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Abstract: Stamping mechanism is found in different shapes 

and forms in the market. The stamping mechanism synthesis in 

this paper is unconventional Stamping mechanism where 

function/motion based synthesis have been presented using 

nonlinear optimization algorithm carried in matrix inversion or 

inverse kinematics and Newton Raphson numerical method. The 

Intended motion of the stamping mechanism will be achieved 

using four-bar motion generation that will go through or 

approximately the prescribed poses.  Also the synthesized 

mechanism must satisfy the design variables mentioned herein; 

Grashof’s condition should be incorporated in the optimization 

algorithm and should be satisfied. Another feature that should be 

incorporated to ascertain the functionality of the proposed work is 

the transmission angle (μ) which should be between 50oand 135o. 

Also the clearance for the stamping (stroke of the ram to bottom 

dead center (BDC)) should exceed 1 cm. The synthesized stamping 

machine was built in ADAMS to extract the trace path of the ram, 

transmission angle and driving crank angle. All results were 

within acceptable limits of the proposed conditions. The achieved 

mechanism motion passes through prescribed poses with very 

minimum error of 0.2% cm. 

 

Index Terms: About four key words or phrases in alphabetical 

order, separated by commas.  

I. INTRODUCTION 

Press machines or mechanisms have been around since the 

birth of industrial revolution, they come in different shapes 

and sizes. However, once can categorize them as shown in 

Fig. 1 according to their uses and applications (i.e. the lower 

box group) and how many links in the mechanism (i.e. the 

upper box group). Many applications as examples comprises 

of either two jaws or one jaw pressing on an object to either 

form, dent or fix it. For example, plier mechanism is five bar 

pressing mechanism, spot welding is four bar mechanism, 

orange juice maker is six bar mechanism and many more press 

mechanisms are out there covering wide spectrum of 

applications. Just to mention few mechanism shown in Fig. 2 

a and b, also examples can be found in  eight-bar spot welding 

mechanism [1], four –bar clamp mechanism [2],  Five-bar 
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stamping mechanism [3] and eight-bar press mechanism [4]. 

Many researchers have studied press mechanisms; this paper 

will focus on the synthesis of four-bar stamping mechanism 

using motion generation as shown in Fig. 3. The fixed pivots 

a0 and b0 while the moving pivots a1 and b1 drive the links 

(i.e. crank a0 a1, follower b0 b1 and coupler a1 b1) to the  

desired motion or trajectory represents. The construction of 

the nonlinear optimization using matrix approach and inverse 

kinematics will minimize the structural error between the 

prescribed poses represented by the coupler points p, q, and r   

and the synthesized (i.e. achieved) poses.  
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Figure 1: Categorization of press mechanism or linkage 

based on applications and number of links 

 

 
     (a)              (b) 

Figure 2: Press mechanisms, a) eight-bar mechanism [5] 

and b) six-bar press mechanism [6] 

 
Figure 3: Prescribed rigid-body poses and calculated 

planar Four-Bar mechanism. 

Researchers have studied, analyzed and synthesized these  

press mechanisms for different aspects using different 

approaches and trying to investigate certain issues relating to 

the motion of press mechanisms. Graphical presentation of 

stamping four bar mechanism has been introduced in [7] 

where three position graphical 

synthesis has been used also 

slider-crank four bar 
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mechanism of stamping mechanism is shown in [8]. Other 

mechanisms with more linkages were synthesized for press 

mechanisms, for example Watt-mechanism (six bar) [9] 

Stephenson mechanism (six-bar) [10] and [11] seven-bar 

press mechanism [12] and [13] , eight-bar press mechanism as 

the one shown in Fig. 1 and nine-bar mechanism in [14]. most 

of these mechanisms rely on slider and crank configuration. 

researchers  Graphical presentation of stamping four bar 

mechanism machine[7] also Vinogradov in his book [8] 

shows four-bar slider crank stamping machine. 

Watt-mechanism for press mechanism (six-bar)[9] 

Stephenson Mechanism (six bar) [10] and [11], vector 

approach for seven-bar press mechanism [12] and [13] , 

eight-bar press mechanism  as well as the one shown in Fig. 2  

forward kinematics (FK) was used by all researchers in all 

kinds of press machines. FK is performed in the optimization 

synthesis technique in watt press press mechamism based on 

trajectory curve and crank input speed [9]. In [10], the 

optimization techniques was based on instant center analysis 

method and software ADAMS for comparative analysis to 

study the effect of design veraibales on several mechanisms. 

Dimensional synthesis with vector approach was used in [12] 

and [13] to investigate seven-bar press mechanism for deep 

drawing, with the emphasis on the position of bottom dead 

center (BDC) and working stroke length. Combining the 

linkage synthesis using vector approach and trial and error 

method in order to optimize the dimensions of the nin-bar 

press mechanism was used in [14] to study the influence of the 

ram position and BDC. Not only press or stamping machine 

was introduced using linkage mechanism. welding machine 

using Hoecken linkage (i.e. four-bar mechanism) [15]  

Clamping mechanism in [16] was actuated by the worm gear 

and the optimization process rely on the priciple of virtual 

work and the synthesis was performed using vector approach. 

This is unlike the work done in [17], where the mechanism is 

actuated by hydraulic cylinder and CAD approach was used 

too synthesisze the clamping mechanism, the synthesis used 

in [18] was performed in ADAMS for the five-bar 

pneumatically driven clamping mechanism. The clamping 

mechanism in [19] use position, velocity and acceleration 

analysis through using vector approach to synthesis the 

intended four-bar mechanism.  

The rational of this research is to use matrix approach in order 

to design numerically four-bar stamping mechanism which 

then can be used in robotic application. we need to solve the 

mechanism assuming the end effector is moving in a certain 

motion, then take this motion and follow inverse kinematic 

approach to find out the closest location for moving hinges (a1 

and b1 ) and fixed hinges (a0 and b0 ) in Fig. 3. 

II. NUMERICALT RAJECTORY PLANING 

MATRICES BY DIRECT MATRIX INVERSION  

A. Motion Modeling 

Trajectory planning was optimized using genetic algorithm 

[20]. Minimum Jerk Path Generation with energy 

minimization for robot hand manipulator [21] and [22]. This 

work will present the mathematical formulation and 

derivation of mechanism synthesis based on Suh and Radcliff 

[23]. The basic rotation matrix equation as in (1) describes the 

rotation of any vector fixed in a rigid body. The vector is 

conveniently described in terms of two points fixed in the 

body, a reference point p at the tail of the vector, and a point 

of interest q at the head of the vector. For plane rigid body 

motion (Fig. 4), the transformation (i.e. rotation and 

translation) of points p and q can be written as equation 1 

1 1

1 1

cos sin

sin cos

x x x x

y y y y

q p q p

q p q p

 

 

     
         

  (1) 

Where θ is  the rotation of the rigid body with respect to a 

fixed set of ,x y axes. Equation (1) may be written in the 

compact form 

 ( ) ( )R 1 1q - p q - p   (2) 

Typically, the original position p1 and the final position p for 

the reference point are given along with the rotation angle . 

Equation (2) can then be rearranged in a form suitable for 

calculation of the coordinates of the new position of point q 

when its first position q1 is specified.  

 

Fig. 4: Plane rigid body displacement. 

 

Solving (2) for q, we obtain 

 ( )R 1 1q q - p p   (3) 

Equations (2) and (3) are in a convenient form for carrying out 

algebraic manipulations for plane motion the rotation matrix 

is 2×2 matrix. 

 
1 1

D
   

   
   

1q q
  (4) 

The 3×3 matrix  D is the plane displacement matrix. The 

displacement matrix equation has advantages in repetitive 

numerical calculations where all matrix elements are defined  

in terms of the specified displacement of the reference point p 

and the angular displacement of the rigid body. The 

displacement matrix for pose description is shown in the 

following equations 

1 1 1

1 1 1 1

1 1 1 1 1 1

x x x jx jx jx

j y y y jy jy jy

p q r p q r

D p q p p q p

   
          
      

 
 

(5) 

from which  
1

1 1 1

1 1 1 1

1 1 1 1 1 1

jx jx jx x x x

j jy jy jy y y y

p q r p q r

D p q p p q p



   
          
      

 
 

(6) 

Note that a constant z coordinate = 1 has been specified for 

all points.  
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B. Constant Length Constraint  

In contrast to kinematic analysis—where mechanism 

dimensions are known and the resulting mechanism output 

parameters are calculated—in kinematic synthesis, 

mechanism output parameters are known and the 

corresponding mechanism dimensions are calculated. The 

specified positions are known as precision points, and the 

synthesized mechanism will be expected to guide the rigid 

body such that the position error is zero at the precision 

points. It is sometimes convenient to describe rigid body 

motion in terms of the known displacement of specified points 

fixed in the rigid body. For example, the displacement of a 

plane rigid body could be specified completely by the 

displacement of three arbitrary non collinear points p, q, and r 

fixed in the body. 

Assume that a two-joint link (i.e., a crank) is capable of 

guiding a plane rigid body from position 1 through a series of 

three positions. A point a on the guided body must pass 

through a sequence of positions, all of which are the same 

distance from a point a0 on the fixed reference member.  Each 

of the links must satisfy a condition of constant length, where 

points aj=(ajx, ajy), a0=(a0x, a0y) are representative of a typical 

guiding links 
0aa , bj=(bjx, bjy) and b0=(b0x, b0y) are 

representative of a typical guiding links
0bb . These constraint 

equations become  

1 1( ) ( ) ( ) ( )T Tj 0 j 0 0 0a - a a - a a - a a - a  (7) 

( ) ( ) ( ) ( )T Tj 0 j 0 1 0 1 0b - b b - b b - b b - b  (8) 

 

Where 

1

1

j

j

D

D

   

   

j 1

j 1

a a

b b

   and   j=2,3,…n 

Constant length for the crank is L1 and for the follower is L2. 

Therefore (7) and (8) can be written as  

 
2

1j 1 1j 1 1( D ) ( D ) L 0         0 0a a a a
T

      (9)
 

2

1j 1 1j 1 2( D b b ) ( D b b ) L 0         0 0

T

      (10)
 

C. Design Variables  

The required movement/rotation of links in this work can be 

employed in stamping, clamping or welding operations, the 

double–crank Grashof’s criterion [24] is applied to the link 

lengths constraints which is L+S <A+B (for rotation) where 

L, S, A and B represents lengths of longest link, shortest link, 

and other two links respectively. Therefore, in the present 

case Grashof’s equation should be incorporated in the 

optimization algorithm and should be satisfied. Another 

feature that should be incorporated to ascertain the 

functionality of the proposed work is the transmission angle 

(μ) which should be between 50
o
and 135

o
. Also the clearance 

for the stamping should exceed 1 cm. 

III. MOTION GENERATION NON-LINEAR 

OPTIMIZATION GOAL PROGRAM 

 

Formulating Eqns. (9) and (10) into a single objective 

function that accommodates an indefinite number of N sets of 

prescribed motion generation parameters to be minimized 

yields 

       

     

2
2

1 1 0 1 1 0

1

2
2

1 1 0 1 1 0 2

N
T

i i 1

i

T

i i

L

L

f


     

       

X D a a D a a

D b b D b b

           (11) 

where  1 2

T

0x 0y 1x 1y 0x 0y 1x 1ya ,a ,a ,a ,L ,b ,b ,b ,b ,LX . 

Equation (11) and design variables (i.e. Grashof’s case and 

transmission angle) constitute a goal program from which 

mechanism solutions that approximate the prescribed 

rigid-body motion points and satisfy the design variables are 

calculated. 

The algorithm employed for solving this goal program (a 

nonlinear constraints problem) is SQP (Sequential Quadratic 

Programming) which uses Quasi-Newton approach to solve 

its QP (Quadratic Programming) subproblem and line search 

approach to determine iteration step. The merit function used 

by [25] and [26] is used in the following form: 

     
1

max 0,
m

k k

k

r gf


     X X X                    (12) 

where  kg X represents each inequality constraint, m is the 

total number of inequality constraints and the inequality 

constraint penalty parameter is 

    1

1
max ,

2
l k l kk kk

r r 

 
  

 
 .                         (13) 

In Eqn. (13) k are estimates of the Lagrange multipliers and 

l is the iteration index for calculating the penalty parameter kr  

for each inequality constraint (l=0, 1, 2, 3,). 

 After specifying initial guesses for the unknown variables in 

the goal program  X , the following SQP steps were 

employed to calculate the unknown variables: 

1. calculate k  and  1l k
r 

, (where l=0 and k=1m) 

2. solve Eqn. (12) using Quasi-Newton method 

3. calculate  1l k
r 

using Eqn. (13) (where l=l+1 and k=1m) 

 

4. repeat step 2 with newly-calculated kr  

Steps 2 through 4 constitute a loop that is repeated until the 

penalty term in Eqn. (12),  
1

max 0,
m

k k

k

r g


   X , is less than a 

specified penalty term residual  .  The reader should refer to 

[25] and [26] regarding the calculation of the Lagrange 

multipliers and initial penalty parameters in step 1.   

IV. EXAMPLE 

Now, all coordinates for the five poses are shown in the 

prescribed values in SI units (cm) in Table I, motion 

generation program can be programed with prescribed values; 

let us calculate a0y,,L1 and a1x and a1y given an initial guesses 

as a0 = (0,0), a1=(1, 1), b0=(0, 0.5) and b1=(1.5, 1.5). Initial 

guesses are needed for Newton Raphson technique to solve 

the line search method through sequential quadratic 

programing, this is also done by [27], where the author 

concluded that the synthesis is 

greatly affected by the quality 

of initial guess.  
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Table I: Prescribed Value for Coupler Points p, q and r for 5 

Poses 
 p q r 

Pose 

1 

-0.7651, 2.5077 0.3493, 2.7456 1.1830, 2.1679 

Pose 

2 

-1.1234, 2.3743 -0.0234, 2.6719 0.8402, 2.1400 

Pose 

3 

-1.4499, 2.1871 -0.3642, 2.5331 0.5221, 2.0400 

Pose 

4 

-1.7367, 1.9517 -0.6642, 2.3368 0.2394, 1.8761 

Pose 

5 

-1.9760, 1.6752 -0.9150, 2.0909 0.0014, 1.6562 

Using the motion generation goal program in (11), the fixed 

and moving pivot locus points calculated from the non-linear 

optimization problem. After incorporating the fixed and 

moving pivot loci into the updated motion generator selection 

algorithm with a transmission angle (trans.) condition of 50◦ ≤ 

μ. ≤120◦, and a Grashof’s condition of ‘double-crank, the 

fixed and moving pivot coordinates of the selected planar 

four-bar motion generator for press mechanism (Fig. 5) are 

a0=( 0, -0.0348), a1=( -0.5229, 1.8890), b0=( 1, 0.5061)  and 

b1=( 1.0008, 2.0072), and For b0-b1 (follower length),  (L2)= 

1.5011. This mechanism has crank, coupler, follower, and 

ground link lengths of 1.9936, 1.5283, 1.5011, and 0.9657, 

respectively, (satisfying Grashof’s crank-rocker conditions) 

and produces the transmission profile illustrated in Fig. 8. 

Coupler poses one through five correspond to crank angles of 

θ1 = 133.5271◦, 112.8409◦, 92.5959◦, 72.2693◦, 8.6884◦, 

respectively. The fixed and moving pivot locus points 

calculated from the non-linear optimization problem are 

illustrated in Fig. 5.  
 

Table II: Rigid-Body Positions Achieved by Synthesized Motion 

Generator 

 p q r 

Pose 1 -0.7651, 2.5077 0.3493, 2.7456 1.1830, 

2.1679 

Pose 2 -1.1244, 2.3736 -0.0245, 2.6716 0.8393, 

2.1399 

Pose 3 -1.4513, 2.1860 -0.3657, 2.5324 0.5208, 

2.0396 

Pose 4 -1.7379, 1.9504 -0.6655, 2.3358 0.2382, 

1.8754 

Pose 5 -1.9768, 1.6739 -0.9159, 2.0899 0.0006, 

1.6555 

 

If the a0x is given the range of [0, 0.1, 0.2, …, 1], then the 

nonlinear optimization will give the loci curve for moving and 

fixed pivots as shown in Fig. 6. All four associated loci on the 

curves are solution by itself and mechanism can be extracted 

as shown in the solid line 

Y

Xa

b

p

q

r

1

1

1

a b

0

0

1 1

 

Fig.5: Synthesized four-bar mechanism 

 

 
Fig. 6: Mechanism selected from calculated solution loci 

for fixed and moving pivots 

 

The structural error can be calculated by comparing the 

prescribed poses of coupler points p, q, and r to the achieved 

poses as shown in Fig. 7. The results in this example is 

measured by the error between the prescribed p, q, and r as 

shown in Table I and the achieved p, q, and r, as shown in 

Table II.  This error is shown in Fig. 7 which gives maximum 

value of 0.0018cm (0.018mm). that is in comparison consider 

to be small error which proves that this method has an 

advantage value over vector method for two reasons; one it is 

faster in computation than vector analysis and second because 

sometimes the motion is desired and need inverse kinematics  

to determine the mechanism coordinates. The final shape of 

the synthesized stamping machine is shown in Fig’s 8(2D) 

and built in ADAMS Fig.9(3D) to extract the trace path of the 

ram, transmission angle and driving crank angle with positive 

x-axis Fig. 10.  This robot hand can be used in stamping 

machine where the stamp can be fixed at the end effector and 

the motion will make the coupler to go from left to right as 

shown. This stamping machine can be used in high volume 

production line (e.g. water bottle expiration date) or just 

stamp one paper. 

 

 

 
Fig. 7 Structural error of coupler points p, q, and r in five 

poses 
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Fig. 8: Working envelope for the synthesized stamping 

mechanism 

Figure 9 shows the crank angle (θ), transmission angle (μ) and 

BDC clearance (δ). BDC clearance (δ) as calculated by 

ADAMS is 2.9 cm which satisfies the design variable 

mentioned in Section II.C. The synthesized stamping 

mechanism also satisfies the condition of transmission angle 

(μ) which is 50  ≤μ≤135   as shown in the shaded area in Fig. 

10. 

 
Fig. 9: ADAMS model for the synthesized stamping 

mechanism  

The proportional relationship between the crank angle (θ) and 

transmission angle (μ) is shown in Fig. 10. The operational 

region (i.e. shaded area) shows the synthesized stamping 

mechanism, the outside area beyond the operational region 

shows the full extension of the path if this mechanism would 

move to the extreme conditions. The crank angle can start 

from 60   (C ) to 159  (CCW) where lockup mechanism 

occurs, this corresponds to transmission angle region of 80  to 

146 , respectively.  

 

 
Fig. 10: ADAMS result shows relationship between the crank 

angle (θ) and transmission angle (μ). Crank angle below zero 

degree is cropped for clarity purpose.  

When the pivots a1, b1 and b0 are collinear. Such a state is 

possible when the four-bar mechanism reaches a “lock-up” or 

binding position.  

V. CONCLUSION 

Matrix inversion method and motion generation were used to 

synthesize four-bar stamping mechanism. The achieved 

mechanism motion passes through prescribed poses with very 

minimum error of 0.2% cm . A great deal of attention must be 

given to the location of coupler point and avoid to put them in 

one line with fixed ratio, this will result in displacement 

matrix to have ill condition and cannot be inverted. The 

mathematical model was programmed using MathCAD and 

mechanism layout and poses were extracted using CAD 

software. The synthesized mechanism was then inverted to 

ADAMS to extract all motion properties such as transmission 

angle, crank angle and the vertical distance of the stamping 

station (i.e. stroke to BDC). The proposed method can be used 

for any four bar application ranging from small mechanisms 

to heavy lifting mechanisms.   
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