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Abstract
A mathematical model of the gripper mechanism with an electric drive, characterised by an 
increased work surface is presented in the paper. Equations describing the kinematic and 
dynamic characteristics have been formulated for this model. The resulting equations have 
been solved numerically. The calculation results illustrating the rheological reaction of the 
material to the operation of the gripper have been shown in diagrams.
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n Equations of motion
Employing the principle of virtual works 
for moving parts of the gripper described 
in [6] in Figure 1 (see page 80), supple-
mented with moments of inertia of the 
guide rollers of the belt I2c, I3c, I4c, which 
move with velocity ϕ2r2c, the frictional 
forces between the belt and  separating 
fabric layer T1 and T2 and the weight of 
the separating fabric mh and mv, we can 
write a dynamic equation of motion in 
the following form:
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The forces of friction between the belt 
and separation fabric layer equal, respec-
tively, to:

T1 = µp(Nv+mhg), T2 = µpNh     (2)

Equation 1, taking account of the friction 
forces T1 and T2 (2) and  masses mh and 
mv (4a, 4b), as described in [6], after the 
transformation can be written as:
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Using the formulas defining the deriva-
tive of a composite function:
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and substituting to expression (3) we ob-
tain a second order differential equation:

 Introduction. Mathematical 
models of grippers for textiles

Existing grippers very often use springs 
for compression [1 – 3]. Textiles are ex-
posed to destruction because come into 
contact with the jaws in a very small area 
and they do not have the ability to con-
trol the compression force. Papers [4, 5]  
proposed an improvement associated 
with it, where the spring is  replaced with 
a motor which is intended to prevent the 
crossing of the permissible pressures for 
the fabric so that there is no destruction.

Despite the use of the motor instead of 
the spring and the ability to control the 
size of the pressure  on the material, forc-
es acting pointwise on textiles may still 
be too large.

Reducing  pressures necessary to main-
tain the fabric is possible by increasing 
the contact surface of the jaws. Therefore 
the solution to this problem proposed 
is agripper for textiles with parallel fin-
gers [5]. The fingers are in contact with 
the separating fabric over a much larger 
area than  grippers gripping the fabric in 
a “pinch” [4].

The grippers discussed could serve as 
such for textiles, but they need to have 
the fabric between their fingers. Effective 
separation of the fabric requires a mecha-
nism introducing the fabric between its 
fingers. This paper describes a mecha-
nism for introducing the fabric between 
fingers using frictional forces, which can 
be realized by using an endless belt, pull-
ing the fabric by force of friction in the 
direction of the blockage place, where is  
a fold formed entering between the belt 
and foot. The further movement of the 
belt will unfold the fabric between the el-
ements involved in separating  the fabric 
layer [6].
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Between the angles of rotation ϕ1,…,4 

and the radii of circles r1c, r2c, r3c, r4c, Rc 

can be formulated thus:
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After substituting Equations 6 and 7 into 
Equation 5, we then obtain a system of 
Equation 8 of the first order.

For the purpose of numerical calculation 
of a simplified system of Equations 8, 
assuming that the guide roller belts are 
identical, and their moments of inertia 
I2c, I3c, I4c, radii r2c, r3c, r4c and angles 
of rotation ϕ2, ϕ3, ϕ4  are created equal.

Using relationships (6) and (7) between 
the angles of rotation and radii of wheels, 
we can write that:
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After substituting Equation 9 into the 
system of Equations 8, the following  is 
obtained:
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While manipulating a package of fabrics, 
the gripper presses the fabric lying on the 
table in a stack (Figure 2.A) and a layer 
is separated from the stack between the 
foot and  gripper’s movable part (Fig-
ure 2.C).

The motion of the gripper along the ver-
tical direction is initiated by an electric 
motor 9 with a driving torque Mmv and 
an angle of rotation of the main shaft φv 
by means of a screw 7 with a pitch hsv, 
which transforms the rotary motion of the 
motor into a vertical translatory one [6].

Analogously the motion of the gripper 
along the horizontal direction is per-
formed by means of an electric motor 18 
with a moment Mmh and angle of rotation 
of the main shaft φh and a screw 16 of  
pitch hsh [6].

Figure 2. Step of pressing the textile package to the table (A) and a compression of sepa-
rated layer between the foot and  moving part of the gripper (C) described in [6], msv, msh 
- weight of the respective elements of the gripper.
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Equation 8.

B

dt

Figure 1. Distribution and directions of moments in the gripper’s movable part system de-
scribed in [6] in Figure 1; I1c, I2c, I3c, I4c, - moments of inertia of guide rollers of the belt, 
ϕ1,…,4 - angles of rotation of guide rollers of the belt, r1c, r2c, r3c, r4c, Rc - radii of rolls 
of the gripper, Mm – drive torque of the motor of rolls, T1 i T2 - boundary frictional forces 
between the belt and separating layers of the fabric, mh – mass of the fabric lying on the 
table (not picked up yet), mv – mass of the fabric between the foot and belt.
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Figures 3 and 4 present the distribution 
of accelerations and forces acting on the 
mass of the gripper msh along the hori-
zontal and msv vertical  direction.

The mass msh consists of gripper ele-
ments, i.e. a plate 13 with three belt guide 
rollers 3, an electric motor 4 and a rubber 
belt 2 (Figure 2.C and 1 [6]), while the 
mass msv consists of a mass msh, a spring 
15 and guides 19 for stabilisation of the 
gripper motion along the horizontal di-
rection, an electric motor 18, and  casing 
14 (Figure 2.A and 1 [6]).

The dynamic equations of motion for 
the systems shown in Figure 3 can be 
presented using the principle of virtual 
works:
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The linear coordinates xh and xv and  an-
gular coordinates φh and φv define the 
position of the systems with  masses msh 
and msv. Motion functions xh = xh(φh) 
and xv = xv(φv), which define  geometri-
cal relationships between the rotary mo-
tion of  motors 9 and 18 and the horizon-
tal and vertical motion of the gripper, are 
determined as:
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where hsh and hsv mean the movement of 
the movable part of the gripper attribut-
able to one rotation of the motor shaft.

From the above equations, the following 
can be obtained:
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Employing the formula that defines a de-
rivative of the complex function: 
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which after taking into account  relations 
(13) and after substituting to equations 
(11), we obtain the second order differ-
ential equations:
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Equations 15 are then written in the form 
of first-order equations for  computer so-
lution of the method of numerical inte-
gration:
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In paper [7] a model of fabric in the form 
of serially connected elements - springs 
and silencers has been described. For the 
purposes of this study nonlinear defor-
mation (third degree) of the compression 
material has been selected. Assumed val-
ues of the elasticity constants of the fab-
ric kh1, kh2, kv1 and kv2 describing e the 
deformation of the third degree for the 
sample selected, were determined on the 
basis of  the results given in [8]. The rela-
tionships between compressive forces Nh 
and deformations uh in the fabric layer 
between the foot and gripper’s movable 
part (Figure 4.a) have been assumed in 
the following form:
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Nh = 0 for uh ≤ 0 

while the package of fabrics lying on the 
table (Figure 4.b) has been assumed in 
the following form:
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for  uv > 0  and  Lh > 0.001      (18)
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for  uv > 0  and  Lh ≤ 0.001
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where Nh denotes the force that com-
presses the fabric between the foot and 
the gripper’s movable part, Nv the force 
that compresses the package of fabrics 
lying on the table, (kh1, kh2, kv1, kv2) elas-
ticity constants, cth, ctv damping coeffi-
cients, uh, uv compression, gt thickness 
of one layer of fabric, nilh = 0, 1 or 2 [6] 
the number of layers of the compressing 
fabric between the foot and gripper belt, 
nilv the number of layers in the stack, Lt 
the total length of the fabric lying on the 
table, Lth the length of fabric lying on the 
table calculated by the formula (5a [6]), 
Ltv length of the compression fabric lo-
cated between the foot and belt (5b [6]).

uh = nilhgt - rdh, 
uv = uv1 + uv2 + ... + uvn     (19)

uv = nilvgt - rdv  

Figure 3. Distribution of acceleration and forces acting on the mass of the gripper  moving 
along the horizontal (a) and vertical (b) direction, driven by an electric motor 19 (a) and  
9 (b)[6]. 

Figure 4. Scheme of compression of the fabric layer with a force Nh (a) and Nv (b).
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In the sample the normal forces Nh and 
Nv compress for rdh < gt, rdv < gt, where 
gt stands for the thickness of one layer of 
the fabric. If rdh ≥ gt and rdv ≥ gt then the 
forces Nh = 0 and Nv = 0. In Figure 6  
uv1 = uv2 = ... = uvn denotes compressions 
of subsequent fabric layers, whose thick-
nesses are equal to gt1 = gt2 = ... =gtn; 
rdh is the distance between the foot and 
the gripper’s movable part, calculated 
with relationship (20); rdv is the distance 
of the gripper from the table, calculated 
with relationship (20), where x0h and x0v 
mean distances rdh and rdv at the initial 
time instants.

The logic feedbacks controlling the grip-
per’s operation and stating that if the 
compressive forces are lower than the 
assigned forces Nh < Nset and Nv < Nset,  
then the values of the supply voltage in-
creases by Δeh (eh := eh + Δeh) and Δev 
(ev := ev + Δev), have been introduced 
into the computer program. On the oth-
er hand, if Nh > Nset and Nv > Nset, then  
eh := eh - Δeh and ev := ev - Δev. Nset de-
notes the force with which the gripper 
should act on the fabric. Simultaneously 
the current intensity cannot exceed the 
admissible value.

The increment values of the electromo-
tive forces Δeh and Δev in the following 
steps are expressed as products of cur-
rent electromotive forces eh and ev, in-
creases in forces ΔNh and ΔNv relative to 
the setpoint force (ΔNh = Nh - Nset and  
ΔNv = Nv - Nset), integration step Δt and 
numbers εh and εv, agreed in order to 
reach a converging solution:

Δev=ev·ΔNv·Δt·εv
Δeh=eh·ΔNh·Δt·εh          

(22)

The equations of moments of the motors: 
driving the rollers which lead belt 4, initi-
ate the vertical motion of  gripper 9, and 
initiate the horizontal motion of the grip-
per 18, as shown in Figure 1 in [6], are 
expressed by the formulas:
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where Tm denotes the motor time con-
stant, cm - motor rigidity, Ωm - motor 
angular velocity at which the moment is 
equal to zero, im - current intensity, Lm - 
inductance, Rm - resistance, em - supply 
voltage, Kbm, Ktm - motor constants, and 
φ1 - angle of rotation of the motor.

 Assumptions for  
the calculation and results

The computer program simulates the 
work of the gripper, extended by equation 
(4 - 8), as described in [6] and (1 - 24).  
Appropriate parameters for the gripper, 
motors and textiles have been selected as 
follows:
n dimensions: r1c = 0.0062 m,  

r2c = 0.0138 m, Rc = 0.0116 m,  
x0v = 0.008 m, x0h = 0.008 m,

n mass moment of inertia of the guide 
roller belt: I2c = 55·10-7 kgm², 

n masses of relevant parts of the grip-
per: msh = 0.18 kg, msv = 0.25 kg, 

n pitch of the screw h = 0.002 m,
n gear ratio j = 4,
n weight of one layer of the fabric  

mtk = 0.02 kg, length of one layer of 
the fabric Lt = 0.4 m, coefficient of 
friction of the belt to the fabric  
μp = 0.3, the number of layers of fab-
ric in the stack nilv = 4, thickness of 
compression fabric: gt = 0.002 m,

n elasticity constants of textile:  
kv1 = kh1 := 1·105 N/m;  
kv2 =  kh2 := 1·1011 N/m3, 

n damping coefficients  
cv = ch = 0.01 Ns/m;

n number εv = εh = 18.48, integration 
step Δt = 4.51·10-5.

The motor has been assumed as follows:
n An electric motor for driving the roll-

ers which lead the belt (item 4, Fig-
ure 1 in [6]) characterised by:
constant voltage Kb = 0.038 V/(rad·s), 
constant torque Kt = 13.2 Nm/A, 
resistance R = 343 Ω, inductance  
L = 53·10-3 H, supply voltage e = 25 V 
and mass moment of inertia of the ro-
tor I1c = 5·10-8 kgm². 

n The electric motor initiating the vertical 
movement of the gripper (item 9, Figure 
1 in [6]) is characterised by:
constant voltage Kbv = 0.038 V/(rad·s), 
constant torque Ktv = 0.33 Nm/A,  
resistance Rv = 343 Ω, inductance  
Lv = 53·10-3 H, supply voltage  
ev = 10 V. 

n The electric motor initiating the hori-
zontal movement of the gripper (item 
18, Figure 1 in [6]) is characterised 
by:
constant voltage Kbh = 0.038 V/(rad·s), 
constant torque Kth = 0.33 Nm/A,  
resistance Rh = 343 Ω, inductance  
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Lh = 53·10-3 H, supply voltage  
eh = 10 V.

Simulation calculations were carried out 
for various parameters and  the results 
obtained are shown in the graphs (Fig-
ures 5 - 8).

Graphs (Figure 8) show that  compres-
sive forces Nh & Nv achieve a maximum 
value, then decrease and stabilise with 
time until  reaching a constant setpoint 
value Nset.

It has been observed that the stabilisation 
of parameters up to the value of the force 
assigned Nset takes place sooner for the 
vertical direction than for the horizontal 
one, whereas the values of the compres-
sive forces Nv and Nh that cause the de-
flection of the fabric are close.

These plots illustrate the rhelogical reac-
tion of the fabric to the gripper operation.
Under the influence of the forces the fab-
ric is compressed in the stack uv between 
the gripper and  foot uh (Figure 7), the 
values of which, as for  forces Nh & Nv 
stabilise in time and cause compression 
in the range of 0.05%.

n Conclusions
A mathematical model of the gripper  
separating fabric from a stack has been 
developed and the phenomena of separa-
tion actions of the layer  examined. The 
assumptions made have been confirmed.
Thanks to the motors, whose torques are 
controlled as a function of the size of the 
pressure, the gripper exerts a sufficient 
force on  the separating fabric to prevent 
the slipping out of fabric while not ex-
ceeding the limit values which may cause 
damage to the fabric.

A force value Nzad  was established that  
the gripper would exert on the separat-
ing fabric to prevent it from slipping 
out while not exceeding the limit force. 
This is achieved by replacing  the clamp-
ing spring in appropriate elements of 
the gripper and having an electric motor 
whose torque is controlled as a function 
of the size of the pressure.

The feedback adjusts the value of  elec-
tromotive forces eh and ev, and conse-
quently the values of the current intensity 
ih and iv and driving torques motors Mmh 
and Mmv  are obtained.

Reducing  pressures necessary to main-
tain the fabric is achieved by increasing 
the contact surface of the respective ele-
ments of the gripper.

Entering the edge of the fabric between 
the respective elements of the gripper 
was realised by using the endless belt and 
then  pulling the fabric by the force of 
friction in the direction of the blockage 
place where the fold entering between 
the belt and foot is formed.

Computer programs describing the work 
of grippers for textiles allow analysis of 
the behavior of the system, which short-
ens the design process of the device. 
Modelling studies showed that there is a 
possibility to choose  relevant parameters 
of these mechanisms.

The model of the gripper developed, 
which is characterized by an increased 
working surface,  was granted a patent as 
an invention on 31.01.2008 [9].
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