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SUSTAINING MANIPULATOR ARM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a sustaining manipulator 

arm. More particularly, the present invention relates to a 
sustaining manipulator arm with a multi-degree-of-freedom 
motion and being capable of reaching static equilibrium. 

2. Description of the Related Art 
A static balancing mechanism is capable of keeping the 

mechanism at static equilibrium at any stop position during a 
motion process. This kind of mechanism can be widely 
applied in supporting orpick-and-place mechanisms, such as: 
a table lamp, an operation lamp, a monitor support bracket, a 
manipulator arm, and so on. For example, this kind of mecha 
nism can also be applied in Us. Pat. No. 6,328,458 (Bell et 
al., Dec.11, 2001), Us. Pat. No. 4,080,530 (Krogsrud, Mar. 
21, 1978), Us. Pat. No. 4,796,162 (Krogsrud, Jan. 3, 1989) 
and Us. Pat. No. 5,618,090 (Montague et al., Apr. 8, 1997). 
The static balancing mechanism can be accomplished by 
counterbalancing, spring balancing or many other equivalent 
methods. The method of adding a spring utilizes a spring 
potential energy change to balance a gravitational potential 
energy change of the mechanism, thereby achieving a con 
servative energy system which keeps the total potential 
energy unchanged. Comparing to the method of counterbal 
ancing, the method of adding a spring causes a relatively 
small burden to the overall weight of the system, and the 
spring is characterized in low cost and easy production. 
Most conventional spring static balancing mechanisms 

cannot reach complete gravitational equilibrium at an arbi 
trary position due to the limitation of the structure arrange 
ment or spring installation position of the mechanism. There 
fore, a conservative energy system cannot be accomplished, 
thus resulting in imperfect balance. Further, a conventional 
spring static balancing mechanism is mostly composed of a 
planar mechanism or multiple vertical planar mechanisms, 
which are assembled by multiple planar parallelogram link 
ages. However, due to the limitation of the planar structure, 
even though vertical rotary shafts have been added to increase 
one degree of freedom of the mechanism in a horizontal 
motion under the condition of keeping the operational plane 
of the planar parallel four-bar linkages perpendicular, three 
spatial rotational degrees of freedom motion still cannot be 
accomplished. 

Further, in known prior arts, the axial direction of a revo 
lution element (such as a revolute pair) of a known parallelo 
gram linkage must be in a horizontal direction, and the motion 
track of a coupler of the parallelogram linkage is a circular 
route. With regard to a known parallelogram linkage struc 
ture, no matter how two or multiple parallelogram linkages 
are connected, it can only perform planar motion. Therefore, 
it can only reach limited positions. 

For example, U.S. Pat. No. 3,973,748 (Nagasaka, Aug. 10, 
1976) discloses a structure composed ofa basic planar paral 
lelogram connecting bar and a diagonal spring. A cam is 
added to an extended point of the spring, to improve the 
balance caused by a friction condition change. 

U.S. Pat. No. 4,160,536 (Krogsrud, Jul. 10, 1979) discloses 
a structure composed of two connectedparallelogram arms. A 
nylon shoe is connected to a slide, such that a spring can be 
hidden from view, and different counterbalancing forces can 
be reached by utilizing the slide to adjust the position. 

Therefore, there is a need to provide a sustaining manipu 
lator arm, which can reach static equilibrium when the 
manipulator arm stays at an arbitrary position, and can per 
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2 
form a multi-degree-of-freedom motion, to mitigate and/or 
obviate the aforementioned problems. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a sustain 
ing manipulator arm, which is capable of reaching static 
equilibrium. 

It is another object of the present invention to provide a 
sustaining manipulator arm, with the end of its linkage per 
forming a multi-degree-of-freedom motion. 

To achieve another of the abovementioned objects, the 
sustaining manipulator arm of the present invention com 
prises a ?rst linkage set, a second linkage set and a third 
linkage set. The ?rst linkage set comprises: a ?rst link, with a 
?rst end of the ?rst link connected to a ?rst revolution ele 
ment, and with the ?rst revolution element having a ?rst 
revolution direction; a second link, with a ?rst end of the 
second link connected to a second revolution element, with 
the second revolution element having a second revolution 
direction, with the ?rst revolution direction and the second 
revolution direction being the same direction, and with the 
?rst revolution element and the second element on a vertical 
plane; a ?rst ball joint set in the ?rst link; a second ball joint 
set in the second link; a third link, with a ?rst end of the third 
link connected to the ?rst ball joint, with a second end of the 
third link connected to the second ball joint, and with the third 
link perpendicular to the ground; and a ?rst elastic element. 
Two ends of the ?rst elastic element are respectively attached 
to the ?rst link and the third link, and the ?rst elastic element 
makes the ?rst linkage set reach static equilibrium. 

To achieve another of the abovementioned objects, the 
sustaining manipulator arm of the present invention com 
prises a ?rst linkage set, a second linkage set and a third 
linkage set. The ?rst linkage set comprises: a ?rst link, 
wherein a ?rst end of the ?rst link is connected to a ?rst 
revolution element, and the ?rst revolution element has a ?rst 
revolution direction; a second link, wherein a ?rst end of the 
second link is connected to a second revolution element, and 
the second revolution element has a second revolution direc 
tion, wherein the ?rst revolution direction and the second 
revolution direction are the same direction, and the ?rst revo 
lution element and the second element are on a vertical plane; 
a ?rst ball joint, which is set in the ?rst link; a second ball 
joint, which is set in the second link; a third link, wherein a 
?rst end of the third link is connected to the ?rst ball joint, a 
second end of the third link is connected to the second ball 
joint, and the third link is perpendicular to the ground; and a 
?rst elastic element, wherein two ends of the ?rst elastic 
element are respectively attached to the ?rst link and the third 
link, and the ?rst elastic element makes the ?rst linkage set 
reach static equilibrium. 
The second linkage set comprises: a fourth link, with a ?rst 

end of the fourth link connected to a second end of the ?rst 
link via a third revolution element, and with the third revolu 
tion element having a third revolution direction; a ?fth link, 
with a ?rst end of the ?fth link connected to a second end of 
the second link via a fourth revolution element, with the 
fourth revolution element having a fourth revolution direc 
tion, with the third revolution direction and the fourth revo 
lution direction being the same direction, and with the third 
revolution element and the fourth revolution element on a 
second plane; a third ball joint set in the fourth link; a fourth 
ball joint set in the ?fth link; a sixth link, with a ?rst end of the 
sixth link connected to the third ball joint, with a second end 
of the sixth link connected to the fourth ball joint, and with the 
sixth link parallel to the second plane; and a second elastic 
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element. Two ends of the second elastic element are respec 
tively attached to the fourth link and the sixth link, and the 
second elastic element makes the second linkage set reach 
static equilibrium. 
The third linkage set comprises: a seventh link, with a ?rst 

end of the seventh link connected to a second end of the fourth 
link via a ?fth revolution element, with the ?fth revolution 
element having a ?fth revolution direction, and with wherein 
the ?fth revolution direction perpendicular to the third revo 
lution direction; an eighth link, with a ?rst end of the eighth 
link connected to a second end of the ?fth link via a sixth 
revolution element, with the sixth revolution element having 
a sixth revolution direction, with the ?fth revolution direction 
and the sixth revolution direction being the same direction, 
the sixth revolution direction perpendicular to the fourth revo 
lution direction, and with the ?fth revolution element and the 
sixth revolution element on a third plane; a ?fth ball joint set 
in the seventh link; a sixth ball joint set in the eighth link; a 
ninth link, with a ?rst end of the ninth link connected to the 
?fth ball joint, with a second end of the ninth link connected 
to the sixth ball joint, and with the ninth link parallel to the 
third plane; and a third elastic element. Two ends of the third 
elastic element are respectively pivoted to the seventh link 
and the ninth link, and the third elastic element makes the 
third linkage set reach static equilibrium. 

Other objects, advantages, and novel features of the inven 
tion will become more apparent from the following detailed 
description when taken in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present 
invention will become apparent from the following descrip 
tion of the accompanying drawings, which disclose several 
embodiments of the present invention. It is to be understood 
that the drawings are to be used for purposes of illustration 
only, and not as a de?nition of the invention. 

In the drawings, similar reference numerals denote similar 
elements throughout the several views. 

FIG. 1 illustrates a schematic drawing of a sustaining 
manipulator arm according to a ?rst embodiment of the 
present invention. 

FIG. 2 illustrates a schematic drawing of the sustaining 
manipulator arm according to a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Please refer to FIG. 1, which illustrates a schematic draw 
ing of a sustaining manipulator arm according to a ?rst 
embodiment of the present invention. The sustaining manipu 
lator arm 1 comprises a ?rst linkage set 10, which is com 
posed of a four-bar linkage structure. The ?rst linkage set 10 
comprises a ?rst link 11, a second link 12, a ?rst balljoint 71, 
a second ball joint 72, a third link 13, and a ?rst elastic 
element 14. 
A ?rst end 1111 of the ?rst link 11 is connected to a ?rst 

revolution element 61, and the ?rst revolution element 61 has 
a ?rst revolution direction 61a. A ?rst end 1211 of the second 
link 12 is connected to a second revolution element 62, and 
the second revolution element 62 has a second revolution 
direction 62a. The ?rst revolution direction 61a and the sec 
ond revolution direction 6211 are the same direction. 

In the embodiment shown in FIG. 1, although the ?rst 
revolution element 61 is deviated from the vertical axial 
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4 
direction of the second revolution element 62, the ?rst revo 
lution element 61 and the second revolution element 62 
belongs to the same ?rst plane 100, to avoid interference 
among linkages, such that the element arrangement of the 
sustaining manipulator arm 1 is more ?exible. 

In this embodiment, the ?rst revolution element 61 and the 
second revolution element 62 are respectively a revolute pair, 
which rotates along a horizontal axis. The ?rst link 11 and the 
second link 12 respectively move via the ?rst revolution ele 
ment 61 and the second revolution element 62. 

Please note that the ?rst revolution direction 61a and the 
second revolution direction 6211 are not limited to the above 
embodiment. However, the ?rst revolution direction 61a and 
the second revolution direction 6211 must face the same direc 
tion. 
The ?rst ball joint 71 is set in the ?rst link 11, and the 

second balljoint 72 is set in the second link 12. A ?rst end 1311 
of the third link 13 is connected to the ?rst ball joint 71, and 
a second end 13b of the third link 13 is connected to the 
second ball joint 72. The third link 13 is parallel to the ?rst 
plane 100, the ?rst plane 100 is perpendicular to a ground 90, 
and the third link 13 is perpendicular to the ground 90. The 
position of the third link 13 is not limited. Please note that the 
ball joint can also be replaced by other equivalent elements. 
For example, the ball joint can be replaced by a spherical joint 
composed of three homocentric revolute pairs. 
Two ends 141 and 142 of the ?rst elastic element 14 are 

respectively attached to the ?rst link 11 and the third link 13. 
The ?rst elastic element 14 makes the overall ?rst linkage set 
10 reach static equilibrium. In this embodiment, one end 142 
of the ?rst elastic element 14 is connected to the third link 13 
via a ?rst collar 81, and the ?rst collar 81 is used for being 
sleeved onto an appropriate position of the third link 13. 
When the sustaining manipulator arm 1 stays at different 

positions, gravity would generate different moments to the 
?rst revolution element 61 and the second revolution element 
62. At this time, the ?rst elastic element 14 would provide 
different balancing moments according to different elonga 
tion changes. The summation of the gravitational potential 
energy of each of the links (including the ?rst link 11, the 
second link 12 and the third link 13) and the total stored 
energy of the ?rst elastic element 14 is a constant, such that 
the energy can convert between the gravitational potential 
energy and the spring potential energy at different positions. 
Therefore, with regard to the motion of each link, static equi 
librium can be reached without the need of additional energy. 
The position where the ?rst elastic element 14 attached to 

the ?rst link 11 and the third link 13 and the elastic coef?cient 
of the ?rst elastic element 14 can be obtained according to the 
following formulas: 

According to the law of conservation of energy: 

Kia'ibiIliigOi (1) 

wherein the distance between the end 142 of the ?rst elastic 
element 14 and the ?rst ball joint 71 is ai, the distance between 
the end 141 of the ?rst elastic element 14 and the ?rst ball joint 
71 is bi, the elastic coef?cient of the ?rst elastic element 14 is 
Ki, and g is acceleration of gravity, and wherein: 
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Please refer to FIG. 2, which illustrates a schematic draw 
ing of the sustaining manipulator arm according to a second 
embodiment of the present invention. The sustaining manipu 
lator arm 111 comprises a ?rst linkage set 10, a second linkage 
set 20 and a third linkage set 30. The structure of the ?rst 
linkage set 10 is similar to that as described in the ?rst 
embodiment. Therefore, there is no need for further descrip 
tion. The ?rst revolution element 61 and the second revolution 
element 62 are mounted to the ground 90, and rotary shafts of 
the ?rst revolution element 61 and the second revolution 
element 62 are in a horizontal direction. 

The structure of the second linkage set 20 is similar to that 
of the ?rst linkage set 10. The second linkage set 20 is 
assembled to the ?rst linkage set 10. The second linkage set 
20 comprises a fourth link 21, a ?fth link 22, a third ball joint 
73, a fourth ball joint 74, a sixth link 23 and a second elastic 
element 24. 
A ?rst end 21a of the fourth link 21 is connected to a second 

end 11b of the ?rst link 11 via a third revolution element 63. 
The third revolution element 63 has a third revolution direc 
tion 63a, and the third revolution direction 63a is perpendicu 
lar to the ?rst revolution direction 6111. 
A ?rst end 2211 of the ?fth link 22 is connected to a second 

end 12b of the second link 12 via a fourth revolution element 
64. The fourth revolution element 64 has a fourth revolution 
direction 64a. The third revolution direction 63a and the 
fourth revolution direction 6411 are the same direction. The 
fourth revolution direction 64a is perpendicular to the second 
revolution direction 62a, and the third revolution element 63 
and the fourth revolution element 64 are on a second plane. 
The second plane is perpendicular to the ground 90. In this 
embodiment, the third revolution element 63 and the fourth 
revolution element 64 are respectively a revolute pair. 

The third ball joint 73 is set in the fourth link 21, and the 
fourth balljoint 74 is set in the ?fth link 22. A ?rst end 23a of 
the sixth link 23 is connected to the third ball joint 73, and a 
second end 23b of the sixth link 23 is connected to the fourth 
ball joint 74. The sixth link 23 is parallel to the second plane, 
the second plane is perpendicular to the ground 90, and the 
sixth link 23 is perpendicular to the ground 90. The position 
of the sixth link 23 is not limited. 
Two ends of the second elastic element 24 are respectively 

attached to the fourth link 21 and the sixth link 23. The second 
elastic element 24 makes the second linkage set 20 reach 
static equilibrium. In this embodiment, one end of the second 
elastic element 24 is connected to the sixth link 23 via a 
second collar 82, and the second collar 82 is used for being 
sleeved onto an appropriate position of the sixth link 23. 
The position where the second elastic element 24 pivoted 

to the fourth link 21 and the sixth link 23 and the elastic 
coef?cient of the second elastic element 24 can be obtained 
according to the aforementioned formulas (l), (2) and (3). 

The structure of the third linkage set 30 is similar to that of 
the ?rst linkage set 10. The third linkage set 30 is assembled 
to the second linkage set 20. The third linkage set 30 com 
prises a seventh link 31, an eighth link 32, a ?fth balljoint 75, 
a sixth ball joint 76, a ninth link 33, and a third elastic element 
34. 
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6 
A ?rst end 3111 of the seventh link 31 is connected to a 

second end 21b of the fourth link 21 via a ?fth revolution 
element 65. The ?fth revolution element 65 has a ?fth revo 
lution direction 65a, and the ?fth revolution direction 65a is 
perpendicular to the third revolution direction 63a. In this 
embodiment, a second end 31b of the seventh link 31 com 
prises an end effector 311. Because the ?rst linkage set 10, the 
second linkage set 20 and the third linkage set 30 respectively 
provide one degree-of-freedom motion, the end effector 311 
has three degrees of freedom. 
A ?rst end 32a of the eighth link 32 is connected to a second 

end 22b of the ?fth link 22 via a sixth revolution element 66. 
The sixth revolution element 66 has a sixth revolution direc 
tion 66a. The ?fth revolution direction 65a and the sixth 
revolution direction 6611 are the same direction. The sixth 
revolution direction 66a is perpendicular to the fourth revo 
lution direction 64a, and the ?fth revolution element 65 and 
the sixth revolution element 66 are on a third plane. The third 
plane is perpendicular to the ground 90. In this embodiment, 
the ?fth revolution element 65 and the sixth revolution ele 
ment 66 are respectively a revolute pair. 
The ?fth ball joint 75 is set in the seventh link 31, and the 

sixth balljoint 76 is set in the eighth link 32. A ?rst end 3311 
of the ninth link 33 is connected to the ?fth ball joint 75, and 
a second end 33b of the ninth link 33 is connected to the sixth 
ball joint 76. The ninth link 33 is parallel to the third plane, the 
third plane is perpendicular to the ground 90, and the ninth 
link 33 is perpendicular to the ground 90. The position of the 
ninth link 33 is not limited. 
Two ends of the third elastic element 34 are respectively 

attached to the seventh link 3 1 and the ninth link 33. The third 
elastic element 34 makes the third linkage set 30 reach static 
equilibrium. In this embodiment, one end of the third elastic 
element 34 is connected to the ninth link 33 via a third collar 
83, and the third collar 83 is used for being sleeved onto an 
appropriate position of the ninth link 33. 
The position where the third elastic element 34 is pivoted to 

the seventh link 31 and the ninth link 33 and the elastic 
coef?cient of the third elastic element 34 can be obtained 
according to the aforementioned formulas (l), (2) and (3). 

Please note that: although the third revolution direction 63a 
and the fourth revolution direction 6411 are respectively per 
pendicular to the ?rst revolution direction 61a and the second 
revolution direction 62a, and although the ?fth revolution 
direction 65a and the sixth revolution direction 6611 are 
respectively perpendicular to the third revolution direction 
63a and the fourth revolution direction 64a, the sequence of 
the revolution direction of each revolution element is not 
limited to the embodiment as shown in FIG. 2. 

Further, the aforementioned second embodiment connects 
three linkage sets to perform a three-degree-of-freedom 
motion. Please note that the present invention can also con 
nect more than three, at most six, linkage sets. 

The sustaining manipulator arm 1a of the present invention 
can be applied in automated manipulator arms and each kind 
of supports, such as monitor supports, table lamp supports, 
operation lamp supports, operation equipment supports, 
kitchen cabinet supports, window supports, robot arm sup 
ports, and so on. At this time, the sustaining manipulator arm 
111 can comprise three driving devices (not shown), which are 
respectively used for driving the ?rst revolution element 61, 
the third revolution element 63 and the ?fth revolution ele 
ment 65, to drive the ?rst link 11, the fourth link 21 and the 
seventh link 31 to rotate, such that the end effector 311 can 
reach a designated position. As shown in FIG. 2, in this 
embodiment, the ?rst link 11, the fourth link 21 and the 
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seventh link 31 are active link elements, while the second link 
12, the ?fth link 22 and the eighth link 32 are passive link 
elements. 

The sustaining manipulator arms 1 and 1a of the present 
invention themselves can bear gravity, and can stay in static 
equilibrium. Therefore, when operating the sustaining 
manipulator arms 1 and 1a, relatively less braking force is 
needed to overcome system inertia, thereby signi?cantly 
improving driving energy ef?ciency. Further, because the 
gravity balancing mechanism and the driving mechanism 
belong to different systems, the position of the end effector 
311 can be more precise. 

Although the present invention has been explained in rela 
tion to its preferred embodiments, it is to be understood that 
many other possible modi?cations and variations can be 
made without departing from the spirit and scope of the 
invention as hereinafter claimed. 

What is claimed is: 
1. A sustaining manipulator arm comprising: 
a ?rst linkage set comprising: 

a ?rst link, wherein a ?rst end of the ?rst link is con 
nected to a ?rst revolution element, and wherein the 
?rst revolution element has a ?rst revolution direc 

tion; 
a second link, wherein a ?rst end of the second link is 

connected to a second revolution element, wherein 
the second revolution element has a second revolution 
direction, wherein the ?rst revolution direction and 
the second revolution direction are the same direction, 
and wherein the ?rst revolution element and the sec 
ond revolution element are on a ?rst plane; 

a ?rst ball joint set in the ?rst link; 
a second ball joint set in the second link; 
a third link, wherein a ?rst end of the third link is con 

nected to the ?rst ball joint, a second end of the third 
link is connected to the second ball joint, and the third 
link is parallel to the ?rst plane; and 

a ?rst elastic element, wherein two ends of the ?rst 
elastic element are respectively attached to the ?rst 
link and the third link, and wherein the ?rst elastic 
element makes the ?rst linkage set reach static equi 
librium; 

a second linkage set comprising: 
a fourth link, wherein a ?rst end of the fourth link is 

connected to a second end of the ?rst link via a third 
revolution element, wherein the third revolution ele 
ment has a third revolution direction, and wherein the 
third revolution direction is perpendicular to the ?rst 
revolution direction; 

a ?fth link, wherein a ?rst end of the ?fth link is con 
nected to a second end of the second link via a fourth 
revolution element, wherein the fourth revolution ele 
ment has a fourth revolution direction, wherein the 
third revolution direction and the fourth revolution 
direction are the same direction, wherein the fourth 
revolution direction is perpendicular to the second 
revolution direction, and wherein the third revolution 
element and the fourth revolution element are on a 
second plane; 

a third ball joint set in the fourth link; 
a fourth ball joint set in the ?fth link; 
a sixth link, wherein a ?rst end of the sixth link is 

connected to the third ball joint, wherein a second end 
of the sixth link is connected to the fourth ball joint, 
and wherein the sixth link is parallel to the second 
plane; and 
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8 
a second elastic element, wherein two ends of the second 

elastic element are respectively attached to the fourth 
link and the sixth link, and wherein the second elastic 
element makes the second linkage set reach static 
equilibrium; and 

a third linkage set comprising: 
a seventh link, wherein a ?rst end of the seventh link is 

connected to a second end of the fourth link via a ?fth 
revolution element, wherein the ?fth revolution ele 
ment has a ?fth revolution direction, and wherein the 
?fth revolution direction is perpendicular to the third 
revolution direction; 

an eighth link, wherein a ?rst end of the eighth link is 
connected to a second end of the ?fth link via a sixth 
revolution element, wherein the sixth revolution ele 
ment has a sixth revolution direction, wherein the ?fth 
revolution direction and the sixth revolution direction 
are the same direction, wherein the sixth revolution 
direction is perpendicular to the fourth revolution 
direction, and wherein the ?fth revolution element 
and the sixth revolution element are on a third plane; 

a ?fth ball joint set in the seventh link; 
a sixth ball joint set in the eighth link; 
a ninth link, wherein a ?rst end of the ninth link is 

connected to the ?fth ball joint, wherein a second end 
of the ninth link is connected to the sixth ball joint, 
and wherein the ninth link is parallel to the third plane; 
and 

a third elastic element, wherein two ends of the third 
elastic element are respectively pivoted to the seventh 
link and the ninth link, and wherein the third elastic 
element makes the third linkage set reach static equi 
librium. 

2. The sustaining manipulator arm as claimed in claim 1, 
wherein the sustaining manipulator arm can be set on a 
ground, and wherein the third link is perpendicular to the 
ground. 

3. The sustaining manipulator arm as claimed in claim 2, 
wherein the ?rst plane is perpendicular to the ground. 

4. The sustaining manipulator arm as claimed in claim 1, 
wherein the sustaining manipulator arm can be set on a 
ground, wherein the sixth link is perpendicular to the ground, 
and wherein the ninth link is perpendicular to the ground. 

5. The sustaining manipulator arm as claimed in claim 4, 
wherein the second plane is perpendicular to the ground, and 
wherein the third plane is perpendicular to the ground. 

6. The sustaining manipulator arm as claimed in claim 1, 
wherein a second end of the seventh link comprises an end 
effector having three degrees of freedom. 

7. The sustaining manipulator arm as claimed in claim 1, 
wherein rotary shafts of the ?rst revolution element and the 
second revolution element are in a horizontal direction. 

8. The sustaining manipulator arm as claimed in claim 1, 
wherein one end of the ?rst elastic element, one end of the 
second elastic element, and one end of the third elastic ele 
ment are respectively connected to the third link, the sixth 
link, and the ninth link via a ?rst collar, a second collar, and a 
third collar. 

9. The sustaining manipulator arm as claimed in claim 2, 
wherein the sixth link is perpendicular to the ground, and 
wherein the ninth link is perpendicular to the ground. 

10. The sustaining manipulator arm as claimed in claim 9, 
wherein the second plane is perpendicular to the ground, and 
the third plane is perpendicular to the ground. 

11. The sustaining manipulator arm as claimed in claim 2, 
wherein a second end of the seventh link comprises an end 
effector having three degrees of freedom. 
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12. The sustaining manipulator arm as claimed in claim 2, 
wherein rotary shafts of the ?rst revolution element and the 
second revolution element are in a horizontal direction. 

13. The sustaining manipulator arm as claimed in claim 2, 
Wherein one end of the ?rst elastic element, one end of the 5 
second elastic element, and one end of the third elastic ele 
ment are respectively connected to the third link, the sixth 
link, and the ninth link via a ?rst collar, a second collar, and a 
third collar. 
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