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Abstract. The objective of the paper is to calculate the kinematic and dynamic behaviour of
the shaker mechanism and compare the theoretical with the following SolidWorks Motion
results: the positional analysis, kinematic analysis of velocities, kinematic analysis of
accelerations and kinetostatic analysis.

1. Introduction

The crank mechanism transforms the circular movement of the leading element into a translation of
the driven element [1-3]. It has numerous applications, among which we just mention the actuation of
devices used in structural analysis [4-6] and fatigue tests [7]. The positional parameters represent the
linear displacements of the component’s specific points. The kinematic parameters of the mechanism
are the linear velocities and accelerations. The kinetostatic analysis calculates the reaction forces and
moments. If necessary, a fatigue analysis of the components can be accomplished [8].

2. The shaker mechanism geometry and main parameters

The shaker mechanism geometry presented in Figure 1 is composed from three beams identified as @,
@ and ® with 6 mm thickness and the following lengths: L;=100 mm, L,=110 mm, L; = 120 mm. The
specific points C1, C2 and C3 represent the mass centre of the beams. The initial position of the
mechanism is defined by the angle ¢=20°, variable during mechanism movement between 20° +105°.
The mechanism is driven by beam @ with constant rotational velocity n;=1 rot/min equivalent with
angular velocity ®,;=0.105 rad/s which corresponds to 6 degree/second. Knowing that during 1 second
the beam @ rotate with 6 degrees, for 105° - 20° = 85° interval results the maximum time of the study
equal with 85/6=14.17 seconds. The rigid angle a=60° between beam ® and X direction is constant.
The beams are made from “Plan Carbon Steel”. The mass and the moments of inertia of the beams
calculated by SolidWorks are m;=49.81, m,=54.49 and m;=59.17 grams, respectively J,;=4.78E-05,
J,=6.24E-05 and J;=7.97E-05 kg - m?. For gravitational acceleration g=9.8065 m/s2, the following
weight results: G;=0.4886, G,=0.5345 and G3;=0.5805 N. The resistance force F,=100 N acts on D
point of the mechanism on opposite direction relative to the positive X axis. The successive positions
of the shaker mechanism, in accordance to [6], are presented in Figure 2.
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Figure 1. The shaker mechanism geometry

Figure 2. The successive positions of the shaker mechanism

3. Theoretical background and numerical results
The positional analysis parameters, Table 1, represent the linear displacements of the component’s
specific points, which can be calculated, in accordance to [5], with the analytical relations 1 to 16:

X4=0 (1 Y=0 (2)
Xp = Ly - cos(¢) (3) Yg=1Ly-sin(p) 4)
X¢c =Ly - cos(p) + L, - cos(B) (5) Yo =Lq-sin(e)+ L, -sin(B) (6)

Xp =Ly - cos(p) + L, - cos(B) + L3 - cos(a) (7) Yp=0 ®)
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Xc, = Ly - cos(g) /2 (9) Y, =Ly -sin(p)/2 (10)
Xc, = Ly - cos(@) + Ly - cos(B) /2 (11) Yg, =Ly -sin(e) + Ly -sin(B)/2 (12)
Xc, = Ly - cos(@) + Ly - cos(B) + Lz - cos(a)/2  (13) Y, = L - sin(x)/2 (14)

Ls - sin(a) — Ly.sin
8 = aresin 2S¢ )L 15In(9) (15) where B € [0 ...90°] (16)
2

Table 1. The positional parameters

o Xp Yy X Y B Xp Yp X Y
ggd mm mm mm mm grd mm  mm MM mm  mm mm mm = mm

20 94.0 342 179.1 1039 39.33 239.1 47.0 17.1 1365 69.1 209.1 520
25 90.6 423 181.7 103.9 34.09 241.7 453 21.1 1362 73.1 211.7 520
30 86.6 500 1825 103.9 29.35 2425 433 250 1345 77.0 2125 520
35 819 574 181.6 103.9 25.04 241.6 41.0 28.7 1317 80.6 211.6 52.0
40 76.6 643 1792 1039 21.12 239.2 383 321 1279 84.1 209.2 52.0
45 70.7 70.7 175.6 103.9 17.57 235.6 354 354 123.1 873 205.6 52.0
50 643 76.6 170.8 103.9 14.38 230.8 32.1 383 117.6 903 200.8 52.0
55 574 819 165.1 1039 11.54 225.1 28.7 41.0 1112 929 1951 520
60 500 86.6 158.6 103.9 9.06 218.6 25.0 433 1043 953 188.6 52.0
65 423 90.6 151.5 1039 694 2115 21.1 453 969 973 1815 520
70 342 940 143.8 103.9 5.19 203.8 17.1 47.0 89.0 989 1738 520
75 259 96.6 135.6 1039 3.82 195.6 129 483 80.8 100.3 165.6 52.0
80 174 985 1272 1039 2.84 1872 87 492 723 1012 1572 52.0
85 87 99.6 118.6 103.9 224 178.6 44 498 63.7 101.8 148.6 52.0
90 0.0 100.0 1099 1039 2.04 1699 0.0 50.0 550 1020 1399 52.0
95 -87 99.6 101.2 1039 224 161.2 -44 498 462 101.8 131.2 520
100 -17.4 985 925 1039 2.84 1525 -87 492 376 101.2 1225 52.0
105 -259 96.6 839 1039 3.82 1439 -129 483 29.0 1003 1139 52.0

1 1

S O O O O O O O O O o o o o o o o o

The kinematic parameters of the mechanism, depicted in Table 2, are the linear velocities and
accelerations, which can be calculated in accordance to [3] with the analytical relations 17 to 34:

o, = w1.(Xg — X4) (A7) & = wf - (Vg —Ya) + @3- (Ve —Yp) — & - (Xp — Xo) (18)
Xc—Xp (Xc — Xp)

Vi = —w1 (Y~ ¥) (19) V§ = w1 (Xg = X,) (20)

VE =~y (Y=Y +w,- (Y —Ys) Q1) VY =w - (Xg—X,)—wy- (Xe—Xp)=0 (22)

vE = VX (23) Vi=vi=0 24

af = —w? - (X5 — X,) (25) af = o} (Y= ¥) (26)

af = —[e; - (Yo = Yp) + 0? - (Xg — X)) + w3 - (Xc — Xp)] 27)
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al =& (Xc—Xp) —wi- (Vg —Y) —wi (Ve —Y5) =0 (28)
af = —w? - (X¢, — Xa) (29) al, = —wi- (Y, — Y4) (30)
af, = ~[e2* (Yo, = Yp) + wf - (X5 = Xp) + 5 - (Xc, = X5)] (31)
at, = &+ (Xe, = Xp) — 0?2 - (Vg = Y)) — w3 - (Y, — Y3) (32)
ag, = ap = at (33) af,=ap=aft =0 (34)

Table 2. The kinematic parameters

X Y X Y X Y X Y X Y X Y
¢ w3 & Vg Vg Vé Ve ap ag ac ac ac, Q¢ A4ag ac,

grd (gr/s) gr/s2 mm/s mm/s mm/s mm/s mm/s®> mm/s> mm/s’ mm/s’> mm/s’ mm/s’> mm/s® mm/s’

20 663 088 -36 98 45 0 _103 -038 -324 0 -052 -0.19 -2.14 -0.19
25 597 071 -44 95 20 2099 -046 -2.75 -0.50 -0.23 -1.87 -0.23
30 542 062 -52 9.1 -0.1 2095 -055 -2.39 047 -027 -1.67 -027
35 493 056 -60 86 -2.0 2090 -0.63 -2.09 2045 -031 -1.50 -0.31
40 448 053 -67 80 -36 084 -070 -1.83 042 -035 -134 -035
45 405 051 -74 74 5.1 2078 -0.78 -1.60 2039 -039 -1.19 -0.39
50 3.62 051 -80 67 -63 070 -084 -1.37 035 -042 -1.04 -0.42
55 319 051 -86 60 -7.4 20.63 -090 -1.16 2031 -045 -090 -0.45
60 276 052 9.1 52 -82 2055 -095 -0.96 027 -047 -0.75 -0.47
65 232 053 95 44 90 2046 -099 -0.77 023 -0.50 -0.61 -0.50
70 187 054 -98 3.6 95 2038 -1.03 -0.59 20.19 -0.52 -048 -0.52
75 141 056 -10.1 27 -9.9 2028 -1.06 -0.42 0.14 -0.53 -035 -0.53
80 095 056 -103 18 -102 019 -1.08 -0.27 0.10 -0.54 -023 -0.54
85 048 057 -104 09 -104 20.10 -1.09 -0.15 20.05 -0.55 -0.12 -0.55
90 0.0 057 -10.5 0.0 -10.5 000 -1.10 -0.04 0.00 -0.55 -0.02 -0.55
95 048 057 -104 -09 -104 010 -1.09 0.05 0.05 -0.55 0.07 -0.55
100 095 056 -103 -1.8 -102 019 -1.08 0.11 0.10 -0.54 0.15 -0.54
105 141 056 -10.1 2.7 -99 028 -1.06 0.15 0.14 -0.53 021 -0.53

S O O O O O O O O O o o o o o o o
S O O O O O O O O O o o o o o o o

The kinetostatic parameters of the mechanism, indicated in Table 3, results from the equations
expressing the equilibrium of the mechanism under the reactions of the joints, the motor torque, the
outside forces, the inertia forces and moments. These equations can be written independently for each
mechanism component (classical) or may be embedded in a matrix equation (matrix method). The
matrix equilibrium equations, see [9] for conformity, can be expressed through relations 36 to 40,
where the unknown values are the components of the {N} vector, obtained from the equation:

{N} = —[R]™* - {F} (35)

The matrix equilibrium equation is resolved in Microsoft Excel with VBA code, using MInverse
function to return the inverse of the matrix [R] and MMult function to return the product between
—[R]™* and {F}.
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1 0 O 1 0 O 0 0 0 7
0 1 0 0 0 0 0 0
0 0 1 -Yg Xz O 0 0 O
0O 0 0 -1 0 1 0 0 O
IR - {N} + {F} = {0}, (36) [RlI=]l0 0 0 0 -1 0 1 00 (37)
0 0 0 Yy —Xg Y Xc 0 0
where: 0O 0 O 0O 0 -1 0 0 O
0 0 O 0 0 O -1 1 0
0 0 O 0 0 Y. —Xc Xp 1l
rHy [ Rix - - ;aé -
V: Ry, —my - ac, — Gy
M,, M, Ry Ye, + R;y " Xe,
Hp Rox My Ag,
(N}=|Vsg| (38 {F}=|Ry| (39 ({F}= —my - af, — G, (40)
Hc My, —J2 & — Ry " Ye, + Ryy - K¢,
Ve R —-mg - a¥ + Fy
V Rsy &
| M), | | M, , —my - ac, — G3
| (R3x — Fg) " Y¢, + Ry - Xc, |
Table 3. The kinetostatic parameters
[} Ha Va Hp Vg Hc Ve Hp Vp M,
grd N N N N N N N N N'm
20 100 80.57 -100 -81.05 -100 -81.57 0.00 -82.15 4.19
25 100 66.33 -100 -66.81 -100 -67.33 0.00 -67.91 1.83
30 100 5491 -100 -55.38 -100 -55.90 0.00 -56.48 -0.21
35 100 4541 -100 -45.89 -100 -46.41 0.00 -46.99 -1.98
40 100 37.35 -100 -37.82 -100 -38.34 0.00 -38.92 -3.53
45 100 3042 -100 -30.89 -100 -31.40 0.00 -31.98 -4.89
50 100 2441 -100 -24.88 -100 -25.39 0.00 -25.97 -6.06
55 100 19.22 -100 -19.69 -100 -20.20 0.00 -20.78 -7.06
60 100 14.78 -100 -1524 -100 -15.75 0.00 -16.33 -7.90
65 100 11.04 -100 -11.50 -100 -12.01 0.00 -12.59 -8.58
70 100 7.98 -100 -845 -100 -895 0.00 -9.53 -9.11
75 100 5.61 -100 -6.07 -100 -6.58 0.00 -7.16 -9.50
80 100 392 -100 -438 -100 -489 0.00 -547 -9.77
8 100 292 -100 -3.38 -100 -3.88 0.00 -4.46 -9.93
90 100 2.60 -100 -3.07 -100 -3.57 0.00 -4.15 -10.00
95 100 299 -100 -345 -100 -395 0.00 -4.53 -9.99
100 100 4.06 -100 -452 -100 -5.03 0.00 -5.61 -9.93
105 100 5.82 -100 -6.28 -100 -6.79 0.00 -7.37 -9.82
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4. Creation of the parts geometry and assembly mechanism

The 3D assembly of the shaker mechanism is shown in Figure 3. The components were placed in the
assembly with Insert Components command from Assembly toolbar. Then select a part or assembly
from the Part/Assembly to Insert list or click Browse to open an existing document. Next, click in the
graphics area to place the component or click v' to place the component origin coincident with the
assembly origin. Only the Suport @ component will be placed with the origin coincident with the
assembly origin.

By default, the first part placed in an assembly is fixed and has a (f) before its name in the
FeatureManager design tree. The other components: beam @, beam @ and beam @ will be placed
without this restriction. The A and D joints of the mechanism are placed in Top Plane of the assembly.
Every beam was provided with sketch points C1, C2 and C3 which represent the mass centre. Also,
sketch points were placed symmetrical in the holes with diameter ¢3 mm, as shown in Figure 1.

<L

Figure 3. The 3D assembly of the shaker mechanism
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The stages of the study are as follows [10] and [11]:
o Activation of the SolidWorks Motion module;

Specify Rotary Motor:
Specify Force;

Specify Gravity;

Specify Motion Mates;

o Running the design study.

O O O O O

Creation and specification of the study’s options;

doi:10.1088/1742-6596/1426/1/012025

To specify Rotary Motor click Motor to create a new rotary motor; select the face of the support ©;
select Constant speed from Motor Type list and set 1 rpm value in the speed motor field; click v and
the Rotary Motorl branch will be created in the MotionManager design tree (Figure 4).

Click Force to create and apply a force Fg; select Action only option; select the sketch bottom point
of beam @ as Point of force application; select Right Plane for direction; select Constant from Force
Function list; set 100 N value in the Constant value field; click v* and the Forcel branch will be
created in the MotionManager design tree (Figure 5).

Click Gravity to create simulated gravitational forces on the mechanism; select Y axis as direction

and 9806.65 mm/s’ as value (Figure 6).
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The mates indicated in Table 4 will be applied in Motion Study between the assembly components.

Table 4. The mates applied to the shaker mechanism

Mate name Mate type Component 1 Component 2
Matel Coincident1 Support @ edge Beam @ bottom edge
Mate?2 Coincident2 Beam @ top edge Beam @ left edge
Mate3 Coincident3 Beam @ right edge Beam @ top edge
Mate4 Coincident4 Beam @ bottom axis Top Plane
Mate5 Angle1=60° Top Plane Beam ® face
Mate6 Angle2=20° Top Plane Beam @ face
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The mate Mate6 was only necessary to specify the initial position of the mechanism, but before the
motion analysis calculation this mate must be suppresses.

6. Simulation and theoretical results comparison

The results are presented graphically in (Figure 1 + Figure 11), where the SolidWorks Motion points
are placed over the theoretical curves. Figure 7 + Figure 8 show the positional parameters in X
reSpeCtiVely Y direction: XB, Xc, XD, XCla Xcz, Xc3, YB, Yc, YD, YCl: Ycz, Yc3. Figure 9+ Figure 10
shows the kinematic parameters: velocity Vs~ Vi, V& and accelerations agy, agy, Acx, ACy, ACIxs ACIys
acax, acay. Figure 11 show the kinetostatic parameters of the shaker mechanism: the reaction forces Ha,
Hg, He, Va, Vg, Ve and the moment M,,,.

280 T Xy Xy Xpy Xe Xeas o XB theoretical —— XB SolidWorks A XC theoretical
Xz [mm] ——XC SolidWorks % XD theoretical ——XD SolidWorks
240 = # ¢ XC1 theoretical ——XC1 SolidWorks @ XC2 theoretical
Nz SolidWorks ~ —s— XC3 theoretical XC3 Solidworks
|m
200
160
120
80
40 g R
N‘ Angle ¢ [grd]
0 T T T T T T v‘%k 1
——e
2‘0 30 40 50 60 70 80 90 100\. 110
-40

Figure 7. The positional parameters of the shaker mechanism in X direction
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Figure 8. The positional parameters of the shaker mechanism in Y direction



International Conference on Applied Sciences

IOP Publishing

Journal of Physics: Conference Series

1426 (2020) 012025

12
A Vg%, Vg, VX [mm/s] o VBX theoretical —— VBX SolidWorks
8 A VBY theoretical ——VBY SolidWorks
—6—VCX theoretical VCX SolidWorks
RN
\\ \\\ Angle ¢ [grd]
0 T T T T T 1
20 30 40 50 60 70 80 9-0\\100 110
.\‘
4 =~

. %
-12
Figure 9. The kinematic parameters (velocity) of the shaker mechanism
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Figure 10. The kinematic parameters (accelerations) of the shaker mechanism
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Figure 11. The kinetostatic parameters of the shaker mechanism
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7. Conclusions

We have presented the required steps to analyze the shaker mechanism and obtain the positional,
kinematic and kinetostatic parameters through analytical equations and SolidWorks Motion software.
The numerical values calculated by theoretical equations were compared graphically with the
SolidWorks Motion results. The magnitudes of all results indicated excellent agreement with the
values obtained by analysis in SolidWorks Motion software.
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