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Design of cam driving test equipment
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Abstract. The work deals with the design of a test equipment designed for
fatigue testing of the cutter bed. The disk cam drives the rocker, which is
pressed against the cam surface by the coil spring. The test drum (buchar)
copies the movement of the rocker to generate the exciting force that is
loaded by the bed of the milling cutter. Based on unmatched data, the Wohler
curve will be determined. This article deals only with parts of the design
station. In particular, the design of the cam will be discussed here.
Keywords: cam, polynomial stroke, flat cam, torque.

1 Introduction
The presented proposal is part of an extensive research focusing on the dynamic
characteristics of the cutter bed. In this paper, we only deal with the design of the cam profile.
Based on geometric and kinematic relationships, we design a cam profile. The lender's track
is prescribed by the project promoter, respectively, the kinematic quantities in place of the
distance a from the rotary connection (see Fig. 2). The aim of this paper is to design a profile
whose rotation causes the builder to perform the prescribed movement. The following
paragraphs describe the basic concepts of the cam mechanism.
The following figure (Fig. 1) schematically shows the configuration of the mechanism
used for the design of the test device [1-3].

Fig. 1. The configuration of mechanism

The Fig. 1 shows the parts of the mechanism that will be referred to in the following text.
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- Lever – a component of the cam mechanism transforming the rotary motion into a swinging
motion
- Cam profile – functional area that is in contact with the hammer
- Basic circle – the smallest circle described by a point belonging to the cam profile
- Stroke dependency – function describing the position of the actuator depending on the angle
of rotation of the cam.

2 Designing a cam profile
The cam is constructed as part of the mechanism which is designed to dynamically load the
cutter bed [4-7]. The rocker that generates the test force Fb is pressed by the coil spring onto
the active surface of the cam. The operating conditions for the test mechanism are listed in
the following table (Tab.1).
Table 1. Operating conditions for the test mechanism
Designation
𝑜𝑡

Units
[𝑚𝑖𝑛−1 ]

𝐹b

[𝑁]

𝛥p

[𝑚𝑚]

Value
750
3000 to
4500
5

Description
camshaft speed
range of exciting force
the initial compression of the spring

2.1 Lifting phase
The following figure is a kinematic diagram of the proposed mechanism [8-10]. In particular,
the lift phase is indicated here. At a distance of [m] from the rotary link, the movement of the
test roller with [m] is highlighted in red. φ [rad] is the angle of rotation of the cam. Calculation
data was supplied by the contracting company. Specifically, the distances a, c [m], the radius
of the basic circle R [m] and the stroke s = s (φ). In addition, the cam rotates at a constant
angular velocity, therefore φ = ω · t, where ω [rad / s] is the angular velocity and t [s] is the
time. x [m], y [m], p [m], ζ [rad] and y [rad] indicate auxiliary dimensions important for the
calculation [11,12], w [m] is the segment defining the cam profile for a particular angle of
rotation φ.
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Fig. 2. Lifting phase

The rotation of the rocker a [rad] is given by the following relation.
𝑠

(1)

𝛼 = arctg ( ).
𝑎

For the cam rotating at the angular velocity ω the following relations apply.
(2)

𝑣 = 𝑤 · 𝜔,
sin(𝜁) =

𝑣n
𝑣

→ 𝑣=

𝑣n

,

(3)

sin(𝜁)

(4)

𝑣n = sin(𝜁) · 𝑤 · 𝜔

where: v [m/s] is the tangent velocity of the cam profile and vn [m/s] is the tangent velocity.
There is a general kinematic binding between the weft and the cam (no rebound).
Therefore, the following equations must apply to the balance.
𝑣n = 𝑟v

d𝛼
d𝑡

.

(5)

Due to kinematic binding, equations (4) and (5) must be equal.
sin(𝜁) · 𝑤 · 𝜔 = 𝑟v

d𝛼
d𝑡

→ 𝑤=

𝑟v

d𝛼
d𝑡

sin(𝜁)·𝜔

.

(6)

The rotation derivative α (1) according to time corresponds to the angular velocity of the
rocker. The speed of the rocker is adjusted by the following equation.
d𝛼
d𝑡

=

𝑎

d𝑠 d𝜑

𝑎2 +𝑠 2 d𝜑 d𝑡

3

.

(7)
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Taking into account the constant angular speed of the cam rotation, the relation (7) can
be given in the following form.
d𝛼
d𝑡

=

𝑎

d𝑠

𝑎2 +𝑠 2 d𝜑

(8)

𝜔.

By equating equation (8) into relation (6) equation (9) is created.
𝑤 = (𝑎2

𝑟v ·𝑎

d𝑠
d𝜑

.

(9)

+𝑠 2 ) sin(𝜁)

Equation (9) expresses the cam profile and contains 3 unknown w, rv and ζ. Therefore,
the mathematical model of the mechanism needs to be supplemented by geometric relations.
𝑡𝑔(𝛼) =
𝑐𝑜𝑠(𝛼) =

𝑥

(10)

→ 𝑥 = 𝑐 · 𝑡𝑔(𝛼),

𝑐
𝑐

→ 𝑦=

𝑟𝑣 +𝑦

𝑐
𝑐𝑜𝑠(𝛼)

− 𝑟𝑣 .

(11)

Next, we apply the cosine theorem to a triangle of sides of the lengths w, y and R + x.
𝜋

𝑤 2 = (𝑅 + 𝑥)2 + 𝑦 2 − 2(𝑅 + 𝑥)𝑦 · 𝑐𝑜𝑠 ( − 𝛼).
2

(12)

By establishing the relationships (10) and (11) into (12), equation (13) is created.
𝑤 2 = (𝑅 + 𝑐 · 𝑡𝑔(𝛼))2 + (

2

𝑐
𝑐𝑜𝑠(𝛼)

− 𝑟𝑣 ) − 2(𝑅 + 𝑐 · 𝑡𝑔(𝛼)) (

𝑐
𝑐𝑜𝑠(𝛼)

− 𝑟𝑣 ) · 𝑠𝑖𝑛(𝛼). (13)

Further, the relations of the triangle with the sides 𝑟v , 𝑤 a 𝑝 will be expressed.
𝑝 = √𝑅2 + 𝑐 2 ,

(14)

𝑅

(15)

𝛾 = 𝑎𝑟𝑐𝑡𝑔 ( ).
𝑐

For this triangle, we can write Sine's sentence in the following form.
𝑝
𝜋
2

𝑠𝑖𝑛( +𝜁)

=

𝑟𝑣
𝜋
2

𝑠𝑖𝑛( −𝜁−𝛼−𝛾)

.

(16)

By using the goniometric relationships and expressing 𝑟v we get a relationship (17).
𝑟𝑣 =

𝑝·𝑐𝑜𝑠(𝜁+𝛼+𝛾)
𝑐𝑜𝑠(𝜁)

.

(17)

Relationships (17), (9) and (13) form a set of three equations of three unknowns. None of
the unknowns can be expressed from the system, so the system will be solved numerically.
The simple iteration method will gradually pass the angle of rotation φ from zero to 𝜑2 after
step Δ𝜑, where 𝜑2 is the minimum angle required to reach the maximum stroke 𝑧 and Δ𝜑 is
the increment of angle. For each angle 𝜑, the angle 𝜁 will be stepped from 0 to the moment
when the function 𝐹 (18) does not take the values below the defined limit 𝜀. First, the value
𝑟v (17) is calculated, then the value 𝑤 (9) is determinated. These values are then put into
equation (18).
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2
𝑐
𝐹 = −𝑤 2 + (𝑅 + 𝑐 · tg(𝛼))2 + (
− 𝑟v ) −
cos(𝛼)

−2(𝑅 + 𝑐 · tg(𝛼)) ∙ (

𝑐
cos(𝛼)

(18)

− 𝑟v ) · sin(𝛼).

For a given angle of rotation of the cam, the auxiliary angle 𝜁 from 0 to the time when
the function 𝐹 (24) takes less than the defined limit 𝜀 is again passed. The angle 𝜑 of rotation
of the cam is passed from 𝜑2 to the value 2𝜑2.
2.2 The return phase

Fig. 3. Return phase

The return phase is bounded by the angle of rotation of 𝜑 ∊ (𝜑2 , 2𝜑2 ). From the kinematics
point of view, the equation (8) is equal to the stroke and return. From the point of view of the
geometry of the mechanism, the relation (10) applies here as well. However, equation (11)
must be modified as follows.
𝑐𝑜𝑠(𝛼) =

𝑐

→ 𝑦 = 𝑟𝑣 −

𝑟𝑣 −𝑦

𝑐

.

(19)

𝑐𝑜𝑠(𝛼)

As in the previous section, the cosine sentence for the triangle will be assembled on the
sides 𝑤, 𝑦 and 𝑅 + 𝑥.
𝜋

𝑤 2 = (𝑅 + 𝑥)2 + 𝑦 2 − 2(𝑅 + 𝑥)𝑦 · 𝑐𝑜𝑠 ( + 𝛼).

(20)

2

By establishing the relations (10) and (19) into (20), equation (21) is created.
𝑤 2 = (𝑅 + 𝑐 · 𝑡𝑔(𝛼))2 + (𝑟𝑣 −

𝑐
𝑐𝑜𝑠(𝛼)

2

) + 2(𝑅 + 𝑐 · 𝑡𝑔(𝛼)) (𝑟𝑣 −

𝑐

) · 𝑠𝑖𝑛(𝛼). (21)

𝑐𝑜𝑠(𝛼)

Equations (14) and (15) also apply to the return of the rocker. Analogously to equation
(16), the triangle on the sides of 𝑟v , 𝑤 and 𝑝 will be given the Sine theorem.
𝑝
𝜋
2

𝑠𝑖𝑛( −𝜁)

=

𝑟𝑣
𝜋
2

𝑠𝑖𝑛( +𝜁−𝛼−𝛾)

5

.

(22)
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Using the trigonometric formulas, we modify the equation (22) into the following shape.
𝑟𝑣 =

𝑝·𝑐𝑜𝑠(𝛼+𝛾−𝜁)
𝑐𝑜𝑠(𝜁)

.

(23)

As in the previous section, we look for the numerical solution of the following equation.
𝐹 = −𝑤 2 + (𝑅 + 𝑐 · 𝑡𝑔(𝛼))2 + (𝑟𝑣 −
+ 2(𝑅 + 𝑐 · 𝑡𝑔(𝛼)) (𝑟𝑣 −

𝑐

𝑐

2

) +

𝑐𝑜𝑠(𝛼)

) · 𝑠𝑖𝑛(𝛼).

𝑐𝑜𝑠(𝛼)

(24)

For a given angle of rotation of the cam, the auxiliary angle 𝜁 from 0 to the time when
the function 𝐹 (24) takes less than the defined limit 𝜀 is again passed. The angle 𝜑 of rotation
of the cam is passed from 𝜑2 to the value 2𝜑2 .
2.3 Solution
The above calculation methodology will be applied in this part to the specific requirements
that are placed on the mechanism. The following figure shows the desired position of the test
roller depending on the angle of rotation of the cam.

Fig. 4. Position of the test roller

The Cartesian coordinates of the cam profile are in the opposite way to the cam profile in
polar coordinates. A rocker with a slope associated with the angle 𝜑𝑖 is „attached“ to the
fixed cam. The cam coordinate system is positioned so that the 𝑧 axis is the same as its axis
of rotation, and the 𝑦-axis passes the most distant point of the cam profile from its axis of
rotation (instead of the maximum stroke). By the numerical solution of equations (18) and
(24), we obtain an 𝜁𝑖 corresponding to the specific angle of rotation of 𝜑𝑖 , 𝜑𝑖 ∊ 〈0,2𝜑2 〉. This
is denoted as 𝜁(𝜑𝑖 ). Based on 𝜁(𝜑𝑖 ) we calculate 𝑟v𝑖 , this denote 𝑟v (𝜑𝑖 ) – equation (17) and
(23). This is the shortest distance from the point of contact of the cam with the weft from the
rotation axis of the cam depending on the angle of rotation 𝜑𝑖 . Based on this data, we
calculate 𝑤𝑖 depending on 𝜑𝑖 . We denote 𝑤(𝜑𝑖 ). The vectors 𝜁(𝜑𝑖 ), 𝑟v (𝜑𝑖 ) and 𝑤(𝜑𝑖 ) are
2𝑛 large. For the return phase, the following equation applies, where 𝑖 ∊ 〈1, 𝑛 − 2〉.
𝜋

𝑥𝑣𝑖 = −𝑤(𝜑2𝑛−𝑖+1 ) 𝑐𝑜𝑠 ( + 𝜑2 + 𝜁2𝑛−𝑖+1 − 𝛼2𝑛−𝑖+1 − 𝜑2𝑛−𝑖+1 ) ,
2

6

(25)
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𝜋

𝑦𝑣 = 𝑤(𝜑2𝑛−𝑖+1 ) 𝑠𝑖𝑛 ( + 𝜑2 + 𝜁2𝑛−𝑖+1 − 𝛼2𝑛−𝑖+1 − 𝜑2𝑛−𝑖+1 ) .
2

(26)

For the return phase, the following equations apply, where: 𝑖 ∊ 〈𝑛, 2𝑛〉.
𝜋

𝑥𝑣𝑖 = 𝑤(𝜑2𝑛−𝑖+1 ) 𝑐𝑜𝑠 ( − 𝜑2 + 𝜁2𝑛−𝑖+1 + 𝛼2𝑛−𝑖+1 + 𝜑2𝑛−𝑖+1 ),
2

𝜋

𝑦𝑣𝑖 = 𝑤(𝜑2𝑛−𝑖+1 ) 𝑠𝑖𝑛 ( − 𝜑2 + 𝜁2𝑛−𝑖+1 + 𝛼2𝑛−𝑖+1 + 𝜑2𝑛−𝑖+1 ).
2

(27)
(28)

The enumeration of the individual parameters of the mechanism specified by the
manufacturer follows.
Table 2. Mechanism parameters
Designation

Units

Value

𝑎

[mm]

200

𝑧0
𝑅
𝜑2

[mm]
[mm]
[deg]

3
40
80

Description
the axis of rotation of the rocker from the axis of the test
roller
stroke of the test roller
radius of the base circle of the cam
the minimum stroke angle

The cam designed according to the above methodology has the following form.

Fig. 5. Cam

3 Conclusion
The paper deals with the design of the cam for the test equipment, which serves for the
dynamic stress of the milling bed. On the basis of geometric and kinematic contexts a set of
three equations of three unknowns was compiled, which could not be solved analytically. So
the system was solved numerically by the simple iteration method. The result is the cam
profile coordinates. The cam was then modeled in Inventor software. By positioning the cam
at a distance of c = 700 mm from the rotational coupling (see Fig. 2 and Fig. 3) and rotating
750 rpm, the stroke dependence is defined at a distance of a = 200 mm from the rotary
coupling.
This contribution was created in support of project SG 48207 15 2014-48 01 at UJEP.
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