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Design of cam-linkage combined mechanism based on Fourier series
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Abstract: [ Objective] To enhance the motion smoothness and reliability of cam-linkage combined mechanisms under high-speed operating
conditions and to investigate a cam profile design method based on Fourier series. [ Methods] This study derives the motion law expression
of a cam-linkage combined mechanism through the Fourier series expansion theory and analyzes the influence of initial parameters on
motion characteristics. Taking the lifting mechanism of packaging machinery as an example, the study employs MATLAB for cam profile
curve design based on Fourier series and validates the basic dimensions and motion and dynamic performance of the cam. [ Results] When
the Fourier series expansion order k£ is 15, motion accuracy and acceleration fluctuations can be effectively balanced. The designed cam
profile curve is continuous and impact-free with a maximum pressure angle of 41.39° and a minimum curvature radius of 5.42 mm. Both the
velocity and acceleration curves meet the requirements for high-speed operation. [ Conclusion] The method simplifies the design process by
applying Fourier series expansion with a single motion law, eliminating the complexity of segmented calculations. It significantly improves

the stability and dynamic performance of cam-linkage mechanisms under high-speed conditions.
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Figure 1  Fourier series expansion
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Figure 5 Plot after Fourier series expansion
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Algorithm I The calculation of pressure Angle
1 Input: Initial parameters (e.g., XA, yA, al, etc.) and angle
ranges (e.g.,phil,phi2,etc.).
2 Output: 3D and 2D plot of positions.
3 Begin algorithm
4 Function: Perform trigonometric calculations to update positions
and angles, and generate plots.

5 Define: Define variables and arrays to store positions, angles,

and other parameters.
6 Function declaration: No explicit function declarations.
7 Initialt: Setting initial parameter values.

8 Set: intervals

calculations.

Defining for angles and distance-related
9 Compute distances, angles, and positions of points using
trigonometric relations and polynomial functions.
10 for idx=1:length(phia)
s1=—(23*x1(idx)."3)/27000;
yE=h-+sl;
xE=x1(idx) ;
L=sqrt( (xE—xA) A2+ (yE—yA)."2);
beta=asin((yE—yA)./L);
theta=beta—acos( (L.A2-+ (al+a2).A2—b."2)./(2.%L.*
(al+a2)));
xB=xA+al.*cos(theta) ;
yB=yA-+al.*sin(theta) ;
xbl = xB(idx);
ybl=yB(idx);
L1=sqrt(xbl1."2+yb1./2);
L2=sqrt(xB."2+yB."2);
L3=sqrt((xB—xb1)." 2+ (yB—yb1).72);
theta0l=acos((L1./2+L2./2—L3./2)./(2*L1.*L2));
phi0a(idx)=— (phia(idx) —theta01) -+ phi6;
rl=sqrt(xB.2+yB."2);
11 Return:No explicit return, but graphical output as the result.

12 End algorithm
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Figure 7 Velocity curve of motion law after expansion
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