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Abstract. In this paper the method of transmission matrix is applied for investigating
planar mechanisms [5–7]. As is known, in many engineering problems, for example,
in the problem of synthesis and analysis of motion, the following problem is more and
more interested. There is an object (a particle or body) connected with a frame of
reference, which moves with respect to another frame. It is necessary to define the
configuration (the position, velocity, acceleration) of the object under consideration in
the latter frame.There are two types of the frame of reference. A frame that is fixed in
time named inertia frame or global frame of reference and the frame attached to each
body of the system- the body frame of reference. The problem is stated now as follows:
Determine the configuration in global frame of a particle fixed in any body of the system.

In this paper a method is constructed for solving such a problem by means of trans-
mission matrices.

The obtained results are illustrated by examples.

1. THE FORMULAS FOR DETERMINING THE CONFIGURATION
OF THE OBJECT

Let us consider two bodies of a free loop, which are numbered as (i-1)-body and i-
body, joined together by the hinge Ai. Attach a frame of reference into each body (the
body-frame). The (i-1) body - frame has the origin at Ai−1 and its axis Ai−1xi−1 directing
from Ai−1 to Ai, where Ai−1 is the hinge joining the (i-1) body with the (i-2) body.

The axis Ai−1yi−1 is perpendicular to Ai−1xi−1

in the direction of counter clockwise. The frame of
reference glued to the i-body is formed in the sim-
ilar way. The angle between Ai−1 two frames of
reference denoted by ϕi, is the M rotating angle of
the axis Ai−1xi−1 to Aixi in direction of counter-
clockwise (Fig. 1) [3, 7]. Let consider the point M
fixed on the i-body. The coordinates of the point
M in the i-body frame are denoted by the constants
a and b and in the (i− 1) body frame – by i−1xM ,
i−1yM , which are variables of time. The notation
located at high left corner is number of the body,
on which the particle M on. Similarly, the coor-
dinates of the point M in the inertia reference is
denoted by 0xM , 0yM . Fig. 1
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The components of the coordinate of the point M in two frame in progressive order
are related by the formula [4, 5, 7]

∥∥∥∥∥∥

i−1xM
i−1yM

1

∥∥∥∥∥∥
=

∥∥∥∥∥∥

cosϕi − sinϕi Li−1

sin ϕi cosϕi 0
0 0 1

∥∥∥∥∥∥

∥∥∥∥∥∥

a
a
1

∥∥∥∥∥∥
, (1.1)

where: Li−1 ≡ Ai−1Ai.
By introducing the symbols cos ϕi ≡ ci, sinϕi ≡ si and the matrices

Ti ≡

∥∥∥∥∥∥

cos ϕi − sin ϕi Li−1

sinϕi cos ϕi 0
0 0 1

∥∥∥∥∥∥
≡

∥∥∥∥∥∥

ci −si Li−1

si ci 0
0 0 1

∥∥∥∥∥∥
. (1.2)

i−1rrrT = ‖i−1xM
i−1yM 1‖, irrrT = ‖a b 1‖ (1.3)

the formula (1.1) is written in the form

i−1rrr = TTT i
i rrr. (1.4)

Hereafter the matrix is noted by the bold letter
and the vector is identify as a(3 × 1) matrix. Let
us consider a system of k bodies in plane (where
k=3), which are joined between each other by the
hinges A1, A2, . . . , Ak respectively, where A1 is fixed
at time. Let put the inertia frame of reference at
A1. For simplicity instead of the i-body frame let us
put the vector xxxi with the origin at Ai and directing
along the axis Aixi. The angle between two vectors
xxxi−1 and xxxi (Fig. 2). It is easy to derive the rela-
tionship between the coordinates of the point fixed
to the k-body frame (with the coordinates a, b) and
its coordinates in the global reference, that is Fig. 2

∥∥∥∥∥∥

0x
0y
1

∥∥∥∥∥∥
= T1T2...Tk

∥∥∥∥∥∥

a
b
1

∥∥∥∥∥∥
, (1.5)

or
0rM= T1T2...TkrM , (1.6)

where the matrices Ti(1, k) take the same form as (1.2) in consideration of L0=0.
By the formulas(1.5) and (1.6) we calculate the components of velocity of the point

M in the global reference, that is

vvv = ṙ =

∥∥∥∥∥∥

0ẋM
0ẏM

0

∥∥∥∥∥∥
=

k∑

i=1

ϕ̇(∗)vi, (1.7)
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where ϕ̇i(∗) is a(3 × 3) diagonal matrix of the form

ϕ̇i(∗) =

∥∥∥∥∥∥

ϕ̇i 0 0
0 ϕ̇i 0
0 0 ϕ̇i

∥∥∥∥∥∥
(1.8)

and the matrixces vvvi(i = 1, k) are calculated by following the formula

vvvi = T1T2...T′
i...Tk , (1.9)

in which the matrices Ti take the form (1.2), but the matrices T′
i are drawn as follows

∥∥T′
i

∥∥ =

∥∥∥∥∥∥

−si −ci 0
ci −si 0
0 0 0

∥∥∥∥∥∥
. (1.10)

It is easy to show that the absolute angular velocity of the kth link is calculated by the
formula

Ωk =
k∑

i=1

ϕ̇i. (1.11)

The components of acceleration of the point M in the global frame of reference are
determined by following formula

a =

∥∥∥∥∥∥

0ẋM
0ẏM

0

∥∥∥∥∥∥
=

k∑

i=1

ϕ̈i(∗)vvvi +
k∑

i=1

ϕ̇i(∗)vvv′i + 2
k−1∑

i=1

∑

j>i

ϕ̇i(∗)ϕ̇j(∗)vvvi,j , (1.12)

where vvvi is calculated by (1.9), ϕ̈(∗) is a(3× 3) diagonal matrix of the form

ϕ̈i(∗) =

∥∥∥∥∥∥

ϕ̈i 0 0
0 ϕ̈i 0
0 0 ϕ̈i

∥∥∥∥∥∥
(1.13)

but vvv′i, vvvi,j are determined by following formulas

vvv′i = T1T2...T′′
i...Tk, (1.14)

vvvi,j= T1T2...T′
i...T′

j...Tk , (1.15)

where

T ′′
i =

∥∥∥∥∥∥

−ci si 0
−si −ci 0
0 0 0

∥∥∥∥∥∥
. (1.16)

The absolute angular acceleration of the kth link is of the form

εk =
k∑

i=1

ϕ̈i. (1.17)

In order to use the above obtained formulas it is necessary to bring to the following
notices

a) In the case of an open loop, i.e. when the last link of the loop under consideration
is one end free, it is possible to apply directly these formulas
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b) In the case of closed loop, i.e. there is a point of the last link fixed at time with
respect to the global frame of reference, first it is necessay to find the configuration
of this point.

By such a way we get two equations for each kind of the configuration (the
position, velocity, acceleration). Solving the obtained equations we determine the
configuration of the system under consideration.

c) When the system is a semi-closed loop, i.e. when a point of the last link moves
along any curve fixed in the global frame of reference, it is necessary to write the
configuration equations for this point, by which we will find the configuration of
the system.

2. APPLICATION

Example 1. Let us consider a free loop of three
links (Fig. 3). We put three body frames of ref-
erence as in the Fig. 3 [5, 6], which are expressed
by three vectors xxx1, xxx2, xxx3. The global frame of
reference is noted by the vector xxx0. By such a
way there are three transmission matrices, that
are

Fig. 3

TTT 1 =

∥∥∥∥∥∥

c1 −s1 0
s1 c1 0
0 0 1

∥∥∥∥∥∥
; TTT 2 =



∥∥∥∥∥∥

c2 −s2 L1

s2 c2 0
0 0 1

∥∥∥∥∥∥


 ; TTT 2 =

∥∥∥∥∥∥

c3 −s3 L2

s3 c3 0
0 0 1

∥∥∥∥∥∥
. (2.1)

In accordance with the rules (1.10), (1.16) we have

TTT 1 =

∥∥∥∥∥∥

−s1 −c1 0
c1 −s1 0
0 0 0

∥∥∥∥∥∥
; TTT ′

2 =

∥∥∥∥∥∥

−s2 −c2 0
c2 −s2 0
0 0 0

∥∥∥∥∥∥
; TTT ′

3 =

∥∥∥∥∥∥

−s3 −c3 0
c3 −s3 0
0 0 0

∥∥∥∥∥∥
. (2.2)

TTT ′′
1 =

∥∥∥∥∥∥

−c1 s1 0
−s1 −c1 0
0 0 0

∥∥∥∥∥∥
; TTT ′′

2 =

∥∥∥∥∥∥

−c2 s2 0
−s2 −c2 0
0 0 0

∥∥∥∥∥∥
; TTT ′′

3 =

∥∥∥∥∥∥

−c3 s3 0
−s3 −c3 0
0 0 0

∥∥∥∥∥∥
. (2.3)

Let us consider the point M fixed in the 3th - link and having the body-coordinates
to be a and b. The components of coordinate of the point M in the global reference are
computed by following the formula (1.5), that are

∥∥∥∥∥∥

0xM
0yM

1

∥∥∥∥∥∥
= T1T2T3

∥∥∥∥∥∥

a
b
1

∥∥∥∥∥∥
=

∥∥∥∥∥∥

ac123 − bs123 + L2c12 + L1c1

as123 + bc123 + L2s12 + L1s1

1

∥∥∥∥∥∥
.

The coordinates of the point M in the global reference are of the form
0xM = ac123 − bs123 + L2c12 + L1c1 ; 0yM = as123 + bc123 + L2s12 + L1s1,

where the following symbols are used

c123 ≡ cos(ϕ1+ϕ2+ϕ3); s123 ≡ sin(ϕ1+ϕ2+ϕ3) ; c12 ≡ cos(ϕ1+ϕ2) ; s12 ≡ sin(ϕ1+ϕ2).
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In order to calculate the components of the velocity of the point M in the global
reference, let us write the formula (1.7). For this purpose we calculate the matrices
vvv1, vvv2, vvv3 by means of formula (1.9), that are

vvv1 = TTT ′
1TTT 2TTT 3rrr =

∥∥∥∥∥∥

−as123 − bc123 − (L2s12 + L1s1)
ac123 − bs123 + L2c12 + L1c1

0

∥∥∥∥∥∥
;

vvv2 = TTT 1TTT
′
2TTT 3rrr =

∥∥∥∥∥∥

−(as123 + bc123 + L2s12)
ac123 − bs123 + L2c12

0

∥∥∥∥∥∥
;

vvv3 = TTT 1TTT 2TTT
′
3rrr =

∥∥∥∥
−(as123 + bc123)

ac123 − bs123

∥∥∥∥ .

The formula (1.7) takes the form now

vvv =

∥∥∥∥∥∥

0ẋM
0ẏM

1

∥∥∥∥∥∥
=

∥∥∥∥∥∥

−(as123 + bc123 + L2s12 + L1s1)ϕ̇1 − (as123 + bc123 + L2s12)ϕ̇2 − (as123 + bc123)ϕ̇3

(ac123 − bs123 + L2c12 + L1c1)ϕ̇1 + (ac123 − bs123 + L2c12)ϕ̇2 + (ac123 − bs123)ϕ̇3

0

∥∥∥∥∥∥
.

The components of acceleration of the point M in the global reference are computed by
the formula (1.12), where the matrices vvv1, vvv2, vvv3 are determined as above, but the matrices
vvv′i (i = 1, 2, 3), vvvi,j(i, j = 1, 2, 3) by means (1.14), (1.15) will be

vvv′1 = TTT ′′
1TTT2TTT 3rrr =

∥∥∥∥∥∥

−(ac123 − bs123 + L2c12 + L1c1)
−(as123 + bc123 + L2s12 + L1s1)

0

∥∥∥∥∥∥
;

vvv′2 = TTT 1TTT
′
2TTT 3rrr =

∥∥∥∥∥∥

−(ac123 − bs123 + L2c12)
−(as123 + bc123 + L2s12)

0

∥∥∥∥∥∥
;

vvv′3 = TTT 1TTT 2TTT
′′
2rrr =

∥∥∥∥∥∥

−ac123 + bs123

−(as123 + bc123)
0

∥∥∥∥∥∥
;

vvv1,2 = TTT ′
1TTT

′
2TTT 3rrr =

∥∥∥∥∥∥

−(ac123 + bs123 + L2c12)
−(as123 + bc123 + L2s12)

0

∥∥∥∥∥∥
;

vvv1,3 = TTT ′
1TTT2TTT

′
3rrr =

∥∥∥∥∥∥

−(ac123 + bs123)
−as123 − bc123

0

∥∥∥∥∥∥
;

vvv2,3 = TTT 1TTT
′
2TTT

′
3rrr =

∥∥∥∥∥∥

−(ac123 + bs123)
−(as123 + bc123)

0

∥∥∥∥∥∥
.
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By applying the (1.12) it is easy to find the components of acceleration of the point
M in the global reference, that are

0ẍM = − (as123 + bc123 + L2s12 + L1s1)ϕ̈1 + (as123 + bc123 + L2s12)ϕ̈2

+ (as123 + bc123 + L2s12)ϕ̈3 − 2(ac123 − bs123 + L2c12 + L1c1)ϕ̇2
1

− (ac123 − bs123 + L2c12)ϕ̇2
2 − (ac123 + bs123)ϕ̇2

3 − 2(ac123 + bs123 − L2c12)ϕ̇1ϕ̇2

− 2(ac123 − bs123)ϕ̇1ϕ̇3 − 2(ac123 + bs123)ϕ̇2ϕ̇3.

0ÿM =(ac123 − bs123 + L2c12 + L1c1)ϕ̈1 + (ac123 − bs123 + L2c12)ϕ̈2 + (as123 + bc123)ϕ̈3

− (as123 + bc123 + L2s12 + L1s1)ϕ̇2
1 − (as123 + bc

)
123ϕ̇

2
2 − (as123 + bc123)ϕ̇2

3

− 2(as123 + bc123 + L2s12)ϕ̇1ϕ̇2 − 2(as123 + bc123)ϕ̇1ϕ̇3 − 2(as123 + bc123)ϕ̇2ϕ̇3.

Of course, in the case of using numerical methods, it is unecessary to write the expressions
in an universal form, for example, in the case of a loop of many links.

Example 2. Let us consider a slider-crank mech-
anism. The crank OA rotates about O with an-
gular velocity and acceration ω1 and ε1, respec-
tively. The length of the crank OA is r=0.4 m,
but the one of the connecting rod AB is L=2 m.
Determine the angular velocity and acceleration
of the connecting rod at ϕ =

π

2
(Fig. 4).

The mechanism under consideration is a semi-
closed loop, because the point of the link AB(last
link) moves along the horizontal line, fixed in the
inertia frame of reference. The system consists of

Fig. 4

two links joined each other by the hinge A. The global reference is represented by vector
xxx0 in horizontal direction to right side. The body-frames are represented by the vectors
xxx1, xxx2, xxx3 as shown in Fig. 4. The point B located at the second link. Its body-coordinates
are (-2, 0), but the global coor-dinates are (xB, 0). In order to write the configuration
equationsfor the considered system it is necessary to determined the transmission matrices
TTT 1, TTT 2, TTT ′

1, TTT ′
2, TTT ′′

1 , TTT ′′
2 , which are of the form

TTT 1 =

∥∥∥∥∥∥

c1 −s1 0
s1 c1 0
0 0 1

∥∥∥∥∥∥
; TTT 2 =

∥∥∥∥∥∥

c2 −s2 0.4
s2 c2 0
0 0 1

∥∥∥∥∥∥
; TTT ′

1 =

∥∥∥∥∥∥

−s1 −c1 0
c1 −s1 0
0 0 0

∥∥∥∥∥∥
;

TTT ′
2 =

∥∥∥∥∥∥

−s2 −c2 0
c2 − s2 0

0 0 0

∥∥∥∥∥∥
; TTT ′′

1 =

∥∥∥∥∥∥

−c1 s1 0
−s1 −c1 0
0 0 0

∥∥∥∥∥∥
; TTT ′′

2 =

∥∥∥∥∥∥

−c2 s2 0
−s2 −c2 0
0 0 0

∥∥∥∥∥∥
.

At the given position of the mechanism we have: ϕ1 =
π

2
. Therefore: c1 = 0; s1 = 1.

In order to determine the position of the system at given time, i.e. the value of the
angle ϕ∗

2, let us write the equation (1.5) for the point B in consideration of the above
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calculated values, that are:∥∥∥∥∥∥

0x∗
B

0
1

∥∥∥∥∥∥
= TTT∗

1TTT
∗
2rrr =

∥∥∥∥∥∥

2s∗2
−2c∗2 + 0.4

1

∥∥∥∥∥∥
.

Hereafter the symbol “*” located on high right corner of the letter denotes the value
of the quantity at the given instant of time.

The obtained matrix equation is equivalent to following two equations:
0x∗

B = −2s∗2; −2c∗2 + 0.4 = 0.

The angle ϕ∗
2 is defined by c∗2 = 0.2; s∗2 =

√
0.96, but the coordinates of the point B

at the given instant of time is equal to (2
√

0.96; 0).
For solving the problem of velocity, we apply the formula (1.7). First let us to calculate

the matrices vvv1, vvv2 at the given time, that are

vvv∗1 = TTT
′∗
1 TTT ∗

2rrr =

∥∥∥∥∥∥

0
2
√

0.96
0

∥∥∥∥∥∥
; vvv∗2 = TTT ∗

1TTT
′∗
2 rrr =

∥∥∥∥∥∥

0.4
2
√

0.96
0

∥∥∥∥∥∥
.

By means of (1.7) we calculate
0ẋ∗

B = 0.4ϕ̇∗
1 = 0.4ω1; 0ẏ∗B = 2

√
0.96ϕ̇∗

1 + 2
√

0.96 ϕ̇∗
2.

Because the velocity of the point B is in horizontal direction, i.e. 0ẏ∗B = 0, we have
then

0 = ϕ̇∗
1 + ϕ̇∗

2 → ϕ̇∗
2 = −ϕ̇∗

1.

Absolute angular velocity Ω2 of the connecting rod AB is determined by means of
(1.11):

Ω∗
2 = ϕ̇∗

1 + ϕ̇∗
2 = 0.

This means that at the given instant of time the rod AB is in instantaneous translation.
The velocity of the point B is equal to

v∗B ≡ 0ẋ∗
B = 0.4ϕ̇∗

1 = rω1 = v∗A.

It is clear, because the rod AB is in instantaneous translation.
In order to determine acceleration it is necessary to write the equation (1.12). For this

aim, let us calculate the matrices vvv′1, vvv′2, vvv1,2 corresponding to the given of time. That are

vvv′∗1 =TTT ′′∗
1TTT

∗
2rrr=

∥∥∥∥∥∥

−2
√

0.96
0
0

∥∥∥∥∥∥
;vvv

′∗
2 =TTT ∗

1T
′′∗
2r=



−2

√
0.96

0.4
0


 ;vvv∗1,2= T∗

1T
′′∗
2r=

∥∥∥∥∥∥

−2
√

0.96
0.4
0

∥∥∥∥∥∥
.

By writting and developping the equation (1.12) the components of acceleration of the
point B in the global reference will be

0ẍ∗
B = 0.4ϕ̈∗

2 − 2
√

0.96ϕ̇2∗
1 − 2

√
0.96ϕ̇2∗

2 − 4
√

0.96ϕ̇∗
1ϕ̇

∗
2;

0ÿ∗B = 2
√

0.96ϕ̈∗
1 + 2

√
0.96ϕ̈∗

2 + 0.4ϕ̇2∗
2 + 0.8ϕ̇∗

1ϕ̇
∗
2 = 0

Solving the last equation in consideration of ϕ̇∗
2 = −ϕ̇∗

1, we obtain

ϕ̈∗
2 = −ϕ̈∗

1 +
0.2√
0.96

ϕ̇2∗
1 .
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The absolute angular acceleration of the rod AB are of the form

ε∗2 = ϕ̈∗
1 + ϕ̈∗

2 =
0.2√
0.96

ϕ̇2∗
1 =

0.2√
0.96

ω2
1.

It is easy to find the acceleration of the point B at the given instant of time in the
global reference

a∗B = 0ẍ∗
B = − 0.4ϕ̈∗

1 +
0.08√
0.96

ϕ̇2∗
1 = −0.4ε1 +

0.08√
0.96

ω2
1 ·

Example 3. Let consider a four bar mecha-
nism. The rod AB and DC are same length
R=0.4 m. The length of the connecting rod BC
is L=0.2 m Determinee angular velocity and ac-
celeration of the connecting rod BC when the
mechanism takes the position shown in the Fig. 5.
At the given instant of time the crank AB ro-
tates about A with the angular velocity and ac-
celeration ω1, ε1, respectively. The system un-
der consideration consits of three moving bars.
This is a closed loop because the point D of the
last link is fixed in the inertia reference. Let us
choose the global reference represented by the

Fig. 5
vector xxx0, having the origin at A and directing to the right side. The body frames of
reference are chosen as in Fig. 5. At the interest position of mechanism we have

ϕ2 =
π

2
, ϕ1 + ϕ3 = π → c2 = 0, s2 = 1, c3 = −c1, s3 = s1.

Let us write the configuration equation for the point D, which has the global and body
coordinates are (0.2, 0) and (0.4, 0) respectively. For this aim let us calculate the following
matrices

TTT ∗
1 =

∥∥∥∥∥∥

c∗1 −s∗1 0
s∗1 c∗1 0
0 0 1

∥∥∥∥∥∥
; TTT ∗

2 =

∥∥∥∥∥∥

0 −1 0.4
1 0 0
0 0 1

∥∥∥∥∥∥
; TTT ∗

3 =

∥∥∥∥∥∥

−c∗1 −s∗1 0.2
s∗1 −c∗1 0
0 0 1

∥∥∥∥∥∥
;

0rD =

∥∥∥∥∥∥

0.2
0
1

∥∥∥∥∥∥
; 3rD =

∥∥∥∥∥∥

0.4
0
1

∥∥∥∥∥∥
.

By writting the equation (1.5) for the point D, we get
∥∥∥∥∥∥

0.2
0
1

∥∥∥∥∥∥
= TTT ∗

1TTT
∗
2TTT

∗
3

∥∥∥∥∥∥

0.4
0
1

∥∥∥∥∥∥
=

∥∥∥∥∥∥

−0.2s∗1 + 0.4c∗1
0.4s∗1 + 0.2c∗1 − 0.4

1

∥∥∥∥∥∥
·

Since we obtain two equations, that are

−0.2s∗1 + 0.4c∗1 = 0.2 ; 0.4s∗1 + 0.2c∗1 = 0.4·
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By solving these equations, we get

c∗1 = 0.8; s∗1 = 0.6.

In order define the velocity and acceleration,let us to determine the following matrices.

TTT ′∗
1 =

∥∥∥∥∥∥

−0.6 −0.8 0
0.8 −0.6 0
0 0 0

∥∥∥∥∥∥
; TTT ′∗

2 =

∥∥∥∥∥∥

−1 0 0
0 −1 0
0 0 0

∥∥∥∥∥∥
; TTT ′∗

3 =

∥∥∥∥∥∥

−0.6 0.8 0
−0.8 −0.6 0

0 0 0

∥∥∥∥∥∥
;

TTT ′′∗
1 =

∥∥∥∥∥∥

−0.8 0.6 0
−0.6 −0.8 0

0 0 0

∥∥∥∥∥∥
;TTT ′′∗

2 =

∥∥∥∥∥∥

0 1 0
−1 0 0
0 0 0

∥∥∥∥∥∥
; TTT ′′∗

3 =

∥∥∥∥∥∥

0.8 0.6 0
−0.6 0.8 0

0 0 0

∥∥∥∥∥∥
;

vvv∗1 = TTT ′∗
1TTT

∗
2TTT

∗
3
3rD =

∥∥∥∥∥∥

0
0.2
0

∥∥∥∥∥∥
; vvv∗2= T∗

1TTT
′∗
2TTT

∗
3
3rD =

∥∥∥∥∥∥

0.24
−0.12

0

∥∥∥∥∥∥
;

vvv∗3 = TTT ∗
1TTT

∗
2T

′∗
3
3rD =

∥∥∥∥∥∥

0.4
0
0

∥∥∥∥∥∥
.

The point D is fixed with respect to the global reference. Therefore their components
of velocity and acceleration in the global reference are equal to zero. By writting the
velocity’s equation (the equation (1.7)) for the point D at the given instant of time and
developping it we obtain

0 = 0.24ϕ̇∗
2 + 0.4ϕ̇∗

3; 0 = 0.2ϕ̇∗
1 − 0.12ϕ̇∗

2.

Solving these equations we get

ϕ̇∗
2 =

5
3

ϕ̇∗
1 =

5
3

ω1; ϕ̇∗
3 = −3

5
ϕ̇∗

2 = −ϕ̇∗
1·

The absolute angular velocities of the links BC and CD will be

Ω∗
2 = ˙ ϕ∗1 + ϕ̇∗

2 =
8
3
ϕ̇∗

1 =
8
3

ω1; Ω∗
3 = ˙ ϕ∗1 + ϕ̇∗

2 + ϕ̇∗
3 =

5
3

ω1.

In order to determine the acceleration let us write the matrix equation (1.12).For this
aim, it is necessary to define the matrices vvv′1, vvv′2, vvv′3, vvv1,2, vvv1,3, vvv2,3 at the given instant of
time.

It is easy to obtain

vvv′∗1 = TTT ′′∗
1 TTT ∗

2TTT
∗
3

3rrrD =

∥∥∥∥∥∥

−0.2
0
0

∥∥∥∥∥∥
; vvv′∗2 = TTT ∗

1TTT
′′∗
2 TTT∗

3
3rrrD =

∥∥∥∥∥∥

0.12
0.24
0

∥∥∥∥∥∥
;

vvv′∗3 = TTT∗
1TTT

∗
2TTT

′′∗
3

3rrrD =

∥∥∥∥∥∥

0
0.4
0

∥∥∥∥∥∥
, vvv1,2 = TTT ′∗

1TTT
′∗
2TTT

∗
3
3rrrD =

∥∥∥∥∥∥

0.12
0.24
0

∥∥∥∥∥∥
;
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vvv1,3 = TTT ′∗
1TTT

∗
2TTT

′∗
3
3rrrD =

∥∥∥∥∥∥

0
0.4
0

∥∥∥∥∥∥
; vvv2,3 = TTT ∗

1TTT
′∗
2TTT

′∗
3
3rrrD =

∥∥∥∥∥∥

0
0.4
0

∥∥∥∥∥∥
·

Writting the equation (1.12) and developping it we get
0ẍD = 0 → 0.24ϕ̈∗

2 + 0.40ϕ̈∗
3 − 0.20ϕ̇2∗

1 + 0.12ϕ̇2∗
2 + 0.24ϕ̇∗

1ϕ̇
∗
2,

0ÿD = 0 → 0.20ϕ̈∗
1 − 0.12ϕ̈∗

2 + 0.24ϕ̇2∗
2 + 0.40ϕ̇2∗

3 + 0.48ϕ̇∗
1ϕ̇

∗
2.

By substituting

ϕ̇∗
1 = ω1, ϕ̈

∗
1 = ε1; ϕ̇∗

2 = ω2 =
5
3
ω1 ; ϕ̇∗

3 = −ω1, ε2 = ϕ̇∗
1 + ϕ̇∗

2; ε3 = ϕ̈∗
1 + ϕ̈∗

2 + ϕ̈∗
3,

into the above equations and solving them we will determine the angular accelerations of
the connecting rod BC and the bar DC, that are

ε2 =
8
3
ε1 −

20
9

ω2
1; ε3 =

5
3
ε1 −

20
9

ω2
1 .

3. CONCLUSION

The proposed method allows to define the configuration of mechanisms by means of
the point of general view. It is important that by such a way it is possible to apply directly
and usefully the softwere as MATLAB, MAPLE, MATCAD,... for solving complecated
systems.

This work is completed by financial support of the Basic Program in Natural Science
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PHU

.
O
.
NG PHÁP MA TRÂ. N TRUYÈ̂N KHA’O SÁT

CÁC CO. CÁ̂U PHĂ’ NG

Trong bài báo dè̂ xuất mô.t phu.o.ng pháp kha’o sát dô.ng ho.c các co. cấu phă’ng, bài toán dang
du.o..c quan tâm do dòi ho’i cu’a phát triê’n kỹ thuâ.t,dă.c biê.t trong các bài toán tô’ng ho..p và diè̂u
khiê’n chuyê’n dô.ng. Trong phu.o.ng pháp dè̂ xuất dã xây du..ng mô.t lô. tr̀ınh do.n gia’n dê’ xác di.nh
các yếu tố h̀ınh - dô.ng ho.c cu’a co. cấu (vi. tŕı, vâ.n tốc, gia tốc). Dă.c biê.t theo lô. tr̀ınh du.o..c nêu
cho phép su.’ du.ng tiê.n lo..i các phà̂n mè̂m chuyên du.ng nhu. MATCAD, MAPLE, dê’ gia’i quyết các
bài toán dô.ng ho.c các co. cấu phă’ng.


