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Structural and Dynamic Analysis of Paper-Cup-Forming Machine in a
High-Speed Operating Condition
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The current production speeds of current paper-cup-forming machines need to be improved to match the increasing
demands of the market. However, high-speed operations may cause severe vibrations, which are detrimental to the
machine. In this study, a 3D dynamic simulation model was developed to predict changes in the dynamic characteristics of
the machine following increased operation speed, using the Recurdyn and Nx Nastran software. Accuracy of the simulation
model was validated by comparing simulation results and experimental measurements of the machine vibration. A new
upper plate design was also developed, to minimize vertical deflection and vibration due to increased operating speed. Our
simulation model showed that new upper plate design reduced the magnitude of maximum deflection by 72% and
maximum vibration by 38%, suggesting that a modified upper plate would be dynamically stable in high-speed operations.
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Fig. 1 A barrel cam and index unit in a driving shaft and turret
assembly
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Frame

Fig. 2 A complete 3D model of a paper-cup-forming machine
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Fig. 3 Geo surface contact condition in a cam-follower assembly

(b) Data collection point in the simulation model

Fig. 4 Positions of vibration measurement and data collection point
in the simulation model
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(b) New design

Fig. 5 Original and new designs of the upper plate of the machine
(Numbers: The positions of loading applications in the
simulation model)

Table 1 Loading application in the simulation model

Position Magnitude Position Magnitude
1 1238.5 8 1263.9
2 799.5 9 2576.0
3 1007.2 10 813.0
4 1845.6 11 366.2
5 1304.0 12 25452
6 738.7 13 503.3
7 678.4
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(a) Vibration measurement in a paper-cup-forming machine New design
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(a) Vibration patterns at the center of upper plate in the original
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(b) Simulation result

Original design
Fig. 7 Turret vibrations in an experimental measurement and a

simulation model
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New design
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time(s)

(b) Vibration patterns at a corner of upper plate in the original
and new designs

Fig. 9 Reductions in upper plate vibrations with new design

Table 2 Natural frequencies of entire system

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

113.7 Hz 125.8 Hz 1343 Hz 201.1 Hz 2172 Hz
Mode 6 Mode 7 Mode 8 Mode 9 Mode 10
260.1 Hz 308.7 Hz 321.1 Hz 331.3 Hz 374.2 Hz

(b) Finite element analysis result in the new design

Fig. 8 Finite element analysis of upper plate displacements in the
original and new designs
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(a) Mode 1

(b) Mode 2

(¢) Mode 3

Fig. 10 Distortion patterns in the first three modes

FRE Modes 13014 Zeyge] WMol 71 =) wsh-
oF 4 glom], $Aue WRE $AHoR Tefslel AF

A Ao REgstofof gt

= o0 rE

»
My

==
—

£ A7 Fo)87] 4] Dol e 7 o LT

4%7) EElel Ao A% oH**Zl A Il 24 A
At Ak S48 UEhglom, ol Qg Rl Bk Fois
slAjo] 7Hsake Hof Z9lct.

£ Aol e sl e Bg3iof 4] 2452 9
o ASA A 4 el 7 9 e g A
At WA A P Aw Freldel Aol dxe)

o oX

i,d

HaEaL, s d qE
& A 4R 2R JEﬂ Aol 25 A A, 7 AR
BEo] Fulrt 100 Hz o o2 ARTEIAL, o= 4% 719 aL
£ 24 H3E £591 300 cpmef] T A SHzeh= =
A A7t e o, AR719] Sl thet fEE 53] 2
w|sietar RISkt

Srez Aol FFE 4R Al fIste] A e
RISk &ate] H7let FgekE FEe] AAE Y A
L dlFolct.

ACKNOWLEDGEMENT

2 A= 20159 A7 eE 7S] AP s
YthNo. 10060265).

TS

REFERENCES

1. Shin, J. H. and Kim, S. W., “A Study on Design of Barrel Cam
Using Relative Velocity,” J. Korean Soc. Precis. Eng., Vol. 19,
No. 8, pp. 47-54, 2002.

2. Kim, D. H. and Lee, C. M., “The Static and Dynamic Analysis
of a 45,000 rpm Spindle for a Machine Tool and Evaluation of
its Stiffness,” J. Korean Soc. Precis. Eng., Vol. 28, No. 4, pp.
422-426, 2011.

3. Jun, K. J,, Park, T. W., Cheong, K. Y., and Kim, Y. G, “Study of
Factor Causing Wear of a Barrel Cam in a Paper-Cup-Forming
Machine by Using Multibody Dynamics Model,” J. Korean Soc.
Mech. Eng., Vol. 34, No. 3, pp. 361-367, 2010.

4. Kim, J. Y, Song, K. S., Kim, C. H., Yang, D. J. and Kwac, L.
K, “3-D Laser Vibration Analysis for Vibrating Mode Analyze of
High Revolrution Motor,” Proc. of the Korean Society of
Manufacturing Process Engineers Spring Conference, pp. 143-
146, 2003.



	종이용기 성형기의 고속화를 위한 구조 및 진동해석
	1. 서론
	2. 방법
	3. 결과
	4. 결론
	REFERENCES


