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Abstract: The rapid development of smart wearable devices makes a higher requirement for the power supply
components, including endurance, convenience and lightweight and so on. The thermoelectric devices can di-

rectly convert the thermal energy released by human metabolism into electricity, which can be further used to
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continuously power the wearable devices. With the global-local and micro-macro combined analysis method,
the thermo-electro-mechanical coupling bending behavior and strength failure of a negative Poisson’ s ratio ther-
moelectric device (NPR-TEG) were analyzed. Firstly, the macroscopic bending characteristics and the section
with the largest stress were given through the establishment a homogeneous analysis model for the NPR-TEG.
Then, the force analysis model for the thermoelectric honeycomb was built. The critical load for the strength
failure of a mesoscopic cell wall was also derived with the thermodynamic strength theory. The results show
that, the stress level of the thermoelectric honeycomb decreases first and then increases with the re-entrant an-
gle. For the NPR-TEG, the strength failure occurred first in the middle part of the device. For the thermoelectric
device with the traditional hexagonal honeycomb, the strength failure occurs at the end of the device rather
than the middle part. With the fracture failure occurring in the thermoelectric device, the critical crack length of
the middle fracture approximately equals that of the end fracture. The critical crack length could be fitted as an

exponential function of the re-entrant angle.
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Fig. 1  Schematic diagram of the working mechanism for the thermoelectric device and the analysis model

for the negative Poisson’ s ratio thermoelectric device
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Fig. 3 The force analysis model for the thermoelectric honeycomb established based on the superposition principle
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Fig. 4 The stress analysis diagram of a center-through-cracked cell wall under tensile and shear combined stresses
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Table 1 Material properties and geometric dimensions of the wearable thermoelectric device

parameter value
BT Ky = 1.1 W/(m-K) Py = 9.4 x107°Q-m A = 194 wV/K
1, Te
2 Ey = 63.3GPa vy = 0.23 a =898 x 106K
PDMS E, = E; = 10 MPa v, =v; = 0.495
L = 43 mm B = 39 mm H, = H; = 0.5mm
dimension
H, = 2mm h/l =2 t = 0.5 mm

EEST L 2SR 3R 2 = (H, + H, + H,) /2, 8 5(a) X T B RO BRIS 54 FROCKHISE 51, i
FEUZHEE 14 FRIT = B E B TH T SRR 33 1 I B RS 13107 N/m? | BUARBRE AR AR /MA A5 9%
B EB AN T DA A s GE SR T EE 7 A BR TSR, #2247 P i /K SF o) R B ) 198057 8 4% 5 4 [
7€, BVAN D) 0k e A g A R s e AR TR I, S R B A B (SR /N T A BROTAS S, H 8 Z (Rl 5%
TR TR S L AE BR e g B A X222 0 (1.81-1.68)/1.81=7% X Wik B T % FH 3
PR FEAAF RS PR AR ) B I S (a) AT UK, B AR I T far 2RV 4R D 2 3B XS FR 1), (HAR 1Y
PR EXTFRASTE (1), 3 2 PRI Ry B A 2838 /1N X6 it o 7 25 46 fp 28K

2 T T T 80

1.81 mm
theory LRI =
- S. H;y
""" FEM
| 1.68 mm |
= &
g 1t \ = 0
~ V. \ ~
2 \ o
w/mm
- /B 1 I o L
18 12 06 0 62.1 MPals —
66.2 MPa =75 =50 -25 0 25 50 75
0 1 1 1 1 -80 L 1 1 1 i
0 17.2 344 -1.5 -0.5 0.5 1.5
X/ mm z/mm
(a) BB S BRI P ML z = (H, + H, + Hy)/2 (b) AFZEME AN 1T« = L2 AR5 ih4k
(a) Deflections at the top surface of thermoelectric device (b) The axial stresses at x = L/2 for different layers

z=(H +H, +Hy)/2
B 5 PSR S RICELIT
Fig. 5 Comparison of the theoretical model and the finite element simulation
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Table 2 Material properties and geometric dimensions of the wearable thermoelectric device

parameter value
k/(N/m?) 1x10° 1x10° 1x10'? 1x10"
I 0| e /MPa 61.6 61.9 62.1 62.1

F13% 2 n] A Bt S I 2 1) 2R 800 O, BRI PR TS DL A5 SR AR 5 2 2 T /N >4 M BE 22 K
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Fig. 6 Effects of the re-entrant angle on mechanical performances of the thermoelectric generator
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Fig. 7 Effects of the re-entrant angle on the failure strength of the thermoelectric generator
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