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Design and Experimental Investigation of a
Novel Skip Cycle Mechanism

Firat Mehmet Gunkan*1, Cemal Baykara1, and Osman Akin Kutlar1

1 Introduction
The daily fuel consumption of spark ignition engines is approximately one third of world fuel
production. It is thought that petroleum reserves will not need to demand in the near future.
Consumption of oil reserves beside exhaust emissions and air pollution which increase because
of the increasing number of passenger cars, reveals the importance of fuel consumption at in-
ternal combustion engines. Nowadays, the effective efficiency of a internal combustion engine
is about 35-40%, in the partial load area is approximately 10-15%. The most important reason
of this is the pumping losses. Today, different methods are applied to increase the efficiency
in the partial load area. The most important of these methods are variable valve timing [1],
variable compression ratio [2], supercharging, variable stroke volume.
A new working method for internal combustion engines, skip cycle strategy, which were re-
vealed by Kutlar in 1999 has similarities with the cylinder deactivation systems, but it also has
advantages especially in the application to single cylinder engines. As well as the multi cylinder
systems the skip cycle strategy is a method of reducing the power taken by the engine, in other
words, reducing the pumping losses in the partial load area. However, instead of disabling a
certain number of cylinders, such as in the variable stroke volume method, each cylinder is
intended to inactivate and activate each other in successive cycles [3]. With this method, fuel
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The main problem in near future is to increase the efficiency of internal combustion 
engines, which is the most important cause of air pollution in cities and the reduction of 
exhaust emissions from these engines. When operating conditions are examined in 
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that high fuel consumption occurs in the partial load area. A new working method for 
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the power taken by the engine, in other words, reducing the pumping losses in the partial 
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and depending on skip cycle system needs, besides the mechanical valve control. The 
created mechanism consists of two groups: lock system and control system. In this study, 
the kinematic analysis of the engine has been carried out and the loads acting on the system 
have been determined. Finally, mechanism has been manufactured and experiments have 
been carried out at different speeds according to the NS (Normal cycle-Skip cycle) method, 
which is one of the several skip cycle strategies.
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and air intake are blocked in some of the successive cycles when the engine load is reduced,
it should be increase the fill intake to achieve the same power. Thus, an increase in effective
efficiency is expected. But the most important problem is that fuel blocking will not reduce
the pumping losses in the cycle where the work is not produced. Therefore, the valves must
be completely closed in order to prevent negative work in other words to prevent the air intake
into the cylinder during intake time.
Several mechanisms have been designed or are currently in use to control the valves in technical
literature. Most of them have advantages and disadvantages according to working conditions.
The BMW Valvetronic system developed by BMW [4][5], unlike normal system, consists of an
extra arm and follower. In this system, the arm position provides the desired valve clearance
by controlling the rocker arm aperture. The control engine has been connected to the worm
wheel and the worm gear depending on the arm. So that the position of the arm and thus the
valve control is provided. In the Valvelift system developed by Audi [6], the camshaft oper-
ates according to the principle of position adjustment by entering the electronically controlled
pins into the helical channels on the system. Thus, the valve is controlled by two different
cam profiles according to the condition of the engine. This system is more complicated than
other mechanisms. Variocam Plus system controls both variable valve timing and variable valve
clearance. Control of this system is done hydraulically [7]. In Nagaya’s work [8], an inclined
cam profile controlled by a worm gear connected to the electric motor controls the valve with
both variable timing and variable valve opening operations performed at the same time. In
Eaton company mechanism, two-stage valve opening has been controlled by controlling nested
two cylindrical bodies with pins, externally [9]. The cylindrical spring between the two bodies
provides the return motion. Another mechanism replaced in rocker arm was patented by Morita
[10]. While this mechanism is also intended to be used in cylinder deactivation systems, it has
been determined that there is a gap of 0.12mm which leads to fill leakage. In Basshuysen’s
study, a hydraulically controlled mechanism has been considered to be used for valve deactiva-
tion process by placing it between the cam profile and the valve [11]. This mechanism body
has been specially designed to direct the fluid. This design has sealing problems relating to
fluid leakage. In this work, the control process has been provided according to cycle conditions
and depending on skip cycle system needs, besides the mechanical valve control. The created
mechanism consists of two groups: lock system and control system. In this study, the kinematic
analysis of the engine has been carried out and the loads acting on the system have been de-
termined. Finally, mechanism has been manufactured and experiments have been carried out
at different speeds according to the NS (Normal cycle-Skip cycle) method, which is one of the
skip cycle strategies.

2 Methodology

2.1 The Design of Skip Cycle Mechanism
In the skip cycle system developed by Kutlar, the pumping losses will not be reduced in the
cycle where the work will not be produced (or workless cycle) by cutting the fuel only. There-
fore, the valves must be completely closed in order to prevent air entering the cylinder during
intake time. The mechanism consists of two main parts; the locking mechanism and the control
mechanism. Fig.1.
The locking mechanism has been located just above the valve, so that it can be used in single-
cylinder or multi-cylinder systems without any intervention to the cam and rocker arm mech-
anism. In addition, the filler leakage on the valve are controlled due to the connection of the
lock mechanism with the physical connection. It also allows the use of different cycle strategies
by controlling the lock mechanism with the help of pins.
The control of the locking mechanism is carried out with control cams which are operated in



synchronism with the crankshaft and mechanically controlled. The mechanism is also designed
to be able to respond to different strategies because there are more than one strategy in the
skip cycle approach. The profiles of the control cams have been calculated according to the
angular analysis of the crankshaft and the targeted strategy.
In addition, the skip cycle system not only controls the intake valves but also the exhaust
valves.

Spring Holder

Control Pins

Locking Body

Control Mechanism

The Locking Mechanism

Original Engine

Figure 1: Skip Cycle Mechanism

2.2 Working Principle of Skip Cycle Strategy
Skip cycle mechanism prevents to open the valves so that no work is produced in the stage
after 4 cycles of power generation. There are two positions in the mechanism to prevent the
opening of the valves: Position in which the valves are closed (locking mechanism disabled,
skipped cycle) and valve open position (lock mechanism active, normal cycle).

2.2.1 Disabled Mode of Poppet Valve
The pusher pins, which get the movement from the controller cam, fixes the main spring holder
to the cylinder head. Therefore, the lock body will be released into the main spring holder. At
the same time, the camshaft transmits the motion from the system with the help of pushrod
and the rocker moves downwards. The free lock body moves vertically in the spring holder.
The rocker return motion is provided by an additional return spring in the locking system. The
valve movement will be canceled in the lock position cycle, because the main spring holder to



which the valve is connected is fixed. (Fig. 2a)

2.2.2 Enabled Mode of Poppet Valve
The pin group receiving the return motion from the return cam is in the free position in the
lock body. For this reason, the main spring holder and the cylinder head are separated from
each other and locked with 3 points by the lock body. At the same time, the camshaft transmits
the motion from the system with the help of pushrod and the rocker moves downwards. The
position of the pusher pin group connects the lock body with the main spring holder, so that
the main spring is moved downward by the rocker. The valve will move in the free position
since the spring holder is attached to it. Thus, the cycle will be completed normally. (Fig. 2b).

Figure 2: a) Disabled mode (on left), b) Enabled mode (on right)

2.3 The Locking Mechanism
The control of the mechanism has been provided by pins. When the positions of the pins are
examined, the rocker in the first position in Figure 3a will push the lock mechanism. During
this time, the valve will not open, and the cycle will be skipped. The other pins hold the main
spring holder, which is connected to the valve, by the shape connection, so that filler leaks will
be prevented. In Figure 3b, the lock body has been locked with the main spring holder pins
and the valves are opened, so normal cycling takes place.



Figure 3: a) Locking position (Skip Cycle), b) Unlocking position (Normal Cycle)

Spring holder body: It plays an important role in adjusting the position of pins and locking
position. The positions and diameters of the control pins have been used to determine the
dimensions of the planar region to prevent rotation of the main spring retainer about its axis.
The lower part of the spring holder is closed. The oil must not accumulate during operation
and the support parts must be lubricated. For this reason 6 oil drain holes with a diameter of
2 mm have been opened in equal intervals around the main spring holder.
Control Pins: They control the system by receiving movement from the control cam group.
There are 5 pins in the system. When the positions of the pins are examined, the rocker in
the first position in Figure 3a will push the lock mechanism. During this time, the valve will
not open, and the cycle will be skip. The other pins hold by the shape connection the main
spring holder which is connected to the valve, so that filler leaks will be prevented. In Figure
3b, the lock body has been locked with the main spring holder pins and the valves are opened,
so normal cycling takes place.
Pushing Cam: It controls the forward and backward control of the pins and the locking of
the sphere. It is located in the lock body.
Locking Body: It forms the body of all the elements used in the locking operation and allows
the pins to bear when moving.

2.4 Control Mechanism
Specially designed cam profiles for pins position control have been used. The engine used in
the experimental setup is a 4-stroke engine. Therefore, there is a ratio 1/4 between the control
cam and the crankshaft. The control cam profiles considering this conversion ratio have been
designed according to the angle values given in Table 1 for the NS strategy. The NS and NSS
control cam diagrams are given in the Figure 4

Control Cam Reverse Cam
Rise 0-55 Dwell 0-125

Dwell1 55-180 Dwell1 55-180
Fall 180-235 Fall 180-235

Dwell2 235-360 Dwell2 235-360

Table 1: Control Cam Parameters for NS Strategy



Figure 4: NS and NSS Strategy Control Cam Profiles

A 3-4-5 polydin cam equation has been chosen for the control cam motion equation. There are
two symmetrical cams in the control cam group, which determine the position of the control
pins. The first one is named as the control pin and determines the position of the pins. The
other is called returning cam and brings the pins to the initial position Fig. 1. The control
camshaft and the crankshaft must also be synchronized. Fig. 5. To this end, movement and
power transmission have been provided with a timing belt.

0 180 360 540 720 900 1080 1260 1440

Skip cycle

Normal cycle

Active parts 
Locked side

Figure 5: Mechanism positions in Normal and Skip cycle strategies



3 Engine Load Analysis
The valve control mechanism has been designed for a single-cylinder test engine as shown in
Fig.6. It has been modified and converted into a gasoline engine, which is used as the test
engine. The camshaft of this engine OHV (Over Head Valve): The valve has been mounted on
the cylinder head. The valve has been controlled according to the special profiles on the cam
shaft which receives movement from the crankshaft. There are three different profiles on the
camshaft. One of them controls the intake valve, while the second for the exhaust valve. The
middle one controls the diesel pump. This profile will not be used during experiments because
the test engine has been converted to a gasoline engine.
The camshaft transmits the circular motion from crankshaft to the valve tappet with the help
of the profiles. The push rod is placed at the bottom of the tappet valve with a spherical joint.
It is articulated to the adjusting screw at the top and transmits the linear motion to the rocker
arm. There must be a gap between cylinders and valves, according to the type and design of the
engine. The test engine has a valve clearance of 0,2 mm. This clearance is determined by the
position of the adjusting screw. The rocker transmits the movement to the valve by changing
the ratio of the distance between the arms. When the valve part is examined, a structure
mounted on a prestressed torsion spring is seen. In addition, these springs have a high spring
coefficient that allows to contact between tappet valve and cam profile when the mechanism is
at high speeds.

Figure 6: Test engine valve train mechanism

The magnitudes that affect the mechanism design depend on the inertia forces that are directly
proportional to the acceleration. Acceleration depends on the cam profile, in other words, it
is related to the motion equation of cam. Many curves are used to determine cam profiles.
Calculations of harmonic, parabolic and cycloid curves are easy. However, considering the



information obtained from the technical drawings and the characteristics of the test engine,
these curves have been seen inadequate at high speeds. In such cases, advanced curves are
used. In this study, ”Polidin” curves developed by Dudley (1952) have been used when the
characteristics of the test engine were taken into consideration [12]. Differential equations have
been used in the solution of motion equations and follower in the polydin curves.
The polynomial curve equation to be used represents only one side (positive angle values) of
the cam profile. The negative values of the cam angle (θ) have to be calculated with reference
to the maximum displacement point in order to draw for the symmetrical second side. Solution
equation is obtained by using 6 boundary conditions for 3-4-5 polynomial equations. The
equation giving the general definition of the polynomial curves is used in order to obtain it
((1)).

y = 1− 10θ3 + 15θ4 − 6θ5

y′ = −30θ2 + 60θ3 − 30θ4

y′′ = −60θ + 180θ2 − 120θ3
(1)

It has been determined that the cam lift actuating the intake valve is 6.55 mm. This maximum
displacement takes place at an angle of 140◦. The cam lobe climbs between 0◦ and 70◦, while it
goes down between the angles of 70◦-140◦. Taking these values into consideration, the equation
of motion 3-4-5 is multiplied by the expression 6.55/70n to obtain the equation of motion of
the intake cam lobe of the test engine. Fig.7.
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Figure 7: Engine Cam diagrams



The maximum force is obtained when the valve spring is in its maximum compression state.
In force analysis, it is also necessary to include the inertia of the rocker in the system. This
inertia will not be equal due to the difference in lift between the two rocker arms. The easiest
way to carry out calculations is to determine the valve equivalent mass on the valve side. The
system has been considered to be a two-mass model with a suitable size and position. Fig.8.

Figure 8: Rocker arm two mass model

The system should produce reaction forces equal to the system forces. In the kinetic equivalent
system shown in Fig.8, m represents mass, IG is the moment of inertia with respect to the
center of gravity, m1 and m2 are the mass in two-mass equivalent system, and h1 and h2 denote
the distance from the center of gravity of equivalent masses.

m1 +m2 = m (3)

m1 · h1 = m2 · h2 (4)

m1 · h
2

1
+m2 · h

2

2
= m · k2 (5)

If it is written the equation (4) into the equation (5), it is found

m1 · h
2

1
+m2 · h1 · h2 = m · k2 = IG (6)

Here, k is the radius of inertia with respect to the center of gravity . Mass on the cam side,

m1 =
m · k2

h1 · (h1 · h2)
(7)



Using equations (3) and (4), the simplest form

m1 =
m · h2

h1 + h2

(8)

Inertia radius,

k2 = h1 · h2 (9)

The masses of the system elements have been weighed on the sensitive scale in force analysis
(Table 2). Because all the elements in the valve mechanism have linear motion, the masses will
be added directly to the force calculation. Since the rocker makes circular motion, the mass will
be detected by performing a two-mass reduction. The system has been examined separately on
the valve side and on the cam side, due to the size difference between the rocker arms.

Rocker arm 95,88 gr
Set Screw 7,25 gr
Pusher 123,47 gr
Rod 45,75 gr

Follower 13,61 gr
Valve(i) 52,26 gr
Valve(e) 45,22 gr

Rocker arm Shaft 68,21 gr
Valve Claw 1,29 gr

Table 2: The masses of the system elements

The total mass in the cam side is valve tappet, push rod, setting nut, follower. Using the
equation(8), if the mass of the camber on the cam side is reduced, m1 is found equation(8) The
total mass, along with the mass of the other elements, is found equation(8). The principle of
D’Alembert, based on Newton’s second principle, has been used in the force analysis. Force
magnitudes on the cam side and on the valve side are shown between 0◦ and 70◦ in Fig.9. As
a result of the analytical analysis performed, a maximum force of 154 N has been determined.

Figure 9: Variable load on valve analytical analysis result



3.1 Stress and Fatigue Analyzes
Skip cycle mechanism performs valve control in two different phases. In the case where the
mechanism is active, the normal cycle is carried out, the cycle is skipped when the mechanism
is deactivated. The mechanism can be controlled as a normal cycle and skip cycle by means of
5 pin movements in the lock body.

The load affects on the two pins in the skip cycle. In the normal cycle, the load is applied to
three points, which are two pins and sphere. The pins have been located in the cylinder head,
the spring retainer and the lock body for operation of the system. Therefore, the tolerance
and operating conditions of the pins are very important. Looking at the locking pins and the
sphere geometry , it can be seen that their sections are circular. There is cutting effect at
three different points in locking pin assembly. Since the area under this effect is circular, the
maximum stress will be in the neutral axis.

τmax =
4

3
·
F

A
·
1

3
≤ τallow (10)

The total force acts as 1/3 of the total load for each pin, since the locking is made (occured)
with 3 pins. The pins whose task is controlling and locking in the system have been loaded
50 times in a sec at 1500 d/d. Therefore, life calculations have been made in addition to the
strength calculation of these pins. Fatigue analysis has been performed with a high conversion
ratio. If we look at the security factor result in 9 to 1 cycle (Fig.10a), a minimum value is 1,952.
This value is above 1, so it is safe for 9 to 1 cycles. In the next stage, fatigue sensivity graph
(Fig.10b) shows the behavior of the load with 50% load and 400% load. There is no security
problem in life even at 400% load as shown in graph.

Figure 10: Fatigue analysis results - a) Safety factor, b) Fatigue sensitivity

4 Experimental Testing of the Skip Cycle Mechanism
The single-cylinder diesel engine has been chosen as the experimental engine. Because, it has
fewer parts and the measurements are suitable for the experiment. Its characteristics are shown
in Table 3. Firstly, experiment has been carried out with an electric engine. A 35.5 mm piece
has been added to the cylinder head so that the valve control mechanism could be placed on the
system. Thus, it has been adapted to the experimental engine without being interfered with
the mounting points. When testing the electric engine, the crankshaft has been manufactured
as a flat shaft in order to avoid the balancing problem (Fig. 11). The number of revolutions of
the electric motor has been controlled by the motor driver.



Number of cylinders 1
Bore&Stroke 85 mm x 80 mm
Compression Ratio 17,5:1
Power 7 KW @ 3000 rpm
Torque 28,5 Nm @ 1700 d/d
Intake valve dia 32 mm
Intake valve lift 10,55 mm
Intake valve opening 16◦ CA BTDC
Intake valve closing 40◦ CA ATDC
Exhaust Valve dia 27 mm
Exhaust valve lift 10,55 mm
Exhaust valve opening 40◦ CA BBDC
Exhaust valve closing 16◦ CA ATDC

Table 3: Test engine specifications

Figure 11: Simplified crankshaft

In the experimental setup, the engine has been driven by an electric motor connected to the
V-belt pulley. The AC motor drive has been used to control the number of revolutions of the
AC electric motor and to respond more quickly to possible mechanism lockouts Fig. 12. In
addition, the experimental setup has been recorded with a high-speed camera.



Motor Driver

Electric Motor

Figure 12: Experiement Set-up

Testing of the mechanism has been carried out in three stages.

1. The pins are at the normal cycle position and can only be operated in normal cycle.
2. The pins are at the skip cycle position and operate in the skip cycle.
3. Testing the system with a cam profile with NS strategy.

In the first step, the timing belt, which provides transmission between the crankshaft and
the control camshaft, has been removed and the position of the pins has been adjusted to be
the normal cycle. The number of revolutions has been increased from 300 rpm to 1200 rpm
with the aid of the potentiometer on the AC motor drive, and the mechanism has been tested
(Figure 13). The first stage test has been completed in about 15 minutes with parts control. In
the second stage, the position of the pins is in the skip cycle position. The number of revolutions
has been increased from 300 rpm to 1200 rpm with the aid of the potentiometer on the AC
motor drive, and the mechanism has been tested (Figure 14). Mechanism elements deformation
has been checked, as a result of these two tests.



Figure 13: Normal Cycle Mode experiment

At the last stage, the connection between the crankshaft and the control camshaft has been
provided by a timing belt. Thus, crankshaft synchronization has been done. The position ad-
justments have been made by adjusting bolts on the cam profiles in order to adjust the initial
control of the mechanism. Initially it has been run at 300 rpm for about 30 seconds. The speed
has been gradually increased to 300 rpm, 500 rpm, 800 rpm and 1200 rpm.

Figure 14: Skip Cycle Mode experiment



5 Conclusions
In this work, the valve locking mechanism has been designed and prototyped for the skip 
cycle mechanism introduced in 1999 by Kutlar. The design of the mechanism consists of two 
main parts (the locking mechanism and the control mechanism), which is very important in 
terms of the suitability of Kutlar to different strategies (NS, NSS, NNS etc.) In addition, 
filler leaks have been prevented by mechanical locking. The experimental engine has been 
solved kinematically and the data obtained from this analysis has been used in mechanism 
design. Alternative changes on the design can be seen quickly in the analyzes because all 
designs are created in 3D. Dynamic simulations have been performed with real parameters and 
the problems of the systems obtained from these simulations have been determined so that 
appropriate solutions for these problems have been tried to be found in the new design. It has 
been determined that the materials of the mechanism parts are appropriate as a result of static 
and fatigue analyzes.] The system is flexible because the mechanism has been designed to fit 
many different strategies. An experimental setup has been established in Istanbul Technical 
University Automotive Laboratory, and the assembly has been completed and experiments have 
been carried out. It has been determined that the mechanism works smoothly as a result of 
the experiments. In addition, the test engine has been connected to the electromagnetic brake; 
therefore, fuel consumption values have been obtained when only the intake valve is controlled.

First prototype engine was equipped with an additional rotary valve at intake channel driven 
by a rotary solenoid. During skipping cycle, rotary valve is closed, fuel injection and ignition is 
cut off. There was not any intervention to control the inlet and exhaust poppet valves. Experi-
mental results on engine dynamometer shows that rotary valve in intake channel could not hold 
back completely the flow into the combustion chamber. This results with a loss of fresh charge 
during skipping cycle, consequently increasing HC emissions and fuel consumption. It was only 
possible at very low loads and in NSS working condition to reduce the fuel consumption.

Second prototype engine was equipped with a mechanism, which allows pushing and pulling 
back the eccentric shaft hence via disconnecting the cam fallower, deactivating the inlet and 
exhaust valves during skipping cycle. If the mechanism is mounted the engine runs only with one 
skip cycle (NS) without the ability to changing the working cycles like normal four stroke or two 
skipping cycle (NSS). Experimental results on engine dynamometer shows that the mechanism 
could stop fully the charge exchange between combustion chamber and inlet- exhaust-channels 
during skipping cycle. With one skip cycle (NS) it was possible to reduce the fuel consumption 
and pumping losses during gas exchange, in comparison to normal four stroke working conditions 
at low load regimes. At load conditions between 1-3 bar brake mean effective pressure (BMEP-
pme) fuel consumption reduction was between 14-26%. Table 4. Figure 15)
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Figure 15: Experiment Results

The subject of this article is to develop a mechanism, which allows the transition between
working modes. Mentioned working modes may be normal four-stroke cycle, one normal and
one skipping cycle (NS), one normal and two skipping cycle (NSS) etc. which can be expanded
depending on load condition, applied strategy and design of mechanism.[13]

pme = 1bar pme = 2bar pme = 3bar
n (d/d) N NS Diff. % N NS Diff. % N NS Diff. %
1200 1055 780 -26 587 485 -17 491 404 -18
1350 927 731 -21 565 483 -14 484 400 -17
1500 913 722 -21 564 478 -15 477 396 -17
1650 905 695 -23 561 475 -15 475 398 -16
1800 939 777 -17 581 486 -16 477 395 -17

Table 4: Experimental results
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Test engine valve train mechanism



Figure 7

Engine Cam diagrams



Figure 8

Rocker arm two mass model



Figure 9

Variable load on valve analytical analysis result

Figure 10

Fatigue analysis results - a) Safety factor, b) Fatigue sensitivity



Figure 11

Simpli�ed crankshaft

Figure 12

Experiement Set-up



Figure 13

Normal Cycle Mode experiment



Figure 14

Skip Cycle Mode experiment



Figure 15

Experiment Results
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