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DEVICE COMPRISING TWO PARALLEL LINKAGE MECHANISMS 

The invention relates to a device comprising two 1 inkage 
mecha~isms each having at least three bars of which a first and a second 

5 bar with the same length extend parallel to each other and are pivotably 
interconnected by at least a third bar, the two first and two third bars 

. . 
of both mechanisms are pivotably connected at a common main pivot, hinge 
points of the first bars lying away from the main pivot are independently 
movable along linear paths, the device is.further provided with a tool 

10 comprising the main pivot. 
By such a device which is known from US-A-4, 687, 400 

~he tool comprises a gripper means having two claws. The main pivot is 
.connected to both claws whilst at each cl aw one of the two pi vats of the 
second and third bars are connected. By translating both hinge points in 

15 the .same parallel vertical transport directions and over the same distance 
the tool is moved vertically. By translating only one of the .hinge points 
t·he tool moves mainly in a horizontal direction. By moving at 1 east one 
of the second bars, the claws of the gripper means are closed or opened. 

The second bars are moved by translating the end of 
20 the second bars remote from the third bars in a vertical direction parallel 

to the transport direction of the hinge points of the first bars. Hereby 
the distance between said ends of the· second bars and the hinge points 
change. This means that the first and second bars do not remain parallel, 
so that the control of the desired accurate movements is relatively 

25 complicated. Furthermore by the device according to US-A-4,687,400 the 
tool.cannot be.rotated round the main pivot in order to rotate the object 
situated between the claws. 

. It is therefore an object of the present invention to 
provide a device wher~by the tool cannot only be moved in at least two 

30 different directions but can also be rotated around the main pivot. 
This object of the present invention is achieved in 

that the first and second bars of each mechanism are pivotably connected 
by a fourth bar, lying parallel to and having the same length as the. third 
bar, the fourth bar is rotatable about the hinge point of the first bar, 

35 the pivot points of the third and second bars of the first and second 
mechanism are connected to the tool and a part·of the tool respectively, 
whereby rotating the fourth bar of the first mechanism around the hinge 
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point causes a rotation of the tool around the main pivot and rotating 

the fourth bar of the second mechanism around the hinge point causes 

rotation of the pa~t of the tool around the main pivot. 

In this patent application a bar should be considered 

5 as any connecting element which is pivotably connected between two pivots. 

By rotating one of the fourth bars the tool as such 
.. 

is rotated whilst the part of the tool, for example the gripper means need 

not to be rotated with respect to the tool. 
By moving the two hinge points and rotating the two 

10 fourth bars, the tool can be moved into/in two orthogonal directions, 

rotated round the main pivot and perform an additional feature, like 

· opening -or closing gripper means, rotating a gear connected to a 

manipulator and located in the tool etc. 
An embodiment of the device according to the invention 

15 is characterized in that at least one 1 i nkage mechanism comprises a fifth 

bar lying parallel to and having the same length as the first bar, the 

first and fifth bar are pivotably connected by a sixth and seventh bar 

lying parallel to each other and· having the same length, the sixth arm 

is pivotably connected to the first arm at the main pivot point and 

20 encloses an angle with the third arm. 
In this manner the fourth bar can be rotated fully round 

the hinge point without having the risk that at the so called dead point, 

in· which the third and fourth bar extends para 11 el to the first and second 

bar, the fourth bar continues to rotate in one direction whilst the third 

25 bar changes from the direction of rotation. 
Another embodiment of the device according to the 

invention is characterized in that the fourth arm is pivotably connected 

to an angle doubling mechanism. 
If at the input of the angle doubling mechanism a 90° 

30 rotation is performed, the fourth arm will rotate over 180°.· 

The device will further be explained with reference 

to the drawing, in which 
figure 1 shows a side view along the lines A-AB-B in 

figure 2A of a device according to the present invention; 

35 figures 2A-2B show plan views of the device as shown 

in figure 1 in a closed position of the grjpper means; 
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figure 3 shows a plan view of a detail of the device 
of figure 1; 

figures 4A, 48 show respectively a plan view and side 
view of the gripper means of the device shown in figure l; 

5 figure 5 shows a schematic view of a part of the device 
as shown in figure 1 by which the movement of the tool is performed; 

figure 6 shows a schematic view of the device as shown 
in figure 1 in which the angle doubling mechanism is shown; 

figure 7 shows a schematic view of a part of the device 
10 shown in figure 1 by which the rotation of a gear of the tool is performed; · 

figure 8 shows a schematic view of a part of the device 
as shown in figure 1 by·which the rotation of the tool around the main 
pivot is performed; 

figures 9A-F show in three steps the rotation of the 
15 tool round the main pivot; 

figures lOA-E show several movements of the device 
according to the invention. 

A 1 i ke parts are numbered a 1 i ke through the figures 
whereby bars are indicated by a 8 followed by a number, pivot points are 

20 indicated by a P followed by a number except for the hinge points HPl, 
HP2 and the main pivot MP, and s·lots in the bars· are indicated by S 
followed by a number. For example pivot P231 means the pivot f between 
bar 8Zl and bar 811 _of linkage mechanism Ml (see figure 8). 

Figures 1, 2A and 28 show a device 1 according to the 
25 invention comprising two 1 inkage mechanisms Ml, M2, two angle doubling 

mechanisms 01, 02 and one too 1 T. Each 1 i nkage mechanism Ml, M2 comprises 
a main bar 811, 812 which is pivotable connected to the pivots HPl, MP 
and HP2, MP. The pivot MP is a common pivot of both mechanisms Ml,. M2 and 
is called the main pivot MP. This pivot MP is located on the tool T. 

30 The linkage mechanism Ml comprises two bars 821, 851 
which extend parallel to the first bar 811 and have the same length as 
the bar Bll. The relevant length of .a ·bar is determined by the distance 
between the pivots at the respective ends of a bar. 

The bars Bll and 821 are interconnected by. third and 
35 fourth bars 831 and 841. The bar 831 is formed by the di-stance between 

the pivot points P231 and MP. 
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The fifth bar 851 is pivotably connected to the bar Bll 
by bars 861 and 871. 

The bar 871 is determined by the fixed distance between 
the hinge points HPl and the pivot point P571. 

5 The second mechanism M2 is simi 1 ar to 1 inkage 
mechanism Ml and comprises bar 822, 832, 842, 852, 862, 872 which are 
pivotably connected to each other in the same way as the bars of linkage 
mechanism Ml. The bar 832 is formed by the distance between two pivot 
points MP, P232 on the d1sc 2 as shown in figure 3. The bar 862 is formed 

10 by the distance between the main pivot MP and the pivot point P562.on 
disc 2. 

The hinge point HPl of '1 in kage mechanism Ml is located 
on a slide 3 which is movable by a 1 inear motor in the direction indicated 
by arrow Al. Near the end of the slide 3 (a angular slot SOI is provided 

15 which is located around the hinge point HPl. Through the slot SOI a pin 
extends which forms the pivot P241. Connected to said pivot P241 is a 
link 4 which h_as a length of {2 times the distance between P241 and HPL 
Said link 4 is pivotably connected at pivot P45 to a lever 5 which is 
pivotable around a fixed pivot ·PS. The distance between pivot PS and the 

20· hinge point HPl is the same as the distance between the hinge point HPl 
and the pivot P241. The distance between PS and P45 is twice said distance. 
The 1 ever 5 is at an end remote from the pivot P45 provided with a 
pivot P56 by which it is connected to a rod 6 (see figure 6) which is 
movable by linear motor in the direction indicated by arrow A2 and parallel 

25 to Al. The lever 5, and the link 4 form the angle doubling mechanism 01. 
In the same way hinge point HPZ is ·located on a slide 7 

which is movable by a 1 inear motor in the direction indicated by arrow A3. 
Near the end of the slide 7 a angular slot S02 is provided which is located 
around the hinge point HP2. Through the slot S02 a pin extends which forms. 

30 the.pivot P242. Connected to said pivot P242 is a link 8 which has a length 
of -/2 times the distance between P242 and HP2 which is pivotably connected 
at pivot P89 to a lever 9 which is pivotable around a fixed pivot P9. The 
distance· between pivot P9 and the hinge point HP2 is the same as the 
distance between the hinge point HP2 and the pivot P242. The distance 

35 between pg and P89 is twice said distance. The lever 9 is at an end remote 
from the pivot P89 provided with a pivot P910 by which it is connected 
to a rod 10 (see figure 6) which is movable by linear motor in the 
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direction indicated by arrow A4 and parallel to A3. The lever 9, and the 

link 8 form the angle doubling mechanism 02. 

The too 1 T is provided with a gear 11 which is rota tab 1 e 

around the main pivot MP to which gear 11 the pivot points P232 and P562 

5 are connected via the coupling piece 20 and disc 2 (fig. 1). 

10 

The tool T is further provided with two racks 12, 13 

-lying on opposite sides of gear 11 and connected to the left and right 

claw 14, 15 respectively of the gripper means 16. The space between the 

claws 14, 15 is required for the components to be picked up. 

The bars 821, 851, 822, 852 are near the hinge points 

HPl, HP2 prov.i ded with s 1 ots S21, SSl, S22, S52 respectively located around 

the pivot points P241, P571, P242, P571 respectively through which a pin 

forming the hinge point HPl, HP2 extends. The angle over which the slots 

extend depends on the angle over which the tool T and the gear 11 need 

15 to be rotated. In the device as shown the slots extend over 180° so that 

the tool T and gear 11 can be rotated also 180°. 

The working of the device 1 will be explained in a few 

steps with reference to the figures 5-8. 

In figure 5 those parts of the device 1 are 

20 schematically shown which are relevant for the displacement of the tool T 

into the direction indicated by arrows X, Y. 

By moving the slides 3 and 7 in the directions indicated 

by the arrows Al, A3 over the same distance, the tool Twill be moved ove~ 

the same distance in the direction indicated by arrow X. If only slide 3 

25 is translated in the direction indicated by arrow Al the tool T will be 

translated mainly in the direction indicated by arrow Y. In fact the 

bar 812 will get rotated around hinge p~int HP2 due to which the main 

pivot MP of the tool T will also perform a slight displacement in the 

direction indicated by arrow X. By controlling the displacements of the 

30 slides 3, 7 into the directions indicated by arrows Al, A3 the main 

pivot MP of the tool T can be moved into any desired position. 

From figure 6 the working of the angle doubling 

mechanism DI, 02 can be understood. By translating the rod 6 in.to the 

direction indicated by the arrow A2 the lever 5 will get rotated over, 

35 for example 90°. The link 4 which is pivotably connected by pivot P45 to 

link 5 will be displaced whereby the pivot P241 will get rotated around 

HPl over 180°. This final position is depicted in mirror image by the angle 
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doubling mechanism 02. The reason for the doubling of the angle from the 
link 5 onto the bar B41 is caused by the chosen relationship between the 
distances of the pivot points HPl, P241, PS, ~45 of the angle doubling 
mechanism. The distances P5-HP1 being equal to HP1-P241 and the distance· 

5 P5-P45 being twice said distance and the distance P241-P45 being.,/2 times 
said distance. 

Figure 7 shows how the gear 11 can be rotated. The 
bar 842 is rotated by the angle doubling mechanism 02, around the hinge 
point HP2. Because the rods· 812, 822, 842, 832 form a parallelogram 

10 mechanism bar 832 will perform the same rotation as bar 842. By rotating 
bar B32 around MP the gear 11 will also get rotated due to which the 
bar B62 will also perform said rotation and the.bar B72 will perform the 
same rotation around hinge point HP2. 

In figure 8 only the relevant part for the rotation 
15 of the tool T as a whole around main pivot MP is shown. By rotating the 

bar 841 around hinge point HPI the bar 831 will perform the same rotation 
around main pivot MP. Since pivot P231 is connected to tool T also tool T 
will perform this rotation. By rotating the tool T also bar B61 will get 
rotated. 

20 Figures 9A-9F show in three steps the rotation of the 
tool T from a position in which the claws 14, 15 are directed upwardly 
(figures 9A,9B) via a position in which the lever 5 is rotated over 45° 
whilst the bar 841 is rotated over 90° and the claws 14, 15 are directed 
to the right (figures 9C, 90) to a position in which the lever 5 is rotated 

25 over 90° whilst the bar B41 is rotated over 180° and the claws 14, 15 of 
the tool Tare directed downwardly (figures 9E, 9F). Since the gear 11 
1 ocated in the too 1 T is rotated together with the too 1 T around the main 
pivot MP the bars of the second linkage mechanism M2 must perform the same 
rotation. This means that during the translation of the rod 6 in the 

30 direction indicated by arrow A2 to perform the rotation of the tool T also 
the rod 10 must be translated in the direction indicated by arrow A4 over 
the s~me distance. 

If orily the rod 10 is translated into the direction 
indicated by arrow A4 the gear 11 will get rotated with respect to the 

35 tool T causing the racks 12, 13 to be displaced in the directions indicated 
by arrows AS, A6 (figure 4A) due to which the claws 14, 15 connected to 
the racks 12, 13 are moved. apart. 
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Figures lOA-lOE show five different posi.tions of the 
tool T and the claws 14, 15 located therein. 

Starting from the position as shown in figure lOA the 
position as shown in figure lOB can be obtained by translating the slides 

5 3, 7 and the rods 6, 10 over· the same distance in the directions indicated 
by arrows Al-A4. 

10 

Starting from the position as shown in figure 108 the 
position as shown in figure lOC can· be obtained by displacing only the 
rod 10 in the direction as indicated by arrow A4. 

Starting from the p·osition as shown in figure lOA the 
position as shown in figu_re lOD can be obtained by a controlled 
displacement of the rods 6, 10 and the slide 7 in the directions as 
indicated by arrows A2, A4, A3 respectively. 

Starting from the situation as shown in figure 100 the 
15 situation as shown in figure IOE can be obtained by displacing the rods 

6, 10 along the same distance in the direction indicated by the arrows 

Instead of gripping means 16 other manipulators or 
devices can be connected to the gear 11, like means for cutting, bending, 

20 soldering, engraving, measuring etc •• 
By the device as shown the slides 3, 7 are movable along 

parallel linear paths. It is, however, also possible to move the slides 
for example perpen~icular to each other whereby the same movements of the 
tool and gripper can be realised. 
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CLAIMS. 

1. Device comprising two linkage mechanisms each having 
at 1 east three bars of which a first and a second bar with the same 1 ength 

5 extend parallel to each other and are pivotably interconnected by at least 
a third bar, the two first and two third bars of both mechanisms are 
pivotably connected at a common main pivot, hinge points of the first bars 
lying away· from the main pivot are independently movable along linear. 
paths, the device is further provided with a tool comprising the main 

10 pivot, characterized in that the first and second bars of each mechanism 
are pivotably connected by a fourth bar, ·1ying parallel to and having the 
same length as the·third bar, the fourth bar is rotatable about the hinge 
point of the first bar, the pivot points of the third and second bars of 
the first and second mechanism are connected to the tool and a part of 

15 the tool respectively, whereby rotating the fourth bar of the first 
mechanism around the hinge point causes a rotation of the tool around the 
main pivot and rotating the fourth bar of the second mechanism around the 
hinge point causes rotation of the part of the tool around the main pivot. 
2. Device according to claim 1, characterized in that at 

20 least one linkage mechanism comprises a fifth bar lying parallel to and 
having the same length as the first bar, the first and fifth bar are 
pivotably connected by a sixth and seventh bar lying parallel to each other 
and having the same length, the sixth arm is pivotably connected to the 
first arm at the main pivot point and encloses an angle with the third 

25 arm. 
3. Device according to claim 1 or 2, characterized in that 
the fourth arm is pivotably connected to an angle doubling mechanism. 
4. Device according to cl aim 3, characterized in that said 
angle doubling mech.anism comprises an arm which is at one end pivotable 

30 about a pivot and at the other end pivotably connected to a link which 
is pivotably being connected to the fourth arm at distance from the hinge 
point which is equal to the distance between said hinge point and the pivot 
of the arm, the arm having a length of twice.said distance and the link 
having a length of .,/2 times said distance. 

35 5. Device according to one of the preceding claims, 
characterized in that said part of said tool comprises a gear. 
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6. Device according to claim 5, characterized in that said 
tool comprises a gripping means having two claws which are each provided 
with rack, said racks are 1 inearly driven by said gear into opposi~e 
directions. 
7. Device according to claim·6, characterized in that by 
rotating both fourth bars over the same angle a rotation of the tool is 
obtained, while by rotating the fourth bars over a different angle also 
an opening or closing of the gripping means is obtained . 
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