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1. INTRODUCTION  

 
 The shed formation mechanism largely determines the parameters required for the 
optimum functioning of the manufacturing process. The significant place in these conditions 
is occupied by the law of motion of healds. According Hrones [7], Mitchell [8] and the other, 
the high-speeds, the large reduced masses and the elasticity adduce to the output unit required 
continuous function of the acceleration over the whole interval of movement of the 
mechanism. It has been found from a number of studies [2] that the law of motion of the 
healds must be asymmetric.  
 This is associated with the variation of the tensions and the deformations of the wrap 
threads in the process of shed formation [3]. The rapid movement of the healds to shed 
treadle motion and the slow movement to end position is reflected favorably on warp threads 
breaks. 
 The mechanism for driving the knife box of Jacquard machine “Grosse EJP4” is 
investigated [1]. The measurements of the units were taken from a working machine with 
possible accuracy. The aim of this work is to modernize with minimal costs the mechanism 
for driving the knife box of Jacquard machine “Grosse EJP4”, by synthesis of new cam using 
uninterrupted asymmetrical law of the second transfer function. 
 
2. STRUCTURE AND ACTION OF THE MECHANISM. 
  
 The movement is realized in the following manner (Fig. 1). On the shaft (1) of the 
Jacquard machine is attached cam (2).  The roller (3) which is mounted on the bascule 4 is 
rolled down the cam. The second arm of the bascule (4), trough the lever (5) is connected to 
the upper knife box (N1). Knife box (N1) leads in four points (four ends of the frame). 
Because of that this mechanism is implemented on the right side (mirror) as well. The 
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displayed figure is duplicated on the other side of the machine. Lower knife box N2 is driven 
in the same way. The mechanism is consistently connected to the camshaft mechanism with 
swinging roller follower (2, 3 and 4) and crank mechanism (4, 5 and N1). 
 The mechanism works in the following way: when the cam (2) rotate and roll (3) goes 
from small to large radius, the rocker (4) rotates counterclockwise. The lever (5) rises up and 
lifts knife box (N1). When the roll (3) goes from large to small radius of the cam (2), the 
bascule (4) rotates clockwise. Then, when the lever (5) goes down the knife box (N1) 
descends. The knife box (N2) moves synchronously and phases opposition of the knife box 
(N1).   
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Fig. 1. Actuating of the knife boxes of the Jacquard machine GROSSE 

 
 
3.  SYNTHESIS OF THE MECHANISM FOR ACTUATING OF THE KNIFE BOXES.   
  
 The mechanism to the actuating of the knife boxes can be modernized through the 
improvement of transfer functions of the individual it mechanisms and reallocating the 
transfer ratio between them. This task is difficult for solvable four-bar mechanisms. In 
addition, a change in the dimension of the units [11] leads to the construction of a new 
Jacquard machine. The most economical option is to synthesize a new cam, with an improved 
law of motion. To take account of the impact of the transfer functions, we have the law of 
motion of knife boxes setting of the output link of the mechanism and  trough transmission 
functions to find the law to synthesize the cam. This is done by inverting the input and output 
of the mechanism. In the synthesis of the cam the basic parameters of the existing cam 
mechanism should be preserved. Analysis [1] of the mechanism is carried out under the 
following parameters of units: CS = 100 mm, CD = 250 mm, DN = 145 mm AXLE = 140 
mm, distance between the axis of rotation of the cam and the direction of movement of knife 
boxes - m = 230 mm, angle between the arms CD and BC of the bascule - δ = 54 °. From the 
profile of an actual workable cam defined transfer functions of the cam mechanism [1]: 
displacement function – ψ, firs - ψ ' and second - ψ′′  transfer functions. Wingspan of the 
bascule BC is established ψ ≈ 29 °. The output of the cam mechanism (bascule BC) is input 
of the crank mechanism. The transfer functions of the crank mechanism S (displacement), S′ 
(first transfer) and S′′(second transfer) are calculated by the method of vector contours. 
3.1. Choice of law of motion of knife boxes. 
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 Proposed are asymmetrical laws for a second transfer function, which are continuous 
functions in the whole interval [8]. One of them is the so-called "polynomial", representing 
the exponent polynomial. He has type: 
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 (5)    8
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1 ..9..6..3 ξξξψ CCC ++=′ ; 
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21 ..72..30..6 ξξξψ CCC ++=′′ ; 
 

where 
maxϕ

ϕξ =  (ϕ  is the current angle, maxϕ is the phase angle of rotation of the cam, 

which is accepted for 180 ° for the rise phase of the bascule and 180 ° for the return phase). 
 The constants iC (i = 1, 2, 3) are defined from limited term: at 1=ξ  

δψψ ≡∆=∆ max (angular motion, accepted value 029=δ ) and 0=′′=′ ψψ . The system of 
three equations of first degree with three unknowns is received. The system is solved by the 
method of Cramer, such answers have been received 518.11 =C , 518.12 −=C , 506.03 =C . 
To obtain a larger absolute extreme in the first half of the interval the abscissae is 
transformed, as ξ  replaced by ( ξ−1 ). For the sign to be positive, the function changes the 
sign. For the second transfer function ψ ′′ is given by (6): 
 (7)    7

3
4

21 )1.(.72)1.(.30)1.(.6 ξξξψ −−−−−−=′′ CCC . 
 
 This law is used as a second transfer function for movement of knife boxes of the 
jacquard machine. To take account of the impact of a crank mechanism the transfer functions 
are obtained to invert his input and output: 
 (8)    S ′=′ 1σ  - for first transfer function 

 (9)  3S
S

′
′′−=′σ  - for second transfer function  

As noted above, the mechanism for actuating the knife boxes of the jacquard machine Grosse 
consists of sequentially linked the cam mechanism and crank mechanism. The common 
transfer functions will be: 
 (10)   σψχ ′′=′ .  - for first transfer function and 
 (11) σψσψχ ′′′+′′′=′′ .. 2 - for second transfer function  
 
The synthesis of the cam mechanism is made by those transfer functions (fig. 2). 
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Fig. 2  The functions χ′ and χ′′ for synthesis of the cam. 

3.2. Determination of the cam profile.  
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 A detailed approach for the synthesis of cam mechanisms is presented by Paleva [7]. 
It includes several stages: analysis of the technology of the manipulation process, 
determining the conditions for structural-dimensional synthesis, target function, functional 
structural synthesis of mechanism, the choice of law of motion and the determination of the 
cam profile 
 A. Determination of the basic parameters. 
 The basic parameters of the mechanism are the length of the carriage ОС, bascule 
length CD, the initial angle of the bascule, bascule's move and the radius of the roll. 
Mathematical models for the determination are presented [10, 3, 4, 9]. For the modernization 
of the mechanism for actuating of the knife boxes of the jacquard machine with minimal 
means retained the dimensions of the existing mechanism.  
    B. Transfer functions.  
 The transfer functions for synthesis of the cam are found in numerical form after 
inversion of the input and output of the mechanism. They are shown graphically in Fig. 2. 
  C. Determination of the cam profile. It is performed by the method of equivalent for-
bar mechanisms on the basis of the kinematic mechanisms equivalence [2]. For each value of 
the generalized coordinate ϕ there is the four-bar mechanism OABC, which is equivalent to 
the cam mechanism to at least the second order. In it point O coincides with the axis of 
rotation of the cam, point A is the center of curvature of the cam profile, point B is the center 
of rotation of the roll and so on. Point C is the center of rotation of the bascule. Is used, the 
following mathematical model (Table 1): 

Table 1 
Coordinates of relative instantaneous 
center of velocity P ( )1. −′′= ψψLxP , 0=Py  

Coordinates of the point B ψcos.RLxB += ; ψsin.RyB =  
Determination of the angle between link 
OA and collineation axis PQ ( ) ψψψµ ′′′−′= 1.tg  

Angular coefficient of the straight line 
defined the position of the unit with 
general plane motion  

( )PBBn xxyk −=  

Angular coefficient of the collineation axis ( ) ( )µµ tgktgkk nnq .1−+=  

Coordinates of the absolute instantaneous 
center of velocity Q 

( ) ( )qBCPqBCQ kkxkLkx −−= ..  

( )Lxky QBCQ −= .  
Angular coefficient of the straight line 
defined the position of the crank OA QQOQ xyk =  

Coordinates of the hingle A ( )OQnPnA kkxkx −= . ;  AOQA xky .=  
Coordinates of the Equidistant points on 
normal BP – center B of the roll, B0 from 
cam profile and Bi – center of the 
machining tool with radius ri 
 

( ) 21 nniBB ksignkrrxx
jij

+−+=  

( )
jijij PBB xxky −= 2  

Conversion of the coordinates from the coordinate system Oxy in plane of carriage to 
coordinate system OXY of the cam, fixed in its initial position 
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4. CONCLUSION 
 
 The modernization of the mechanism for actuating of the knife boxes of the Jacquard 
machine is proposed, by improving the law for their motion. An asymmetric low for the 
second transfer function is used, which is set on the output link of the mechanism. Thus, 
taking into account the influence of transfer functions of the components mechanisms. The 
cam mechanism with swinging roller follower is synthesized, with randomly assigned a law 
of motion. The modernization of the mechanism can be accomplished only with the 
substitution of the cam, without modifying the rest of the details. 
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Fig. 3. Profile of the cam and main geometrical  dimensions  
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