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(57) Abstract

The invention relates to a method of positioning a printed circuit board (6) in a component placement machine in a plane condition
and holding it in this plane condition. The exertion of a couple (M) on two mutually opposed edge portions (38) of a printed circuit board
(6) presses the latter flat onto a support (20).
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Method of positioning a printed circuit board in a component placement machine, and
component placement machine for this method.

The invention relates to a method of positioning a printed circuit board in
a component placement machine, in which method positioning means bring the printed circuit
board into a component placement position in which two mutually opposed edge portions of
the printed circuit board are clamped by clamping means and the printed circuit board bears
on a support situated between the edge portions.

It is important in component placement machines for the components to be
placed on a printed circuit board with great accuracy. One of the problems which may arise
here is that the printed circuit board is not perfectly plane. Especially printed circuit boards
whose upper surfaces, usually the component placement surfaces, are of convex shape cause
problems in the accurate placement of components. To solve this problem, US-A4,951,240
proposes to fix two mutually opposed edge portions of the printed circuit board by clamping.
A printed circuit board is brought into its component placement position by a transport belt,
after which the printed circuit board, which remains on the transport belt, is clamped
between a stationary and a movable clamping frame. So the printed circuit board and the
transport belt are both between the clamping frames. Fixation by clamping of the edge
portions alone of a printed circuit board does aid in making a curved printed circuit board
more or less plane, but it is not sufficient, certainly not in the central portion of a printed
circuit board having a convex upper surface.

US-A-5,086,556 proposes to pull the printed circuit board against a plane support by means
of vacuum. However, sealing problems often arise during this. The lower side of a printed
circuit board is often also provided with electrical conductor tracks and components, or
through holes. The use of vacuum is difficult then, if not absolutely impossible. The use of
such a method is accordingly limited.

It is an object of the invention to provide a method of positioning printed
circuit boards in a component placement machine in a plane condition and to keep them in

this plane condition.
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The method according to the invention is for this purpose characterized in
that the clamping means exert a couple on the printed circuit board which is directed towards
a side of the printed circuit board facing away from the support such that the printed circuit
board is brought into a plane condition and is held therein.
The invention is based on the recognition that a printed circuit board can
be positioned plane on a support through exerting a couple on two mutually opposed edge
portions of the printed circuit board. Through the application of a couple directed towards
the side of the printed circuit board facing away from the support, the printed circuit board is
pressed onto the support and thus held plane. Printed circuit boards with a curvature, in
whatever direction, are thus positioned in a plane condition so that the placement of
components can proceed with greater accuracy.
An embodiment of the invention is characterized in that the printed circuit
board is first brought to a stationary clamping frame of the clamping means by the support,
the side of the printed circuit board facing away from the support being moved against the
stationary clamping frame at a distance a from the edge of the printed circuit board, after
which the movable clamping frame is pressed against the side of the printed circuit board
facing away from the stationary clamping frame at a distance b from the edge of the printed
circuit board, the distance g being greater than the distance b, whereupon the movable
clamping frame exerts a force on the printed circuit board in a direction substantially
perpendicular to the printed circuit board.
The invention also relates to a component placement machine in which the
above method is used. A component placement machine provided with transport means for
transporting printed circuit boards in the machine, with a support for supporting the printed
circuit board in a component placement position, and with clamping means for fixing two
mutually opposed edge portions of the printed circuit board by clamping, is characterized in
that
- the clamping means comprise two sets of clamping frames situated on either
side of the printed circuit board to be positioned, each set comprising a
stationary and a movable clamping frame, whereby a couple can be exerted on
an edge portion of the printed circuit board,

- driving means are present for displacing the support and for displacing the
movable clamping frames, and

- pneumatic means are present for exerting a force on the movable clamping

frames for obtaining a couple on the two mutually opposed edge portions of the
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printed circuit board.
Preferably, pressure rims of the stationary clamping frames which bear on

the printed circuit board lie in a reference plane which coincides with a component plaéement
surface of the printed circuit board. The component placement surface is usually the upper
surface of a printed circuit board. The movable clamping frames are moved against the
surface at the lower side of the printed circuit board. The upper side of the printed circuit
board accordingly always lies in a fixed reference plane of the machine, irrespective of the
thickness of the printed circuit board. A quick and accurate placement of components is
rendered possible thereby.

A further embodiment is characterized in that the stationary clamping
frames are provided with pressure surfaces against which the printed circuit boards will lie
and which enclose an angle « of between 0.5 and 5° with the reference plane, and in that the
pressure rims of the movable clamping frames lie opposite the pressure surfaces of the
stationary clamping frames cooperating therewith. This results in a limitation of the couple so
that the risk of breaking of the printed circuit board is considerably reduced.

The invention will now be explained in more detail with reference to an
embodiment shown in a drawing, in which

Fig. 1 is a perspective view of a component placement machine,

Figs. 2-6 diagrammatically show the steps in which a printed circuit board

is positioned in the component placement machine of Fig. 1,

Fig. 7a diagrammatically and on an enlarged scale shows the clamping-in

of the printed circuit board in its component placement position, and

Fig. 7b shows a detail of how the printed circuit board is clamped in.

The component placement omachine of Fig. 1 comprises a machine frame
1 with two parallel guide beams 2. A slide 3 mounted on the guide beams is displaceable
over the beams in the y-direction. A component placement head 4 is fastened on the slide 3
and displaceable over the slide in the x-direction. The machine has a transport mechanism for
transporting printed circuit boards 6 through the machine. The transport belt 5 only of this
transport mechanism is shown. The component placement head 4 takes up components from

a component feeder 7 and places them on the printed circuit board.
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Figs. 2 to 6 show a number of steps in the process of positioning a
printed circuit board in a component placement machine. For simplicity’s sake, the
construction for positioning is shown on the left-hand side of the printed circuit board only.
A similar construction is present on the right-hand side. The following components are
shown in the construction of Figs. 2 to 6 (see Fig. 2):

a U-shaped frame 8 which acts as a carrier for the various components and which itself is
fastened to the machine frame 1 of the placement machine; a frame plate 9 which is rigidly
fastened to the frame 8; a transport belt support 10 fastened to the frame plate; a transport
belt 5 which runs over transport ledges 11 and which is driven by driving means (not shown)
for the transport of printed circuit boards 6 in a direction perpendicular to the plane of
drawing (in Fig. 1, the x-direction); a threaded spindle 12 which has its bearings hetween
two bearing blocks 13 fastened to the frame; a motor 14 also fastened to the frame and

‘capable of bringing the threaded spindle into rotation via a gear train 15; a support 16

provided with a guide stud 17 which can move up and down along a guide 18 fastened to the
frame; a nut 19 fastened to the support 16 and provided on the threaded spindle 12, so that
rotation of the threaded spindle will move the support up and down; support pins 20 fastened
on the support 16 for supporting the printed circuit board 6, only one such pin being shown
in the Figure; a peg 21 also fastened to the support 16; a movable beam 22 provided with a
support 23 with a guide wheel 24, which guide wheel can be guided in a guide track 25
fastened to the frame plate 9; penumatic means 26 comprising a number of units situated in
the longitudinal direction of the beam 22 and each formed by a cylinder 27, a piston 28, a
piston rod 29, and a spring 30, the piston 28 being fastened to one end of the piston rod 29
whose other end is rotatably connected to the beam 22; the cylinder 27 is further rotatable
about a bearing 31 in the frame; the space 32 in the cylinder 27 below the piston 28 is
connected to an HP-air source 33; the air pressure can be set with a control valve 34; two
sets of clamping frames 35, 36, each set being formed by a clamping frame 35 fastened to a
movable beam 22 and accordingly referred to as the movable clamping frame 35 hereinafter,
and another clamping frame 36 fastened to the frame 8 and accordingly referred to as the
stationary clamping frame 36 hereinafter; the two sets of clamping frames 35, 36 serving for
fixing two mutually opposed edges of the printed circuit board 6 by clamping as will be
described further below.

As was noted above, a similar positioning construction is present on the
left and on the right of the printed circuit board, corresponding components moving

simultaneously during positioning of a printed circuit board. A printed circuit board 6 is
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brought into a position in which components are to be placed on the printed circuit board by
means of a transport belt 5 (Fig. 2). Then the motor 14 is switched on, so that the support
16 moves up and the support pins 20 move towards the printed circuit board 6 (Fig. 3) and
subsequently lift the printed circuit board from the transport belt. The movements of the
various parts are indicated with arrows. When the printed circuit board 6 has roughly
reached the level of the movable clamping frame 35, the peg 21 which moves up
simultaneously with the support pins 20 makes contact with the beam 22 and presses the
latter up. The movable clamping frame 35 as a result also moves up (Fig. 4). Owing to the
shape of the guide track 25, the beam 22 undergoes a slight tilting movement whereby the
movable clamping frame 35 is also moved towards the printed circuit board 6, transversely
to the upward movement, so that a pressure rim 37 of the movable clamping frame 35 slides
below an edge portion 38 of the printed circuit board 6 (Fig. 5). Subsequently, the printed
circuit board is moved up until it hits with its upper side 39 against the stationary clamping
frame 36. The motor 14 stops and opening of the control valve 34 causes the piston 28 to
come under air pressure. As a result, the piston 28 exerts an upward force on the beam 22
via the piston rod 29 (Fig. 6).

The situation thus obtained is displayed in Fig. 7a on an enlarged scale
for the two mutually opposed sides of the printed circuit board. An initially curved printed
circuit board is indicated with a broken line. As is clearly shown in this Figure, two mutually
opposed edge portions 38 of the printed circuit board rest on respective pressure rims 37 of
the clamping frames 35, the pressure rim 37 of the clamping frame being situated at a
distance b from the edge of the printed circuit board (see Fig. 7b). Farther to the inside, the
printed circuit board is supported by the support pins 20. The upper surfaces 20a of the
support pins 20 and the pressure rims 37 of the clamping frames 35 lie in one plane. The
stationary clamping frames 36 are provided with pressure rims 40 which are situated at a
distance a from the edges 41 of the printed circuit board 6. The distance 3 is greater than the
distance b. The movable clamping frames 35 are now pressed up by the pneumatic means 26,
so that the pressure rims 37 of the clamping frames exert upward forces P1 on the edge
portions 38 of the printed circuit board. As a result, opposed reaction forces P2 arise on the
printed circuit board at the areas of the pressure rims 40 of the stationary clamping frames
36. The resulting couple M which is directed towards the upper side 39 of the printed circuit
board presses the latter flat onto the support pins. The couple must be limited in order to
prevent fracture of the printed circuit board. An efficient method of limiting the couple may
be obtained by two measures. The first is to bevel off a lower surface 42 of the stationary
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clamping frame 36 somewhat, for example, through an angle o of 1° or 2° in upward
direction, seen from the center of the printed circuit board to the edges thereof. The second
is to position the pressure rim 37 of the movable clamping frame 35 opposite the beveled
lower surface 42 of the stationary clamping frame. In fact, that point of the movable
clamping frame 35 where the force P1 is transmitted to the printed circuit board must lie
opposite the lower surface 42. When the force P1 is increased, the couple M increases until
the edge of the printed circuit board bears entirely on the lower surface 42 of the stationary
clamping frame 36, so that this lower surface will act as a pressure surface. The reaction
force P2 then no longer is applied to the area of the pressure rim 40 of the stationary
clamping frame, but is distributed over the pressure surface 42. When the force P1 increases,
the couple M does not increase any more. In practice, the force P1 will be chosen to be
greater so as to be sure that the printed circuit board will lie on the support pins 20.
Alternative means may be used for moving the movable clamping frame 35 up instead of the
penumatic means. An example is a mechanism driven by a servomotor.

The plane defined by the pressure rims 40 of the stationary clamping
frames is the reference plane 43 of the printed circuit boards. This reference plane coincides
with the upper surface 39 of the printed circuit board, i.e. the surface on which the
components are placed. This means that the upper side 39 of the printed circuit board will
always lie in the same location in the machine, irrespective of the thickness of the printed
circuit board.

A pressure mechanism 44 is further shown in the right-hand part of Fig.
7a whereby any lateral play of the printed circuit board relative to the movable clamping
frames, i.e. in the plane of the printed circuit board, can be neutralized. The pressure
mechanism comprises an arm 45 which is journaled around a pivot point 46 in the frame
plate 9, and a spring 47 which is tensioned between the free end 48 of the arm 43 and a
fastening point 49 of the frame plate 9. An edge portion 50 of the arm 45 here presses
against the guide wheel 24, so that the right-hand movable beam 22 shown in the drawing is
forced to the left. The beam 22 presses the printed circuit board also to the left, so that the
two mutually opposed edges 41 of the printed circuit board 6 are enclosed between the raised
rims 51 of the movable beams 22.

After the placement of the components, all parts mentioned move in reverse order again, so
that the printed circuit board will lie on the transport belt again for further transport to a next

position in the next position in the placement machine or to a next processing station.
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CLAIMS:
1. A method of positioning a printed circuit board in a component placement

machine, in which method positioning means bring the printed circuit board into a
component placement position in which two mutually opposed edge portions of the printed
circuit board are clamped by clamping means and the printed circuit board bears on a support
situated between the edge portions, characterized in that the clamping means exert a couple
on the printed circuit board which is directed towards a side of the printed circuit board
facing away from the support such that the printed circuit board is brought into a plane
condition and is held therein.
2. A method as claimed in Claim 1, characterized in that the printed circuit
board is first brought to a stationary clamping frame of the clamping means by the support,
the side of the printed circuit board facing away from the support being moved against the
stationary clamping frame at a distance a from the edge of the printed circuit board, after
which the movable clamping frame is pressed against the side of the printed circuit board .
facing away from the stationary clamping frame at a distance b from the edge of the printed
circuit board, the distance g being greater than the distance b, whereupon the movable
clamping frame exerts a force on the printed circuit board in a direction substantially
perpendicular to the printed circuit board.
3. A component placement machine provided with transport means for
transporting printed circuit boards in the machine, with a support for supporting the printed
circuit board in a component placement position, and with clamping means for fixing two
mutually opposed edge portions of the printed circuit board by clamping, characterized in
that
- the clamping means comprise two sets of clamping frames situated on either
side of the printed circuit board to be positioned, each set comprising a
stationary and a movable clamping frame, whereby a couple can be exerted on
an edge portion of the printed circuit board,
- driving means are present for displacing the support and for displacing the
movable clamping frames, and

- pneumatic means are present for exerting a force on the movable clamping
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frames for obtaining a couple on the two mutually opposed edge portions of the
printed circuit board.
4, A component placement machine as claimed in Claim 3, characterized in
that pressure rims of the stationary clamping frames which bear on the printed circuit board
lie in a reference plane which coincides with a component placement surface of the printed
circuit board.
S. A component placement machine as claimed in Claim 3, characterized in
that the stationary clamping frames are provided with pressure surfaces against which the
printed circuit boards will lie and which enclose an angle a of between 0.5 and 5° with the
reference plane, and in that the pressure rims of the movable clamping frames lie opposite

said pressure surfaces.
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