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DESCRIPTION 

COMPONENT SUCTION NOZZLE ELEVATING DEVISE 

5 Technical Field 

The present invention relates to a component 

suction nozzle elevating device which selectively elevates 

or lowers a suction · nozzle for sucking and holding a 

component and can change a top dead center position of the 

10 nozzle when the component is mounted or the like. 

Background Art 

Conventionally, various structures of such a 

component suction nozzle-elevating device are known. For 

15 example, as shown in Figs. 14 to 17, a ball screw shaft 202 

is forwardly and reversely rotated by a rotary drive of a 

motor 201 so that an elevating plate 203 having a nut 

screw-threaded to the ball screw shaft 202 is raised or 

lowered. Flanges 208 are supportedly brought into contact 

20 with this elevating plate 203 at which four nozzle 

elevating shafts 211 penetrate through respective through 

holes 204. Each nozzle elevating shaft 211 has a nozzle 

210 capable of sucking a component at a lower end thereof 

while provided with an elevation drive air cylinder 205 at 

25 an upper end thereof. Since each nozzle elevating shaft 
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211 is urged downward by a spring 206 in the elevation 

drive air cylinder 205 at all times, the flange 208 of each 

nozzle elevating shaft 211 is brought into contact with the 

elevating plate 203. When the elevating plate 203 is 

5 raised or lowered by the rotary drive of the motor 201, 

each nozzle elevating shaft 211 is guided by a guide unit 

209 and raised or lowered. 

Fig. 14 shows a state at the original point. 

When a nozzle is selected, as shown in Fig. 15, the 

10 elevating plate 203 is first lowered by a rotary drive of 

the motor 201 and the flange 208 of each nozzle elevating 

shaft 211 is separated from the elevating plate 203 by 

overcoming an urging force of the spring 206. Then, the 

elevation drive air cylinder 205 of a nozzle elevating 

15 shaft 211 having one selected nozzle 210 is driven to lower 

the nozzle elevating shaft 211 and the flange 208 is 

brought into contact with the elevating plate 203. 

Subsequently, as shown in Fig. 16, while the 

elevating plate 203 is lowered by the rotary drive of the 

20 motor 201, the elevation drive air cylinder 205 of the 

selected nozzle elevating shaft 211 is driven to lower the 

nozzle elevating shaft 211. Then, a component is sucked by 

the nozzle 210 of the lowered nozzle elevating shaft 211 

and mounted at a prescribed position on a board. 

25 However, if vertical movement operation driven by 
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the motor 201 ~~d that of the air cylinder 205 are 

s.:.multaneously st::.rted at the time of selecting one nozzle, 

the nozzle elevat~ng shaft 211 does not immediately start 

lowering due to compressibility of air or the like even 

5 when air is supplied to the air cylinder 205 as compared 

with lowering operation of the elevating plate 203 by the 

motor 201. Therefore, as shown in Fig. 16, such a cylinder 

drive delay may occur that the flange 208 of the nozzle 

elevating shaft 211 may lower later than the elevating 

10 plate 203. Then, the flange 208 of the nozzle elevating 

shaft 211 catches up with the elevating plate 203 by a 

drive of the air cylinder 205 .and brought into contact 

therewith. However, an impact due to this contact is 

transmitted to the nozzle elevating shaft 211 and a 

15 component sucked by the nozzle 210 at the lower end of the 

nozzle elevating shaft 211 can be displaced or dropped 

Furthermore, as shown in Fig. 17, when all the 

nozzles are selected and top dead center positions of the 

nozzle elevating shafts 211 are adjusted by elevatin.g all. 

20 the nozzle elevating shafts 211, all the nozzle elevating 

shafts 211 need to be raised via the elevating plate 203 by 

a motor overcoming activating forces of all the air 

cylinders in order to raise all the nozzle elevating shafts 

211. Therefore, the motor is overloaded. 

25 Accordingly, an object of the present invention 
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is to provide a component suction nozzle elevating device 

with which no impact is applied to a nozzle elevating shaft 

so that a component sucked by a nozzle is not displaced or 

dropped while a process time can be shorte~ed by setting an 

5 optimal nozzle elevating stroke, by w~ich the above­

described issues can be solved. 

Disclosure Of Invention 

The present invention is constit~ted as described 

10 below to achieve the above object. 

According to a first aspect of the present 

invention, there is provided a component suction nozzle 

elevating device comprising: 

a plurality of nozzle elevating shafts supporting 

15 a suction nozzle for sucking and holding components at 

respective lower ends thereof with the nozzles normally 

urged upward; 

a plurality of nozzle selecting actuators which 

are disposed corresponding to. the plurality of nozzle 

20 elevating shafts and, when one suction nozzle to be lowered 

is selected from the plurality of nozzles, lowers a 

cylinder corresponding to the selected nozzle elevating 

shaft having the selected suction nozzle towards the nozzle 

elevating shaft in a range where the cylinder is not 

25 brought into contact with the selected nozzle elevating 
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shaft; 

a rotary drive device for elevation which 

simultaneously lowers all the nozzle selecting actuators to 

bring the cylinder selectively lowered by the nozzle 

5 selecting actuator into contact with the selected nozzle 

elevating shaft in order to lower the nozzle elevating 

shaft; and 

a top dead center changing device which changes a 

position of a top dead center of each of the nozzle 

10 elevating shafts. 

According to a second aspect of the present 

invention, there is provided a component suction nozzle 

elevating device according to the first aspect, further 

comprising an elevating member to which all the nozzle 

15 selecting actuators are fixed and which is screw-thread to 

a screw shaft connected to a rotating shaft of the rotary 

drive device for elevation and raised or lowered by forward 

and reverse rotation of the screw shaft, wherein the 

elevating member _is raised or lowered by the forward and 

20 reverse rotation of the screw shaft so that all the nozzle 

selecting actuators are simultaneously raised or lowered. 

25 

According to a third aspect of the present 

invention, there is provided a component suction nozzle 

elevating device according to the second aspect, wherein 

the elevating member has a through hole or notch 
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through which an upper e~d portion of the nozzle elevating 

shaft can penetrate; whe~ one suction nozzle to be .lowered 

is selected fro!:'. the plt:::ali ty of nozzles, the upper end 

portion of the nozzle elevating shaft is positioned in the 

5 through hole or notch ir.. a range in which the upper end 

portion of the r:ozzle elevating shaft is not projected 

above the through hole or notch and a lower end of the 

cylinder of the nozzle selecting actuator is lowered until 

brought into co:: tact wit:: an edge of the through hole or 

10 notch; a gap is formec between the lower end of the 

cylinder and the upper er..d portion of the nozzle elevating 

shaft in the through hole or notch; and, when the elevating 

member is lowered by a rotary drive of the rotary drive 

device for elevation, the lower end of the cylinder and the 

15 upper end portio~ of the nozzle elevating shaft are brought 

into contact with each other so that the nozzle elevating 

shaft for elevating is lowered by the lower end of the 

cylinder. 

According to a fourth aspect of the present 

20 invention, there is provided a component suction nozzle 

elevating device according to the second aspect, wherein a 

flat plate portion with which the lower end of the cylinder 

is brought into contact and which can be depressed is fixed 

to the upper end portion of the nozzle elevating shaft; 

25 when one suction nozzle to be lower is selected from the 
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plurality of nozzles and the lower end of ~he cylinder is 

lowered, a gap is formed between the lc· .. .-er end of the 

cylinder and the flat plate portion of the upper end 

portion of the nozzle elevating shaft; and, when the 

5 elevating member is lowered by the rota:::-y drive of the 

rotary drive device for elevation, the lo·,.;er end of the 

cylinder and the flat plate portion of the upper end 

portion of the nozzle elevating shaft a::::-e brought into 

contact with each other and the nozzle elevating shaft is 

10 lowered by the lower end of the cylinder. 

According to a fifth aspect of the present 

invention, there is provided a .component suction nozzle 

elevating device according to any one c:: the first to 

fourth aspects, wherein the top dead cente::::- changing device 

15 is constituted by a top dead center c~anging cylinder 

having an engaging portion engaged to the ~ozzle elevating 

shaft on a piston rod; and the top dead. center of the 

nozzle· elevating shaft when the engaging portion of the 

piston rod is engaged to the nozzle elevating shaft ·by 

20 driving the top dead center changing cylinder is positioned 

below the top dead center of the nozzle elevating shaft 

when the engaging portion of the piston rod of the top dead 

center changing cylinder is unengaged to the nozzle 

elevating shaft. 

25 According to a sixth aspect of the present 
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invention, there is provided a component suction nozzle 

elevating device according to any one of the first to 

fourth aspects, wherein the top dead center changing device 

is constituted by a first top dead center changing actuator 

5 and a second top dead center changing actuator and has 

engaging portions engaged to the nozzle elevating shafts on 

the piston rods of the respective top dead center changing 

actuators; and a top dead cer..ter of the nozzle elevating 

shaft is positioned downward in an order of a top dead 

10 center of the nozzle elevating shaft when the engaging 

portion of the piston rod of the first top dead center 

changing actuator is unengaged to the nozzle elevating 

shaft, a top dead center of the nozzle elevating shaft when 

the engaging portion of the piston rod of the first top 

15 dead center changing actuator is engaged to the nozzle 

elevating shaft, and a top dead center of the nozzle 

elevating shaft when the engaging portion of the piston rod 

of the· second top dead center changing actuator is engaged 

to the nozzle elevating shaft. 

2 0 According to a seventh aspect of the present 

invention, there is provided a component suction nozzle 

elevating device according to any one of the first to fifth 

aspects, wherein 

the nozzle selecting actuator is a nozzle 

25 selecting cylinder; the rotary drive device for elevation 
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is an elevation d~ive motor; and the screw shaft is a ball 

screw shaft. 

Accordir.g to an eighth aspect of the present · 

invention, there is provided a component mounting apparatus 

5 comprising: 

compone~t supply units for housing components 

sucked by the suction nozzles of the component suction 

nozzle elevating device; 

a head drive device for moving a head having the 

10 component suction nozzle elevating device according to any 

one of the first to seventh aspects; and 

a board conveying/holding device for holding a 

board on which components picked up by the suction nozzle 

of the component suction nozzle elevating device are 

15 mounted; the component mounting apparatus, wherein 

the head is moved to the component supply unit by 

a drive of the head drive device and one selected suction 

nozzle· is lowered so that a component is picked up by the 

component suction nozzle elevating device from the 

20 component supply unit; the head is moved from the component 

supply unit to the board by the drive of the head drive 

device; and the suction nozzle which is selected and picks 

up the component is lowered by the component suction nozzle 

elevating device to mount the component onto the board. 

25 
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Brief Description Of Drawings 

These and other aspects and features of the 

present invention will bec~~e clear from the fellowing 

description taken in cor:.junction with the preferred 

5 embodiments thereqf with =eference to the accompanying 

drawings, in which: 

Fig. 1 is a perspective view showing a component 

mounting apparatus provided -..;i th a component suction nozzle 

elevating device according ~o an embodiment of the present 

10 invention; 

Fig. 2 is a ~erspective view showing the 

component suction nozzle elevating device in Fig. l; 

Fig. 3 is a ~artially sectional view for 

explaining the component suc~ion nozzle elevating device in 

15 ·' Fig. 1; 

20 

Figs. 4A, 4B, a::d 4C are partially sectional 

views for explaining states of the component suction nozzle 

elevating device in Fig. 1 at level 1, level 2, and level 3, 

respectively; 

Fig. 5 is a partially sectional view for 

explaining a component suction nozzle elevating device 

according to another embodiment of the present invention; 

Figs. 6A, 6B, 6C, 6D, 6E, 6F, and 6G are 

partially sectional views for explaining operations of 

25 switching the nozzle height of a first nozzle of the 
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component suction nozzle elevating device in Fig. 5; 

Figs. 7A, 7B, 7C, 7D, 7E, 7F, and 7G are 

partially sectional views for explaining operations of 

switching the nozzle height of a second nozzle of the 

5 component suction nozzle elevating device in Fig. 5; 

Figs. 8A, 8B, 8C, 8D, 8E, and 8F are partially 

sectional views for explaining nozzle switching operations 

for the first nozzle of the component suction nozzle 

elevating device in Fig. 5; 

10 Figs. 9A, 9B, 9C, 9D, 9E, and 9F are partially 

sectional views for explaining nozzle switching operations 

for the second nozzle of the component suction nozzle 

elevating device in Fig. 5; 

Fig. 10 is a block diagram of a control unit for 

15 carrying out one example of the nozzle height. switching 

operations in the component suction nozzle elevating device 

in Fig. 5; 

Fig. 11 is a block diagram of a control unit for 

carrying out another example of the nozzle height switching 

20 operations in the component suction nozzle elevating device 

in Fig. 5; 

Fig. 12 is a flowchart of one example of the 

nozzle height switching operation in the component suction 

nozzle elevating device is Fig. 5; 

25 Fig. 13 is a flowchart of another example of the 
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nozzle height switching operations in the component suction 

nozzle elevating device is Fig. 5; 

Fig. 14 is a schematic partially sectional view 

of a conventional component suction nozzle elevating device 

5 at an original point state; 

Fig. 15 is a schematic partially sectional view 

of a state where one nozzle is selected in the conventional 

component suction nozzle elevating device in Fig. 14; 

Fig. 16 is a schematic partially sectional view 

10 of a state where one nozzle is selected and a cylinder 

drive is delayed in the conventional component suction 

nozzle elevating device in Fig. 14; 

Fig. 17 is a schematic partially sectional view 

of a state where all nozzles· are selected and a motor is 

15 overloaded in the conventional component suction nozzle 

elevating device in Fig. 14; and 

Figs. 18A and 18B are explanatory views for 

explaining engaging operation of an engaging portion of a 

piston rod of a first .or second top dead center changing 

20 cylinder and a rotary joint of the lower portion of the 

nozzle elevating shaft and disengaging operation. 

Best Mode for Carrying Out the present invention 

Before the description of the present invention 

25 proceeds, it is to be noted that like parts are designated 
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by like reference numerals throughout the accompanying 

drawings. 

A first e:nbodiment of the present invention· is 

described in deta~l with reference to the accompanying 

5 drawings. 

10 

15 

Fig. 1 is a full schematic perspective view 

showing a compone~t mounting apparatus provided with a 

component suction nozzle elevating device 41 according to 

an eIT~odiment of t~e present invention. 

In Fig. :!. , reference numeral 1 denotes a loader 

for carrying in a:l electronic circuit board 2-0 as one 

example of a boa!:d (reference numeral 2 is used when a 

board is referred ~o irrespective of the position thereof. 

Reference numerals 2-0, 2-1, 2-2, and 2-3 are used when 

boards at specific positions are referred to). Reference 

numeral 11 denotes an unloader for carrying out the 

electronic circuit board 2-3. Reference numeral 3 denotes 

a first board conveying/holding device (front side board 

conveying/holding device) provided with a pair of support 

20 rail units for conveying and holding the electronic circuit 

board 2-1 carried in from the loader 1. Reference numeral 

4 denotes an operating head having a plurality of, for 

example, ten component suction nozzles 70 replaceably 

attached thereto for sucking electronic components. 

25 Reference numeral 5 denotes an X-Y robot for positioning 
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the operating head 4 at a prescribed p8sition in X-Y 

directions, which are two directions perpendicular to each 

other in a component mounting work area. Re::erence 

numerals 7 denotes a nozzle station which is positioned in 

5 the vicinity of a component supply unit 8A in the co~ponent 

mounting work area and houses a plurality of kinds of 

nozzles 70 suitable for a plurality of kinds of electronic 

components to replace nozzles 70 attached to the operating 

head 4 therewith as required. Reference numerals 8F-., BB 

10 denote component supply uni ts which are positioned at an 

end portion on the near side of an operator in the 

component mounting work area, that is, the front side in 

relation to the operator and houses taping components 

formed by holding and housing components to be mou~ted on 

15 the board 2-1 on tapes. Reference numeral 8C denotes a 

component supply unit which is positioned in the vicinity 

of the component supply unit 83 and houses tray components 

formed·by holding and housing components to be mounted on 

the board 2-1 on trays. Reference numeral 9 denotes a 

20 recognition camera which is positioned on the side closer 

to the center of the component mounting work area in the 

vicinity of the component supply unit 8A and picks up an 

image of a suction attitude of an electronic component 

sucked by the nozzle 70 of the operating head 4. 

25 Meanwhile, reference numerals 13 denotes a second 
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board conveying/holding device (rear side board 

conveying/holding device) provided with a pair of support 

rail units for conveying and holding the electronic circuit 

board 2-1 carried in from the first board conveying/holding 

device 3. Reference numeral 14 denotes an operating head 

having a plurality of, for example, ten component suction 

nozzles 70 replaceably attached thereto for sucking and 

holding electronic components. Reference numeral 15 

denotes an X-Y robot for positioning the operating head 14 

10 at a prescribed position in the X-Y directions, which are 

two directions perpendicular to each other in a component 

mounting work area. Reference numerals 17 denotes a nozzle 

station which is positioned in the vicinity of a component 

supply unit 18A in the compo_nent mounting work area and 

15 houses a plurality of kinds of nozzles 70 suitable for a 

plurality of kinds of electronic cor'.lponents to replace 

nozzles 70 attached to the operating head 14 therewith as 

required. Reference numerals 18A, 18B denote component 

supply units which are positioned at an end portion on the 

20 far side of the operator in the component mounting work 

area, that is, the rear side in relation to the operator 

and houses taping components formed by holding and housing 

components to be mounted on the board 2-2 on tapes. 

Reference numeral 18C denotes a component supply unit which 

25 is positioned in the vicinity of the component supply unit 
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18B and houses tray conponents formed by holdi~g and 

housing co~pone~ts to be nounted on the board 2 on ~rays. 

Reference numeral 19 denotes a recognition camera w~ich is 

positioned on the side closer to the center of the 

5 component mounting work area in the vicinity of the 

component supply unit 18A and picks up an image of a 

suction attitude of an electronic component sucked up by 

the nozzle 70 of the operating head 14. 

The aforementioned X-Y robot 5, 15 is cons~ituted 

10 as described below. Two Y-axis drive units 6a, 6a o= an X­

Y robot device 6 are fixedly disposed at front and rear end 

edges in a board conveying direction in the co::-<ponent 

mounting work area 200 on a moun~ing apparatus base 16. Two 

X-axis drive units 6b, 6c are disposed across these two Y-

15 axis drive units 6a, 6a so as to be able to move 

independently in the Y-axis direction and avoid col:ision. 

Furthermore, the X-axis drive unit 6b has an operati~g head 

4 which is disposed movably in the X-axis direction and 

moves in the mounting region on the near side half in the 

20 component mounting work area while the X-axis drive unit 6c 

has an operating head 14 which is disposed movably in the 

X-axis direction and moves in the mounting region on the 

far side half in the component mounting work area. Thus, 

the aforementioned X-Y robot 5 is constituted by the two Y-

25 axis drive units 6a, 6a fixed on the mounting apparatus 
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base 16, the X-axis drive unit 6b movable in the Y-axis 

direction on the Y-axis drive unit 6a, 6a, and the 

operating head 4 movable in the X-axis direction on the X-

axis drive unit 6b. Furthermore, the X-Y robot 15 is 

5 constituted by the two Y-axis drive units 6a, 6a fixed on 

the mounting apparatus base 16, the X-axis drive unit 6c 

movable in the Y-axis direction on the Y-axis drive unit 6a, 

6a, and an operating head 14 movable in the X-axis 

direction on the X-axis drive unit 6c. Thus, the operating 

10 head 4, 14 can move independently in the X-Y directions. 

Figs. 2 and 3 are per spec ti ve views showing a 

component suction nozzle elevating device 41 disposed in 

the operating head 4, 14·. Each component suction nozzle 

elevating device 41 is generally constituted by a plurality 

15 of, for example, ten nozzle elevating shafts 55, the same 

number of nozzle selecting cylinders 45 (for example, air 

cylinders, electromagnetic solenoids or the like) as the 

nozzle· elevating shafts 55 as an example of a nozzle 

selecting actuator, an elevation drive motor 56 as an 

20 example of a rotary drive device for elevation, at least 

one top dead center changing actuator as an example of a 

top dead center changing device and first and second top 

dead center changing cylinders 61, 62 (for example, air 

cylinders) for switching the top dead centers are used as 

25 an example of a case where two top dead center changing 
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actuators are used in this embodi~ent. 

The plurality of nozzle elevating shafts 55 

support a suction nozzle 70 for sucking and holding a 

component at a lower end of each nozzle elevating shaft 55 

5 via a rotary joint 69. Normally, a spring 65 is brought 

into contact with a flat plate portion 55a provided to the 

nozzle elevating shaft 55 and urges the flat plate portion 

55a upward. Elevating operation of each nozzle elevating 

shaft 55 in the up-and-down direction is guided by a guide 

10 member 59 fixed to a support plate 42 of the operating head 

4, 14. ~..n upper end position of each nozzle elevating 

shaft 55 is not specifically shown, but each nozzle 

elevating shaft 55 is engaged by an engaging protrusion 

provided to the guide member 59 or the like, and then is 

15 controlled so as not to project upward above a prescribed 

upper end position. 

The nozzle selecting cylinders 45 (when the 

nozzle.selecting cylinders are referred to irrespective of 

the positions thereof, reference nµmeral 45 is used. First 

20 to tenth nozzle selecting cylinders are designated by 

reference numerals 45-1, 45-2, 45-3, 45-4, 45-5, 45-6, 45-7, 

45-8, 45-9, 45-10, respectively.) are fixed to an elevating 

member 58 which moves up and down in relation to the 

support plate 42 of the operating head 4, 14 so as to 

25 correspond to the plurality of nozzle elevating shafts 55. 



19 

When one s~ctio~ nozzle 70 to be lowered is selected from 

the plurality cf nozzles 70, the piston rod 46 of the 

nozzle selecting cylinder 45 corresponding to the selected 

nozzle elevatin~ shaft 55 having the selected suction 

5 nozzle 70 is lo~ered towards the upper end portion of the 

nozzle elevating shaft 55 in a range in which the piston 

rod 46 is not brought into contact with the selected nozzle 

elevating shaft SS. For example, Fig. 2 shows a state that 

the piston rod ~6-8 of the nozzle selecting cylinder 45-8 

10 corresponding to the eighth nozzle 70 is lowered to the 

lower end position. Each piston rod 46 has a circular 

plate fixed at the lowe:::- end thereof so as to have an 

inverted T-shaped side surface, so that the nozzle 

elev a ting shaft 55 is easily depressed by the rod 4 6 as 

15 described later. 

The e::..evating member 58 is elevatably supported 

by the support plate 42 of the operating head 4, 14. That 

is, the support plate 42 is provided with two parallel 

·linear guide me:nbers 43, 43. Two sliders 44, upper and 

20 lower, each pro7ided on the rear surface of the elevating 

member 58 eleva ":e or lower along respective linear guide 

members 43 so that elevating operation of the elevating 

member 58 is guided. Furthermore, the elevating member 58 

has through holes or notches 58a (shown as notches in Fig. 

25 2) through which an upper end portion of each of the nozzle 
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elevating shafts can penetrate. When one suction nozzle 70 

to be lowered is selected from the plurality of nozzles 70, 

the upper end portion of the nozzle elevating shaft 55 is 

positioned in the notch 58a in a range in which the upper 

5 end portion is not projected upward above the notch 58a and 

the lower end of the piston rod 46 of the nozzle selecting 

cylinder 45 is lowered until brought into contact with the 

elevating member 58 at an edge of the notch 58a. Then, a 

gap A is formed between the lower end of the piston rod 46 

10 and the upper end portion of the nozzle elevating shaft 55 

in the notch 58a. When the elevating member 58 is lowered 

by a rotary drive of the elevation drive motor 56, the 

upper end portion of the nozzle elevating shaft 55 is 

projected fron the notch 58a and thereby the lower end of 

15 the piston rod 46 and the upper end portion of the nozzle 

elevating shaft 55 are brought into contact and then the 

nozzle elevating shaft 55 is lowered by the lower end of 

the piston rod 46. 

The elevation drive motor 56 is fixed to the 

20 support plate 42 of the operating head 4, 14 by a bracket 

60. A ball screw shaft 57 as an example of a screw shaft 

is connected to a rotating shaft of the elevation drive 

motor 56. The ball screw shaft 57 is screw-thread with a 

nut 49 of the elevating member 58. Therefore, the 

25 elevating member 58 is raised or lowered by forward and 



21 

reverse rotation of the ball screw shaft 57 so that all the 

nozzle selecting cylinders 45 are integrally raised or 

lowere.:5. at the same time. Thus, when all the nozzle 

selecting cylinders 45 are integrally lowered at the same 

5 ~ime, ~he piston rod 46 selectively lowered from the nozzle 

selecting cylinders 45 is also lowered so that the piston 

rod 46 is brought into contact with the selected nozzle 

elevating shaft 55 and then the nozzle elevating shaft 55 

is loi,..·ered. 

10 The first top dead center changing cylinder 62 

and the second top dead center changing cylinder 61, which 

change a top dead center position of each of the nozzle 

eleva~ing shafts 55, have engaging portions 64, 63 engaged 

to an upper end portion of the rotary joint 69 of the 

15 nozzle elevating shaft 55 at an end of the piston rod of 

each ~op dead center changing cylinder 62, 61. The first 

top dead center changing cylinder 62 is fixed to the 

support plate 42 of the operating head 4, 14 so as to be 

positioned below the second top dead center changing 

20 cylinder 61. 

The engaging portion 64 of the piston rod of the 

first top dead center changing cylinder 62 is constituted 

by a plate body having unengaging through holes 64a each 

having an inner diameter dimension larger than an outer 

25 diameter dimension of the rotary joint 69 of the lower 
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po::-tion of each nozz2..-e elevating shaft 55 so that the 

ro~ary joint 69 penet::-a~es through the unengaging through 

holes 64a for being l::--e::gaged and engaging through holes 

64b each having an ir:::er diameter dimension smaller than 

5 the outer diameter di~e::sion of the rotary joint 69 so that 

the rotary joint 69 .:.s engaged with the engaging through 

holes 64b, with the u_--:e:ngaging through holes 64a and the 

engaging through holes 64b are alternately formed (see Figs. 

18A and 18B) . There=cre, by moving the piston rod 62a of 

10 the first top dead cer:ter changing cylinder 62 in the 

lateral direction, ~~e unengaging through holes 64a 

u::engaging the rotary joints 69 of the lower portions of 

all the nozzle elevati::g shafts 55 and the engaging through 

holes 64b engaging these are selectively positioned so that 

15 disengaging or enga~ing operation of all the nozzle 

elevating shafts 55 ca~ be simultaneously carried out (see 

Fig. 18A and 18B). 

The engaging portion 63 of the piston rod 61a of 

the second top dead center changing ·cylinder 61 is 

20 constituted by a plate body obtained unengaging through 

holes 63a each having an inner diameter dimension larger 

than an outer diameter dimension of the rotary joint 69 of 

the lower portion of each nozzle elevating shaft 55 so that 

the rotary joint 69 penetrates through unengaging through 

25 holes 63a for being unengaged and engaging through holes 
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63b each having an inner diameter dimension snaller than 

the outer diameter dime~sion of the rotary joint 69 so that 

the rotary joint 69 is engaged with engaging through holes 

63b, with the unengaging through holes 63a and the engaging 

5 through holes 63b are alternately formed (see Figs. 18A and 

18B) . Therefore, by moving the piston rod -of the second 

top dead center changing cylinder 61 in the lateral 

direction, the u~engaging through holes 63a unengaging the 

rotary joints 69 of the lower portions of all the nozzle 

10 elevating shafts 55 and the engaging through holes 63b 

15 

engaging these 

disengaging or 

are selectively 

engaging operation 

positioned so that 

of all the nozzle 

elevating shafts 55 can be simultaneously carried out (see 

Fig. 18A and 18B). 

To c2..early understand the engaging and 

disengaging operations, Fig. 3 and Figs. 4A to 4C show that 

the engaging portions 64, 63 are not through holes, but 

notch -holes. At the time of engagement, the engaging 

portion 64, 63 is brought into contact with the upper end 

20 of the rotary joint 69 of the nozzle elevating shaft 55 to 

regulate the top dead center while, at the time of 

unengagement, the engaging portion 64, 63 is removed from 

the nozzle elevating shafts 55 so as to be contrasted. 

However, the idea about the engaging and disengaging 

25 operations is exactly the same as that of the above 
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unengaging through holes 63a and engaging through holes 63b. 

Figs. 4A, 43, and 4C are partially sectional 

views for explaining, ~espectively, states that the nozzle 

70 of the component suction nozzle elevating device in Fig. 

5 1 is at a lowest end position Ll (hereinafter, may be 

referred to as "level 1"), which is, for example, 13 mm 

above a mounting position LO (which is also both a suction 

position and a component recognition position), at an 

intermediate position 12 (hereinafter, may be referred to 

10 as "level 2"), which is 1 for example, 27 mm above the 

mounting position LO, and at a highest end position L3 

(hereinafter, may be referred to as "level 3"), which is, 

for example, 40 rom above the mounting position LO. That is, 

at level 1, the rotary joint 69 of the lower portion of the 

15 nozzle elevating shaft 55 is engaged to the engaging 

portion 64 of the first. top dead center changing cylinder 

62 and the second top dead center changing cylinder 61 is 

positioned at a retreat position and thus unengaged. At 

level 2, the rotary joint 69 of t_he lower portion of the 

20 nozzle elevating shaft 55 is engaged to the engaging 

portion 63 of the second top dead center changing cylinder 

61 and the first top dead center changing cylinder 62 is 

positioned at the retreat position and thus unengaged. At 

level 3, the rotary joint 69 of the lower portion of the 

25 nozzle elevating shaft 55 is not engaged to the engaging 
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portions 64, 63 of the firs~ and second top dead center 

changing cylinders 62, 61 bu~ engaged to the guide member 

59 while the first top dead center changing cylinder 62 and 

the second top dead center changing cylinder 61 are 

5 positioned at the retreat positions and thus unengaged. In 

any case, in response to a change in the height of the 

nozzle elevating shaft 55, the rotating shaft of the 

elevation drive motor 56 is rotated for a prescribed number 

of revolutions and the position of the elevating member 58 

10 is also changed_. At any level, a gap (dimension A: for 

example, about 0.02 mm} is formed between the lower end of 

the piston rod 46 and the upper end portion of the nozzle 

elevating shaft 55. 

Fig. 5 is a partially sectional view for 

15 explaining a component suction nozzle elevating device 

according to another embodiment of the present invention. 

The basic constitution is the same as that shown in Fig. 3 

and Figs. 4A to 4C, but a simpler constitution is shown to 

explain nozzle height switching operations and nozzle 

20 switching operations. That is, the lower end of the piston 

rod 46 of the nozzle selecting cylinder 45 can be brought 

into contact with a flat plate portion 55a fixed to the 

upper end portion of the nozzle elevating shaft 55. The 

flat plate portion 55a is easily br6ught into contact and 

25 easily depressed by the lower end of the piston rod 46. 
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In Fig. 2, reference ~umeral 50 de:-.otes a 

rotary drive motor for a:ijusting attitu::ies of compc:::.en~s 

sucked by the nozzles 70 by rota~ing the ~ozzle elevati~q 

shafts 55 about each axis in the e direction. Ref e:rence 

5 nU;.":!.eral 52 denotes a gea:::-· fixed to the rotating shaft c:: 

the e rotary drive motor 50. Reference ~-~~eral 53 de~otes 

a 8 rotating gear fixed to the in~ermediate portion of eac~ 

nozzle elevating shaft 55. Reference nwneral 51 denotes _ 

belt having a double-sided teet!:.. to be engaged to the 

10 rotating gear 53 of each nozzle e:evating shaft 55 ar.d t~e 

gear 52 of the 8 rotary drive n~tor 50. Therefore, whe::1 

t!:..e e rotary drive mo~or 50 is rotary-driven, -:he 

rotating gears 53 of all the nozzle eleva~ing sI'.afts 55 are 

rotated by the belt 51 w~th the double-s~ded teeth a~d t~e 

15 attitudes of the components suc:-:ed by the nozzles 70 a.re 

adjusted. 

A nozzle height sw~~ching operation i~ t~e 

component suction nozzle elevating device in Fig. 5 is 

described in detail below. 

20 Figs. 6A, 6B, 6C, 6D, 6E, 6F, and EG are 

partially sectional views for explaining nozzle heig~t 

switching operations for the first nozzle 70 of the 

component suction nozzle elevating device in Fig. 5. Figs. 

7A, 7B, 7C, 7D, 7E, 7F, and 7G are partially sectional 

25 views for explaining nozzle height switching operations for 
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the second nozzle of the component suction noz=:e elev~-:ing 

device in Fig. 5. The first nozzle 70 ·a:-.::. the s.:.::ond 

nozzle 70 are positio~ed at level 1 in Figs. €~ and 7A, but 

Figs. 6F and 7F show a state that the positio~s therec= are 

5 changed to level 2. 

Figs. 6A a::J.d 7A show a state the.-: a pre·:-:.ous 

process is completed. At this time, the ele·.'."a ting :::-.:..--:her 

58 is raised by a drive of the elevation driv~ motor =6 to 

a position which is a prescribed height A h:.;~er tha~ the 

10 current level. At this time, the nozzle ele~ating s~afts 

55 are all stopped and no elevating operatic~ :.s perfc::::-::.ed. 

In Figs. 6A and 7A, the first nozzle 70 is selecte::, a 

nozzle selecting cylinder 45-1 corresponding ~o the =:.:::-st 

nozzle 70 is turned on and then the piston r.::j 46 t~=~eof 

15 is lowered to the lower end position. On tr.2 other ::-.and, 

since a nozzle selecting cylinder 45-2 corres;~::J.ding ~= the 

second nozzle 70 is off, the piston rod 46 stays a-: the 

upper end position. 

Subsequently, as shown in Figs. 6=- and 7B, all 

20 the nozzle selecting cylinders 45 (45-1 45-10) are 

turned on so that all the piston rods 46 are :o~ered t8 the 

respective lower end positions. 

Subsequently, as shown in Figs. 6C and 7C, the 

elevating member 58 starts lowering by a drive of the 

25 elevation drive motor 56. Then, lower ends of all the 
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piston rods 46 o= all nozzle selecting cylinders 45 lowered 

together with t:-.e elevating member 58 are brought into 

contact with the upper ends of all the nozzle elevating 

shafts 55 and a:..l the nozzle elevating shafts 55 start 

5 lowering. At th~s time, the elevating member 58 is lowered 

until all the nczzle elevating shafts 55 are positioned at 

a height positic:i which is further a prescribed height A 

lower than a lc· .. ;er level out of the current level and a 

changed level. That is, for example, in Case 1, the 

10 current level l.S at level 3 which is the highest end 

position, and is to be changed to level 2 which is the 

intermediate pos:.. tion. Then, the elevating member 58 is 

lowered so that all the nozzle elevating shafts 55 are 

lowered by a hei;~t difference 8H between level 3 and level 

15 2 plus the prescribed height A. In Case 2, the current 

level is at leve: 3 which is the highest end position, and 

is to be changed to level 1 which is the intermediate 

position. Then, the elevating member 58 is lowered so that 

all the nozzle elevating shafts 55 are lowered by a height 

20 difference 8H between level 3 and level 1 plus the 

prescribed height A. In Case 3, the current level is at 

level 2 which is the intermediate position, and is to be 

changed to level 1 which is the lowest end position. Then, 

the elevating member 58 is lowered so that all the nozzle 

25 elevating shafts 55 are lowered by a height difference 8H 
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between level 2 and level 1 plus the prescribed height A. 

In Case 4 (corresponding to Figs. 6C an~ 7C), t~e current 

level is at level 1 which is the lowest end position, and 

is to be changed to level 2 i,.;hich is the intermediate 

position. Then, since the curre~t leve: 1 is lower than 

level 2, the elevating member 58 is lowe=ed so that all the 

nozzle elevating shafts 55 are lowered only by the 

prescribed height A. In Case 5, the c:.:rrent level is at 

level 1 which is the lowest e::::ci. posi t.:..on, and is to be 

10 changed to level 3 which is the intermediate position. 

15 

Then, since the current level 1 is lower than level 3, the 

elevating member 58 is lowered so tt-_:;.t all the nozzle 

elevating shafts 55 are lowered only ":Jy the prescribed 

height A. 

Subsequently, as shown in Figs. 6D, 7D, 6E and 7E, 

a top dead center level is changed .. T~=-~ is, depending on 

the level of a top dead center to be cha~ged, the first top 

dead center level switching cylinder 62 and second top dead 

center level switching cylinder .61 or either thereof is 

20 turned on or off to switch the top dead center level. That 

is, in the aforementioned Case 1 (level 3 - level 2), the 

first top dead center level switching cylinder 62 is kept 

off while the second top dead center level switching 

cylinder 61 is turned on. In the aforementioned Case 2 

25 (level 3 - level 1), the second top dead center level 
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switching cylinder 61 is kept off ~hile t~e first top dead 

center level switching cylinder 62 is turned on. In the 

aforementioned Case 3 (level 2 - level 1), the second top 

dead center level switching cylinder 61 is turned off while 

5 the first top dead center level s·.-.ritching cylinder 62 is 

turned on. In the afore~entioned Case 4 (level 1 level 

2) (corresponding to Figs. 6C to 6E and Figs. 7C to 7E), 

the first top dead center level switching cylinder 62 is 

turned off while the second top dead center level switching 

10 cylinder 61 is turned o::.. In the afore:nentioned Case 5 

(level 1 level 3), the first top dead center level 

switching cylinder 62 is turned off while the first top 

dead center level switching cylinder 62 is kept off. 

Subsequently, as shown in Figs. 6F and 7F, by 

15 raising the elevating merr~er 58 by a drive of the elevation 

drive motor 56, all the nozzle elevating shafts 55 are 

raised to the above switched top dead center level by an 

urging· force of the spring 65 and the elevating member 58 

is further raised to a position of a height obtained by 

20 adding the prescribed height A to the top dead center level. 

25 

As a result, a gap A equal to the prescribed height A is 

formed between the lower ends of all the piston rods 46 and 

the upper end portions of all the nozzle elevating shafts 

55. 

Subsequently, as shown in Figs. 6G and 7G, all 
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the nozzle selecting cylinders 45 are turned o:f and all 

the piston rods 4 6 are raised to the upper ends thereof. 

Thus, a series of nozzle height switching ope:r~tions ·are 

finished. It is noted that Figs. 6G and Fig. 7G show a 

state that the second nozzle 70 is selected. ':he nozzle 

selecting cylinder 45-2 corresponding to the second nozzle 

70 is turned on and the piston rod 46 thereof is lowered to 

the lower end position. On the other hand, since the 

nozzle selecting cylinder 45-1 corresponding to the first 

10 nozzle 70 is off, the piston rod 46 stays at the upper end 

position. 

Described below is a case where one nczzle 70 is 

selected from the ten nozzles 70 switched to a desired 

level and component suction and mounting operatio~s thereof 

15 are performed. 

Figs. 8A, 8B, 8C, 8D, 8E, and 8F are partially 

sectional views for explaining nozzle switching operations 

for the first nozzle of the component suction nozzle 

elevating device in Fig. 5. Figs. 9A, 9B, 9C, 9J, 9E, and 

20 9F are partially sectional views for explaining nozzle 

switching operations for the second nozzle of the component 

suction nozzle elevating device in Fig. 5. Here, the first 

nozzle 70 and the second nozzle 70 are positioned at level 

2. 

25 Figs. 8A and 9A show a state that the previous 
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process is completed. Here, the first nozzle 70 is 

selected. The nozzle selecting cylinder 45-1 corresponding 

to the first nozzle 70 is turned on and the piston rod 46-1 

thereof is lowered to the lower end position while the 

5 nozzle selecting cylinder 45-2 corresponding to the second 

nozzle 70 is off. Therefore, the piston rod 46-2 stays at 

the upper end. 

As shown in Figs. BB and 9B, while the nozzle 

selecting cylinder 45-1 is on, the elevating member 58 

10 start lowering by a drive of the elevation drive motor 56. 

Subsequently, the lower end of the piston rod 46-1 of the 

first nozzle selecting cylinder 45-1 lowered together with 

the elevating member 58 is_ brought into contact with the 

upper end of the nozzle elevating shaft 55 of the first 

15 nozzle 70 and only this nozzle elevating shaft 55 starts 

lowering and is lowered to a suction position. 

Subsequently, the operating head 4, 14 is moved to a 

desired component supply unit to suck a desired component. 

Subsequently, the operating head 4, 14 is moved to a 

20 recognition position to perform a recognition operation and 

then the operating head is moved to a board 2 to mount the 

component at a prescribed mounting position. The lowering 

operation of the nozzle 70 may be carried out while the 

operating head 4, 14 is being moved. 

25 Subsequently, as shown in Figs. 8C and 9C, when 
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the component mounting operation by the first nozzle 70 is 

finished, the elevating =e:::nber 58 starts rising by a 

reverse drive of the elevation drive motor 56. When the 

depressing force to the upper end of the nozzle elevating 

5 shaft 55 of the first nozzle 70 by the lower end of the 

piston rod 46-1 of the firs~ nozzle selecting cylinder 45-1 

is released, the nozzle elevating shaft 55 of the first 

nozzle 70 starts rising by an urging force of a spri~g 65. 

T~en, even after the nozzle elevating shaft 55 of the first 

10 nozzle 70 is positioned at the upper end positic:::, the 

elevating member 58 further continues to rise by the 

reverse drive of the elevation drive motor 56. Then, after 

raised until a gap (dimension A) is formed between the 

lower end of the piston rod 46-1 and the upper end portion 

15 nozzle elevating shaft 55, the elevating member 58 stops 

rising. 

Subsequently, as shown in Figs. SD and 9D, the 

nozzle· is switched. That is, the nozzle selecting cylinder 

45-1 corresponding to the first nozzle 70 is turned off 

20 from on through switching and the nozzle selecting cylinder 

45-2 corresponding to second nozzle 70 to be used next is 

turned on from off through switching. While the piston rod 

46-2 thereof is lowered to the lower end position, the 

piston rod 46-1 stays at the upper end position since the 

25 nozzle selecting cylinder 45-1 corresponding to the first 
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nozzle 70 is turned off. 

As shm,;:: in Figs. 8E and 9E, while the second 

nozzle selecting cylinder 45-2 is on, the elevating me~ber 

58 starts lowering by a drive of the elevation drive motor 

5 56. Subsequently, the lower end of the piston rod 46-2 of 

the second nozzle selecting cylinder 45-2 lowered together 

with the elevating member 58 is brought into contact with 

the upper end of the nozzle elevating shaft 55 of the first 

nozzle 70 and tlYus, only this nozzle elevating shaft 55 

10 starts lowering and is lowered to a suction position. 

Subsequently, the operating head 4, 14 is moved to a 

desired component supply unit to suck a desired component. 

Subsequently, the operatihg head 4, 14 is moved to a 

recognition position to perform a recognition operation and 

15 then the operating head is moved to a board 2 to mount the 

component at a prescribed mounting-position. The lowering 

operation of the nozzle 70 may be carried out while the 

operating head 4, 14 is being moved. 

Subsequently, as shown in Figs. 8F and 9F, _when 

20 the component mounting operation by the second nozzle 70 is 

finished, the elevating member 58 starts rising by a 

reverse drive of the elevation drive motor 56. When the 

depressing force to the upper end of the nozzle elevating 

shaft 55 of the second nozzle 70 by the lower end of the 

25 piston rod 46-2 of the second nozzle selecting cylinder 45-
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2 is released, t~e nozzle elevating shaft 55 of the second 

~ozzle 70 starts rising by an urging force of the spring 65. 

~·hen, even after the nozzle elevating shaft 55 of the 

second nozzle 70 is positioned at the upper end position, 

5 the elevating me:nber 58 further continues to rise by the 

reverse drive of the elevation drive motor 56. Then, after 

raised until a gap (dimension A) is formed between the 

lower end of the piston rod 46-2 and the upper end portion 

of the nozzle elevating shaft 55, the elevating member 58 

10 stops rising. 

15 

Subsequently, the same operation is performed for 

the following third nozzle 70 and, as required, by 

continuing this operation until the tenth nozzle 70, 

components can be mounted by the ten nozzles 70. 

Here, in a normal component mounting operation, 

the mounting operation is started at level 1. After all 

the applicable components which can be mounted at level 1 

are mounted, the operation proceeds to level 2 and level 3 

successively (see a flow in Fig. 12 described later). At 

20 this time, after the level is switched to level 2 or level 

3, the level is not returned to level 1 until mounting of 

components onto one board is completed. This means that 

the components are mounted in the order from small 

components to large components. Here, the small component 

25 refers to a component having a small area and a low 
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component height. The large compc~e::t refers to a 

component having a large area a~o a hig::: =omponent height. 

The ::::-eason for employing s·..:ch a component 

mounting order is that the small compo~e~ts are generally 

5 required to be ::-.ounted with small gaps -:.:ierebetr ... ;een, that 

is, are required to be mounted with narr8~; adjacent pitches. 

This is because, if the large compone:-~ts (particularly, 

those having high component heights) are ~ounted first, the 

components need to be mounted while av::iding tf:.ese large 

10 components and the adjacent pitches ca::::ot be maGe small. 

QFP or the like is a component which requires a mounting 

accuracy and has a large area. If sue::: QFPs are mounted 

first, it is not preferable to mount "" .... arious components 

thereafter since a mounting impact is a;:plied to a board 

15 and accuracy of components mou!lted firs-: such as QFPs or 

the like requiring mounting accuracy can be affected. With 

the above reasons, basically, s:riall components are mounted 

first in general. 

One of features of the componen_t mounting 

20 apparatus according to this embodiment is that, to improve 

the mounting process time, components having low component 

heights have a short nozzle rising distance to shorten the 

vertical movement distance of the nozzle so that the 

suction time and mounting time can be shortened. 

25 Therefore, components are preferably mounted in 
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the order successively from small components {particularly, 

those having low component heights}. The s~all components 

are mounted first according to the general mounting order 

currently employed as described in the above reasons. 

5 Therefore, in the component mounting apparatus according to 

this embodiment, the nozzle height {rising height when a 

component is sucked) is switched by a three-stage switching 

method depending on the component height so that the 

mounting process time can be improved. 

10 Fig. 10 is a block diagram showing a control unit 

for performing an example of a nozzle height switching 

operation of the component suction nozzle elevating device 

in Fig. 5. Shown here is a cons ti tut ion required in the 

following case. In order to efficiently perform a nozzle 

15 height switching operation, components are grouped and 

height alignment processing is performed in advance based 

on the height information. Based on a mounting program 

created. as a result thereof, a mounting program for 

relating the nozzle number and component height information 

20 is created. While switching of the height level of the 

nozzle 70 is judged based on the mounting program, mounting 

operations are performed. Therefore, the component suction 

nozzle elevating device is generally provided with a first 

storage device 920, a second storage device 921, a nozzle 

25 suction component grouping unit 922, component height 
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aligning unit 923 for each nozzle, and a nozzle/component 

height aligning data storage device 924. 

The first storage device 920 stores mounting 

order data of components to be mounted. For example, 

5 information of relations between mounting positions in the 

X-Y coordinate for the mounting order Nl, N2, N3, and 

component numbers of components is stored, such as Nl 

mounting position (Xl, Yl) component number Bl, N2 mounting 

position (X2, Y2) componei:.t number B2, and N3 mounting 

10 position (X3, Y3) component number B3. 

Also, the second storage device 921 stores 

component data of components to be mounted. For example, 

component information for a component of component number 

Bl is stored, such as component dimensions in the X 

15 direction and Y directio~ (XA, YA), component height 

dimension Hl, and component body thickness dimension HBl. 

Component information for a component of component number 

B2 is. stored, such as component dimensions in the X 

direction and Y direction (XB, YB), component height 

20 dimension H2, and component body thickness dimension HB2. 

The nozzle suction component grouping unit 922 

performs the following operations. That is, the number of 

components which can be sucked and held by the operating 

head 4, 14 depends on the number of the nozzles 70. With 

25 the above ten nozzles 70, ten is the maximum number. 
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However, all the nozzles 70 cannot always suck components 

by d.epending on tl:e size of components. When components 

having large com~onent areas are sucked, it may be 

necessary that a nozzle adjacent to a nozzle sucking the 

5 component having large component areas does r..ot suck a 

component. There=ore, in the above mounting order, a 

processing for determining the number of components which 

can be sucked and held by an operating head 4, 14 having 

the ten nozzles 70 is carried out by the nozzle suction 

10 component grouping unit 922 . 

The component height aligning unit 923 for each 

nozzle performs grouping of components to be sucked by the 

nozzles 70 based on the component height dimension 

information stored in the second storage device 921. That 

15 is, for example, ~~en the nozzle height can be changed to 

the three kinds of levels 1-3 as described above, 

components are divided into three groups depending on the 

component height i~formation. For example, divided groups 

include a first component group of components having a low 

20 height, that is, components to be sucked by a nozzle at the 

level-1 height, a second component group of components 

having an intermediate height, that is, components to be 

sucked by a nozzle at the level-2 height, and a third 

component group of components having a high height, that is, 

25 components to be sucked by a nozzle at the level-3 height. 
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The nozz:e/component height aligning data storage 

device 924 stores information of results of processing by 

the component heig:::t aligning unit 923 for each nozzle. As 

a result, relatio::s between the number of the nozzles 70 

5 and component heights of components to be mounted are 

stored. 

Fig. 11 is a block diagram of a control unit for 

performing anothe:?:" example of a nozzle height switching 

operation by the component suction nozzle elevating device 

10 in Fig. 5. In the example in Fig. 10, the mounting program 

for relating the nozzle number and the height information 

of the components is created in advance. In this example,_ 

based on the mou!'lting order data of components to be 

nounted in the f i:?:"st storage device 920 and the component 

15 data of components to be mounted in the second storage 

device 921, the relation with the nozzle height level is 

judged by the height of each component to switch the level 

in a calculating/processing unit 1100 in a control device 

1000 for controlling operations of the whole mounting 

20 apparatus. 

Therefo:?:"e, the calculating/processing unit 1100 

of the mounting apparatus is generally constituted by a 

mounting order/component height data reading unit 1101, a 

height judging unit 1102, and a component height switching 

25 unit 1103. 
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The mc-.;.nting crder/co:::.ponent height data reading 

unit 1101 reads the mo~~~ing order data a~d the component 

data. 

Subseq-i:.ently, in the height judging unit 1102, 

5 the relation with the nozzle he~ght level is judged by the 

height of each componen~. For example, as described above, 

the nozzle 70 is switc~ed at three stages of levels 1-3. 

Assuming that level 1 is applied to a component lower than 

a first threshold THl, level 2 is applied to a component 

10 equal to the first thres~old THi or higher and lower than a 

second threshold TH2, a~d level 3 is applied to a component 

equal to the second threshold Tn2 or higher, which of the 

three stages of levels :-3 is ~o be applied is judged by 

the height of each component. As an example of the first 

15 threshold THl, 6 mm can be employed. As an example of the 

second threshold TH2, 13 mm can be employed. However, the 

first and second thresholds are not limited to these, but 

arbitrary values can be appropriately set under a condition 

of THl < TH2. 

20 Subsequently, the component height switching unit 

1103 compares a nozzle level to be applied to components to 

be sucked next and the current level, and judges how 

switching operations of the nozzle height are performed so 

that a cylinder-sensor control unit 902 and a motor control 

25 unit 903 control driving of the elevation drive motor 56, 



5 

42 

the nozzle selecting cylinder 45, the first top dead center 

level switching cylinder (first height switching cylinder) 

62, second top dead center level switching cylinder (second 

height switching cylinder) 61, and so forth. 

Described below is an operation of judging which 

of the three stages of the levels 1-3 of the nozzles 70 is 

applied depending on the height of each component. Fig. 12 

is a flowchart of this judging operation, that is, a nozzle 

height switching operation of the component suction nozzle 

10 elevating device in Fig. 5. 

First, mounting is started. In Step #50, when 

the nozzles 70 are returned to the original point, the 

height at level 1 is set. 

Subsequently, in Step #51, whether the component 

15 height is equal to the second threshold TH2 or higher is 

judged. If the component height is lower than the second 

threshold Trt2, the operation proceeds to Step #52. If the 

component height is equal to the second threshold TH2 or 

higher, the operation proceeds to Step #57. 

20 In Step #52, whether the component height is 

equal to the first threshold THl or higher is judged. If 

the component height is lower than the first threshold THl, 

the nozzle at level 1 can be applied. Therefore, switching 

of the nozzle height is unnecessary and the operation 

25 proceeds to Step #53. On the other hand, if the component 
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he~ght is eqilal t~ the fi=st threshold THl or higher, the · 

operation proceeds to Step #59. 

In Step #53, co:r.-,ponents are sucked by the nozzles 

70. In Step #54, components sucked by the nozzles 70 are 

recognized. In S~ep #55, components sucked by the nozzles 

70 are mounted. 

Subsequently, in Step #56, whether mounting of 

components onto cne board is completed, that is, whether 

any component to be moun~ed remains is judged. If there 

10 remains no compo~ent to be mounted, completion of mounting 

of components or-~o the one board is determined and the 

operation returns to Step #50. Or, in some cases, a series 

of these operations may be finished. On the other hand, if 

there remains ar..y compor:ent to be mounted, the operation 

15 returns to Step ~51 and the above operations are repeated. 

Meanwh~le, in Step #57, whether the current level 

is level 3 is j~dged. When the current level is level 3, 

the level does not need to be switched. Therefore, the 

operation proceeds to Step_ #53 and a component is mounted 

20 by a nozzle at level 3. On the other hand, since the level 

needs to be switched when the current level is not level 3, 

the operation proceeds to Step #58. 

In Step #58, the nozzle height is changed from 

the current level to level 3. Then, the operation proceeds 

25 to Step #53 and a component is mounted by a nozzle at level 
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3. 

In Step #59, whether the current level is level 2 

is judged. When the current level is level 2, the level 

does not need to be switched. Therefore, the operation 

5 proceeds to Step #53 and a component is mounted by a nozzle 

at level 2. On the other hand, since the level needs to be 

switched when the current level is not level 2, the 

operation proceeds to Step #60. 

In Step #60, the nozzle height is changed f::!:"om 

10 the current level to level 2. Then, the operation proceeds 

to Step #53 and a cc~ponent is mounted by a nozzle at level 

2. 

Thus, the nozzle height switching operation is 

carried out. It is noted that, in this nozzle height 

15 switching operation, when the height is once switched from 

level 1 to level 2 or 3, the height cannot be returned to 

level 1 as described above. This is because, as described 

above,· this is suitable to a case where a mounting program 

relating the nozzle number and the component height 

20 information is created in Fig. 10 and then switching of the 

nozzle level is judged based on the mounting program. 

For exan1ple, in information in the 

nozzle/component height aligning data storage device 924 in 

Fig. 10, when switching of the level is judged according to 

25 the flow in Fig. 12 in a state that 6 mm is employed as an 
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example of the f :Lrst threshold THl and 13 :rn::. is e:::-.plc:_.~ed as 

an example of the second threshold TH2, the cocponent 

height is 3 mm for the nozzle 70 of No. 1, the coEponent 

height is 4 mm for the nozzle 70 of No. 2, compor.ent ~eight 

5 is 2 nm for the nozzle 70 of No. 3, ... , a:::id the co:::r.ponent 

10 

height is 4 mm for the nozzle 70 of No. 20. Therefore, 

mounting operations are performed by the nozzles of Kos. 1-

No. 2 O at the height of level 1. Since the cor.cponent 

height is 8 mm for the nozzle 70 of No. 21, the cocponent 

height is 9 mm for the nozzle 70 of No. 

compor:ent height is 7 mm for the nozzle 

22, •.• I 

70 of 

a:-~d the 

1'7~. J."i ._ .• 30, 

mounting operations are performed by the nozzles o:: Nos. 

21-30 at the height of level 2. Since the compo~ent height 

is 15 mm for the nozzle of 70 of No. 31, •••I mc-...:.nting 

15 operations are performed by the hozzle of Nos. 31 and later 

at the height of level 3. Here, it is assumed that 

components are mounted by the nozzles of Nos. 1-10 in the 

first mounting operation by the operating head, components 

are mounted by the nozzles of Nos. 11-20 in the second 

20 mounting operation by the operating head, and components 

are mounted by the nozzles of Nos. 21-30 in the third 

mounting operation by the operating head. However, nozzles 

actually used, for example, the nozzles of Nos. 1, 11, and 

21 are the same, that is, the first nozzle 70. 

25 On the other hand, Fig. 13 is a flowchart 
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according to a modification of the nozzle ~eight switching 

operation of the component suction nozzle elevating device 

in Fig. 5. This is basically the same as Fig. 12, but 

component mounting is carried out once at :evel 1 and then, 

5 even after the height is once switched to :evel 2 or 3, the 

height can be switched to level 1 by judgi~g after Step #56 

whether level 1 is applied. Therefore, :.:iis flow ca!'l be 

applied not only to the constitution of ?:g. 10, but also 

that of Fig. 11. 

10 That is, in Step #61, whethe= the component 

height is lower than the first threshol:i THl is judged. 

When the component height is not . lower- than the ::irst 

threshold THl, the operation proceeds to ~:.ep #51. On the 

other hand, when the component height :.~ lower than the 

15 first threshold THl, the operation procee:::: to Step #62. 

In Step #62, whether the curren:. level is level 1 

is judged. When the current level is le7el 1, the level 

does not need to be switched. Therefor-e, the operation 

proceeds to Step #53 and a component is mc~~ted by a nozzle 

20 at level 1. On the other hand, since the :evel needs to be 

switched when the current level is r.c~ level 1, the 

operation proceeds to Step #63. 

In Step #63, the nozzle height is changed from 

the current level to level 1. Then, the operation proceeds 

25 to Step #53 and a component is mounted by a nozzle at level 
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1. 

In some cases, instead of S~ep #50, Step #61 may 

be performed so that whether level 1 can be applied is 

judged before application to level 3 or 2 is judged for 

5 each component. 

According to the above emb~dirr.e::it, when a nozzle 

is selected, a gap is unfailingly fc=med between the upper 

end of the nozzle elevating shaft 55 and the piston rod 46 

of the nozzle selecting cylinder 45 ~osit~oned at the lower 

10 end position so that, at the time of nozzle selecti~g, the 

piston rod 46 of the nozzle selecting cylir:der 45 is not 

brought into contact with the nozzle ele~ating shaft 55 and 

that the piston rod 4 6 is brought intc contact with the 

nozzle elevating shaft 55 only when ':he e2.evating me:::lber 58 

15 is lowered by a drive of the elevatic:: drive mo-:or 56. 

Thus, since the piston rod 46 is no~ brJught into contact 

with the nozzle elevating shaft 55, no i~pact is generated 

to the·nozzle elevating shaft and a component sucked by the 

nozzle is not displaced or dropped. 

20 When all the nozzle elevati::g shafts 55 are 

raised, all the nozzle selecting cylinders 45 are raised by 

a drive of the elevation drive motor 56 and the nozzle 

elevating shafts are raised by urging forces. Therefore, 

unlike a conventional one, all the nozzle elevating shafts 

25 do not need to be raised by the motor via the elevating 
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plate by overcoming an activating for=e of the air cylinder. 

Thus, the motor is not overloaded. 

Furthe=more, by switching the nozzle height 

depending on the component height as a method of switching 

5 nozzle height (rising height when a cc:nponent is s....:cked) in 

three stages, a component having a lo-.-; component height has 

a short nozzle rising distance and the vertical movement 

distance of the nozzle is shortened so that suction time 

and mounting ti::-.e can be shortened. Thus, the mounting 

10 process time can be improved. 

Furthermore, in the embodi:r:-.ent in Figs. 2 to 4, 

since the lowe= end of the piston :-od 46 of the nozzle 

selecting cylinder 45 is lowered unti:. brough_t into contact 

with the edge o= the notch 58a of the elevating merober 58, 

15 the lower end position of the piston rod 46 is consistent 

at all times and does not vary. As a result, the position 

at which the lo~er end of the piston =od 46 is brought into 

contact with the upper end of the nozzle elevating shaft 55 

becomes consistent and the elevating amount of nozzle 

20 elevating shaft 55 can be more precisely controlled. 

Therefore, 

overloaded. 

components can be mm.:nted without being 

It is noted that the present invention is not 

limited to the above embodiment, but can be applied in 

25 other various aspects. 
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For example, instead of lowering the piston rod 

46 of the nozzle selecting cylinder 45 towards the upper 

end portion of the selected nozzle elevating shaft in a 

range in which the piston rod 4 6 is not brought into 

5 contact with the selected nozzle elevating shaft 55, the 

piston rod 46 of the nozzle selecting cylinder 45 may be 

fixed to the elevating member side and be lowered towards 

the upper end portion of the nozzle elevating shaft 55 in a 

range that the main body of the nozzle selecting cylinder 

10 45 is not brought into contact with the nozzle elevating 

shaft 55. 

Furthermore, the ball screw shaft 57 is used as 

an example of a screw shaft linked to the rotating shaft of 

the rotary elevation drive device, but the screw shaft is 

15 not limited to this and may be a normal screw shaft. 

According to the present invention, when a nozzle 
--

is selected, a gap is unfailingly formed between the upper 

end of· the nozzle elevating shaft and the piston rod of the 

nozzle selecting cylinder_ positioned at the lower end 

20 position so that, at the time of nozzle selecting, the 

piston rod of the nozzle selecting cylinder is not brought 

into contact with the nozzle elevating shaft and that the 

cylinder selectively lowered from the nozzle selecting 

actuator is brought into contact with the selected nozzle 

25 elevating shaft only when the piston rod is lowered by a 
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drive of the elevatio::-. drive motor a::c all the nozzle 

selecting actuators a=e simultaneously lowered. Thus, 

since the piston rod is not brought in~o contact with the 

nozzle elevating shaft at selecting the nozzle, no impact 

5 is generated to the nozzle elevation st.aft and a component 

sucked by the nozzle is not displaced or dropped. 

When all the nozzle elevating shafts are raised, 

all the nozzle selec~ing cylinders are simultaneously 

raised by the drive of the elevation ci=ive motor and the 

10 nozzle elevating shaf~s are raised by urging forces. 

15 

Therefore, unlike a co~ventional one, all the nozzle 

elevating shafts do not need to be raised by the motor via 

the elevating plate by overcoming an activating force of 

the air cylinder. Thus, the motor is not overloaded. 

By switching "the nozzle height depending on the 

component height as a !nethod of switching nozzle height 

(rising height when a component is sucked) in a plurality 

of stages, a component having a low component height has a 

short nozzle rising distance and the vertical movement 

20 distance of the nozzle is shortened so that suction time 

and mounting time can be shortened. Thus, the mounting 

process time can be improved. 

When the lower end of the piston rod of the 

nozzle selecting cylinder is lowered until brought into 

25 contact with an edge of the through hole or notch of the 
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elevating member, t~e lower end positio~ of the piston rod 

is consistent at all times and does not vary. As a resul~, 

the position at wr.ich the lower end of the piston rod is 

brought into contact with the upper end of ~he nozzle 

5 elevating shaft becomes consistent a~d the amount of 

elevation of the nozzle elevating s~aft ca~ be more 

precisely controlled. Therefore, a component can be 

mounted without being overloaded at the time of mounting. 

Al though the present invention has been fully 

10 described in con~ection with the preferred embodiments 

thereof with reference to the accompanying dra~ings, it is 

to be no.ted that various changes and modifications are 

apparent to those skilled in the art. Such changes and 

modifications are to be understood as included within the 

15 scope of the present invention as defined by the appended 

claims unless they depart therefrom. 
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CLAIMS 

1. A compone~~ suction nozzle elevating device 

comprising: 

a plurality of nozzle elevating shafts (55) 

5 supporting a suction nozzle ( 7 0) for sucking and holding 

components at respective lower er-ds thereof with the 

nozzles normally urged upward; 

a plurality of nozzle selecting actuators (45) 

which are disposed corresponding to the plurality of nozzle 

10 elevating shafts and, when one suction nozzle to be lowered 

is selected from the plurality of nozzles, lowers a 

cylinder corresponding to the selected nozzle elevating 

shaft having the selected suction nozzle towards the nozzle 

elevating shaft in a range where the cylinder is not 

15 brought into contact with the selected nozzle elevating 

shaft; 

a rotary drive device (56) for elevation which 

simultaneously lowers all the nozzle selecting actuators to 

bring the cylinder selectively lowered by the nozzle. 

20 selecting actuator into contact with the selected nozzle 

elevating shaft in order to lower the nozzle elevating 

shaft; and 

a top dead center changing device (61, 62) which 

changes a position of a top dead center of each of the 

25 nozzle elevating shafts. 
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2. A component suction nozzle elevating device 

according to Claim 1, further comprising an elevating 

member (58) to which all the nozzle selecting actuators are 

fixed and which is screw-thread to a screw shaft (57) 

5 connected to a rotating shaft of the rotary drive device 

for elevation and raised or lowered by forward and reverse 

rotation of the screw shaft, wherein the elevating member 

is raised or lowered by the forward and reverse rotation of 

the screw shaft so that all the nozzle selecting actuators 

10 are simultaneously raised or lowered. 

3. A component suction nozzle elevating device 

according to Claim 2, wherein 

the elevating member has a through hole or notch 

(58a) through which an upper end portion of the nozzle 

15 elevating shaft can penetrate; when one suction nozzle to 

be lowered is selected from the plurality of nozzles, the 

upper end portion of the nozzle elevating shaft is 

positioned in the through hole or notch in a range in which 

the upper end portion of the nozzle elevating shaft is.not 

20 projected above the through hole or notch and a lower end 

of the cylinder of the nozzle selecting actuator is lowered 

until brought into contact with an edge of the through hole 

or notch; a gap is formed between the lower end of the 

cylinder and the upper end portion of the nozzle elevating 

25 shaft in the through hole or notch; and, when the elevating 
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member is lowered by a rota=:; drive of the rotary drive 

device for elevation, the lowe= end of the cylinder and the 

upper end portion of the nozzle elevating shaft are brought 

into contact with eac~ other so that the nozzle elevating 

5 shaft for elevating .:..s lowe=ed by the lower end of the 

cylinder. 

4. A component suction nozzle elevating device 

according to Claim 2, wherein a flat plate portion ( 55a) 

with which the lower end of the cylinder is brought into 

10 contact and which can be de?=essed is fixed to the upper 

end portion of the nozzle elevating shaft; when one suction 

nozzle to be lower is se:ected from the ·plurality of 

nozzles and the lower end of ~he cylinder is lowered, a gap 

is formed between the lower end of the cylinder and the 

15 flat plate portion of the up?er end portion of the nozzle 

elevating shaft; and, when the elevating merober is lowered 

by the rotary drive of the rotary drive device for 

elevation, the lower end of the cylinder and the flat plate 

portion of the upper end po=tion of the nozzle el.evating 

20 shaft are brought into contact with each other and the 

nozzle elevating shaft is lowered by the lower end of the 

cylinder. 

5. A component suction nozzle elevating device 

according to any one of Claims 1-4, wherein the top dead 

25 center changing device ( 61, 62) is constituted by a top 



5S 
I If llllJ 1111~ 11~1111[1 II If II 

dead center cha:-.ging cylinder having an engagi:-.g portion 

(63b, 64b) engaged to the r-ozzle elevating s~aft o:: a 

piston rod ( 61a, 62a) ; and ::he top dead ce::::er · of the 

nozzle elevating shaft when the engaging portion of the 

5 piston rod is engaged to the nozzle elevatir:g shaft by 

driving the top dead center changing cylinder is positio::ed 

below the top dead center of the nozzle elevating sr~aft 

when the engagir.g portion of the piston rod of the top dead 

center changing cylinder is unengaged to the nozzle 

10 elevating shaft. 

6. A co~ponent suction nozzle elevating device 

according to a~.y one of Claims 1:-4, wherein the top dead 

center changing device (61, 62) is constituted by a first 

top dead cente::: changing ac~uator ( 62) and a second top 

15 dead center changing actuator (61) and has engaging 

portions (63b, 64b) engaged to the nozzle elevating shafts 

on the piston rods of the respective top dead center 

changing actuators; and a top dead center of the nozzle 

elevating shaf~ is positioned downward in an order of a top 

20 dead center of the nozzle elevating shaft when the engaging 

portion ( 63b) of the piston rod of the first top dead 

center changing actuator is unengaged to the nozzle 

elevating shaft, a top dead center of the nozzle elevating 

shaft when the engaging portion of the piston rod of the 

25 first top dead center changing actuator is engaged to the 
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nozzle elevating shaft, a<ld a top dead ce~ter of the nozzle 

elevating shaft when -=:ie engaging portion ( 64b) of the 

piston rod of the second top dead center changing actuator 

is engaged to the nozzle elevating shaft. 

5 7. A component suction nozzle elevating device 

according to any one o= Claim 1-4, wherei~ 

the nozzle selecting actuator (45) is a nozzle 

selecting cylinder; the rotary drive device for elevation 

(56) is an elevation drive motor; and the screw shaft (57) 

10 is a ball screw shaft. 

8. A component ~ounting apparatus comprising: 

component supply uni ts ( 8A, · 8B, SC, 18A, 18B, 

18C) for housing components sucked by t:ie suction nozzles 

of the component suction nozzle elevating device; 

15 a head drive device (5, 15) for moving a head (4, 

14) having the compone:it suction nozzle elevating device 

according to any one of Claims 1-4; and 

a board conveying/holding device (3, 13) for 

holding a board (2) on which components picked up by the 

20 · suction nozzle of the component suction nozzle elevating 

device are mounted; the component mounting apparatus, 

wherein 

the head is moved to the component supply unit by 

a drive of the head drive device and one selected suction 

25 nozzle is lowered so that a component is picked up by the 
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component sucti~~ noz=le elevating device from the 

component supply ~~it; t~e head ~s moved from the component 

supply unit to ~~e board by the drive of the head drive 

device; and the s~ction nozzle which is selected and picks 

5 up the component is lowe~ed by the component suction nozzle 

elevating device to moun~ the COLponent onto the board. 

10 


