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1 Material model parameters

The two materials used in this paper are PEGDA and DM9895. PEGDA is modebkat elastic
material with a constant Young’s modulus of 25MPa. DM9895 is modeled &xaalastic mate-
rial, with a 27 term Prony series. The material parameters for DM9895 areathes ofF,,, £,
70, C1, Cy andT,.; (see Egs. 1-3). These parameters were found in a previous pafiéiinigy
the model to DMA measurements [1]. The DMA data was obtained by first lygdwenmaterial to
90°C; after waiting 10min to reach equilibrium, the temperature was decreasest@iod 2 C/min
to determine the storage modulus vs temperature curve for a 1Hz freqiem@ompleteness, the

parameters are listed in the Tables S1 and S2:

Parameter  Value

T -3°C
Ch 17.44
Co 42.1°C

E., 3.3MPa

Table S1: Other parameters in the viscoelastic model



Branchi E; (Pa) 72 (s)
1 3E+08 0.0001
2 2.75E+08 0.000657
3 2.96E+08 0.003872
4 3.05E+08 0.02
5 3.5E+08 0.1
6 3.78E+08 0.576863
7 2.92E+08 3.401616
8 2.15E+08 20
9 1.47E+08 96.82391
10 2.15E+08 362.9461
11 63127650 1000
12 62092100 2671.527
13 52099306 7912.87
14 42374719 23498.79
15 35205449 71461.38
16 27897552 228551.6
17 20760769 726401
18 15532429 2277776
19 11281878 7091525
20 8305791 21997171
21 5959708 68236585
22 4351312 2.08E+08
23 3329757 6.41E+08
24 2644468 2.07E+09
25 2196711 7.07E+09
26 1578065 2.4E+10
27 107012.2 1E+11

Table S2: Parameters for the viscoelastic branches in the viscoelastic model



2 Analysis of the number of stable configurations of bimaterial archi-

tected materials with N layers

The number of stable configurations that can be obtained using a coivp@s®rmation at multi-
ples temperatures was analyzed. While a higher number of stable cotifigareould be obtained
by applying a more complicated loading history (that includes tensile loads) deforming in-
dividual layers by stimulating them directly, only configurations that areiétein response to a
compressive load are considered here. Nety, and Nppapa be the number of DM layers and
PEDGA layers, respectively. Consider one of the DM layers. As the teatye is increased, this
DM layer will exhibit a snapping sequence switch with each of the PEDGArayehich results
in Nppapa different critical temperatures for this DM layer. Thus, the total numbesribical

temperature is:
Ner = Npeapa X Npu (S1)

such that the number of sequences is:
Ngeg = Nep +1 = Nppgpa X Npy + 1 (S2)

SinceN = Nprapa + Npa, the maximum number of snapping sequences that can be obtained
with bi-material architected materials with layers is:

N, N+1

Nseq,maw(N) = {(N — Npm)Npm + 1} = ng LTJ +1 (S3)

- 2§N$?§N71

where| .| denotes the floor function. For the snapping sequence obtained ateograrature,
N + 1 different configurations are obtained; furthermore, for each of\the — 1 other snapping
sequences, an additional stable configuration is obtained (see Fig.HBBge, the maximum
number of stable configurations that can be obtained by loading a bimatetiiteated material
at different temperatures is:

N
2

N +1

Nbimat(N) = (N + 1) + (Nseq,max(N) - 1) = L 2

L J+N+1 (S4)



3 Loading curves for multiple tests of a single sample

A single bi-material sample was loaded two times at room temperature to demotisatatiee
deformation of the structure is (visco) elastic. As shown in Fig. S1, the loddmog of Trial #1
matches almost exactly the loading force of Trial #2. This suggests thaetbenthtion is fully

reversible.

Trial #1 J

— — — Trial #2

Force (N)

Time (s)

Figure S1: Loading force vs time for a bi-layer bi-material sample (made &fG*and DM)
loaded at room temperature at a loading velocity of 10mm/min. The geometrim@ts are

Q1= Q2 =5, P, =9.33 andP, = 14. The sample was tested twice on the same day.

4 Determination of the design with maximum stiffness tunability

To determine the set of design parameters with maximum stiffness tunability fdaye# bi-
material architected material, we evaluated the stiffness of the stable caifiggrfor a wide range
of values for the design parameters. The considered values for thdimenmsional parameters;

and @, of each layer are shown Fig. S2:8 < @; < 5 and8.53 < P; < 27, where each
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parameter is allowed to take 12 different value. Only the valueB;aind (); that resulted in a
multistable design are represented in Fig. S2. The stiffness values ofretidual layer was
first calculated using FEA simulations with a Static, Linear perturbation in ABSQAL shown in
Fig. S3, the boundary conditions for the bottom edge of the model are ltbeifay: for the top
3 layers, the bottom edge has a fixed vertical displacement and the bottohe madie is fixed in
both directions; for the bottom layer, the bottom edge is fixed (since the betigeof the 4-layer
model is also fixed). For all simulations, a uniformed vertical displacemesapglied to the top
edge of the model.

The value of the stiffness of individual layers was normalizedbyb (whereFE is the Young's
modulus ana is the out-of-plane thickness) and plotted as functioh/a? and@ in Fig. S4. The
use of Eq. 7 made it possible to evaluate the effective stiffness of 4-daghitected materials at

room temperature for a very large number of different designs.
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Figure S2: Design space. Each red cross correspond to a valgeanid (); that was considered
for each layer. The parameters of the fabricated design (Fig. 5A) fathe best design are shown

with stars and circles, respectively.



Figure S3: FEA model of single layer. A. Boundary conditions for the tégyy8rs. B. Boundary

condition for the bottom layer.
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Figure S4: Value of the normalized stiffness/ (£0)) in the undeformed configuratior in A
and C) and deformed configuratioris (n B and D) for a single layer as function of P and Q.
The results of A and B were obtained using the boundary conditions ofS34; the results of C

and D were obtained using the boundary conditions of Fig. S3B.

5 Direct calculations of the stiffness of bimaterial architected mata-

als with multiple layers

The effective stiffness of the stable configurations for the best deggralso directly calculated

using FEA simulations. All the stiffness values were calculated at room tetoper@0°C). To



illustrate the simulation process, the following discussion takes a bi-layer rasdel example.

For a bi-layer bimaterial architected material, there are 4 different stabfgoaations (00,
01, 10 and 11). Three steps are used in the simulations: compression |oadéxgtion, and
periodic loading. In the compression loading step, the loading cell is initially wiaecompress
the structure with a loading velocity of 20mm/min; the loading cell is then held fod $@@onds,
before unloading the loading cell. The deformed structure is allowed tofrelely in the relaxation
step for 6000 seconds. In the last periodic loading step, a harmonidtyedddrequency 1Hz is
directly applied at the top edge of the model for 5 cycles. The effectifaeti$ is computed using
the last cycle of the simulation.

For the undeformed stable configuration (Configuratioh only the periodic loading step
is needed. All these three steps are necessary for the other threecstafitgirations. Since
the PEGDA layer snaps before the DM layer at room temperature, all theps are at room
temperature to obtain the stiffness values for deformed configurdticarsd11. However, in order
to derive the stiffness in the last stable configuration (Configurdtiynthe compression loading
step has to be applied at a temperatdig, 4, above the critical temperaturé,,, as shown in
Fig. S5B. Once the material has snapped to configuration 10, the tempdsatiecreased to room
temperature before the relaxation step, such that the effective stiffna@lsgys calculated at room
temperature. The loading temperatures that were used for the nine stabtputions of the

4-layer architected material shown in the manuscript are shown in Fig. S5C.



: Loading cell

PEGDA

I/W DM9895
Harmonic loading

Load @ 50°C Hold @ 50°C Decrease T to 20°C Relax @ 20°C @ 20°C

C.

Configuration  Tyaqing(°C)  Tharmonic(°C)
0000 - 20
0001 20 20
0011 20 20
0111 20 20
1111 20 20
0100 50 20
1100 50 20
1101 50 20
0101 26 20

Figure S5: A. FEA model of one bi-layer bimaterial architected material. Bin8#§ calculation
process for configuration 01 of a bi-layer bimaterial architected materidlo&ding temperature

for 4-layer architected material (Fig. 6C of the manuscript).
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