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Motivation

Two advantages of Additive Manufacturing (AM) are complexity for free and individualization

Laser AM (LAM) cost calculation is as complex and individual as the geometry and
technology itself!

3 MAMC 25.11.2019 | M.Sc. Sebastian Dirks | RWTH Aachen University — Digital Additive Production DAP

Digital Additive
Production

ILT

Z Fraunhofer d.ap



Motivation

Modular concepts for LPBF series production are emerging

Trumpf SLM Solutions Additive Industries

*no claim for completeness
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DAP Cost Simulation Model Approach

Historical approaches: Analytical

Inputs Model Outputs

8 analytical Costs per component
(rough estimate)

STL geometry

analytical approaches are estimates, best suited for use cases based on limited data (e.g. quoting)
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DAP Cost Simulation Model Approach

Historical approaches: Analytical

typical data used

part dimension

build height build volume surface area (bounding box)

number of cross-section
pieces (EI@EVED)

material

[1.2]

sources:

1. Coater costs are divided evenly between all parts
2. Coater costs are divided evenly between parts 1 & 2
3. Coater costs will refer to Part 1 only

[1] Alexander, P.; Allen, S.; Dutta, D. (1998): Part orientation and build cost determination in layered manufacturing. In: CAD Computer Aided Design, 1998, Vol.30(5), pp.343-356 30 (5). DOI: 10.1016/S0010-4485(97)00083-3.
[2] Rickenbacher, L.; Spierings, A.; Wegener, K. (2013): An integrated cost-model for selective laser melting (SLM). In: Rapid Prototyping Journal, 19 April 2013, Vol.19(3), pp.208-214 19 (3). DOI: 10.1108/13552541311312201.
[3] Hopkinson, N.; Dickens, P. (2003): Analysis of rapid manufacturing - Using layer manufacturing processes for production. In: Proceedings of the Institution of Mechanical Engineers, 2003, Vol.217(1), pp.31-40 217 (1).

Build direction

[3]
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DAP Cost Simulation Model Approach

Historical approaches: Statistical

Inputs Model Outputs

historical build job data
STL geometry | getieies {  Costs (valid for one
machine)

statistical models use regression to adapt to reality, but need machine-specific historical data
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DAP Cost Simulation Model Approach

The AM Process Chain

Design &
Data Processing

AM Processing Post processing Quality assurance

Material production

\
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DAP Cost Simulation Model Approach

The AM Process Chain

Design &
Data Processing
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DAP Cost Simulation Model Approach

DAP Approach: virtual modular simulator

Inputs Model Outputs

Slicer
(non automatic pre

STL geometry
processing)
: : . Cost per part (high
Machine l  accuracy per part)
Parameter

simulation model results are highly accurate, but need more preparation
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Machine View

Service-oriented architecture .
LPBF Machine time idle

time off

ProceduralControl

Build
Scanner 1 % Chamber

Scanner-Service Scanner-Service

Powder
Storage

Bidirectional
Coater

Laser 1 % Laser 2 % Preheater %

AddPowder-Service

LaserSource-Service LaserSource-Service Preheater-Service

The machine view enables cost driver detection and benchmarking of machine improvements
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Product View

Example: Additive manufactured breaking system with quality assurance parts

support split weighted part split

msupport = build 160000

140000

120000

100000

80000

time [s]

34,08%

60000

65,92%

40000

20000

l/

| |
breaking system left breaking system right quality assurance left quality assurance right

0

Eexposure time  mrecoat time platform movement time

The product view enables benchmarking of part design, supports, placement and orientation
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Product View

Example: Additive manufactured breaking system with quality assurance parts

layer-wise analysis

0 1000 2000 3000 4000 5000
layer number

total multi-laser exposure time ~ ——support ——nbuild

The product view enables benchmarking of part design, supports, placement and orientation
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Model Verification

Model performance

I Deviation in Minutes

« The model was verified by layer-wise analysis of the 10,0 1 —=— Deviation in Percent| 0,75
machine log timestamps of 9 real-word build jobs 0.50
 Mean Average Percentage Error (MAPE) of 0.28 % 0
= 0,25
- example MAPE for statistical approaches found in =
literature is 8,2% [1] E 000
T
« Deviation below 7 min for all jobs, including 70 hours § 0,25
run time jobs 050
-10,0 T T T T T T T T T T T T T T T — -0,75
: . e 1 2 3 4 5 6 7 8 9
The model shows high precision for real world build jobs File Number

source:

[1] Rudolph, Jan-Peer; Emmelmann, Claus (2017): A Cloud-based Platform for Automated Order Processing in Additive Manufacturing. In: Procedia CIRP 63, S. 412-417

Deviation in Percent
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Model Verification

Layer-wise performance

I Average Deviation per layer
—— Standard Deviation over layers

. . . . 1,0 5
 layer-wise comparison of execution time (sum of _
0,8 1
exposure, recoating and platform movement time) to S
. 3 ]
log timestamps & 044
L S 0o

- average deviation per layer below *0.2% o 02
2 0,0+
- standard deviation below +=1% E
a .
$,-0,4 -
E J
L -0,6-

<

-0,8_

-1,0

Low standard deviation for all layers shows geometry

independence

=

I T I T I T I T I T I

2 3 4 5 6 7 8 9

File Number

18 MAMC 25.11.2019 | M.Sc. Sebastian Dirks | RWTH Aachen University — Digital Additive Production DAP

\

~ Fraunhofer

Digital Additive
ILT dap Production



Model Verification

AnaIySIS of mfluencmg factors sensitivity analysis of the LPBF machine model

2,5
- different model parameters have £
been varied by =10% and time g
deviation to the log timestamps is é
reavaluated 2 .
* the maximum deviation S5
percentage of X variations on the ¢ Eé
average time deviation of all test = '
files is shown =
g 0,5
S
: HE = _
Sky Writing Timelag Jump Speed Polydelay Overlap Size Sky Writing Limit Angle
(440us—484ps) (10000mm/s—9000mm/s) (250us—225ps) (24,5mm—26,95mm) (60°—54°)

sky writing time and jump speed are the most important settings for typical build jobs time calculation
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Outlook

Future use cases

digital shadow of real machines

coupling with factory and material a3 iImprovement prediction and
flow simulation z optimization of modules
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