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ABSTRACT

In a high-speed press, numerous moving links are interconnected and each link executes a con-

strained motion at high speed. As a consequence, high-level dynamic unbalance force and unbalance

moment are transmitted to the main frame of the press, which results in unwanted vibration and sig-

nificantly degrades manufacturing accuracy. Dynamic unbalance force and unbalance moment in-

evitably transmits high-level vibrational force to the foundation on which the press is installed.

Minimizing the vibrational force transmitted to the

foundation is critical for the protection of both

the operators and the surrounding structures. The whole task should be carried out in two steps. The

first step is to reduce dynamic unbalance based upon kinematic and dynamic analyses. The second

step is to design and build an optimal vibration isolation system minimizing the vibrational force

transmitted to the foundation. Firstly, the dynamic design method is presented to reduce dynamic un-

balance force and moment. For this a 3D CAD software was utilized and a computer program was

written to compute dynamic unbalance force and moment. Secondly, the design method for vibration

isolation system is presented. The method for designing coil springs and viscous dampers are ex-

plained in detail.
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Region |
Fig. 1 Kinematic and dynamic model of the press
Table 1 Names of each link and location shown in

Fig. 1. Numerical values for lengths given in
parentheses are fixed

Symbol for each link Name
and location
Linko, Crankshaft
© Rotation center of Linkos
) c.m. of Linko,
Linko4 Connecting rod(300 mm)
® cm.” of Linkyg
Linkyo Main lever(470 mm)
Links ¢ Eccentric link
Linke s Lifting lever(276 mm)
Linko 1o Die-height adjust lever(130 mm)
Linkg 15 Counterbalance weight(614 mm)
Link;s,i7 Pivoting lever
Links 1> Slide column(471 mm)
@ c.m. of slide column
(B) c.m. of slide
c.m. of counterbalance weight

* c.m. : Center of mass

agke= Yd(ground link)E ¥l F 237)
olm], Welx g9 1t BIFo|t} Zyro &
AgE 23709 Hash Wz gl 3¢ RE e}
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Table 2 Design parameters before and after dynamic
balancing. Refer to Fig. 1

Before balancing After balancing

Crankshaft
eccentricity : 20.90 mm 20.87 mm
Ecrank
lss 188.20 mm 188.00 mm
Isg 15.60 mm 16.00 mm
Position of @ (325.0, -314.0, 0.0) [(325.0, -313.0, 0.0)
(in mm)
Position of (460.0, -348.9, 0.0) [(460.0, -427.1, 0.0)
(in mm)
Stroke” 25.00 mm 25.04 mm
Mass of a single
CBW" 421 kg 344 kg
Ic ofa 2 2
10.6 kg x m 9.4kgxm

single CBW"

c.m. of the LH
CBW(in mm) (-432.1, -32.5, 0.0) | (-428.4, 8.6, 0.0)
c.m. of the RH
CBW(in mm) (441.4, -33.3, 0.0) | (437.5, 9.4, 0.0)
lis17 128 mm 129 mm
115,16 . 116,17 28 mm : 100 mm 27mm : 102 mm

* Stroke : Distance between top dead center and bottom
dead center of the slide
** CBW : Counterbalance weight
** Jg : Centroidal mass moment of inertia about an axis
passing through mass center
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(b) 3D full model

Fig.2 3D CAD model of the manufactured link
press after dynamic balancing
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Fig. 3 Dynamic unbalance force and moment before
and after dynamic balancing

Table 3 Maximum dynamic unbalance force and mo-
ment before, after balancing

Before After
balancing balancing
M R detion .| 1370ker | 186ket
M Y dnecton | S12ker | 356kt
morlr\lgl);. ign;a?il;gcftion 96 kgf'm 63 kgf'm
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Fig. 4 Manufactured connecting rod after dynamic
balancing. Mass is 50.5kg. Two identical

connecting rods are used. Refer to Fig. 2(a)

Fig. 5 Manufactured counterbalance weight after dy-
namic balancing. Mass is 344 kg
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(a) One of 4 isolation systems installed underneath
the 4 legs of the press. A viscous damper is located
at the center and using silicone oil

(b) Unit springs

Fig. 9 Vibration isolation system
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