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Fig. 1 Geometric characteristics of a line with two positions
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Fig. 2 Geometric characteristics of a line with spe-
cial two positions
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Fig. 3 Determination of the main projection direction
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Fig. 4 Two-plane projections of a line with two positions
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Fig. 7 Line-guidance model of a line with two positions
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Fig. 8 Geometric characteristics of the limit positions of
RSSR mechanism
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spatial linkage with 5 positions based on kinematic geom-

Geometric Method for Limit Positions Synthesis of the Spatial Crank-rocker Mechanism
WANG Hanchao', GUO Yingying', LIN Songz, JIANG Jingyu2

(1.School of Physics and Electromechanical Engineering, Longyan University, Longyan 364030, China;
2.School of Mechanical Engineering, Tongji University, Shanghai 201804, China)
Abstract:

Objective This study presents a geometric synthesis method to address the dimensional synthesis problems of spatial crank-rocker mechanisms
(Revolute-Sphere-Sphere-Revolute mechanisms, i.e., RSSR mechanisms) based on the limit position angle and the limit position of the rocker. It
improves the intuitiveness and transparency of the synthesis process.

Methods The research started from the spatial kinematic geometry rules of a line with two positions. The movement form of a fixed point on a
line was investigated. 4,(B,) and A4,(B,) were homologous points on a line g. There were many ways of moving the point A(B) from position 4,
(B,) to A,(B,) in space. Imagine point 4(B) moves from 4,(B,) to A,(B,) by rotating around an axis along the arc trajectory. Therefore, the point 4
(B) can be rotated from the position 4,(B,) to 4,(B,) around the intersection line of the middle vertical planes of 4, 4, and B, B,. Hence, the cor-
responding kinematic geometric characteristics of a line with two positions were extracted (rotation axis). This process achieved the transforma-
tion from kinematic problems to geometric ones. Further research was conducted on the kinematic geometric characteristics of a line with two
special positions, and the spatial kinematic geometric model with finite separation positions of a line was compared to the planar Burmester
theory. The projection of the rotation axis 7, was equivalent to the concept of the pole. The conclusion was drawn that the planar kinematic geo-
metric model in the case of two positions was a special case of the spatial kinematic geometric model in this study, which also proved the correct-
ness of the spatial kinematic geometric model of a line with two positions. The direction of the main projection plane was determined (the rota-
tion axis 7, perpendicular to a specific projection plane) by combining the two-plane projection system. Therefore, the projection of the rotation
axis m,, was a point on the projection plane. The true expression of kinematic geometry features in the two-plane projection system was obtained.
Then, an RSSR linkage mechanism was ultimately constructed that can sequentially pass through two positions of a given spatial line. In addition,
a line-guidance model of a line with two positions was established. This process achieved the transformation of spatial kinematic geometric prob-
lems to planes and made the dimensional synthesis process of spatial linkage more intuitive in the process of geometric interaction. At the same
time, this also laid a theoretical foundation for the limit positions synthesis process of RSSR mechanisms. Further research was performed on the
geometric characteristics of the limit position of the spatial crank-rocker mechanism. When the rocker was at the limit position, the main projec-
tion plane was perpendicular to the pivot of crank shaft. At this time, the projections of the crank and coupler link on the main projection plane

were in a collinear state. The limit position angle and coefficient of travel speed variation of the spatial RSSR mechanism were derived. The limit
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positions of the rocker B, B, B, B, and the limit position angle & were known, and it was proposed that the frame joint of the crank 4, was on the
circumference of the coupler joints B, and B,. Then there were infinite positions of the frame joint. The center angle theorem was utilized to con-
struct a circle passing through points B, and B, with a center angle of 26 to ensure the limit position angle #, combined with the geometric charac-
teristics of the limit position of the spatial crank-rocker mechanism. Therefore, the frame joint 4, of the crank can be arbitrarily selected on that
circumference. The position of the frame joint 4, that satisfied the limit position angle 6 was an infinite solution. This process provided a high de-
gree of design freedom for the limit position synthesis of the spatial crank rocker mechanism and transformed the problem of limit position syn-
thesis of the mechanism into a function generation problem. However, the problem of function generation can be transformed into the solution of
a line-guidance model through the theory of kinematic inversion. A relatively unified geometric process for the synthesis of limit positions of spa-
tial crank-rocker mechanisms was formulated based on the geometric solution process of the line-guidance model. Finally, a numerical example
was given to verify the effectiveness.

Results and Discussions The frame joint position b, of the rocker was known, and the length of the rocker was 30 mm. The two limit positions of
the rocker were B, Bjand B,B,, where the coordinates of B,= (8.28,-4.33,2.00), B, = (6.89,-1.95,0.82), B,= (9.21,—4.85,4.80), and the limit
position angle §=30°. The final result indicated that the coordinates of the crank frame joint 4,= (2.00, —2.50, 1.01), the length of crank 4,4=18.28 mm,
the length of coupler 48=67.46 mm, and the length of rocker B8,=30.00 mm. This solution was one of the infinite solutions. Compared to exist-
ing limit position synthesis methods, the proposed method has strong intuitiveness, high transparency, and wide design freedom. The synthesis
work can be quickly completed when combined with modern geometric design tools.

Conclusions At the theoretical level, the geometric characteristics of a line defined by two positions were extracted, a line-guidance model for the
two positions was established, and a geometric synthesis procedure was constructed through the analysis of the mechanism's limit-position proper-
ties. At the tool level, a two-plane projection system, combined with projection transformation techniques, was adopted to convert the spatial
limit-position synthesis problem into a planar solution, achieving a highly interactive and visual synthesis process. This method enabled the selec-
tion of frame positions and the determination of link dimensions within a unified geometric space, providing substantial design flexibility. At the
methodological level, the procedural geometric synthesis framework facilitated direct data interoperability with mainstream CAD systems, provid-
ing engineers with an intuitive and practical synthesis tool.

Key words: spatial crank-rocker mechanism; limit position synthesis; geometric method; two-plane projection system; line-guidance model
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