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COMPARISON OF KINEMATIC ANALYSIS METHODS AT ONE DEMONSTRATION
MECHANISM

Milan Kljajin, Katarina Pisaci¢, Damira Kecek, Darijan Bolarié¢

Subject review
The mechanisms are systems of moving parts that perform some function. One of their main advantages is converting the input forces and movements into
a desired set of output forces and movements. The mechanism movement simulation is described in this paper. The solution includes calculation of
velocities, accelerations and overall performance analysis. Numerical simulation of model mechanism was performed in the software package SAM. The
velocities optimal for the drive element and the initial position of mechanism were given for initial conditions. All velocities and accelerations of
mechanism points in this position were calculated. Results of computer simulation were compared with the results obtained by vector method. By
comparison of the results it was found that the deviations were small, therefore it was concluded that the simulation was successfully performed.
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Usporedba metoda kinematske analize kod jednog demonstracijskog mehanizma

Pregledni ¢lanak
Mehanizmi su sustavi pokretnih dijelova koji obavljaju neku funkciju. Jedna od njihovih glavnih prednosti je pretvaranje ulazne sile i pokreta u zeljeni set
izlaznih sila i pokreta. U ovom radu simulira se kretanje mehanizma. RjeSenje obuhvaca proraCun brzina, ubrzanja i numericku analizu mehanizma.
Numeric¢ka simulacija modela mehanizma provedena je u softverskom paketu SAM. Za pocetne uvjete zadane su brzine pogonskog elementa i pocetni
polozaj mehanizma. IzraCunate su sve brzine i ubrzanja to¢aka mehanizma u tom polozaju. Rezultati racunalne simulacije usporedeni su s rezultatima

dobivenim vektorskom metodom. Usporedbom rezultata utvrdeno je da su odstupanja mala te se zakljucuje da je simulacija uspjesno provedena.

Kljuéne rijeci: brzina, MathCad, mehanizam, SAM, ubrzanje

1 Introduction

The mechanism is a device designed to transform the
input force and movement into the desired set of output
forces and movements. Generally, mechanisms consist of
moving parts such as gears and gear chambers, belts,
chain drives and articulated joints. Also, mechanisms
consist of devices that cause friction such as brakes and
clutches, structural components such as frames, fasteners,
bearings, springs and seals as well as various specialized
machinery parts, such as pins and keys.

To achieve motions that are accurately performed
through the mechanism, members of the mechanism
should be resistant to deformation. Therefore, the
definition of the mechanism can be extended so that the
mechanism implies a complex of rigid or solid bodies
whose general purpose is conversion of one form of
movement into a different form of movement.

B

Figure 1 Kinematic scheme of the mechanism

The mechanism can be shown by detailed drawings,
preliminary sketches, kinematic and structural scheme.
Kinematic diagram or kinematic scheme shows only those

elements of the mechanisms that have an impact on its
movement [1, 2, 3, 7]. Kinematic scheme of specific four
crank linkages with additional dyad is made in the scale
necessary for noticing the movement. It is also the basic
drawing for calculation of the mechanism's kinematics. In
kinematic schemes mechanisms members are shown
simplified. Fig. 1 shows the kinematic diagram of the
mechanism treated in this paper.

For the purpose of structural analysis of the
mechanism and choosing a calculation method, structural
scheme of the mechanism is used. In this scheme
mechanism members are shown regardless of dimensions
which have no impact to mechanism kinematics (width,
thickness). The structural scheme of the mechanism is
shown in Fig. 2.

D O

Figure 2 Structural scheme of the mechanism

2 Kinematic analysis
2.1 Model of demonstration mechanism

Although the mechanism presented in the paper is
two dimensional, SolidWorks package is used to create a
three-dimensional model of the mechanism with
minimum thickness. Graphical solution is obtained adding
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constraints between model and the solution, and changing
position of model, results in new graphical solution.

In this paper, the mechanism is in the initial position,
which is shown in Fig. 3 and velocity and acceleration of
points in this position are analysed. Engine that has two
velocities is used to run the demonstration mechanism.
Rotational speed of engine is thus measured in the first
gear, its value is 55 rpm and according angular velocity of

drive element — crank O_A is calculated.

Figure 3 Model of demonstration mechanism [2]
2.2 Graphoanalytical solution in SolidWorks

The main role of simulation modeling can be
prediction, optimization and process control [5, 6, 7].

Graphoanalytical method of calculating the velocity
and acceleration used in this paper is based on a graphical
presentation of vector equations which describe the
relationship between velocity and acceleration of two
points of a rigid body in planar movement [2, 3, 4, 8].

Using features of SolidWorks (SW) [9], line lengths
in velocity and acceleration plan are related with formulas
and constraints to the position plan. Added geometrical
relationships allow, with moving the slider or a bar, for
the mechanism to be arranged in a new position and also
generate a new velocity and acceleration plan.

From the model of demonstration mechanism the
position plan shown in Fig. 4 is obtained.

Figure 4 Position plan

The data used to calculate the velocity and
acceleration are: OA = 0,15 m, AB= 0,4 m, BO,=0,5
m, BC=CO,=0,25m, CD=03 m, 00,=0,7 m, n=
55 rpm, w = %: 5,756 rad/s.

First, the fixed point P, = O' = O';, which is also
called velocity pole, is selected (Fig. 5). In the velocity

plan, it represents all points of the mechanism in which
the velocity equals zero, and from which the velocity plan
is further drawn.

The calculating velocity v, is following from vector
Eq. (1):

VA =Vo tVa0- (1)

Since the initial velocity vy = 0 it follows:

Va0 = ®-OA =5756-0,15=08634m/s =7,. )
0,86 R
| 0,47
LS % R=0'=0;
5 Iy
o \Vpic C
td Q'bq’
AN C
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Figure 5 Velocity plan at 55 rpm, values in m/s

Velocity v, is drawn perpendicular to the length

OA (Fig. 4) from the velocity pole for the value which is
calculated, and the point A' is obtained (Fig. 5). To
determine the point B', two vector Eqgs. (3) and (4) are
used:

Vg =Va +Vpas (3)

Vg = Vo, +Vpo, - 4)

Line perpendicular to the length AB (Fig. 4) starts
from the point A'. To obtain the point B' (Fig. 5), it is
necessary to draw another perpendicular line to the length

BO, (Fig. 4) and this line starts at the velocity pole,
since initial velocity is v, = 0. The intersection of these

two lines is the point B' (Fig. 3). To draw the point C' an
Eq. (5) follows:

Ve =Vo, +Vcio; - )

In position plan, the point C is exactly midpoint of
the length B_Ol (Fig. 3) and therefore, in the velocity
plan, the point C' is on midpoint of the length B'_O'1 (Fig.
5). Point D' is obtained from Eq. (6):

Vp = Ve +Vpc- (6)

From the point C' a perpendicular line is drawn to the

length CcD (Fig. 4). On the intersection of that line and
the horizontal line that comes from the velocity pole
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(because the slider can move only in a horizontal
direction) is the point D' (Fig. 5). All major velocities are
measured from a fixed point.

As in the velocity plan, in the acceleration plan is also
chosen the fixed point P, = O" = O"; (Fig. 7) named
acceleration pole representing each mechanism point
having zero acceleration. Acceleration plan is drawn from
acceleration pole and acceleration a, is first obtained

from vector Eq. (7).

— — —~n ~t
Ay =dg+dpg +dag- @)
1,82
- —_— "n— "
N P,=0"=0"
D" 5
ag
—t p-1
ap/c ac
NS
W
" Yn
ap/c
—t - <
aB aA
Bll
IB/A Yy v
A"
-=n
ag/a

Figure 7 Acceleration plan at 55 rpm, values in m/s’

Because of @ = const., acceleration G, =0 and
therefore the tangential acceleration of the point A around
the point O is dy,q = 0. The normal component of the

acceleration of the point A around O is calculated
according to Eq. (8):

alo = o> -OA =5756% 0,15 =497 m/s’ (8)

and is drawn from the acceleration pole parallel to the
length OA (Fig. 4) for the value obtained from the vector
Eq. (8). This gives the point A" (Fig. 7). From the point
A", line parallel with length AB is drawn (Fig. 4) for the
value from Egs. (9) and (10):

dg =dp +dg +apas )
2 2
n VB/A 0,634 2
a ===—:l,01rn/s . 10
BAT IR T 0.4 (10)

Since the tangential acceleration of the point B
around A cannot be calculated, from the point P, = O" =

0", a line parallel with length BO, is drawn (Fig. 4) for
the value obtained from Eqgs. (11) and (12):

- ~n -
ag =ap, +ago, +apo,> (11

2 2
N Vo, 0,77 2
a === =1,19 m/s". 12
B/O, BO, 0,5 (12)

After construction of the previous two lines, at their
endpoints two lines perpendicular to them are drawn and
at the intersection point B" is located (Fig. 7). At the

midpoint of the length BO, is located the point C" (Fig.

7). The calculation of the acceleration point D" is
following. Vector Eq. (13) for the acceleration point D"
states:

- = —~n —~1
dp =dc +dp,c +dpc- (13)

Normal component of the acceleration of the point D
around the point C follows from Eq. (14):

vie 0,338
cD 03

apc = =0,38 m/s’. (14)

It is drawn from the point C" and it is parallel with

the length CD (Fig. 4). At the end of the normal
component, a line perpendicular to that line is drawn and
it represents the tangential acceleration. Its value is
unknown.

Direction of the total acceleration of the point D is
defined by the direction of the slider movement. As the
slider can move only in a horizontal direction, its
movement is called the linear movement and so the
direction of the acceleration vector is also horizontal.

In the acceleration plan (Fig. 7) a horizontal line is
drawn from the acceleration pole. The intersection of that

horizontal line and the line of tangential component ap,

is the point D" (Fig. 7). Accelerations of points of the
mechanism are measured from the acceleration pole to the
appropriate point in the acceleration plane.

3 Kinematic analysis in SAM

SAM is an interactive software package for the
design, analysis and optimization of planar mechanisms,
combines shaping, numerical analysis and post-processing
of results, such as the development of animation and
kinematic diagrams.

The mechanism can be generated using a wizard or
can be composed from basic components including
beams, sliders, gearboxes, belts, springs, dampers and
friction elements.

Figure 9 Points trajectory of the mechanism
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After defining the geometry of the mechanism by
entering the coordinates of the points and selecting the
type of elements and supports, nodes trajectory of the
mechanism are plotted by running animations (Fig. 9).

Node 1 is used as origin though not shown in SAM
application thus not shown in Fig 9. Figs. 9 to 11 are
snapshots from application and show models as built in
SAM.

For this observation the essential nodes are 2, 3, 4 and
6 (points A, B, C and D in position plan, Fig. 4). It has
been found in the animation that points 2 and 6 do not
mutually overlap, which is important to build a
mechanism and bars @ and ® (Fig. 9) can be located in
the same plane.

Location coordinates for points 3 and 4 in each

interval are listed. Angular speed of the rocker BO, can

be calculated in 36 instants of time during 1 cycle, as per
table of results (Tab. 1) there are 36 results of numerical
analysis.

Table 1 Position of points 3 and 4

Nr t x(3) y3) x(4) y(4)

- S mm mm mm mm

0 0,000 345,119 352,220 522,559 176,110
1 0,028 329,404 335,646 514,702 167,823
2 0,056 312,931 316,509 506,466 158,254
3 0,083 296,416 295,161 498,208 147,580
4 0,111 280,515 272,089 490,258 136,044
5 0,139 265,804 247,939 482,902 123,970
6 0,167 252,751 223,537 476,376 111,768
7 0,194 241,692 199,884 470,846 99,942
8 0,222 232,799 178,111 466,400 89,056
9 0,250 226,070 159,345 463,035 79,672
10 0,278 221,334 144,494 460,667 72,247
11 0,306 218,300 134,033 459,150 67,017
12 0,333 216,643 127,930 458,322 63,965
13 0,361 216,077 125,771 458,038 62,886
14 0,389 216,393 126,981 458,196 63,490
15 0,417 217,465 130,996 458,732 65,498
16 0,444 219,236 137,355 459,618 68,677
17 0,472 221,705 145,718 460,852 72,859
18 0,500 224,910 155,852 462,455 77,926
19 0,528 228,928 167,604 464,464 83,802
20 0,556 233,863 180,877 466,932 90,438
21 0,583 239,847 195,599 469,923 97,799
22 0,611 247,028 211,698 473,514 105,849
23 0,639 255,562 229,074 477,781 114,537
24 0,667 265,588 247,560 482,794 123,780
25 0,694 271,189 266,891 488,595 133,446
26 0,722 290,347 286,679 495,174 143,339
27 0,750 304,875 306,392 502,438 153,196
28 0,778 320,362 325,384 510,181 162,692
29 0,806 336,144 342,941 518,072 171,471
30 0,833 351,336 358,376 525,668 179,188
31 0,861 364,926 371,114 532,463 185,557
32 0,889 375,927 380,758 537,964 190,379
33 0,917 383,525 387,096 541,762 193,548
34 0,944 387,190 390,064 543,595 195,032
35 0,972 386,724 389,690 543,362 194,845
36 1,000 382,237 386,040 541,118 193,020

3.3 Determining deadlock of mechanism

Deadlock position of mechanism is when the
mechanism reaches its end position. At that moment, the
speed of a point element which cannot continue to move
is equal to 0, i.e. it is stopped in its movement. At these

points, the mechanism ends its movement or changes the
direction of movement.

Figure 10 Lower deadlock position of mechanism

To determine the deadlock position of this
mechanism (Fig. 10) numerical data were analysed (Tab.
1). At time # = 0,361 s points 3 and 4 get a minimum
value of the x and y coordinates. That position of the
mechanism is called the lower deadlock. The values are in
millimetres, and the origin of the coordinate system is
placed at the node 1.

Table 2 Lower deadlock position (mm)

X-axis y-axis
Point 3 216,077 125,771
Point 4 458,038 62,886

Figure 11 Upper deadlock position of the mechanism

Table 3 Upper deadlock position (mm)

X-axis y-axis
Point 3 387,190 390,064
Point 4 543,595 195,032
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Figure 12 Velocites v, (mm/s) and accelerations @,y (mm/s”) graph
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The same procedure was repeated for the upper
position (Fig. 11). Tab. 1 shows that at time ¢ = 0,944 s
points 3 and 4 get maximum values of the x and y
coordinates. That position of the mechanism is called the
upper deadlock position.

It is possible, the same as in deadlock, to export the
value of velocity and acceleration for the entire

mechanism (Tab. 4). Tab. 4 shows that the velocity and
acceleration of point 2 i.e. point A is constant as expected,
because that point is on the crank which has a constant
angular speed. Most intensive velocity and acceleration of
the mechanism are achieved at point 3 i.e. point B.

Table 4 Absolute values of mechanism node velocity and acceleration (55 rpm)

Nr ¢ Vabs(z) aabs(z) Vabs(3) aabs(3) Vabs(4) aabs(4) Vabs(6) aabs(6)
- S mm/s mmy/s’ mm/s mm/s’ mm/s mmy/s’ mm/s mmy/s’
0 0,000 863,938 4975,925 771,151 4133,409 385,576 2066,704 470,058 1824,152
1 0,028 863,938 4975,925 869,635 3473,661 434,818 1736,830 509,396 1005,848
2 0,056 863,938 4975,925 944,559 2880,010 472,279 1440,005 525,982 192,154
3 0,083 863,938 4975,925 994,748 2391,261 497,374 1195,631 520,451 580,503
4 0,111 863,938 4975,925 1018,376 2102,282 509,188 1051,141 494,447 1275,818
5 0,139 863,938 4975,925 1012,719 2191,430 506,360 1095,715 450,632 1856,566
6 0,167 863,938 4975,925 974,281 2770,500 487,141 1385,250 392,724 2284,007
7 0,194 863,938 4975,925 899,675 3732,060 449,837 1866,030 325,516 2520,347
8 0,222 863,938 4975,925 787,782 4831,146 393,891 2415,573 254,727 2539,419
9 0,250 863,938 4975,925 642,982 5743,127 321,491 2871,564 186,398 2348,567
10 0,278 863,938 4975,925 477,264 6157,362 238,632 3078,681 125,646 2008,573
11 0,306 863,938 4975,925 307,845 5962,354 153,922 2981,177 75,246 1621,263
12 0,333 863,938 4975,925 150,488 5317,944 75,244 2658,972 35,126 1280,784
13 0,361 863,938 4975,925 13,954 4507,012 6,977 2253,506 3,203 1034,770
14 0,389 863,938 4975,925 100,456 3751,841 50,228 1875,920 23,276 886,925
15 0,417 863,938 4975,925 195,972 3155,872 97,986 1577,936 46,827 820,757
16 0,444 863,938 4975,925 277,363 2737,470 138,681 1368,735 69,456 817,677
17 0,472 863,938 4975,925 349,230 2476,137 174,615 1238,068 92,708 863,776
18 0,500 863,938 4975,925 415,363 2340,134 207,681 1170,067 117,815 950,118
19 0,528 863,938 4975,925 478,614 2297,312 239,307 1148,656 145,809 1070,697
20 0,556 863,938 4975,925 540,930 2316,996 270,465 1158,498 177,563 1219,714
21 0,583 863,938 4975,925 603,358 2368,112 301,679 1184,056 213,755 1388,357
22 0,611 863,938 4975,925 665,959 2415,990 332,979 1207,995 254,733 1560,850
23 0,639 863,938 4975,925 727,607 2419,965 363,804 1209,983 300,257 1709,855
24 0,667 863,938 4975,925 785,712 2334,812 392,856 1167,406 349,114 1792,195
25 0,694 863,938 4975,925 835,951 2123,397 417,976 1061,698 398,652 1747,650
26 0,722 863,938 4975,925 872,198 1801,786 436,099 900,893 444,374 1505,504
27 0,750 863,938 4975,925 886,900 1573,822 443,450 786,911 479,875 1003,625
28 0,778 863,938 4975,925 872,145 1905,633 436,073 952,817 497,495 219,504
29 0,806 863,938 4975,925 821,395 2864,219 410,697 1432,110 489,872 799,195
30 0,833 863,938 4975,925 731,458 4082,552 365,729 2041,276 452,068 1927,206
31 0,861 863,938 4975,925 603,880 5257,594 301,940 2628,797 383,386 2992,987
32 0,889 863,938 4975,925 445,020 6183,584 222,510 3091,792 287,866 3836,985
33 0,917 863,938 4975,925 264,702 6745,206 132,351 3372,603 173,202 4361,628
34 0,944 863,938 4975,925 74,089 6916,761 37,045 3458,381 48,728 4545283
35 0,972 863,938 4975,925 116,342 6743,034 58,171 3371,517 76,469 4422,466
36 1,000 863,938 4975,925 298,081 6308,200 149,040 3154,100 194,679 4052,825

It is expected that the velocity in the position of the
deadlock is 0 m/s. However, due to a finite number of
intervals, which is quite small, it is evident that the
velocity does not reach 0 m/s but is near exact deadlock
position. For accurate determination it is necessary to
increase the number of intervals or use a numerical
method such as the method of the parabola.

4  Analytical vector solution in MathCad

To calculate the velocity and acceleration in
MathCad, software for solving and analysing engineering
calculations, it is necessary to write the vector equation of
velocity and acceleration for each point. From each vector
equation it is possible to create three scalar equations
which can be solved in matrix form. Such system can be
quickly solved by using the command block Given-Find.
In this calculation engineering units are used which
accelerates calculation process with automated unit
recalculation [6]. Mathcad syntax though similar, differs

from usual mathematical notation. Vectors, matrices, line
lengths and angle measures are defined as variables.

For obtaining solutions numerical Given-Find block
algorithm is used. Velocities and acceleration magnitudes
are calculated using absolute value function (J),
determinant function can be used for square matrices
only.

To achieve clear and accurate results, calculation
angles are measured from the horizontal line (positive
direction of the x axis). From the position plan, for the
current position of the mechanism (Fig. 4), the following

angles are: (poé(a, X), (plé(ﬁ, X), (pzé(B_Ol, x) and
(034(C_D, X).

From the data used to calculate the velocity and
acceleration at 55 rpm following variables are defined:
OA= 0,15 m, AB= 0,4 m, BO;= 0,5 m, BC=CO;=
0,25m, CD= 0,3 m, wox = " =5,756 rad/s, g, = 90°,

30
01 =30,37°, 9, = 135,22° and g5 = 215,95°.
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From vector Eq. (15) for determining the velocity v, Vector equation for the velocity v is:
Va =Vo +Va0 (15) Ve =\701 +\7C/Ol, 27
an expression in MathCad is created: from which is obtained Eq. (28):
0 ) (OA-cosp,| (—0863 0 CO, -cosp, ) (-0271
[al=| 0 || OA-sing, |=| 0 |m/s (16) Fel=| o || co,-sing, |=|-0274 |mvs (28)
@op 0 0 ®gco 0 0

as well as result (17) of the velocity magnitude v,
[Va|=0,863 mJs. (17)

To determine the velocity vy, vector Egs. (18) and
(19) are used:

Vg =V +Vg/A > (18)
Vg = Vo, +Vpio,- (19)

From those equations follow scalar Egs. (20) to (25)
below:

vpy =1l m/s, vy, =1 m/s,

} initial values (20)
wup =1r12d/s, Wy =1 rad/s,

given

0 OA - cosg, 0 AB-cosg, VBy
0 |-|OA-sing, |+| 0 |-| AB-sing, |= Vgy (21)

Wop 0 Wpp 0 0

0 BO, -cosg, VBx

0 || BO, sing, |=| vy, (22)
Wpco 0 0
VBx
Vg .
” |=Find (vg,, VBys @aB> @pco) 23)
WpB
@pco

v, = 0,543 /s, v, = 0,547 ms,
results 24)
g =—1,585 rad/s, wpeo =1,541 rad/s,

129 —-0,543
vg =|vp, |=|—0,547 | m/s (25)
0 0

as well as the result of velocity vy

[Vg| = y/vE, + VA, = 0,771 m/s. (26)

and result (29) of velocity v :

| = V2 + vy, =0,385m/s. (29)

Finally, it is necessary to determine velocity v, from
Eq. (30):

Vp =Ve +Vpies (30)

from which follow four scalar Egs. (31) to (34)
Initial values: vp, =1m/s, @cp =1rad/s, 31

given

0 CD-cosgs VDy

[Fc]+| 0 || CD-sing, |=| 0 |, (32)
@cp 0 0
VDx R H
= Find (vp,, &cp)s (33)
®cp
VD -0,47
o=l 0 |=| o |ms, (34)
0 0

and result of velocity vy :
[Vp| = 0,47 mys. 35)

To determine the acceleration a,, vector Egs. (36) is
used (36):

T
ap =dg +dpp +apo- (36)

from which is obtained the expression (37):

0 0 OA - cosg, 0
[ﬁA]: 0 |-|/| 0 || OA-sing, ||=|-497 m/s> (37)
@Doa @Doa 0 0

and result of velocity a, (38):

|ds| =497 m/s?. (38)
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As well as velocity vy, acceleration ag requires two

vector Egs. (39) and (40):

- = ~n ~t

ap =ap tagy +apa,

- - —n —t

ag = ag, tdgo; T apjo)>»

from which follow scalar equations:

2 2
ag, =1 m/s”, ag, =1 m/s”,

initial values
oy =1 1ad/s®, apeo =1 rad/s?,

given
0 0 AB-cosg,
[ ]+ 0 ||| 0 || AB-sing, ||+
LN} LN:! 0

0 AB-cosg, ag

X

+| 0 || AB-sing, |=|ag, |,

oy 0 0
BO, -cosg,
[ -| BO, -sing, ||+
®pco @pco 0
BO, -cosgp, apy
} BO;, - s1ngz)2 =| agy |»
Xpco 0
dpx
“B | _ Find (ag,, apy, Aaps Apco)
OaB
pco
ag, -1,942
ag =| ag, |=| -3,643 | m/s’
0 0

and result of acceleration ag :

|| = \Jah, +ad, = 4,129 /s>,

Vector Eq. (47) for acceleration a is:

P —n —t
dc =dg, T dcio; 4o

from which are obtained the following expressions:

Initial values: ac, =1 m/s?, ac, =1 m/s?,

given

(39)
(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47

(4%)

0 0 CO, -cosp,
[ac]=| o ||| 0 || cCoO,-sing, ||+
@pco ®pco 0 (49)
0 CO, -cosg, Ay
+ 0 || CO;-sing, |=|ag, |
Opco 0 0
a
“ |=Find (acy» ac, ), (50)
ac,) (0,971
ac = ac, |=| 1,822 | m/s’ (51)
0 0

and result of acceleration ac :

Ge|=Jal. +al, =2,064 m/s>. (52)
| C| Cx Cy

Eq. (53) for acceleration ay is:

-~ .n ot
ap =dc¢ +ap,c +ap,c (53)

from which is obtained the expression with initial values
and three scalar equations as follows:

ap =1m/s*, acp = 1rad/s?, (54)
given
0 0 CD-cosgs
[ac]+| 0 ||| 0 || CD-sing; ||+
®cp ®cp 0 (55)

0 CD-cosgs ap
+| 0 || CD-sing; |=| 0 |,

Ccp 0 0
( “p j = Find (ap, acp), (56)
acp

and result of acceleration ayy:
lap| =1.822 m/s’. (57)

5 Comparison of results

For the final analysis of kinematic values, results of
kinematic analysis are entered in Tab. 5 and compared. It
is evident that the results almost do not differ. It can be
concluded that the analysis conducted through all three
software packages is successful.

Expected variations of the results obtained in the
SAM occur in the comparison of acceleration due to a
defect of the numerical algorithm. The assumption is that
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they can be avoided by increasing the number of intervals
or more accurate definition of mechanism geometry.

Table 5 Comparison of results

. Graphical SAM MathCad
Value | Unit SW solution solution
VA 0,8634 0,863 0,863
Vg 0,771 0,771 0,771
m/s
Ve 0,385 0,386 0,385
Vp 0,470 0,470 0,470
N 4,970 4,976 4,970
ag 5 4,128 4,133 4,129
m/s
ac 2,064 2,066 2,064
ap 1,822 1,824 1,822
6 Conclusion

Performing a kinematic analysis using software tools,

according to the results, it is possible to reach the
following conclusions:

Kinematics analysis in SAM 6.1 is performed very
quickly, with satisfactory accuracy, knowledge of
vector algebra to determine kinematic values is not
required. Disadvantage is that in complex mechanisms
deviations in acceleration results are possible.
Experience has shown that it is not possible to
simulate all types of kinematics without additional
simplification of the model.

Graphical analytical solution obtained using
SolidWorks enables fast solution recalculation for
different mechanism positions and using formulas for
different initial values of velocity and acceleration.
Disadvantage is the necessity of creating vector
equations and possessing the knowledge of traditional
methods of kinematic analysis. To obtain dynamic
solution it is necessary to set constraints between
kinematic scheme and solution graph, which is time
consuming.

Analytical solution obtained using MathCad implies
knowledge of vector algebra and software syntax but
provides accurate results and easy generation of
solution for different mechanism position and initial
values of velocity and acceleration.

Vector solution can be expanded with position
functions of each node dependent on position of drive
element, to eliminate reading of bar angle and
automate the rest of kinematic solution.

Given that the teaching of kinematics if performed in
the form of lectures accompanied with recitation class,
to use software packages in recitation it is necessary to
work with smaller groups in the lab and accordingly
adjust the curriculum. It is also necessary for students
to previously master required IT skills. The stated
reasons are the cause of avoiding the use of software
while teaching base subjects, but they can be used as
part of the final and diploma thesis, because the
application of software tools provides plenty of topics
for papers in the basic theoretical courses.

7 References

[1] Husnjak, M. Teorija mehanizama, Zagreb, 2009.

[2] Matejicek, F. Kinematika sa zbirkom zadataka, 3. dop. i
popr. Izdanje. // Strojarski fakultet, Slavonski Brod, 2011.

[3] Hibbeler, R. C. Engineering Mechanics: Dynamics 12th
edition SI units. // Prentice Hall; 2009.

[4] Vinogradov, O. Fundamentals of kinematics and dynamics
of machines and mechanisms. // CRC Press, Boca Raton -
London - New York - Washington, D. C., 2000.

[5] Curkovic, P.; Jerbic, B.; Stipancic, T. Coordination of
Robots with Overlapping Workspaces Based on Motion
Co-evolution. // International Journal of Simulation
Modelling, 12, 1(2013), pp. 27-38

[6] Sajko, N.; Kovacic, S.; Balic, J. Simulation based
CAD/CAM model for extrusion tools. // Advances in
Production Engineering & Management, 8, 1(2013), pp. 33-
40

[71 Tic, V.; Lovrec, D. Design of Modern Hydraulic Tank
Using Fluid Flow Simulation. // International Journal of
Simulation Modelling, 11, 2(2012), pp. 77-88

[8] Jeci¢, S. Mehanika 2. // Tehnicka knjiga Zagreb, 1989.

[9] Tickoo, S. Uvod u SolidWorks 2011. // Mikro knjiga,
Zagreb, 2011.

[10] Ochkov, V. F.; Legenkiy, V. I.; Minaeva, E. A. Physical
quantities, dimensions and units in mathematical packages.
// MarematuyHi Matmmaui cuctemu. 1, (2009).

[11] Software SolidWorks 2012-2013

[12] Software SAM 6.1 Trial

[13] Software MathCad 15

Authors' addresses

Milan Kljajin, prof. dr. sc.

J. J. Strossmayer University of Osijek

Mechanical Engineering Faculty in Slavonski Brod
Trg Ivane Brlic Mazuranic 2

35000 Slavonski Brod, Croatia

E-mail: mkljajin@sfsb.hr

Katarina Pisacié, dipl. ing. stroj.
Damira Kecek, dipl. ing. mat.
Darijan Bolarié, bacc. ing. mech.
University North

University Centre Varazdin

104. brigade 3

42000 Varazdin, Croatia

E-mail: katarina.pisacic@unin.hr
E-mail: damira.kecek@unin.hr
E-mail: dbolaric@gmail.com

664

Technical Gazette 21, 3(2014), 657-664


http://www.mikroknjiga.rs/store/prikazautor.php?autor=Sham%20Tickoo
http://twt.mpei.ac.ru/ochkov/Units/QDUeng.pdf
http://twt.mpei.ac.ru/ochkov/Units/QDUeng.pdf
http://twt.mpei.ac.ru/ochkov/Units/QDUeng.pdf


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



