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HIP Process 
Overview  

4.Can pickled or 
machined off. 

3.Capsules subjected to high 
isostatic pressure and high 
temperature to obtain full 
density. 

 

1.Inert gas atomisation to 
produce powder. 

2.Sheet metal 
capsules filled 

   with powder. 
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Why HIP?  

 Project: 
 

 
 Lead-Time Reduction 

  - No tooling development required, thin-can   
    encapsulation - welding of mild steel 
 

 Cost Reduction 
  - Scrap/re-work elimination 
  - Material quantity - closer to final shape 
  - Machining reduction - closer to final shape 
 
 Product: 

 
 
 Material Quality Improvements 

  - Cleaner material, no aligned inclusions 
  - Homogeneous 
  - Isotropic 
  - Improved properties can be achieved due to     
     smaller grain size 
  - Smaller defect sizes (sieving size) 
 

 Non-Destructive Examination Improvement – Sensitivity 
increase due to: 

  - Homogeneous material structure 

  - Finer grain size 
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Approach 

Enable a Project to adopt the technology by: 

 

 Establishing a robust Method of Manufacture (MoM) 
– understanding of variability. Ensuring risks are 
appropriately mitigated. 

 

 

 

 

 

 

 

 

 

 To provide data in order to produce a generic/base 
level justification – UK TAGSI four-legged structure. 
Additional, specific application data may still be 
required. 
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Approach 

 

 Demonstrator units produced for each application. 

 

 Dimensionally inspected to show geometry can be 
achieved. 

 

 NDE examination and destructive examination. Units 
cut up for material microstructural assessment and 
property testing. 

 

 Near Nett Shape? Some benefits, but design for 
inspectability was key consideration. 
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Approach 

 

 

 

 Independent industry survey 

 

 Incremental approach 

 

 - Non-Pressure Boundary 

 - Pressure Boundary – Leak Limited 

 - Pressure Boundary – Isolable 

 - Pressure Boundary - Unisolable 

 

 Material equivalence striven for. 

 

 

 

 

 

 

 ASME code case – N-834 
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Applications - 

Valve Hard-Faced 
Seats 

 

 

References: 

ICAPP 08-8110, 2008 [1]   

ICONE24-61106, 2016 [2]  
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Applications - 

Valve Hard-Faced 
Seats 

 

Reference: 

ICONE24-61106, 2016 [2]  
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All Applications - 

Powder Quality 

 

 

 

Internet Search – Powder Contamination Aerospace Industry 

 

‘The problem which the company first disclosed in July, stems from 
defects with powder metal used to make some popular geared 
turbofan engines, a flaw that can cause cracks.’ 

 

‘$3 billion charge!’ 

 

‘Discovered an issue with contaminated powder metal that could 
cause cracking in stage 1 and stage 2 discs in the high pressure 
turbine. These obviously must be inspected at certain intervals to 
ensure there is no actual problem.’ 

 

 



© 2023 Rolls-Royce 
Official 
This document is subject to the following export 
control information:  
Country - UK, Not Listed, 20th October 2023 

11 

  

  

All Applications - 

Powder Quality 

 

Ensure you have 
specifications 
covering powder 
quality, also other 
process steps, e.g. 
HIPing – furnace 
control. 

Reference: 

ICONE24-61106, 2016 [2]  
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All Applications - 

Powder Quality 

 

Don’t be hands-off 
with the supply 
chain!  

 

Walk the process, 
witness key 
operations, 
particularly clean-
down. 

 Reference: 

ICONE24-61106, 2016 [2]  
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Applications - 

Thin-Walled 
Toroidal Seals 

Reference: 

ICAPP 08-8110, 2008 [1]  

 

Toroid 
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Applications - 

Thick-Walled 
Pressure Vessel 
Section  

Locations of material used for testingLocations of material used for testing

Reference: 

ICAPP 09-9389, 2009 [3]  
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Applications - 

Large Bore Valves  

Reference: 

PVP2012-78115, 2012 [4]  
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Applications - 

Pipework  

Reference: 

AMEE2012, Jan18-19, 2012 [5]  



© 2023 Rolls-Royce 
Official 
This document is subject to the following export 
control information:  
Country - UK, Not Listed, 20th October 2023 

17 

  

  

Applications - 

Pump Bowls 

  

Reference: 

PVP2012-78115, 2012 [6]  
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Rolls-Royce’s New HIP Development Work 

 

Future Advanced Structural Integrity (F.A.S.T) 

 

HIPed Low Alloy Steel (LAS) Pressure Vessels 
with Thick-Section Electron Beam Welding 
(TSEBW) 

 

The information in this document is the property of Rolls-Royce plc and may not be copied or communicated to a third party, or used for any purpose other than that for 
which it is supplied without the express written consent of Rolls-Royce plc. 
This information is given in good faith based upon the latest information available to Rolls-Royce plc, no warranty or representation is given concerning such information, 
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Supported by: 
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Project Objectives 
 Move to additive rather than subtractive processes 

for nuclear quality vessel manufacture. 

 

 Reduce vessel manufacturing cost & lead-time 

 

 Alternative supply chain to mitigate fragility  

 

 Improve material quality 

 

 Possibility to reduce in-service inspections 
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TSEBW 

Process 
Overview & 
Structural 
Advantages 

 

 

Reference: 

ICONE28-POWER2020-
16035, 2020 [7]  
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Previous work 

 Proof of concept 

 HIPed test pieces 

 Powder filling process 

 

2021+ 

 Pressure & thermal 
cyclic testing 

 Completed LVD for UK 
component 
qualification testing 

 

 

 

 

 

 

 Full material property 
testing programme 

 ASME code case 
submission 

 

 

 

PROJECT FAST (2019-2021) 

 TSEBW for HIPed SA508 

 Manufacture of a Small Vessel 
Demonstrator (SVD) and hydrostatic 
testing 

 Manufacture of two Large Vessel 
Demonstrator (LVD) sections 

 Manufacture of a Ring Section 
Demonstrator (RSD) and thermal cyclic 
testing 

 

2018                             2019                                   2020                                      2021                

Reference: 

ICONE28-POWER2020-
16035, 2020 [7]  
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Justification 
Approach  
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Key Technical 

Risks  

 

 Poor toughness, oxidisation of powder – need low oxygen powder 

 Poor quality powder – morphology – need good supplier 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oxide Decoration at 

Prior 

Particle Boundaries 

Reference: 

ICONE28-POWER2020-
16035, 2020 [7]  
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Key Technical Risks  

 

 

 Can failure during HIP cycle – need high quality can manufacture – 
watch the welds! 

 

 

 

 

 

 

 

 

 

 

 

 

Can Unconsolidated Powder 

Can 

Powder Particle Ligament between powder 

particles 

Reference: 

ICONE28-POWER2020-
16035, 2020 [7]  
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Progress 

Billets & Basic 
Material Testing  

References: 

ICONE28-POWER2020-
16035, 2020 [7]  

ICONE27-1021, 2019 [8]  
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Progress 

 

SVD Design & 
Manufacture  

Reference: 

ICONE28-POWER2020-
16035, 2020 [7]  
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Progress 

 

SVD Manufacture 

Upper and Lower 
Sections After 
HIPing Awaiting 
EBW 

316L SA508 
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Progress 

 

World’s First 
Complete HIPed 
LAS 508 Gr 4N, EB 
Welded Pressure 
Vessel 

 

Shape 
Improvements for 
Next Vessel – Poor 
Packing – Poor 
Vibration, Filling 
System Changed 

Reference: Proceedings of the ASME 2022 Pressure Vessels & Piping Conference PVP2022, July 17-22, 2022, 
Las Vegas, Nevada, USA, PVP2022-79403. 
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Progress 

 

Large Vessel 
Demonstrator 

Reference: Proceedings of the ASME 2022 Pressure Vessels & Piping Conference PVP2022, July 17-22, 2022, 
Las Vegas, Nevada, USA, PVP2022-79403. 
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Achieving 
Toughness 

 

Tensile Properties 
always exceeding 
forged material, 
max 22% increase. 

 

 

 

Reference: Proceedings of the ASME 2022 Pressure Vessels & Piping Conference PVP2022, 
July 17-22, 2022, Las Vegas, Nevada, USA, PVP2022-85077.  
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Achieving 
Toughness 

 

Issue is toughness! 
Only Charpy 
impact testing 
conducted. 

 

Equivalence to 
forged material 
finally achieved 
with oxide 
stripping process 
applied. 

 

 

 Three batches of powder manufactured from different suppliers: 

 Best toughness 66% of forged material. 

 Worst toughness 21% of forged material. 

 

 

 

 

 

 

 

 

 

 

 

 

 Oxide stripping process applied – equivalent toughness to 
forged material achieved for first time! 250J 

 

 

 

Reference: Proceedings of the ASME 2022 Pressure Vessels & Piping Conference PVP2022, 
July 17-22, 2022, Las Vegas, Nevada, USA, PVP2022-85077.  
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Capability 
Requirements 
for Deployment 

 

 

 Large-scale HIP vessel – max dia in Europe = 1.6m – Project TITAN, 
circa 4m x 4M 

 

 Large-scale EB chambers 

 

 Improving toughness level –ideally equivalent to forged, oxygen 
control 

 

 Full material test programme, e.g. fracture toughness, irradiation 
testing. ASME Code Case. 

 

 Good quality powder manufacture, low oxygen level/morphology, but 
at a competitive price, and with reliable, short delivery time – need to 
ensure competitiveness to forging. 
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