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4DmultiMATS:

Personalised 3D- and 4D-Printing of programmable, 

self-adjusting and multifunctional Material Systems for 

Sports and Medical Applications

Collaborators:

Institute of Macro Molecular Chemistry (Prof. R. Mülhaupt)

Plant Biomechanics Group Freiburg (Prof. T. Speck)

Oral Biotechnology, University Hospital Freiburg (Prof. T. Steinberg)

T Cheng, M Thielen, S Poppinga, Y Tahouni, D Wood, T Steinberg, A Menges, T Speck: 2021, 

Bio‐Inspired Motion Mechanisms: Computational Design and Material Programming of 

Self‐Adjusting 4D‐Printed Wearable Systems. Advanced Science.
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BIOLOGICAL INSPIRATION: FORCE GENERATION OF DIOSCOREA BULBIFERA

S Isnard, AR Cobb, NM Holbrook, M Zwieniecki, J Dumais: 2009, Tensioning the helix: A mechanism for force generation in twining plants. 

Proceedings of the Royal Society B: Biological Sciences.

Stipule
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BIOLOGICAL INSPIRATION: FUNCTIONAL PRINCIPLE AND ABSTRACTION

Functional

principle

Abstraction

& technical

interpretation
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ADDITIVE MANUFACTURING: FUSED FILAMENT FABRICATION

T Cheng, Y Tahouni, D Wood, B Stolz, R Mülhaupt, A Menges: 2020, Multifunctional Mesostructures: Design and Material 

Programming for 4D-printing. Symposium on Computational Fabrication (SCF ’20).
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Geometric Modelling

Shape prediction

Fabrication data

COMPUTATIONAL DESIGN: GEOMETRIC TOPOLOGICAL MODELING

T Cheng, Y Tahouni, D Wood, B Stolz, R Mülhaupt, A Menges: 2020, Multifunctional Mesostructures: Design and Material 

Programming for 4D-printing. Symposium on Computational Fabrication (SCF ’20).
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HYGROSCOPIC SHAPE CHANGE: TESTIING AND EVALUATION
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MATERIAL PROGRAMMING OF 4D-PRINTED MOTION MECHANISMS

• Angle

• Offset

• Height
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MATERIAL PROGRAMMING OF 4D-PRINTED MOTION MECHANISMS

Combining 

Stacking
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MATERIAL PROGRAMMING OF 4D-PRINTED MOTION MECHANISMS

0°

30°

45°

60°

15°-45°

Bending angle:

0° - 60°
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MATERIAL PROGRAMMING OF 4D-PRINTED MOTION MECHANISMS

Bending radius:

15mm – 60mm
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MATERIAL PROGRAMMING: HELIX MECHANISM
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MATERIAL PROGRAMMING: HELIX MECHANISM
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MATERIAL PROGRAMMING: POCKET MECHANISM

The base helix first actuates, then the flap slowly follows.

15x speed



15x speed



15x speed
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SQUEEZING FORCES OF THE 4D-PRINTED TENSIONING MECHANISM

1.24 N

1.01 N

0.72 N

0.22 N

More pocket mechanisms (110mm spacing) & delayed actuation

More pocket mechanisms (110mm spacing)

Fewer pocket mechanisms (220mm spacing)

No pocket mechanisms (pure helix)
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DESIGNING WEARABLE SYSTEMS



Pressure points



7cm

2cm
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Customization

to unique body parts

Adaptation

to changes over time
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BIOMIMETIC PROCESS: BIOLOGY-PUSH APPROACH
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4D-PRINTING ACROSS SCALES AND MECHANISMS

Bending Folding Stacking Openings



T Cheng, D Wood, L Kiesewetter, E Ozdemir, K Antorveza, A Menges: 2021, Programming Material Compliance and 

Actuation: Hybrid Additive Fabrication of Biocomposite Structures for Large-scale Self-shaping. Bioinspiration & 

Biomimetics.
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TOWARDS SELF-TIGHTENING LARGE-SCALE STRUCTURES?

T = 0 hr

T = 6 hr

T = 18 hr
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