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3D Printing in Shell
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Steps involved in 3DP

1 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Engineering Design Verification Printing Post-Processing Part testing

Design from “scratch” Mesh Review Direct printing Surface Milling Specification festing
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scanning electron
microscope

~

Reverse engineering
& 3D scanning
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3D Printing - Use of Systems Engineering Principles
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PoC - P6510 Impeller | Reverse Engineering

DORCS, '\‘\ N XS 17 -. _“RRaaw
NN N - : ) N \ '
a \T»I....’...m.k A , __ N _

RN

N AN L L L L L AL

Copyright of Shell Infernational B.V. RESTRICTED november 2018 5



Functional Requirement - Performance

# | Performance Requirement Tests gﬂd:f ST
ria

Geometry — Geometry — ,wet surface” | As-built scan | 0.2 mm
Hydraulic to be within specified for

tolerance verification
Surface condition — | Roughness to be within Surface Equal or better
friction loss and spec. Roughness than existing
fouling Measure roughness Test on impeller

existing impeller critical

locations

More.. |
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Functional Requirement - HSSE, Reliability & Availability

# | HSSE, Reliability & . Code/Standard &
Availability e Tesks e
Surface condition at | Surface sufficiently smooth | Surface API610 6.3.12:
Static O-ring to ensure sedling Roughness for static O-rings
locations max surface
roughness
average Ra of 1.6
micron
Mechanical Maximum operational Spin test No internal and
Properties - Strength | stress levels well below (130% of external
— Tensile yield stress speed) indications of
Crack Test cracks after spin
Ultrasonic of | test
Rontgen Test

More ...
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Functional Requirement - Assembly and Maintainability

# | Assembly and Requirement Test Code /Standard &
Maintainability Criteria
Assembly and Geometry to be within As-built scan | Fit key and key
disassembly of tight | tolerance (hub, key way, way
fits impeller nut, shaft axicl Measurements | 0.0 - +0.01 mm

face)
Fit shaft Impeller
bore +0.01 -
+0.02 mm
Repair — Material Specification, Hardness test | See above for
Machinability (and | Metallurgic Structure MRO103:2016
Threading) requirements.
More ...
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PoC - P6510 Pump Impeller | Design Verification complete -> Ready
for Printing

Pernis - SGHP- 1.4404, Stainless Steel 316L .
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PEARL - Qatar | 15t 3D Printed Impeller in Operahon
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Questions?



