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The latest nanomaterials made of extremely
thin and strong carbon fibre replace the car's
steel body panels and can be used in the car's
roof, doors, bonnet and floor. These panels
also double up as the car's battery.

1 Background

« Structural components of future electric and hybrid-electric vehicles featuring energy storage will bring enormous opportunities for weight reduction.

« Composite structural battery is multifunctional fiber-reinforced composites possessing both load bearing and energy storage capabilities, which allows for
large mass and volume savings.

Composite structural battery in electric vehicle(EV)

2 Fabrication and characterization 3 Multiphsics modeling and 4 Modeling of modified carbon fiber anode
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electrode was constructed.
 Results at three different charge/discharge

Add CNT

« The composite structural battery proposed here is composed of a Co304/CNT-

rates are proved to well predict the voltage-time modified CF anode, a CF-based cathode and a polymer electrolyte.
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Fig. 5. Comparison of stress and displacement distribution of CF anode with different CNT between particle and CF for those without CNTSs.
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. — g numbers of CNTs during particle expansion.
°” W | N - .
v Front view Side view
- Unmodified/
> 5t o e B i s 6 Effects of fallure para meters
T Ui netal opper fol 10 o
— Scparator Separator | s, | 52 y S | s, Fig. 6. Degree of failure at each interface during particle expansion
e B Conductive glue v o8] [ '% T 1 dim? with different failure parameters: (a) fracture energy; (b) initial
modified CFs anode TOp V|eW Electron flow “_E L 1 :EJFEEZ : 1 :Ememz r tractlon.
5 08T T ——10dmm* = o T —10Jmm? J, |
d | ./ T | |
©) 24} <o ine. charging (,2 24 Sold line: charging @) %ﬂﬂ- ‘ 1" —=
. Short dot: discharging > ShortSot: C:ji_]scczag;;ng s | ‘@ﬂ? h
3 Unmodified CFs L nmoditie s b -
s 18 Unmodified CFs ] 1.8F Unmodified CFs 02r = . Interfacial fail o tal f
3 f—— Modified CFs = & Modified CFs | nterfacial failure criterion parameters are vital for
5 12 F Modified CFs ks 192 o Modified CFs 0.0 — — e S P S S S —— . .
L o fon H 0.0 0.2 0.4 0.6 0.8 1.00.0 0.2 0.4 0.6 0.8 1.00.0 0.2 0.4 0.6 0.8 1.0 the correspondlng failure mode
-'% E - Radial expansion rate of particle, /(%) Radial expansion rate of particle, 5 (%) Radial expansion rate of particle, /(%) ]
S 06 ", 061 i, r———— " 1 < 1 < " * The degree of failure at different fracture energy does not
N e | 5 | ,08 1 wPa P / T 1P |. | - differ significantly .
0 50 100 150 200 0.0 0.5 1.0 5 | 5wpa I —5MPa K ftff - 5MPa ~ o _
Capacity (mAh/g) soc = | 220 mbe ?'f"‘_j:;gmﬁg - 7 / j:;gmﬁg = Considering the trade-off between mechanical and
. . . : H H —s— 50 MPa —— 50 MPa i —'—50 MPa .
Fig. 2 Fabrication and electr_ochemlcal characterization of the button (b) So4f “f" ) Il , / / — electrochemical property of structural electrolytes, 5
battery. (a) Structural diagram of button battery and (b) §

unmodified/modified CFs anode; (c) charge and discharge testing for j —— 1 ’?/ ', // : MPa is an ideal interfacial strength to achieve better
3 i

unmodified/modified CFs anode material; and (d) the OCP-SOC | éﬁ?"‘ 53’_—3 | - multifunctional performance.
g curves established by changing the x-axis of (c) to SOC (SOC is 00 p.z ‘ u_‘_; 06 p.'s 1000 _n.z ' ﬂ:4 06 Iu.a 1000 ' ' ' ' 1'.o
| equal to current Capacity divided by the maximum Capacity). Radial expansion rate of particle, (%) Radial expansion rate of particle, /5 (%) Rad|al expansmn rate of parllcle B (%)

o
(18]
v T

i
|
- l
\
l
\
|

_K

e ; R, e T— -
.E I': ot il W‘:tr'*i "i‘i N e Eﬁiﬂﬁ ﬂ ﬁ m E
= | 7 Effects of particle patterns 8 Conclusion
E @ cap Fig. 7. Comparison of displacement and stress distribution 1 _ _ _ . .
- | among models with different particle shapes. :"l » Multifunctional composites served as structural battery show promising prospects. Modified CFs
. u 11 with greater capacity as the structural electrode was fabricated and studied through an ;
= - I:n electrochemical-mechanical coupled numerical model. } i
I * As particle density increased In the = . The simulation method is of great significance to study the electrochemical, mechanical and
R B quadrangular model, electrochemical failure of = interfacial performance of composite structural battery. It also provides guides and insights for E==
s active particles happened prior to mechanical I fabrication of structural battery.
@ o fallu.re OT compt>3|tes battery, indicated by the  The interfacial failure behavior as electrochemical charging/discharging was investigated by
. earlier failure at interface 52 than S1 and S3. | simulation. The findings provide novel pathways for the design and fabrication of composite
: ©) ongular * Unlike horizontal and original models, failure at structural batteries with high interfacial stability. For example, particle patterns with non-uniform
. interface S1 in the vertical model was delayed. density to decrease stress level near CF interface and enable sufficient deformation outward

« The voids could absorb particle deformation, would be the best.
and the interfacial stress at S3 decreased. A
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