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DRIVING SYSTEM HAVING REDUCED VIBRATION TRANSMISSION 

 

Field of the Invention 

 

The invention relates to a driving system for operating components on a 5 

machine, such as a wire bonder, and in particular, to a driving system that 

reduces vibration generated by the driving system that is transmitted to other 

parts of the machine. 

 

Background and Prior Art 10 

 

When driving components on a machine with a motor, reaction forces will 

typically be generated from such driving motion and are transferred to a base 

of the machine.  The reaction forces will cause vibration in the motion 

direction, and this may affect the motion accuracy of the component that is 15 

driven. 

 

To illustrate this, FIG. 1 is an isometric view of a conventional linear motor 

assembly 100, such as that found in a wire bonder.  A driving motor body 102 

of the conventional linear motor assembly 100 is directly mounted on a 20 

machine base 104.  When a motor driving coil 106 electromagnetically 

interacts with a motor driving magnet 108 to drive a bond head support 110 

with a motor driving force Fa, a motor body reaction force Fb opposite to the 

motor driving force Fa will be directly transferred to the machine base as a 

machine base reaction force Fc.  Generally, Fc = Fb = Fa. 25 

 

The machine base reaction force Fc will cause the machine to vibrate along 

the motion direction of the motor driving force Fa (see FIG. 1).  Hence, the 

accuracy of the motion may be adversely affected, especially from high-speed 

driving motions. 30 

 

One way to reduce the reaction force is described in US Patent Number 

6,727,666 entitled “XY Table for a Semiconductor Manufacturing Apparatus”, 

wherein a motor base of a motor is adapted to be movable in an opposite 
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linear direction to the driven body, so as to cancel the reaction force 

generated. 

 

Another similar approach is described in Chinese Patent Number 

CN102522356B entitled “Linear Platform of Double-shaft Floating Stator”, 5 

wherein an XY motor base of an XY motion platform is movable in an 

opposite linear direction to a driver, so that the reaction force will not be 

transferred to the XY motion platform.  A spring damping system is also 

added to constrain the movement of the motion body. 

 10 

Such approaches as described above typically minimize vibratory influence by 

using rollers to enable the driving motor body 102 to be movable in an 

opposite linear direction to the motor driving force Fa.  This helps to cancel or 

minimize the reaction force Fb that is transferred to the machine base 104.  

However, in actual operation, a spring damping system would have to be 15 

added to prevent the driving motor body 102 from moving out of an effective 

electromagnetic interaction area between the motor driving coil 106 and the 

motor driving magnet 108.  Such a spring damping system will still cause a 

large part of the motor body reaction force Fb to be transferred to the machine 

base 104 parallel to the direction of application of the motor driving force Fa, 20 

via a spring force from the spring damping system.  Hence, the motion 

accuracy of the conventional linear motor assembly 100 would still be 

adversely affected. 

 

Summary of the Invention 25 

 

It is thus an object of the invention to seek to reduce the transfer of vibration 

from a component driving motion in a machine body while avoiding the 

shortcomings of the aforesaid prior art. 

 30 

Accordingly, the invention provides a driving system for reducing vibration 

transmission from a driving motor to a machine base, the driving system 

comprising: a driving motor body operative to produce a driving force for 

driving an object to move in reciprocating directions; a pivotal support for 
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supporting the driving motor body, the pivotal support being located between 

the driving motor body and the machine base; wherein the pivotal support is 

operative to cause at least a portion of the driving motor body to rotate relative 

to the machine base in an opposite direction to a direction of the driving force 

produced by the driving motor body to drive the object. 5 

 

It would be convenient hereinafter to describe the invention in greater detail 

by reference to the accompanying drawings which illustrate specific preferred 

embodiments of the invention.  The particularity of the drawings and the 

related description is not to be understood as superseding the generality of 10 

the broad identification of the invention as defined by the claims. 

 

Brief Description of the Drawings 

 

An exemplary driving system offering reduced vibration transmission in 15 

accordance with the invention will now be described with reference to the 

accompanying drawings, in which: 

 

FIG. 1 is an isometric view of a conventional linear motor assembly; 

 20 

FIGs. 2A and 2B are isometric and side views respectively of a motor driving 

system according to a first preferred embodiment of the invention; 

 

FIGs. 3A and 3B are isometric and side views respectively of a motor driving 

system according to a second preferred embodiment of the invention; 25 

 

FIGs. 4A and 4B are isometric and side views respectively of a motor driving 

system according to a third preferred embodiment of the invention; 

 

FIG. 5 is an isometric view of a front side of the motor driving system 30 

according to the first preferred embodiment of the invention; 
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FIGs. 6A and 6B are schematic illustrations of a force analysis of a motor 

driving system according to the preferred embodiments of the invention upon 

application of a driving force; 

 

FIG. 7 is a schematic illustration of the generation of a radial force which 5 

opposes the driving force; 

 

FIGs. 8A and 8B are schematic illustrations of a force transferred to a 

machine base in a transverse direction to the driving force; and 

 10 

FIGs. 9 to 12 are different examples of resilient structures that may be used in 

the invention for mounting a driving motor body to achieve a rotary motion of 

the driving motor body. 

 

Detailed Description of the Preferred Embodiment of the Invention 15 

 

FIGs. 2A and 2B are isometric and side views respectively of a motor driving 

system 10 according to a first preferred embodiment of the invention, such as 

that found in a wire bonder.  A driving motor body 12 of the motor driving 

system 10 is driven to move by electromagnetic interaction between a motor 20 

driving coil 16 and a motor driving magnet 18.  The driving motor body 12 is in 

turn operative to produce a driving force for driving and controlling a position 

of an object, such as a bond head support 20 attached to the driving motor 

body 12.  The object is generally driven to move in reciprocating directions. 

 25 

Instead of being directly mounted on a machine base 14 of the motor driving 

system 10, a pivotal support comprising a resilient structure, which may be in 

the form of a cross-shaped leaf spring assembly 22, is used to connect the 

driving motor body 12 and the machine base 14.  The function of the resilient 

structure located between the driving motor body 12 and the machine base 14 30 

is primarily to make at least a portion of the driving motor body 12 rotatable 

relative to the machine base 14.  Such a configuration of the motor driving 

system 10 enables the reduction of vibration transmission from the motor 

body 12 to the machine base 14. 
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The resilient structure is operative to cause at least a portion of the driving 

motor body 12, in this case either the motor driving coil 16 or the motor driving 

magnet 18, to rotate relative to the machine base 14 in an opposite direction 

to a direction of the driving force produced by the driving motor body 12 to 5 

drive the bond head support 20.  The cross-shaped leaf spring assembly 22 is 

therefore arranged and configured to incorporate a rotational pivot point such 

that at least a portion of the driving motor body 12 is rotatable relative to the 

machine base 14 about the rotational pivot point.  In this embodiment, the 

cross-shaped leaf spring assembly 22 comprises a pair of leaf springs and the 10 

rotational pivot point may be an actual pivot point located at a position where 

the respective leaf springs intersect each other.  

 

It should be appreciated that such a resilient structure rotational pivot point 

may have different designs for connecting the driving motor body 12 to the 15 

machine base 14.  FIGs. 3A and 3B are isometric and side views respectively 

of a motor driving system 30 according to a second preferred embodiment of 

the invention.  In this embodiment, the resilient structure is in the form of a 

generally V-shaped leaf spring assembly 32 comprising a pair of leaf springs, 

a base of the V-shape being located at the machine base 14.  Thus, the V-20 

shaped lead spring assembly 32 forms a virtual rotational pivot point for 

rotation of the driving motor body 12. 

 

FIGs. 4A and 4B are isometric and side views respectively of a motor driving 

system 34 according to a third preferred embodiment of the invention.  In this 25 

embodiment, the resilient structure is in a form of a pair of vertically-arranged 

leaf springs 36 connecting opposite ends of the driving motor body 12 to 

corresponding positions on the machine base 14.  The pair of vertically-

arranged leaf springs 36 will result in an infinite pivot which allows at least a 

portion of the driving motor body 12 to rotate relative to the machine base 14. 30 

 

FIG. 5 is an isometric view of a front side of the motor driving system 10 

according to the first preferred embodiment of the invention.   
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As shown in FIG. 5, at least a portion of the driving motor body 12 will rotate 

along an XZ plane upon the application of a motor driving force. The motor 

driving coil 16 and the motor driving magnet 18 should be arranged with 

sufficient space in directions parallel to the XZ plane in order to maintain a 

gap between the motor driving coil 16 and the motor driving magnet 18 to be 5 

substantially constant even during rotational motion of either component of 

the driving motor body 12.  Depending on whether the motor driving system 

10 is designed with a moving motor driving coil 16 or a moving driving magnet 

18 which is configured to rotate with respect to the machine base 14, the bond 

head support 20 may be connected to either one of the movable driving parts 10 

in order to be driven to move. 

 

FIGs. 6A and 6B are schematic illustrations of a force analysis of a motor 

driving system 10 according to the preferred embodiments of the invention 

upon application of a driving force.  In FIG. 6A, a motor body reaction force  15 

is created when a driving force (not illustrated) is applied on the driving motor 

body 12.  Due to rotation of the driving motor body 12, the motor body 

reaction force  causes a pull force  to be generated along a radial 

direction towards a rotational pivot point 40 to maintain the rotational motion 

of the driving motor body 12.  This pull force  is generated by the resilient 20 

structure, such as the cross-shaped leaf spring assembly 22, and continues to 

be directed towards the rotational pivot point 40 as the driving motor body 12 

moves off-center and further away from the rotational pivot point 40 (see FIG. 

6B).  Since the resilient structure is located between the driving motor body 12 

and the machine base 14, the pull force  is primarily in a direction of the 25 

machine base 14. 

 

In general, , where  is the maximum driving force,  

is a frequency of a driving command, and  is the duration of application of the 

driving force. 30 

 

FIG. 7 is a schematic illustration of the generation of a radial force  which 

opposes the driving force.  During rotation, the reaction force  is resolved 
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into a tangential force  (which increases the rotation speed) and a radial 

force  (which is in an opposite direction to the pull force ). 

 

 

 5 

 
 
 
 

(where  is a mass of the driving motor body,  is a linear velocity during 10 

rotation of the driving motor body and  is a linear acceleration during rotation 

of the driving motor body) 

 

The pull force  is thus determined by the driving force, command frequency 

, and the location of the driving motor body 12. 15 

 

FIGs. 8A and 8B are schematic illustrations of a force transferred to a 

machine base 14 in a transverse direction to the driving force. 

 

Since the driving motor body 12 and machine base 14 are connected by the 20 

resilient structure, such as the cross-shaped leaf spring assembly 22, only the 

radial force  (which is generated by the cross-shaped leaf spring assembly 

22) will be transferred to the machine base 14. The force exerted on the 

machine base  is equal to  but in an opposite direction. The force exerted 

on the machine base  can be resolved into , which is along the motion 25 

direction, and , which is perpendicular to the motion direction (as in FIG. 

8B). 

 

The force transferred to the machine base 14 in the motion direction may then 

be expressed as per the formula below: 30 
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By ensuring that the maximum of  is lower than , as shown below, 

there will be a reduction in the vibration transmitted: 

 

 
 5 

 

The required condition may be obtained after simplifying the above formula: 

 

 
 10 

 

Based on the aforesaid required condition, the mass of the motor body  and 

the radius of rotation  should be as large as possible, and the range of 

rotation  should be as small as possible. From the formula obtained from the 

required condition, it also can be found that vibration reduction will be more 15 

effective in respect of a higher frequency command (i.e. having a larger ) 

than in respect of a lower frequency command (i.e. having a smaller ), in 

order to configure the radial force  to be as small as possible. 

 

FIGs. 9 to 12 are different examples of resilient structures that may be used in 20 

the invention for mounting a driving motor body 12 to achieve a rotary motion 

of the driving motor body 12.  In FIGs. 9A and 9B, the resilient structures are 

in the form of S-shaped leaf springs 50 to support the driving motor body 12 

and to make it rotatable relative to the machine base 14. 

 25 

In FIGs. 10A and 10B, the driving motor body 12 is supported by a single leaf 

spring plate 52, which is arranged to hang the driving motor body 12 and to 

make it rotatable relative to the machine base 14. 

 

In FIGs. 11A and 11B, the resilient structure is in the form of a multiple leaf 30 

spring structure 54.  At least two leaf springs are used in the leaf spring 

structure 54 to support a platform on which the driving motor body 12 is 
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mounted, and to make the driving motor body 12 rotatable relative to the 

machine base 14. 

 

In FIGs. 12A and 12B, S-shaped flexural structures 56 which are arranged 

horizontally on either side of the driving motor body 12 are used to support the 5 

driving motor body 12 and to make the driving motor body 12 rotatable 

relative to the machine base 14.  Each leaf spring in this embodiment has an 

“S”-shaped cross-section. 

 

It should be appreciated that the motor driving system according to the 10 

different embodiments described herein are operative to modify the reaction 

forces that result from driving forces driving an object to be mostly 

perpendicular to a motion direction of the object being driven, by converting 

the reaction force into a pull force.  Hence, any transmission of vibration to a 

machine base 14 in a motion direction is reduced, and any vibration and noise 15 

produced by the machine as a whole will correspondingly be significantly 

decreased. 

 

Moreover, since the force transferred to the machine base 14 is mostly 

perpendicular to the motion direction instead of being in the motion direction, 20 

the aforesaid approach ensures that any adverse effects on a motion 

accuracy of the object being driven is substantially reduced. 

 

The invention described herein is susceptible to variations, modifications 

and/or additions other than those specifically described and it is to be 25 

understood that the invention includes all such variations, modifications and/or 

additions which fall within the spirit and scope of the above description. 
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CLAIMS 

 

1. A driving system for reducing vibration transmission from a driving 

motor to a machine base, the driving system comprising: 

a driving motor body operative to produce a driving force for driving an 5 

object to move in reciprocating directions; 

a pivotal support for supporting the driving motor body, the pivotal 

support being located between the driving motor body and the machine base; 

wherein the pivotal support is operative to cause at least a portion of 

the driving motor body to rotate relative to the machine base in an opposite 10 

direction to a direction of the driving force produced by the driving motor body 

to drive the object. 

 

2. The driving system as claimed in claim 1, wherein the pivotal support 

comprises a resilient structure. 15 

 

3. The driving system as claimed in claim 2, wherein the resilient structure 

comprises one or more leaf springs. 

 
4. The driving system as claimed in claim 3, wherein the resilient structure 20 

comprises a pair of leaf springs that intersect each other at a rotational pivot 

point that allows the at least a portion of the driving motor body to rotate 

relative to the machine base about the rotational pivot point. 

 
5. The driving system as claimed in claim 3, wherein a rotational pivot 25 

point of the resilient support is a virtual rotational pivot point that allows the at 

least a portion of the driving motor body to rotate relative to the machine base 

about the virtual pivot point. 

 
6. The driving system as claimed in claim 5, wherein the one or more leaf 30 

springs form a “V” shape, with a base of such “V” shape located at the 

machine base. 

 
7. The driving system as claimed in claim 3, wherein a rotational pivot 

point of the resilient support is an infinite pivot point that allows the at least a 35 
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portion of the driving motor body to rotate relative to the machine base about 

the infinite pivot point. 

 
8. The driving system as claimed in claim 7, wherein the resilient structure 

comprises a pair of vertically-arranged leaf springs connecting respective 5 

points on the at least a portion of the driving motor body to corresponding 

positions on the machine base. 

 
9. The driving system as claimed in claim 3, wherein the resilient structure 

comprises a single leaf spring on which the at least a portion of the driving 10 

motor body is arranged to hang. 

 
10. The driving system as claimed in claim 3, wherein the resilient structure 

comprises one or more leaf springs with an “S”-shaped cross-section. 

 15 
11. The driving system as claimed in claim 1, wherein the driving motor 

body comprises a motor driving coil and a motor driving magnet, which are 

arranged with sufficient space between the motor driving coil and a motor 

driving magnet in order to maintain a gap between them during rotational 

motion of the at least a portion of the driving motor body. 20 

 
12. The driving system as claimed in claim 11, wherein the object is 

connected to either the motor driving coil or the motor driving magnet for 

driving the object to move. 

 25 
13. The driving system as claimed in claim 1, wherein the driving force 

causes a pull force to be generated in a direction towards a rotational pivot 

point to maintain rotational motion of the at least a portion of the driving motor 

body. 

 30 
14. The driving system as claimed in claim 13, wherein the pull force is 

directed primarily in a direction of the machine base. 

 
15. The driving system as claimed in claim 14, wherein a radial force in an 

opposite direction to the pull force is exerted on the machine base, wherein 35 

the radial force is configured to be as small as possible, having regard to a 
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mass of the driving motor body, a radius of rotation of the driving motor body 

and a range of rotation of the driving motor body. 

 
16. The driving system as claimed in claim 1, wherein the object is a bond 

head of a wire bonder.  5 

 


