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About Me

* Mechanical engineer

« 8yearsinlISIS

« 8 years in automotive / measurement equipment

« Generalist mechanical engineer in a very specific job!

« Each slide could get a full presentation!
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Design Process

« Specification / scope

« Design + reviews
« Concept
* Preliminary
« Final

« Drawing

* Procurement

« Manufacture

« Assembly

« Testing / commissioning
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Specification / Scoping

Project Constraints
 Deadlines
* Budget
 Milestones & Deliverables

Technical Constraints
« Science
« Sample
 Pressure
« Temperature
« Magnetic field
«  Chemical compatibility
«  Sustainability

Physical Constraints
* Interfacing instrument / equipment
«  Working envelope / restrictions
« Beam / detectors
« Lifting
« Storage

\\1‘////|S|S Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
m\\ Muon Source

uk.linkedin.com/showcase/isis-neutron-and-muon-source

General

Stakeholders

scheduled dates

Cost centre

Availzblz budget

quantity

similar equipment for comparizon

Sample & Environment

#  Instrumentis]

# Interfacing equipment (cryostats, furnaces, gas panels, etc)

#  Sample (solid/liquid/ges, composition, reactivity, susceptibility to become radicactive, etc)
#  External enviranment (vacuum, ambiznt air, 2tc)

# Internal environment {vacuum/solid/liquid/gas, inertfexidising/reducing/toxic/lammable)
# Temperzture range {minimum reguired, and desirable)

#  Pressure range (minimum required, and desirablz}

*  Experiment duration

# Enown hazards (CoSHH, datasheats, str)

# Shape [stick, flat cell, oyfindrical cell, 2tc)

#  Known size requirements (sample size, etc)

#  Egaling (indium, o-ring, metzl [copper, gold, platinum), etc)

@ Orientation in baam

# Detector angles

#+ Preferable construction materizls (including metric, e.g. cross section)
# Interfacing features (threads, location pins, etc)

#  Magnetic requirements

#+ Integrated lifting (eyes, welded lugs, etc)

# Integrated hezting (cartridge heaters, Julabo heat exchangears, etc)
# Integrated cooling [CCR, Peltier, Julzbao heat exchangers, etc)

# Integrated sensing (Pr100, Cemox thermocouple, sto)

# PRV reguirements {int=grated, gas panel, etc)

#  Meutron shielding requirements

Packaging & Handling

# Space restrictions [bore diameter etr)
# Etorage reguirements (trolleys, stands, etc)
&  Lifting provision (lifting frames, et}

Interfaces

# Gas, vacuum fittings
#  Electrical fittings
*  Wvalves
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Material Properties

« Strength (UTS & yield / proof strength)
« Stiffness (elastic / Young’'s modulus)

* Ductility

« Toughness

« Malleability

* Thermal expansion

« Thermal conductivity

» Density

« Cost/Availability

« Background
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Material Properties

« Ultimate Tensile Strength, MPa
* Yield / proof strength, MPa

* Young’'s modulus, GPa

« Ductility, % elongation

* Toughness, Nm/m? or J/ m?
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Material Properties - Ductility

e Brittle materials
« <5% elongation = brittle
 Also 10% can be brittle

* Pressure windows
« Safety factor 4 minimum
« Safety factor 7 recommended
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Material Properties
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Caveat 1 — Tensile Test Process

BS EN ISO 6892-1:2019

e Sample variation
« Sample geometry
« Strain rate

BSI Standards Publication

« Standardisation

Metallic materials — Tensile testing

Part 1: Method of test at room temperature

bsi.
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Caveat 2 — Directionality

» |sotropic materials
« Properties (mostly) same in all directions
« Most metals, depending on processing

* Anisotropic materials — tensile vs compressive
« Stronger in tension; CF/GF composite materials, wood, ...
« Stronger in compression; brittle materials, ceramics, fused quartz, sapphire, ...

* Anisotropic materials — directional (X,Y,Z)
« CF/GF composite materials, wood — heavily dependant on fibre direction
« Rolled metal sheets stronger in rolled direction
« 3D printed parts weaker in Z (print direction)

Facilities Council
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Caveat 3 — Temperature Dependence

 Hotter — weaker
 Charts: Inconel 625

« Reusability - creep! 649°C: 0
« 827 MP3a, instantaneous
e 600 MPa, 10 hours

« Colder — stronger
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Caveat 4 — Watch your temper!

1100 2000
 Heat treatment matters
: 1000 N Liquid |
« Use annealed strength if unsure ‘
a0 | i 1 1600
4 1400
. . 800
« Welding = annealing! 9 « | hearing | o E
« Hot experiments = annealing! 5 70 ¢ / 5
E / a+p { 1000 E
% 600 - E-
hd 180 o
500 L a+-
4 600
400 | 4 400
200 | Hd— age hardening _ -
200 : - : ' ' 0
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Beryllium content, wt.%
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Caveat 5 — Fatigue

« Cyclic load
* Premature failure
 Load dependant

« Often ignored, hidden by big S.F.

« But... found recently on WISH...

A
f/m\\

S 8 & 8

g

-—- ey -1 —4
Carbon Steel
J u A
Aluminium Il
10° 10° 10°. 10° 107 10° 10

Number of Cycles

10°
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Material Properties

Stiff clastic /i 's-modutus)
+—Duetility

« Toughness

« Malleability

* Thermal expansion

« Thermal conductivity

» Density

« Cost/Availability

« Background
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Material Properties

+Strength-(U1S-&yieldfproofstrength)

Stiff clastic /i 's-modulus)
Ductilit

« Toughness
Malleabili

 Thermal expansion

* Thermal conductivity

» Density

« Cost/Availability

« Background
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Material Properties

Relative dimensional change

ey ) 50 1 200 250 ” |300
‘_D'H'Gt'l'l'l't‘y Invar
ﬂg’\ Ti-6AI-4V
J—M—a-l-l-e-a-b-i-l-i-t—y 2 0.002 - Beryllium Copper
% . Stainless 304
° H c Stainless 3041
Thermal expansion 3 et
L. @ ~0.003 -
* Thermal conductivity £ Copper OFHC
] T RRR=g500
* Density & o004 |
. - Alu 6061
« Cost/Availability o o
« Background Temperature [K]
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Material Properties

+Strength-(UFS-&-yieldfproof-strength) L ? * Grid-iron pendulum
«—Stiffness{(elastic/Young's-medulus) i f - Dissimilar expansions balanced

 Thermal expansion

« Thermal conductivity B || B v }_- ]
« Density

« Cost/Availability
« Background

Facilities Council
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Material Properties

.

Iy

« Thermal expans N N
P 1 g —r g

 Thermal conductil A 7
« Density - f. < -

« Cost/Availability SIS
« Background

« Left: induction heat shrink
* Right: cryogenic heat shrink
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Material Properties

. h(UTS & yield/ ot h
«  Ductility
« Toughness
Malleabili
« Thermal expansion
 Thermal conductivity
» Density
« Cost/Availability
« Background
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Material Properties
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Material Properties
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Material Properties
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Material Properties
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Material Data

* Minimum vs actual / typical strength
« Standards

« Design codes

« Material Certificates

e Supplier datasheets

« Historical NASA data etc

* NIST neutron data
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Messrs  : Smiths Metal Centres Lid,

Traceability ref 0420245543

S-Tech Corporation
INSPECTION CERTIFICATE

Page 1
No. 15, Gong Ist Read, Enviroaseatal
Science and Techaology Park,
Liouying Dist,, Teiman City 73,
Talwan(R.0.C)
TH. * §86-6-623-0000
FAX © 886.6.623. 011

¥55%3

Order NO : 2017000987 P.OND.  : 9901074422

Grade : TI-6AL-4V AMS
Lot /Heat NAO103S2A

FILE N0 : 2017001284.2 Date 1212912017
Size : 30.0 em Size Tol +0 mn / -0.082 na
P'cs : 2 Weight 279.60KG : 616.41LB

Condi tion: Hot Rolled-Anncaled-Peeled-Straightened-Polished. Inspected
Chemical Composition (wi%)(TOP)

Iten ! c

Min : 3
Max, i 0.08 4
Result : 0.02 1

Al 0 N

255

Chemical Compos i tion (wi%)(RUTTOM)

Iten t ¢ Vv Al 0 N
Min i .50 5.50

Max ! 0.08 4.5 6.75 0.2 0.0

" Fe Y

6.73 0.20 0.0% 0,012% 0.30 0.008%
6.6 0.18 0.01 0.0012 0.24 <).005

H Fe

0.012% 0.3 0.008

Result i 0.2 1.9% 6.64 0.18 0.0l 0.001% 0.2} <0008

CHEMICAL COMPOSITION OTHER EACH <0.1%
CHEMICAL COMPOSITION OTHER TUTAL : < 0.4

WAfer Pecled) 0.00197 %
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Common Materials — Neutrons

 Vanadium « Ti-6Al-4V
* Very low scatter « Very high strength, 900-1100 MPa

- Aluminium + alloys »  High pressure gas cells
: »  Coherent scatter — Bragg peaks
« Low incoherent scatter

«  Some coherent scatter — Bragg peaks * Stainless steel 316 -

« Cheap »  Chemical / hydrogen compatibility

«  Low-moderate strength, 50-550 MPa *  Moderate strength, 500 MPa

] *  Moderate temperature resistance, 800 °C
° TiZr (52.2?0147.8%) . Cheap

Null scattering

« Coherent scattering cancels out . Coherent scatter — Braad peaks
High strength, 700-900 MPa . ) : g%p
: «  High melting point, 2500°C
Scare / expensive _
Pyrophoric! * Sapphire
. F d sili « Lowincoherent scatter
usea siiica «  Low absorption

* Niobium

Amorphous / non-crystalline «  SANS pressure windows

* No Bragg peaks «  Moderate strength, 300 MPa (tensile)
«  Weak, 55 MPa (tensile) «  Brittle!

«  Brittle!
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Common Materials — Neutron Masking / Collimation

Boron Nitride
 HP gradeis easier to pump out
» Easyto machine
» High temperature resistance
« Fragile
Boron Carbide

* More absorbing than BN
* Hard to work with, abrasive

Gadolinium
« Foils
» High melting point
» Extremely absorbing!

-y

-

[ J
o

[
«

Neutron Mass Absorption (m?/kg)
-

L
e —

-t

o Cadmium Q-In llom ' 'o.ql-‘“o-lorloolo..ml . -‘J I‘“.MM.T hm.u“.“.‘." ) . % .
« Low melting point, 320°C 0 2 - 8

» Easyto form by hand
* Toxic!

Facilities Council
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Materials To Avoid — In Neutrons

Most things!

Strongly absorbing
« Boron (borosilicate glass!)
« Cadmium
« Gadolinium
« Hafnium

Strong incoherent scattering
« Hydrogen

Strongly activating
« Cobalt (some Inconel alloys, MP35N)
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Common Materials — Structural Metals

*  Aluminium
*+  Common, thermally conductive, weakly paramagnetic
* 1000 series / pure — high thermal conductivity, weak

« 5000 series — excellent weldability, moderate strength E Metas T Coramics e -
« 6000 series — strong, weldable (reduces strength) T ] ol
« 7000 series - very strong g 0 | Zinc 1 ==
F1,000 F
«  Steel :
«  Common, poor thermal conductivity
« 300 series stainless (austenitic) — ductile < 100}, _
« 400 series stainless (martensitic) — hardenable é’ '
*  Maraging — strong = g
. = i y 47
® N |Cke| = N Ly iy \Porous
. Very strong, poor thermal conductivity a— ceramics
° Ni-Cr-AI (RUSSian a"Oy) Lﬂ \Rubbets mcvmmssbzols:mrevmumm
R 1k the ranga of the
Inconels i W "
° MP35N = wood products mlamm ng”
Foams mmw;wq;:\?wmmwme
«  Copper - : ;
. Vi i i 0 200 400 600 800 1000
common, excellent thermal co.nf:Iuctlwty, weakly diamagnetic MAXIMUM SERVICE TEMPERATURE (°C
*  OFHC - best thermal conductivity
. Beryllium copper — very strong
«  Titanium
«  common(ish), strong(ish), weakly paramagnetic
\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon Science and
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Common Materials — Ceramics / Glasses

Macor
« Machinable
* Insulating

« Zirconia toughened alumina
« Strong

« Tungsten Carbide
* Very strong

* Fused silica
« Single crystal silicon

e Sapphire
« Strong
« Optical windows
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Common Materials - Plastics

PEEK
« Strong
* Chemically resistant
* UHV compatible

- PTFE
* No hydrogen
» Very low friction
* Nylon
» General purpose plastic

« Polyacetal
» General purpose plastic

« ULTEM
» 3D print plastic
* Vacuum compatible
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Design Considerations

* Interfacing Equipment Theaanemao: e 1
 Beam, Detectors, Obstructions L =5 0522899889 .

« Sample Geometry

« Environmental

« Material joining

« Sealing

* Chemical Compatibility

« Sample Manipulation

* Design for Manufacture
« Design for Assembly

* Accurate Assembly

* Design for Disassembly

Planes Sketch T solids

EefomER e
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Interfacing Equipment

* Open air / tabletop system?
 In a vacuum chamber?

« Top loading system?
 Bore size?

« Bottom loading system?
* Restrictions / clearances

« Environment provided?
* Furnace?
« Cartridge heaters?
« Flexibility on support equipment

\\\‘% ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
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Beam, Detectors, Obstructions

* How big is the beam?
« Dictates how big a sample container needs to be

 Where are your detectors?
« Orientation of supports
« Orientation of flow / return tubes

« What else is in the area?
e Restricted access?
« Room for support equipment?

Science and
Technology
Facilities Council
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Beam, Detectors, Obstructions

« SXD — Detectors everywhere!

Incoming neutron beam

Figure 3 - SXD Sample Position: Side View Figure 4 - SXD Sample Position: Top View
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Beam, Detectors, Obstructions

* Nimrod & SANS2D

Science and
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Beam, Detectors, Obstruction<
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Sample Phase

« Solid

* Freeform

Powder

« Liquid

« Sealing

« Viscosity
« Gas

« Sealing

\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
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Sample Geometry

 Dependant on:
« Sample format / availability
« Type of instrument
« Detector arrangement
« Required conditions

« Common shapes:

* Freeform
* Flat
 Low angle detectors
« Cylindrical
« Simple
« Annular

« Reduces multiple scattering from sample
« Liquid/ film bed
» Reflectometry

\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
ﬁ‘l\\ Muon Source uk.linkedin.com/showcase/isis-neutron-and-muon-source

Science and
Technology
Facilities Council



Design Considerations — Pressure

« Local regulations! ps(bar)
« 0.5bar = pressure vessel (PER / PED)
« 250 bar*litres stored energy = admin! 15000

 What is the pressure?
« Stay in SEP where possible

« Container going into vacuum chamber?
 + 1 bar pressure!

« Standardise equipment
e Tube: imperial or metric
« Fittings: Swagelok, HP cone
« Spares for valves, PRVs, etc

1] v

Q.1 1 10 100 1000 10000 VL)

Chart 1- Vessels for Group 1 gases
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Design Considerations — Pressure

. Design Codes Design pressure: P;=5.5 bar

* EN13445 Design strength @ 100 °C: f316=143 MPa

« PD 5500

« ASME BPVC Internal diameter: D,:=42 mm
« Thin wall (D/t>20) - :

Minimum wall thickness:
 Hoop stress P,-D;
) (PD 5500:2024, Equation 3.5.1-1) Ceylo = %72 . —0.081 mm

 Thick wall 2-f316— Py

* Lame equations Actual minimum wall thickness: €pyi=0.45 mm

« Autofrettage
e Stress limits Verification check of wall thickness: if(ecy;>ecylo, “Pass”, “Fail”) = “Pass”

* Yield/1.5

« UTS/2.5

* Proof test
 1.25 x PRV pressure + temperature correction
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Design Considerations — Vacuum

* Not included in pressure regulations! (UK / EU)
« Pressure vs vacuum failure? Think water bottle
« Tensile vs buckling failure

« Calculations more complicated
« Buckling can be dominant
* Young's modulus important

 Vacuum chamber needs thicker wall than
equivalent + pressure

« Use additional safety factors!
e Sealing — coming up
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Design Considerations — Vacuum

* \ery dependant on vacuum level! ACUUM ACUUM %
 Medium - High: good practice ) | VACUUM VACUUM
« High — UHV: critical N
«  Welding % % Y 74
 Cleanliness critical UNVENTED SCREW T o o e e P
o Use of flux etc x / B /
 Reduce virtual leaks x
 Bottom of threaded holes
« Welds

 UHV cleaning

« Bake-out

* Increase conductance

* Good thermal management, lost convection

Facilities Council
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Materials To Avoid - Vacuum

« Cadmium - above room temperature
« Low melting point
« High vapour pressure

« Zinc - above room temperature
« High vapour pressure
« 7000 series aluminium (!)
« Brass (})

« Materials that offgas strongly
« Solder / brazing fluxes
« Lubricants
« Most plastics (particularly UHV)
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Design Considerations — Low Temperature

e See other talks!

« Cryostat bore diameter?
* Mount directly to CCR?
« What type of sensors?

« Cernox
« Pt100
o ®
* Rhodium-iron
» Heaters
 Temperature control
« Fastwarmup
\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon Science and
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Design Considerations — High Temperature

» See other talks!
 What is the temperature?
 Pressured

« How can we seal? P P
1 Z

« Sealed ambient
e How do we seal?  ——

«  Weld shut? T T
« (Gay Lussac’s Law!
e 1000°C -> 4.24 bar 1 2

* Vented
* Will the sample evaporate?
« Corrosion resistance of system?

« T++ = Refractory metals?
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Design Considerations — Magnetic Field

e See other talks!

* Use non-magnetic materials!
« Copper alloys
e Aluminium alloys
« Titanium alloys
- Plastics
« Ceramics

 Stainless steel: austenite work hardens to martensite
o (Careful choice of sensors
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Sealing

KF Flange
« Vacuum only
« -10to 150°C

CF Flange
« Vacuum

« Moderate pressure, 200 bar(!)
« Cryoto 500°C

O-ring, polymer
« Vacuum to 200 bar
« -10to 150°C, possibly higher

O-ring, metal (copper, gold, platinum, ...)
« UHV to 100s bar, maybe 1000 bar?
« High temperature, Tm of metals

\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
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Indium

10s bar
Cryo to 100°C

Bridgman

Cyro to 180°C
10 kbar +

Pressure fittings

Swagelok
HP cone
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Joining Techniques

Adhesives
 Epoxy
« Masterbond - (UHV ish)
« Stycast - cryo

Soldering / brazing
» Lots of different types
« Different melting points
» Staged assembly
» Can be dirty

Vacuum brazing
* Clean!

Welding
« Tell people it's a sealing weld!
« Control cleanliness

« Tradition TIG/MIG etc gas purge
« EB &laser — clean!
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Joining Techniques - EB
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Joining Techniques - EB

=
N
N

= &
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oining Techniques - EB
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Design Considerations — Lifting / Storage i -

» Follow local regulations!

« General structural analysis
« Thread shear
« Tensile
* Bending
« Buckling

« Centre of gravity
 Tip over angles

Women
 Crane access
3kg kg
Shoulder Height - , .
Gas [
7kg 13kg .
Elbow Height . B
Knuckle Height 10k T6ke :“'
7kg 13kg =
Mid Lower Leg Height
\Z |SIS Neutron an g Tk

mﬁ Muon Source

(Cea Y (W

Lifting and Lowering Risk Filter

Men
10kg Skg
B L )
20kg 10kg
»
25kg 15kg
20kg 10kg
10kg Skg

Shoulder Height

Elbow Height

Knuckle Height

Mid Lower Leg Height
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Chemical Compatibility / Corrosion Resistance

Edited by WWILEY-VCH

Can affect experiment data Corrosion Handbook m h
macnaught

« Can contaminate sample area i dmetonl i o e

Second, Completely Revised DISCLAIMER: This chart is intended to provide general guidance on chemical compatibility and should not be used for product selection. The chart is based

.
[ ] and Extended Edition on industry data and may not ba applicabla to your spacific applicati stura, fluid tration and other process conditions may affect the material
compatibility. If thera is uncertainty about the suitability of the material with the process chemical, Macnaught recommends physical testing of the sampla material

CHEMICAL COMPATIBILITY GUIDE

with the chemical. If further assistance is required, Macnaught's Tachnical Support Team can provide advice to assist with selection.

v
v

* More niche, more difficult R

== Data not available

x Not recommended

e Books

w w0
= =
g &
w ™)
w w
& b
H 2
2 2
= =
= =
= =
= =
=2 =2
2 3
= =

316 STAINLESS STEEL
HASTELLOY C-276
CARBON

316 STAINLESS STEEL
HASTELLOY C-276
CARBON

C<<o< o< < R

 Online tables - seals

<
<
I

<

Acetaldehyde v Vv V=V Aluminum Chioride 20% = v v
DECHEMA the prime source of
corrosion expertise Acetamide V' = V' V' V' v Aluminum Fluoride = = & = +/ v
Acetate Solvent v — V' v v = ' — Aluminum Hydroxide v ' + = v -
AceticAcld — = v V' vV V V = Aluminum Nitrate &/« — —= v -
AcelicAcld20% v V' ¥ V¥ VWV Aluminum POt VW — = = ¥ v -
AcelicACld80% = = & & & ' V' - Aluminum Sulfate " Vv = v
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Mounting

« Directly to pin / goniometer stage

o Stick
- MS8
 Double ferrule, HP cone

* Mounting plate

nd
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Kinematic Seats

« Stable tripod base - not over constrained

« Extremely repeatable

 Hardness important

« Maxwell vs Kelvin geometry

« Maxwell can be fully machined, or use rollers

« Balls can be mounted on screws for adjustability
« Secured using mass, magnets, cam lock, ...
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Fine Adjustment

 Fine threads — 200 um/ rev
« Differential thread adjustment — 25 um/ rev
 Micrometer driven
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Sample Manipulation - Manual

Pitch

X, Y, Zlinear stages
* Rotation stages

« (Goniometers

e Order important!
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Sample Manipulation - Automated

* Piezo / motor driven
« Kappa vs Eulerian
« Cryo /vacuum compatible — low load!

\\\‘/// ISIS Neutron and @& wwwisis.stfc.acuk 7
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System Manipulation

* Rotary Platform
« Manual or motorised
« 360° rotation
« DN40CF — DN200CF
« Differentially pumped — UHV compatible

 FEulerian cradle at ILL

« X, Y, Zstage
e +tilt / goniometer

ad
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Cryo goniometer

* Oryou try to make your own!

\/Z 18IS Neutro
ﬁ‘\\\ Muon Sour¢
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Cryo goniometer
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Electronics

e Sensors
« Heaters
 Motion

 Electrochemical

* Leave room for wires!

* Internal wiring
 Thermal anchoring

« Standardise connectors

« Standardise pins

* Pinouts on drawings help
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Design Phase

 Know what needs designing
 Done calculations

 Know where it needs to fit

* Performance metrics

 Now...

« Design for Manufacture

« Design for Assembly

« Design for Disassembly?!
* Accurate Assembly

« Safety
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Design for Manufacture

Someone has to make it!

Manufacture
« Appropriate methods
« Number of operations
« Sharp internal corners

» Tolerancing!
« Tight — expensive
« Loose - loose fits

« External radii or chamfers?

« CAD nominal vs mid-limit

* Unnecessary contours force CNC
« Threaded holes — fully dimension, tolerance
* Thread inserts in aluminium

Science and
Technology
Facilities Council
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Design for Manufacture
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Design for Assembly

« Poka yoke

 Assembly order

» Tool access

* Tool sizes

« Tolerance stacks

» Clearances

» External chamfers save knuckles
* Glovebox assembly!

Facilities Council
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Design for Disassembly

« Jacking points
« Hightemp cells

 Activated cells
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Accurate Assembly

e Feature based
e Recess + Boss

* Dowel pins
« V. tight tolerance requirements
« Diamond pins

 Metrology lab
* Metrology + dowel pins?

Round Head Pin Diamond Head Pin

Ciearance js.equal in-every _ Using Diamond Pin, Clearance
in one direction is greatly
increased.

direction
G Ep
/ ’,/ \ \
/ ,/ ‘\ N\
: i/ S R
'\\ \ ] ; ’...I‘
\ % /
S F
b N R a7
— o S, SES o
X Pintpas Dianter Another Characteristic of

Diamond Pin is much smaller
Hole Diameter contact surface area.

Science and
Technology
Facilities Council



Accurate Assembly

Do not use threads for accurate assembly
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Safety

« Think about safety, there are a lot of risks:

« Hot things

« Cold things

» Pressurised things

« Vacuum things

« Sharp things

- Flammable / explosive things

« High voltage things

* Moving things

« Magnetic things (even small magnets!)

\\\V// ISIS Neutron and & wwwisis.stfcacuk 7 @isisneutronmuon
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Corrosive things
Poisonous things
Vibrating things
Heavy things
Radioactive things
Awkward things
Loud things
Asphyxiating things
Laser things
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Safety

Follow local regulations
« Work equipment / machinery
« Lifting
* Pressure
« Explosive Atmospheres

» Industrial standards / compliance
« AFNOR, ANSI, ASTM, BS, DIN, EN, ISO, JIS, ...

« Design codes

« Safety factors

- FMEA

 Risk Assessments

* Method Statements / Procedures
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Hrings-thatwent-wrong-Lessons Learnt

« Single sourcing
« Companies close
 Prices go up
« Users break things!
« Especially wires
« Users steal things!
« Surfaces can be too smooth?

 Documentation matters
 TS1 upgrade
« TS1 trolley
« Reproducibility crisis?
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earnt

Fatigue, again. HRPD
Decapitated TiZr cells
Welds don’t always work
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Hrings-thatwent-wrong-Lessons Learnt

Okay the fatigue was worse that | said...
TZM that shouldn’t have exploded
Niobium cell that turned to powder

Rate everything! GEM
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Hrings-thatwent-wrong-Lessons Learnt

» Ask stupid questions
 Document failures
 We're trying our best!
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