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Polycatenated Architected Materials (PAMs)

• Topologically interlinked particles
• Modify behavior of PAMs by changing the particles' 

geometry
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Non-Locking Chain

Locking Chain



Applications

Unlocked Locked
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What to Study?
• Tunability of locking 

mechanism
• Friction
• Loading Rate

Light: 
Rough 

surface

Dark: 
Smooth 
surface

Non-locking Quasi-
locking Locking
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Experimental Set-up for 3-Particle 
Chains on the Instron ElectroPuls 3000

Chain

Moving Top Grip

Fixed Bottom Grip

Computer Phone
Tape

Phone 
Holder

Force Sensor
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Aligning the Grips

Machine’s Pole

Alignment Device

Top Grip

Bottom Grip
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Three-Particle Chain

80% of 
Locked 
Length 
= 54.5 
mm

103% of 
Locked 
Length
= 70.1 
mm

• Strain = (How much chain is stretched) / (Initial Length)
• Loading rates: 10%, 50%, 150% strain per minute
• Three trials per rate and chain
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Digital Position 
= 0 mm
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Ridges 
touch

Links slide 
into place
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In a future experiment…
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Light

Dark

No bumps
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Light

Light 2
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How to align everything?



Loading Rate = 150% Strain per Minute
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Unlocking starts

Chain is locked
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Mean Locking Area = 
0.070 N *m  
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14% 22%

23% 6%

Effect of Loading Rate on Mean Locking Area of 
Locking and Quasi-Locking Chains
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Effect of Friction on Mean Locking Area of 
Locking and Quasi-Locking Chains

9% 47%
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Effect of Geometry on Mean Locking Area

160% = 9x
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Jabri’s turn
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11-Particle Chains
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11-Particle Locking Chain:

11-Particle Quasi-Locking Chain:



Fused 11-Particle Chain
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Fused joint



Mixed 7-Particle Chain
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Yellow: Quasi-
Locking joint

Red: Locking 
Joint



Setup for 3-Point Bend Test
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Load Cell

CrossheadSpecies

3-point bend fixture

Followed ASTM D790 standard test 
methods



Species Orientation for 3-Point 
Bend Tests
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1 contact 2 contact



Three-Point Bending Tests for 11-
Particle Chains
• Does a locking chain in its locked state behave 

similarly to it's rigid/fused counterpart?
• Will the orientation of a chain affect its 

performace?
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Three-Point Bending Tests for 11-
Particle Chains Results
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Fused 11-Particle Chains
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1 Contact

2 Contact



Locking 11-Particle Chains
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1 Contact

2 Contact



Three-Point Bending Tests for 11-
Particle Chains
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Fused, 1 
Contact

Fused, 
2 Contact

Locking, 1 
Contact

Locking, 
2 Contact

Avg. Bending 
Modulus

1.13 1.05 0.943 0.982



Three-Point Bending Tests for 11-
Particle Chains
• Chain orientation doesn't affect performance.
• When locking chain is in its locked state it 

behaves similarly to a rigid body
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Setup for Longer Tensile Tests
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Chain

Moving Top Grip

Fixed Bottom Grip

Computer Phone
Tape

Phone 
Holder

Load Cell

• Similar setup
• Applied many of 

the lessons 
learned



Tensile Tests

Tensile Tests were performed on:
• 11-Particle Locking Chain
• 11-Particle Quasi-Locking Chain
• 11-Particle Non-Locking Chain
• Mixed 7-Particle Chains

oMixedL
oMixedQ
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Mixed 7-Particle Chains

38

MixedL MixedQ

Locking Quasi-Locking
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11-Particle Locking Chain
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Snapability
Test1: 45236789

Test2: 45236789

Test3: 45279863

Test4: 56423789

Test5: 45278639

Test6: 45678239

Normalized Snapability

= (Order of Snapping) * (Number 
of Occurences) / (Number of 
Tests)

Normalized Snapability for 
Connection 4 

= (1 * 5 + 3 * 1) / 6 = 4/3
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MixedL-Locking Chain
MixedL = Locking mechanism on top
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Snapability for MixedL-Locking 
Chain
For all six tests: 426

Normalized Snapability

= (Order of Snapping) * 
(Number of Occurences) / 
(Number of Tests)

Normalized Snapability for 
Connection 4 

=  (1 * 6) / 6  = 1
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MixedQ-Locking Chain
MixedQ = Quasi-Locking mechanism on top
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Snapability for MixedQ-Locking 
Chain
Test1: 426

Test2: 426

Test3: 246

Test4: 246

Test5: 426

Test6: 426

Normalized Snapability

= (Order of Snapping) * (Number of 
Occurences) / (Number of Tests)

Normalized Snapability for 
Connection 4 

=  (1 * 4 + 2 * 2) / 6  = 4/3
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Tensile Tests for MixedL-Locking and 
MixedQ-Locking Chain
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Future Works

• Compression tests on fused 11-particle chain 
and compare against 11-particle locking chain in 
locked state

• Use VIC
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