,03 0,005 0.05 (MMF)

036 True Position FPQ 0,13 0,05 0,005 N.A.

036 True Position FPQ.X -0.03 / -0.01 0,03 0,003 N.A.

036 True Position FPQ.Z -0.02 / 0.06 0,03 0,003 N.A.

true position FPQ 25-28 0,16 0,05 0,005 N.A.

Flatness planes 0,0066 0,01 0,001 0.015 (MMF)

Parallelism A 0,1 0,03 0,003 N.A.

Parallelism (short edge) 0,034 0,03 0,003 N.A.

Parallelism (long edge) 0,03 0,03 0,003 N.A.

Perpendicularities 44/53/40/48 0,01 0,01 0,003 N.A.

Perpendicularity tov A (klein vlak) 0,017 0,03 0,003 N.A.

Perpendicularity tov A (groot vlak) 0,054 0,03 0,003 N.A.

[1] Results: Goal:

• Provide input to the Architects what 

tolerances are achieveable with Cpk 1,3.

• What are the accuracy influences outside the 

machine accuracy.

Machine deviation
40%

Temperature
40%

Accuracy of features Head and Tale: Tolerance Ø70µm (Cpk 1,3) 

Set up
10-15%

CMM
5-10%

Machine deviation
60%

Temperature
20%

Accuracy of XY features All arround:  Tolerance Ø300µm (Cpk1,3)

Set up
1-2%

CMM
5-10%

Process 
variables

5%

First prediction based on production knowledge 

Process 
variables

5%



21

VDL: accurate interface using 4 of 5 axis machine

Camera interface solution

Requirement is camera view angle in two directions

Split accuracy between door and Camera brackets

Chamber 
Interface

Cameras 
view angle

• SPC analysis, gap analysis and 
process capability, provided data 
that was needed to define the 
metrology interface accuracy

• Therefore second angle was moved 
to the camera brackets

• At the start of the design this 
became clear.

Camera view 
angles Camera 

Interface
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Close cooperation with cooler manufacturer and analyse what is available in the market

Simplify the design during design

Complex gundrilling and bended design transferred into a straight tubular cassette design

Simplified design
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Transfer Tubular frame to Sheet metal frame

Structural frames with dynamic requirements

Proposed to change into sheet metal frame to:

Separate the functions of SISO, Vibration Isolation and Seismic restraints

Increase the stiffness of the frame to meet system dynamics requirements

Improve ‘Build and Adjust’

Create more volume utilities

Improve manufacturability
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Length accuracy of

Total assy accellerator
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Changes made

Original design vs new design

Made smaller reference surfaces far 
apart

Added clamping features that are 
staying in the product

Machine optimalisation

High RPM spindle implemented

Original design New design
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Vertical setup enabling to machine front and backside in one setup, three point clamping

Machining setups



Mechanical positioning and alignment

Accelerator technology

Ultra high precision machining

■ Shape accuracy typically < 1 μm

■ Surface roughness typically < 25 nm

■ Optical mirror finish without polishing

■ Milling and grinding ceramics, EDM, Brazing

Reduction of high-voltage breakdown rate due to low 
surface roughness

UHV (< 10-9 mbar) compatibility

VDL ETG  re-engagement RIGAKU – October 20/2022 - Company Confidential27



Design of a Part 
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Tolerances

Machining

Material

Heat 
treatment

Finishing

Dimensions

Tools

Jigs

Setups

Cleaning

visual
Early Supplier 
involvement

Coatings

Joining
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How to create a part, integration or separation

Production technology

Product Requirements
Physicist

Solid

3D printing

• Powder removal

• Annealing

• Support structure

• Wire cutting

• Cleaning/Etching

• Tumbling

• Blasting

1. Sand Casting

2. Permanent Mold Casting
• Gravity die casting

• Low pressure die casting

• Die Casting

• Vacuum die casting

Mechanical

Fusion & Welding

Brazing & Soldering

Adhesively bonded

Fasteners, nuts & bolts, screws, clamps, 
shackles.

Riveting, Bolting, Shrink fitting, folding

Fusion, Solid-state, Pressure - Welding

TIG, MIG, MAG, Ebeam, Laser, friction 
stir, friction, explosion.

Torch or manual brazing, induction 
brazing, resistance brazing, and vacuum 
brazing. 

Anaerobic adhesives: Acrylic-based Curing: absence of air.

Cyanoacrylates adhesives: “instant glues” Curing UV

Epoxy adhesives Curing heated

Hot glue, curing cooling

Milling

CNC Milling and Turning Working Process. Perfect 
Machines Technology (youtube.com)

Turning

Drilling

Grinding

Lapping

EDM / ECM

Etching

Laser abrasion
Wet paint

Powder coating

CVD, PVD, ALD

Electroless plating

Thermal spray

Laser deposition

Corrosion protection

Non-stick coating

Traction coating

Slide coatings

Wear resistance

Dry lubrication

Casting 
Forging

Joining

Coatings

https://www.youtube.com/watch?v=JbFHaj2vp0k
https://www.youtube.com/watch?v=JbFHaj2vp0k


Functions 1 2 3 4

Heating

Heater rods Heating wires Induction heater Band heater

Cooling

Tubing Pillow plate Cooling channels machined Cooling channels welded

Joining

TIG Welding Laser welding Orbital welding Ebeam Welding

Vacuum

Calrez O-rings Metal seals Viton O-rings

Materials

Titanium Nitride Coating Tunsten carbide coating Ceramics Molybdenum

Morphologic chart is used to define fabrication process

5-6-2024 Company Confidential30

Scenario B

Scenario C

Scenario A

Company Confidential30
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Vacuum chamber production

Solid production

Raw material Machining Finishing Cleaning

Measurement Assembly Bake-out, RGA Blacklight Inspection
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ISO 2768; Year: 1989

Guide for CNC-production tolerances 

5-6-2024 Company Confidential



General tolerances found on drawings compared with accuracy grades

ISO 286-2 (DIN 7154); ISO system of limits and fits (IT grades)

33

Dimension

IT (Tolerance class)
General tolerance

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Tolerance ±0.1 mm ±0.2 mm

[mm]
[µm] [µm]

From To

1 3 2 3 4 6 10 14 25 40 60 100 140 250 400 600 200 400

3 6 2.5 4 5 8 12 18 30 48 75 120 180 300 480 750 200 400

6 10 2.5 4 6 9 15 22 36 58 90 150 220 360 580 900 1500 200 400

10 18 3 5 8 11 18 27 43 70 110 180 270 430 700 1100 1800 2700 200 400

18 30 4 6 9 13 21 33 52 84 130 210 330 520 840 1300 2100 3300 200 400

30 50 4 7 11 16 25 39 62 100 160 250 390 620 1000 1600 2500 3900 200 400

50 80 5 8 13 19 30 46 74 120 190 300 460 740 1200 1900 3000 4600 200 400

80 120 6 10 15 22 35 54 87 140 220 350 540 871 1400 2200 3500 5400 200 400

120 180 8 12 18 25 40 63 100 160 250 400 630 1000 1600 2500 4000 6300 200 400

180 250 10 14 20 29 46 72 115 185 290 460 720 1150 1850 2900 4600 7200 200 400

250 315 12 16 23 32 52 81 130 210 320 520 810 1300 2100 3200 5200 8100 200 400

315 400 13 18 25 36 57 89 140 230 360 570 890 1400 2300 3600 5700 8900 200 400

400 500 15 20 27 40 63 97 155 250 400 630 970 1550 2500 4000 6300 9700 200 400

500 800 34 50 79 122 195 314 500 790 1200 1950 3140 5000 7900 12200 200 400

800 1280 41 60 95 147 235 378 600 950 1430 2350 3780 6000 9500 14700 200 400

1280 2048 48 70 111 172 275 442 700 1110 1660 2750 4420 7000 11100 17200 200 400

2048 3277 55 80 127 197 315 506 800 1270 1890 3150 5060 8000 12700 19700 254 400



Machine type required
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Min. 

IT

Max. 

IT

Min. 

Ru 

(µ")

Max. 

Ru 

(µ"). IT 3 IT 4 IT 5 IT 6 IT 7 IT 8 IT 9 IT 10 IT 11 IT 12 IT 13 IT 14 IT 15 IT 16

Honen

Holes 3 6 2 32 2 32

Flat 4 6 4 32 4 32

Grinding

Round 3 5 4 32 4 32

Centerfalse 4 6 16 125 16 125

Flat (horizontal) 4 6 4 32 4 32

Flat (vertical) 7 8 32 125 32 125

Turning

<200 6 8 32 125 32 125

>200 7 9 63 125 63 125

Automatic 6 8 32 125 32 125

Ultra precision 3 3 0 0 <2

Milling

<500 9 11 32 125 32 125

>500 10 12 63 500 63 500

Ultra precision 3 3 0 0 <2

Bore

Bore 6 8 32 125 32 125

Bore + Reaming 6 8 32 125 32 125

Drilling

Small 9 11 63 250 63 250

Small + Reaming 6 11 32 250 32 250

Big 10 13 63 250 63 250

Big + Reaming 10 13 63 250 63 250

With preparation and a lot of attention to realize

Remark for the production methode

Without preparation (normal production methode)

With preparation

Not to realize with this production methode

Normal production tolerance 

With preparation and a lot of attention to realize

Normal production roughness

With preparation and a lot of attention to realize

Max. IT

Min. IT

Max. Ru. 

Min. Ru. 

I.T. (Tolerance class)

Production methodes



Machining, tolerances, material and temperature
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AL 2.40E-05

ST 1.20E-05

1.000 0.400 0.200 0.100 0.040 0.020 0.0050 0.0020 0.0010 StSt 1.70E-05

[mm] (")

<0,04 1.00 1.15 1.24 1.37 1.60 2.01 2.82 4.69 9.99 ^Temp 1.00E+00

1.00 1.00 1.34 1.62 2.01 2.73 3.85 6.83 13.22 31.60 0.000001 Mat 2.40E-05

3.00 1.20 1.61 1.94 2.41 3.28 4.63 8.20 15.88 37.96 0.000003

6.00 1.35 1.81 2.18 2.71 3.68 5.20 9.21 17.83 42.63 0.000006

10.00 1.47 1.97 2.37 2.95 4.01 5.66 10.03 19.42 46.45 0.000009

18.00 1.62 2.17 2.62 3.25 4.42 6.24 11.06 21.43 51.29 0.000017

30.00 1.76 2.37 2.85 3.54 4.82 6.80 12.05 23.36 55.96 0.000028

50.00 1.92 2.58 3.10 3.86 5.24 7.40 13.13 25.47 0.000047

80.00 2.08 2.79 3.35 4.17 5.67 8.01 14.21 27.62 0.000076

120.00 2.22 2.98 3.59 4.47 6.07 8.57 15.23 0.000113

180.00 2.38 3.19 3.84 4.78 6.50 9.17 16.32 0.000170

250.00 2.51 3.37 4.06 5.05 6.86 9.69 0.000236

315.00 2.61 3.50 4.21 5.25 7.13 10.08 0.000298

400.00 2.71 3.65 4.39 5.46 7.43 10.50 0.000378

500.00 2.82 3.78 4.55 5.67 7.71 10.90 0.000472

800.00 3.05 4.09 4.92 6.13 8.35 11.82 0.000756

1280.00 3.30 4.43 5.33 6.64 9.05 0.001209

2048.00 3.56 4.79 5.77 7.19 0.001935

3277.00 3.86 5.18 6.24 7.79 0.003096

Dim.

Tolerance field Temp 

expansion 

dimension

[mm]

Machining (production) costfraction
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Influence of the size of the part and tolerance is directly translated in cost

Costfraction, size, tolerance, temperature relation

Size of the part has a big influence on the tolerances that can be achieved.

Definition of Reference A-B-C is extremely important

When size of parts increase make local references to create local accurate patterns
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Z (also leads to Rx and Ry)

Tolerances discussions

E

D E

DD: EE:
D

B1

B2

B3

B4

A

B CZ

Height ±0.4

0.3 A (CZ)

0.2 (CZ)

0.05 B (CZ)
0.05 B (CZ)

0.05 B (CZ)

0.05 B (CZ)
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Many, Many different coatings and appliances, very specialized

Coatings

Surface coating methods

Gaseous state
(Atomistic deposition)

Solution state
(Particular deposition)

Molten or Semi-molten state
(Full thickness deposition)

Chemical vapour
deposition

Physical vapour
deposition

Ion beam 
assisted 

deposition

Chemical solution 
deposition

Sol Gel Electrochemical 
deposition

Laser Thermal spraying Welding

Plasma variants

Chemical 
reduction

Electroless 
deposition

Chemical 
conversion

Plasma variants
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Example, Nickel plating vs. Powder coating

Coatings

Coating

Nickel plating Powder coating

Functional 
requirements

Accuracy Corrosion protection

Trade off matrixSupplier status
Experience 

Nickel plating
Powder coating

Manufacturing risk matrix

Process temperature cyclesProcess steps

Product

Powder coating cosmeticNi plating cosmetic

Material

Strength

Cost

Dynamics

Accuracy
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Welded chamber to machined from solid

Joining

Welded chamber

Leakage issues

Build up tolerances

Finishing

Solid block available 

Machined from solid

Redesign necessary

Lead time reduction 6wks

Cost reduction (29%)

Return on investment 18 products

24 machining 
operations +
Welding operation

3 machining 
operations
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Casting processes
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ISO 8062-1…3

Tolerancing High pressure Die castings



43

Process steps

Casting example

Sand mold top and 
bottom

Core production

Assembly

Casting

Brake out part & cores

Remove cast extensions

Dot peening

Cleaning

Quality inspectoin
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Design for Manufacturing Architect

Assembly

Logistics

Production

Maintenance
Recycle

Cost

Product

Quality

Design/ Function

Manufacturability

DfX

Design
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Questions
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