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PARA EQUIPMENT - The problem

The equipment is fixed within each Para class and 
not at all customized to the individual abilities, 

movement envelopes and parameters.

… so less than optimal in terms of performance and 
“fit”, both in races and during training
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PARA EQUIPMENT - The solution
Step 1
Combining quantitative experiments to 
find a better master position (needs 
invention of new sensors and test rigs)

Step 2
Followed by fast iterative improvements 
together with the athletes using Human-
Centred Design (HCD), modern CAD and 
additive manufacturing technologies.
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Ergo, NEW TOOLS
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PARA EQUIPMENT – Approach
1. Observe and compare Para athletes to able bodied athletes with focus on 

movement envelope

2. Spot potential dimensions for improvement

3. Run fast prototypes and experiments

4. Create/Invent Experiment setup and necessary measurements and sensors

5. Run quantitative controlled experiment

6. à new master geometry

7. Run multiple iterative improvement rounds with athletes to
customize the design (low end material)

8. Redesign in CAD, potential for topology optimization

9. Build high end version (3D printing of high-end material)

10. à athlete is performing better, can train more and has 
less injuries … might even be a bit happier and more 
motivated
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Prototyping, testing and iterating cost-effective 
into an optimal design

• Prototyping testing 
equipment

• Make iterations and 
generate learning

• Prototypes should be fast 
and simple

[1] S. W. Eikevåg, A. Kvam, M. K. Bjølseth, J. F. Erichsen, and M. Steinert, “DESIGNING AN EXPERIMENT FOR EVALUATING SEATING POSITIONS IN 
PARALYMPIC ROWING,” Proceedings of the Design Society: DESIGN Conference, vol. 1, pp. 2485–2494, May 2020, doi: 10.1017/dsd.2020.101.
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DESIGNING AN EXPERIMENT FOR EVALUATING 
SEATING POSITIONS IN PARALYMPIC ROWING

[1] S. W. Eikevåg, A. Kvam, M. K. Bjølseth, J. F. Erichsen, and M. Steinert, “DESIGNING 
AN EXPERIMENT FOR EVALUATING SEATING POSITIONS IN PARALYMPIC ROWING,” 
Proceedings of the Design Society: DESIGN Conference, vol. 1, pp. 2485–2494, May 2020, 
doi: 10.1017/dsd.2020.101.

• Spot potential dimensions 
for improvement

• Generate adjustment 
possibilities able to create a 
performance map for each 
specific athlete
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Experiment 1

[1] S. W. Eikevåg, A. Kvam, M. K. Bjølseth, J. F. Erichsen, and M. Steinert, “DESIGNING AN EXPERIMENT FOR EVALUATING SEATING POSITIONS IN 
PARALYMPIC ROWING,” Proceedings of the Design Society: DESIGN Conference, vol. 1, pp. 2485–2494, May 2020, doi: 10.1017/dsd.2020.101.
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[3] A. C. Severin et al., “Case Report: Adjusting Seat and Backrest Angle Improves 
Performance in an Elite Paralympic Rower,” Front. Sports Act. Living, vol. 3, 2021, doi: 
10.3389/fspor.2021.625656.

Case Report: Adjusting Seat and Backrest Angle 
Improves Performance in an Elite Paralympic Rower
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[3] A. C. Severin et al., “Case Report: Adjusting Seat and Backrest Angle Improves 
Performance in an Elite Paralympic Rower,” Front. Sports Act. Living, vol. 3, 2021, doi: 
10.3389/fspor.2021.625656.
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Experiment 2
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Anisotropic properties in fused filament fabrication based on current literature

(A) Hardware selection and processing.

(B) Interlayer bonding.
(C) Raster angle and in layer thermal fusion.

(D) Fiber orientation by acceleration, nozzle path and randomness
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[1] Das et. Al. 2020
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[5] PolyMide PA6-CF

IKEA cabinets for a better tomorrow!
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Applied sciences: Thermal 
Layer Design in Fused Filament 
Fabrication
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(A) Filtered layer temperatures when 
dispositioning new material at different 
layer time goals. (B to E) layer 
temperatures of the different LTG 
specimens though out the geometry. (F 
to G) Temperature readings at different 
nozzle positions and applied filter. 
Green area provides the temperatures 
presented in (A). (H) Heat flow 
through material acquired from 
differential scanning calorimetry 
(DSC) analysis. The top four graphs 
depicting the heating run, and the 
bottom four depicting the cooling run. 

LTG Layer temperature and correlating material 
properties from differential scanning calorimeter.
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Prototyping for athlete individual fitment, support and design for performance -
Iterations by 3D printing

• No geometric 
restrictions compared to 
traditional production 
methods

• Maximum 5 hours lead 
time per component

• Equipment tailored per 
individual athlete

• Possibilities for 1) 
implemented 3D 
scanning 2) topology 
optimalization 3) 
generative design

5h 4h

4h
2h

12 minutes each
[6] Sindre .W. Eikevåg, Martin Steinert., PR1 indoor rowing world record and 3D printing of high-
performance polymers – Prototyping and customizing high-end Paralympic equipment., VISTA 
2021 Conference
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And make many many more prototypes
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Curved seatback Straight seatback 25 degrees Original seating position
Warm Up 80W 13deg 80W 15deg100W All-Out 80W 100W All-Out 80W 100W All-Out

Ventriculert na 8 8 12 19 8 12 18 10 15 17
Musculert na 8 8 15 20 10 14 19 10 15 19
Generelt na 8 8 14 20 9 13 19 10 15 18
Heart rate 139 150 143 157 184 153 166 189 159 170 186

Stroke rate na 26 28 29 42 28 33 47 35 41 56
Watt 65 80 80 100 186 82 100 165 81 98 128
Length na 738 735 791 972 741 791 934 736 786 858

[7] Sindre W. Eikevåg, Jørgen Falck Erichsen ,Martin Steinert., Sports equipment design impact on athlete 
performance – The PR1 Paralympic women's indoor rowing world record., ICEA2022 
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Old seating position

All-out 4 
minutes:
• 128 Watt
• 858 Meters
• 56 Stroke rate

[7] Sindre W. Eikevåg, Jørgen Falck Erichsen ,Martin Steinert., Sports equipment design impact on athlete 
performance – The PR1 Paralympic women's indoor rowing world record., ICEA2022 
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Optimal flat seatback

All-out 4 
minutes:
• 165 Watt
• 934 Meters
• 47 Stroke rate

[7] Sindre W. Eikevåg, Jørgen Falck Erichsen ,Martin Steinert., Sports equipment design impact on athlete 
performance – The PR1 Paralympic women's indoor rowing world record., ICEA2022 
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All-out 4 
minutes:
• 186 Watt
• 972 Meters
• 42 Stroke rate

Curved seatback

[7] Sindre W. Eikevåg, Jørgen Falck Erichsen ,Martin Steinert., Sports equipment design impact on athlete 
performance – The PR1 Paralympic women's indoor rowing world record., ICEA2022 
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Equipment impact on athlete performance – The 
results after understanding the athlete

[7] Sindre W. Eikevåg, Jørgen Falck Erichsen ,Martin Steinert., Sports equipment design impact on athlete 
performance – The PR1 Paralympic women's indoor rowing world record., ICEA2022 
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Engineering design for Paralympics success –
Research results

• Increased athlete performance
• Fun and motivating
• Improved technique
• move in a biomechanics “safer” as well 

as a more efficient and effective way
• Decreased amount of injury
• Increased training capacity and fitness
• HCD Paralympic setup & performance 

can not be generalized
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THOU SHALL 

PROTOTYPE


