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Analysis of Types and Performance of Portable Replaceable Batteries
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Abstract : Along with the electrification of automobiles, the electrification of various types of mobility systems is also
accelerating. The electrification of mobility systems is becoming a good alternative to combat environmental problems, and

is leading technological development in the field of mobility. However, it also has several limitations. One of them is lengthy

charging time. Several technologies are being proposed and developed to shorten charging time. Replaceable batteries are

also being developed to address this issue, and are being applied in various scales of mobility beyond automobiles. In this

study, we analyzed the performances of the two types of replaceable batteries that are commonly used in electric scooters,
where replaceable battery technology is actively used among various types of mobility. The energy density and
safety(structural safety) of two different types of swappable batteries were compared. Through this comparison, both the
strengths and the weaknesses of each type of replaceable battery were analyzed.

Key words : Replaceable battery(:#]4] 8| €] 2]), Electrification of mobility(=-% 2] E] 2] #1753}, Energy density(°l] A
4 ), Structural safety(7-2= 4 4), Charging time(Z 7 A 7F), Electric scooter(H 7] o] &=}, 217] 22F-E))
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Fig. 1 One type of replaceable battery: arranged in a single
layer

ol sidshiz A4 wiE 2
& el 71 v s
agkek 5 Qe FP o el A st Fo W
ah 517] iEe T2k ety wak e el
Ao ;q;q] S Ako]| urz] vijElg] Mo HAL AAS 4
lomz Ba sk il B £ 5 gl ot
2 A LEE £ 4 Q. 2 AT F P
T 9l3ke] olel @ A wiEY] TS 19 BUT
Z 2 A A s Aolt},

= ohe A4 vielele) £

Fig. 194= A

w7
sk wiele] 4 A

34
e}

oz e 2] 4S5 2709

358 sH=2E23eE =22 A32A A4z, 2024

o8 WAG T Al sholA] A 1 gy
oA o wjdE wiER AL 159 2% 2719
Sz tpro] ulAgel W] WAS Fa 7o
UP weka] FolE o] WA Fo|vt Tk &
& 7HAIe o] §3 9] wAl4 whel el Fig. 2014 %o
e e
S

Fig. 2 Another type of replaceable battery: arranged in two
layers
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Fig. 3 Detailed design models of two types of replaceable
batteries: (a) one-layer flat type and (b) two-layer
tower type
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Fig. 4 Detailed dimensions of two replaceable battery types:
(a) one-layer flat type and (b) two-layer tower type
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Table 1 Energy density comparison of two replaceable

battery types
Flat type Tower type
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Fig. 6 External crash situations for two replaceable battery
types: (a) one-layer flat type and (b) two-layer tower
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Fig. 7 Analysis conditions considering collision situations
for two replaceable battery types: (a) rear impact and
(b) side impact
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(a)

(b)

Fig. 8 Post-crash deformation shapes for two replaceable
battery types: (a) rear impact and (b) side impact
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Fig. 9 Battery cell installation surface in one-layer flat type
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Table 2 Structural stiffness comparison of two replaceable
battery types

Flat type Tower type

3.51x10" mm

Deformation due to rear impact | 8.67x10? mm

Deformation due to side impact | 6.59x10" mm | 4.39x10" mm
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