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Abstract. The degree of freedom for a multi-link drive mechanism of a 50kN miniature servo press was calculated. The
kinematics equations of the mechanism was established based on the rod group method. The choice or design basis for rod
length and some hinge points were proposed. The multi-linkage mechanism's line segment model was constructed in
SolidWorks and a set of design parameters was obtained that met the requirements. The M file of kinematic equations
were wrote and calculated in Matlab and the displacement, velocity and acceleration curve of the slider were obtained.
Compared with the crank-slider mechanism, the mechanism has the features of quick return, small return speed, slightly
smaller speed and larger acceleration near B.D.C. Therefore, the speed and acceleration characteristics of the mechanism
were inferior to the crank-slider mechanism in the case of reverse rotation and higher speed.

1 Introduction

Multi-link  drive  mechanism is widely wused in
mechanicalpresses. For example, the presses with eight-link (1)
or the six-link (double-action press) (2) were mainly used for
the body cover’s stamping for automobiles, the presses with
double crank mechanism (3) mechanism were mainly used for
stamping parts of home appliances and auto parts industry,
mainlymulti-link drive systems for micro-motor and micro-
electronic stamping industry are: (4)symmetrical toggle
lever(Kyori and Fair Oaks adopted),(5)double-link (Yamada
Dobby adopted) and (5)leverage(Bruderer adopted) and so on.
By using multi-link mechanism the contact speed and
acceleration near bottom dead center(B.D.C) can be reduced in
punching, and the life of molds can be improved also. There
are few researches on the driving mechanism of mini press (the
nominal force is usually less than 100kN)and crank-slider
mechanism was usually used as working mechanism. With the
popularity of servo drive technology, more and more servo
drives are used in large presses. The multi-link drive’s using in
a mini presswill help to reduce the torque required during the
blanking process, reduce the servo motor's power and increase
the flexibility of the press. In this paper, a 50kN micro servo
press (for precision electronic connector stamping) drive
system has been studied. It’s kinematic equations were derived
and the slider displacement, velocity and acceleration curve are
calculated based on Matlab. and curve shape’s influencing
factors were studied also. Research results for reference only.
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2 Multi-link drive mechanism

The 50kN mini servo press multi-link drive mechanism
was shown in Figure 1. The mechanism is composed of crank
rocker mechanism rocker slider mechanism in series. By
rational design the mechanism can save torque(6).That is to
say, the same torque can produce greater stamping force. The
freedom of this body is:

f=3x5-2x7=1 (1)

Therefore, the mechanism has a definite movement. The
movement of the mechanism is as follows: The crank 2
rotates around the center O of the coordinate system and is
hinged with the connecting rod 3 to the point P,3, the
connecting rod 3 drives the connecting rod 4 to swing
within a certain angle range, the inner part of the connecting
rod 4 and the frame are hinged at point P14, one end of the
connecting rod 4 is hinged with the connecting rod 3 at
point P3, and the other end is hinged with the connecting
rod 5 at point P45 , the slider 6 reciprocates up and down in
the rail of the rack 1, and is hinged with the connecting rod
5 through the hinge point Psg.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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Figure 1. Multi-link drive mechanism

3 Kinematics equations

The coordinate system of the multi-link drive mechanism
was shown in Figure 1. The origin of the coordinates is located
at the center of rotation O of the crank 2, with the x-axis
horizontal to the right and the y-axis vertically upwards.
Kinematic equations of this mechanism were established by
using rod group analysis. The mechanism is broken down into

one side link and two 1l grade rod groups as shown in Figure 2.

The location equations of each hinge point were established.
Speed and acceleration for hinge points were obtained by
calculating the first and second derivatives of the position
equation over time.
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Figure 2. Side link and 11 grade rod groups

3.1 Side link

As shown in Figure 3, the radius of the crank 2 is r, the
rotation angle is ¢, the angular velocity is © , and the
displacement of the hinge point P,; between the crank 2 and
the connecting rod is:

Xp3 = I'COSQ
V23 = rsin(p} @

By calculating the first and second derivatives of equation
(2) over time the velocity and acceleration of the hinge point
P,3; were obtained (irrespective of the fluctuation of the crank
rotation speed during punching, and the angular acceleration of
the crank when the machine was started and braked).

X,3 = —wrsing
V,3 = WICOSY } ®)
¥pg = —merOS(p} )
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Figure 3. Side link

3.2 Grade rod group 1

Rod group 1 was shown in Figure 4. The length of the
connecting rod 3 was set to be l;. The x coordinate and the y
coordinate of the hinge point P,, were respectively Xy, and Y4,
which were known quantities. The distance between the hinge
points Pz, and Py was |4, and the distance between the hinge
points Pz, and P14 was ly;.
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Figure 4. 11 grade rod group 1

The displacement equations for hinge point P34 between the
connecting rod 3 and the connecting rod 4 was:

X34_ = x23 + l3COS(p3} (5)
V34 = Ya3 t l3sings

By calculating the first and second derivatives of equation
(5) over time the velocity and acceleration of the hinge point
P21, were obtained.

X34 = X3 — (,'03l3sin<p3} )
V34 = Y23 + @3l3€05¢03

X34 = o3 — l3(p3c0sqp3 + (b3sin(p3)} G

V34 = 23 + l3(P3c0503 — @3sing;)

The displacement equation of the hinge point P14 between
the connecting rod 4 and the body 1 was:

X41 = X34t l41COS‘P4} (8)
Va1 = Yaa + l415in@,

The velocity of the hinge point P;, was obtained by
calculating the first derivation of equation (8) over time. Since
the hinge point is a fixed point, the speed value should be zero.

0 =123, — ¢’4l415in¢4} 9)
0 = Y34 + @ylsscos@,
Solving Equations (5) and (8).

—/B2+42-C2

@, = 21 + 2arctg” e (10)

®3 = atan2(ys4, X34) (11)
In the above formula,

A = x41 — rcos@

B =y, — rsing

13 — 1§ — r% — x§1 — i1 + 2(x417C0S@ + y415in)
214y
The angular velocity and angular acceleration for ¢, were:

C=-

. C—Acos@4—Bsing,
Pp=————— (12)
Bcos@,—Asing,



MATEC Web of Conferences 207, 02006 (2018)
ICMMPM 2018

https://doi.org/10.1051/matecconf/201820702006

o
(= Acos, + Asing,@, — Bsing, — Bcosp,¢,

Bcos@, — Asing,
(C — Acosq, — Bsing,)(Bcosg, — Asing,)

(Bcos@, — Asing,)?
(C — Acosp, — Bsing,)(Bsing, + Acos@,) ¢,
+ .
(Bcosg, — Asing,)?

(13)
In the formula(13),

A = wrsing A = w?rcosg
B = —wrcosep B = w?rsing
¢ = 0r (Y41 €0SQ—X4;5InQ)

14-1
P —w?r(y,,Sin@+x,,cosg)
141

The angular velocity and angular acceleration for gp;were:

__ wrsing+ly1sinQ,4@, (14>
I3sing3

@3

. (orsing + ly;sin@,9,)cos@z @3
s = L3 (sing3)?

w?rcosg + ly; (cos@,pZ + sing@,@,)
- l3sings

(15)

The displacement equation of the hinge point P45 between
the connecting rod 4 and the connecting rod 5 was:

Xg5 = X34 T l4C05€04} (16)
Yas = Y34 T lysing,
The speed and acceleration of the hinge point Py were

obtained by calculating the first and second derivatives of
equation (16) over time.

K45 = X34 — l4sin<p4¢4} (17)
Vas = Yaa + 14C0SQ,0,

X5 = X34 — L4(sin@, @y + COS‘P4¢§)} (18)
Vas = V34 + la(cos@,dy — Sin(l’ﬁbf)

3.3 Grade rod group 2

Rod group 2 was shown in Figure 5. The length of the
connecting rod 5 was set to be Is, and the x coordinate Xsg Of
the hinge point Psg was a known quantity. They coordinate(yse)
of the hinge point P56 was the displacement s for the slider 6.
The displacement equation of hinge point Psg was:

X5 = X45 + l5c05(p5} (19)
Ys6 = Yas t lssings

The result of solving was:

@5 = 21 — 2arctg /;—z (20)

In the formula(20),

X56 — X45
p=22_""
ls
The angular velocity and angular acceleration for gswere:
. X5
$s = lssings (21>
o Xgs  X45C0SQ5@s
#s = lssings  ls(sings)? (22)

Therefore, the speed and acceleration of the slider 6 were
respectively:

V = Y56 = Yas + l5C0SQ5Ps5 (23)
a = Y5 = Jas + I5(cos@sds — singsp?) (24)
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Figure 5. 1l grade rod group 2

4 Determination of rod design parameters

The main design parameters of the 50kN mini servo press
were shown in Table 1:

Table 1. The main design parameters.

item value unit
Nominal force 50 kN
Stroke length(max) 40 mm
Activating point 1.4 mm
No. of strokes(max) 150
Open height 300 mm
Overall Dimensions | 700x1000x1000 mm
(L.R.xHxF.B.)

4.1 Design guidelines for link system
1. Taking into account the design and manufacturing
factors the design value of the crank radius r is within 50mm;

2. According to my past experience, the pin diameter of the
rod system is about 30mm. Considering the wall thickness of
the pin hole and the movement space of each rod, the length of
each rod or part is about 80mm;

3. The connecting rod coefficient(r/l,) should be designed
within 0.1 ~ 0.2 (7),for high-speed and fast presses will be less
than 0.1;
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4. The crank-rocker mechanism should meet the conditions
of the rod length and the existence of the crank (8);

5. In order to avoid the dead point of the mechanism due to
friction, the angle between the connecting rod 5 and the
vertical line should be designed within 30 ° ;

6. The overall length of the rod system should be less than
the overall dimensions of the front and back directions.

4.2 Rod parameters

In the SolidWorks software, the origin was taken as the
crank center point O of the mechanism, the connecting rods
were replaced by line segments, the point drawn in the line
segment was considered as the hinge point in the
connecting rod, and the multi-link mechanism can be
obtained. The length of the rods and the coordinates of the
hinges were given appropriate values to ensure that the
mechanism can operate without dead point when the mouse
dragging the mechanism's crank. Based on MATLAB, the
kinematics analysis program of the mechanism was written
in the form of M file, and then the parameters of the multi-
link system were adjusted slightly. At the same time, the
kinematics equations were corrected (confirming the
quadrant where the angle was), and the rod parameters that
satisfy the design requirements were shown in Table I

Table 2. Rod length and position parameters(mm).

Item r I3 la ly Is X14 Y14 Xs6

Value | 14.58 330 | 80 184 100 -380 60 -465

5 Calculation results
By moving the axes, it was guaranteed that the curve changes
from top dead center (0 ° ) as the crank angle changes. For
comparison, the slider displacement, velocity and acceleration
of the crank-slider mechanism ( slider stroke: 40 mm, crank
radius : 20 mm, link length : 300 mm) were given in the
figures below.

Slider displacement curves were shown in Figure 6.
Compared with the crank-slider mechanism, the position of
the B.D.C of the slider for the multi-link mechanism was
slightly shifted to the left by about 3 ° due to the connected
crank-rocker’quick-return characteristics. And the
mechanismwas able to reach capacity early.

Figure 6. Slider displacement curves
Slider velocity curves were shown in Figure 7. Compared
with the crank-slider mechanism, The multi-link mechanism’s
return speed of 292.85mm/s was slightly less than the crank-

slider mechanism’s 314.85mm/s. Near B.D.C (left side of the
curves), the speed of the multi-link mechanism was slightly
less than the crank-slider mechanism, and it was help to
precision punching. When leaving B.D.C(right side of the
curves), the multi-link mechanism’s speed was larger than
crank-slider mechanism’s.

Figure 7. Slider velocity curves
Slider velocity curves were shown in Figure VIII. Compared
with the crank-slider mechanism, the acceleration of the
multi-link mechanism near B.D.C reaches 6650.1mm/s?,
which is 1.26 times the 5263.8mm/ s? of the crank-slider
mechanism.
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Figure 8. Slider acceleration curves

6 Conclusions

The kinematic equations of a multi-link drive mechanism
for the 50kN servo press were established, and the design
principles of the rod-system parameters were put forward. A
set of parameters were given to meet the design requirements.
The crank radius of this mechanism was only 72.9% of the
crank radius in the crank-slider mechanism at the same slider
stroke. Kinematics equations were established in Matlab and
calculated. Compared with the crank-slider mechanism, the
mechanism has the features of quick return, small return speed,
slightly smaller speed and larger acceleration near B.D.C.
Therefore, the speed and acceleration characteristics of the
mechanism were inferior to the crank-slider mechanism in the
case of reverse rotation and higher speed.
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