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Abstract: Juryeonggu is a cuboctahedral die that was used during the Silla period in ancient Korea. This cuboctahedral
die consists of two different penal servitudes of 14 sides; however, its equal probability distribution enables it to be
used as a die. In this paper, a precise cuboctahedral die, Juryeonggu, was manufactured, and its probability was
measured through experiments. Next, the probability was verified through Multibody-dynamics (MBD) modeling and
analysis, and the effect of the coefficient of friction on the probability distribution was studied.
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Fig. 1 Fourteen-sided dice named Juryeonggu
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Table 1 Dimension of the fourteen-sided dice Juryeonggu

Description Formula

Hypotenuse length of a big
triangle

d:%\/fz—\/gr

Hypotenuse length of a square

a:\/gr—%ﬂ

Hypotenuse length of a small

b=20-6r

triangle
Perpendicular distance to the b J6 / 2
bottom 4 5"
perpendicular distance to the top | j = g r
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Fig. 2 Manufacturing process of 14-sided dice

Juryeonggu

Fig.3 Shape change of 14-sided dice according to
processing depth r
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Fig. 4 Hexagonal cross-sectional shape of Juryeonggu
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Table 2 Probability of hexagonal face according to 10
subjects

Tester 1 | Tester 2 | Tester 3 | Tester 4 | Tester 5

0.2928 | 0.1786 | 0.2214 | 0.2500 | 0.2643

Tester 6 | Tester 7 | Tester 8 | Tester 9 | Testerl0 | Mean

0.2286 | 0.1500 | 0.2928 | 0.2143 | 0.2357 |0.2328
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Fig. 5 Moment at the hexagonal face
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Fig. 6 Moment at the square face
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Fig. 7 Force modelling with the bottom

(a) Rollover experiment

(b) Rollover simulation

Fig. 8 Rollover experiment and simulation
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Table 3 Dynamic modelling parameters

Modelling Parameter Value

Mass 121g

Friction coefficient 0.325
Contact stiffness 1000 N/mm
Force exponent 1.6

Damping coefficient 10 N sec/mm
Penetration depth 0.1lmm
Plastic density 1.164 g/cm’

Table 4 Simulation result of hexagonal face probability

Sim 1
0.2390

Sim 2
0.2295

Sim 3
0.2525

Sim 4
0.2300

B
0.2407

Table 5 Results of hexagonal face probability

Reference” | Reference® | Reference® Simulation | Experiment
in this paper | in this paper
0.2410 0.2405 0.2747 0.2407 0.2328
0.32
0.22 ; ;
0 0.5 1 1.5

Fig. 9 Probability of hexagonal face according to
friction coefficient
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