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Studies on the dynamics the valve train with machined valve springs  
 

An analysis of the literature for currently used solutions of valve trains in internal combustion engines and analytical studies on the 

dynamics the valve train of the internal combustion engine provided with machined valve springs were carried out. The aim of the study 

was to compare the dynamic parameters of the two valve trains for the established internal combustion engine: the first one equipped 

with machined springs and the second one with coil springs. The numerical models for investigated valve trains, using the Finite Element 

Method and additional mathematical relationships were developed and presented in the article. The article describes the results of the 

researches and formulated conclusions. 
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1. Introduction 

The valve train is a very important subsystem in the 
combustion engine treated as the system for change of the 
chemical energy of combustion into mechanical one. Its 
design has varied with time becoming more complex due 
number of valves per cylinder, number of cams per valve, 
number of valve springs etc. There was observed tendency 
for downsizing and use of lightweight parts as valvetrain 
components. The control of mechanical valve trains some-
times includes electric motor or hydraulic units driving 
phasers used to change valve timing. The stiffness, dimen-
sions and mass of valve springs are critical for operation of 
mechanical and some advanced types of valve trains, i.e. 
electromechanic or electromagnetic one. The one aim of the 
present study is to investigate the dynamical parameters of 
machined valve springs with some geometrical parameters 
like these of classical coil valve springs.  

During studies were investigated components the valve 
train from the combustion engine used i.e. for tribological 
studies [1]. The scheme of such valve train is shown in the 
Figure 1. Inlet valves operate under fully variable control. 

 

 

Fig. 1. The scheme of valve train from the engine for tribological studies 

The two models of the chosen valve train but with dif-
ferent valve springs were elaborated using the Finite Ele-
ment Method. Dynamical parameters obtained for the valve 
train with machined valve springs were compared with 
those for valve train with classical coil springs. 

2. Types of valvetrain  
The pushrod valve train systems can be used not only in 

both SI or CI four-stroke combustion engines with classical 
valve timing and combustion process, but also in similar 
engines with: 
– modified combustion process by varying valve timing 

via the phasor [2–10], 
– modified combustion process by varying valve timing 

via other methods [11–13], 
– modified combustion process by varying valve lifts via 

different cams [14–32], 
– modified combustion process by continuously varying 

valve lifts [33–34], 
– modified combustion process and the pneumatic energy 

accumulator [35].  
There are five most often met types of valve train sys-

tem with poppet valves.  
– The Direct Acting OHC Valve Train (Fig. 2a), also 

known as the Bucket Style Follower OHC. It is used in 
i.e. Ford Ztec, Olds Quad 4. This type has: high rigidity 
during functioning which enable to be used at high en-
gine speeds, high friction because of contact between 
cam lobe and tappet surface, high values of inertial 
masses [36].  

– The End Pivot Rocker Arm OHC Valve Train (Fig. 2b), 
also known as the Finger Type Follower OHC. It is used 
in i.e. Ford Modular, Pinto and Ranger 4 Cyl., 
Mitsubishi 4G63, GM Ecotec, Chrysler 2.2L. This type 
has: low friction because of rolling contact between cam 
and rocker arm, high friction for sliding contact, high 
sensitivity at rocker arm oscillation, small values of ac-
celeration due to cam concavity which doesn’t permit to 
be used at high engine speeds, small cam profile due to 
rocker ratio [36]. 

– The Centre Pivot Rocker Arm OHV Valve Train (Fig. 
2c), used in i.e. Honda B18, Porsche. It is characterized 
by low friction for rolling contact between cam and 
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rocker, high sensitivity at rocker oscillation, low stiff-
ness as a function of rocker ratio [36].  

– The Centre Pivot Cam Follower OHV Valve Train (Fig. 
2d) which has similar characteristics with the third type 
[36]. It is used in Ford Escort CVH. 

– The Pushrod OHV Valve Train (Fig. 2e). This type is 
very flexible because of the length of the pushrod and 
can’t be use at high engine speeds [36]. It is used in the 
GM 556-hp 6.2L LSA V8 OHV engine of the Cadillac 
CTS-V.   
The friction due to valve train system represent 7.5-21% 

of total engine friction loss [36].  
The variation of the first type is the Double OverHead 

Cam (DOHC) Valve train, sometimes called "Twin Cam" 
or "Double Cam", used in most modern cars. 

A DOHC engine has usually two camshafts and 4 
valves per cylinder. There exists also the configuration with 
five valves per cylinder. One camshaft operates intake 
valves installed on one side, while another camshaft con-
trols outlet valves on the opposite side. Camshafts can be 
installed further apart from each other. This allows the inlet 
valves to be at a larger angle from the outlet valves, which 
results in a more direct air flow through the engine with less 
obstruction. A DOHC engine produces more power out of 
smaller engine volume. It is used in i.e. 3.5-liter V6 DOHC 
engine of the 2003 Nissan Pathfinder.  

 

 

Fig. 2. Types of Valve Train: a) Direct Acting OHC, b) End Pivot Rocker 
Arm OHC, c) Centre Pivot Rocker Arm OHV, d) Centre Pivot Cam Fol-

lower OHV, e) Pushrod OHV [36] 

3. Classical types of valve springs  
The functions of valve springs are presented in [37]. 
Some typical winding shapes of coil springs are shown 

in [38]. Helical coil springs with different winding shapes 
are usually used [39].  

Some typical cross-sections of a valve spring wire are 
shown in [38]. Elliptical cross-sections allow a reduction of 
the overall height. Multi-arc profiles (MA) are generated 
from several circular segments with differing radii and 
center points. Compared to elliptical cross sections, MA 
profiles has better stress distribution and allow better utili-
zation of the material. 

According to [40], the use of MA profiles in combina-
tion with beehive winding reduces the spring forces in a 
valve train by 13%. According to [37], the valve closing 
load is conveyed axially along the spring, which stresses 
the material principally in torsion. For the valve, open and 
the valve closed conditions, the ratio of spring loads is 
usually in the region of 2:1.  

Spring end coils are ground flat and square with the 
spring axis and are also diametrically opposed, to minimize 
an inherent tendency towards bowing of the spring during 
its compression.  

According to [38], nearly without exception valve 
springs of current engines have a progressive behavior.  
This behavior is mainly caused by a non-constant pitch 
between adjacent coils. The coils with a lower pitch come 
into contact earlier than coils with a higher pitch.  The ac-
tive part of the spring is reduced resulting in increasing 
total spring stiffness with increasing compression of the 
spring. The characteristic becomes progressive and resonant 
frequencies increases. 

According to [37], if the frequency of load coincides 
with the natural vibration frequency of the valve spring 
itself, a phenomenon known as spring ‘surge’ may develop 
because of resonance effects. According to [41], springs 
with asymmetric shapes are less prone to surging because 
of lower moving masses and geometrical reasons. 

According to [38] the further reduction of the moving 
mass can be obtained using conical valve springs. The 
smaller spring fixings and collars are possible, and the solid 
length is marginally shorter. They have the less progressive 
characteristics than the cylindrical springs. 

Beehive springs are a combination of cylindrical and 
conical springs. The moving mass is reduced by the conical 
part and the cylindrical part provide progressive character-
istic. 

The methods to reduce valve spring surging are present-
ed in [37]. According to [42], the pneumatic valve springs 
are used, for example, in high-speed Formula One racing 
engines. Pneumatic valve springs enable high rotational 
speeds of up to 20000 rpm due to their progressive charac-
teristic and the reduced number of moving parts.  

According to [43], the stock valve springs can operate to 
about 5,500 to 6,000 rpm, but beyond that it is needed stiff-
er springs, double springs or even triple springs depending 
on the engine design. The design, materials and methods of 
manufacturing for valve springs are presented in [37]. The 
failure modes of valve springs, especially fatigue, are pre-
sented in [44–46]. 

4. Machined valve springs  
The pushrod valve train systems can be used with clas-

sical valve springs replaced with machined valve springs, 
which strategy is used in the other devices [47]. The ma-
chined springs can possess the same free length, mean di-
ameter and thickness equal to the diameter of the wire. This 
allows for the use of some original components like valves, 
keys, spring retainers in the valve train. 

One example of use the machined spring was reported 
in [48], where was presented a displacer spring and displac-
er/spring assembly for use in a free-piston Stirling engines 
(FPSE). The machined spring provided enhanced structural 
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accuracy which, in turn, leads to the elimination of lateral 
and side loads as compared to prior art wire-wound helical 
springs.  

The analysis was carried out for  machined springs with 
parameters like those for coil valve springs. Each valve in 
the analyzed valve train mated with the set of two springs: 
the outer and the inner. The free height for those springs 
was of 40.86 mm. For outer spring the outer diameter was 
equal 27.5 mm, the wall thickness was of 3.75 mm. For the 
inner spring, the outer diameter was of 20 mm and the 
thickness was of 2.6 mm. The spring rate of the original 
coil spring set was equal 55 N/mm, so such rate of ma-
chined spring set should be close to that value. The geome-
try of machined springs was shown in the Figure 3.  

 

 

Fig. 3. Coil springs: a) outer, c) inner and machined springs: b) outer, d) 
inner used in the analyzed valve train 

5. The model of analyzed valve train  
The model of analyzed valve train consists of two 

drives: the first for inlet valve and the second for outlet one. 
Model was elaborated with FEM. The geometrical parame-
ters were as in the original configuration. The valve stroke 
was of 9 mm. The analysis was carried out with the con-
stant rotation speed of the camshaft and for two variants: 
the first with coil springs and the second with machined 
springs. Except springs, each component was modelled 
using stiff finite elements connected to the other compo-
nents by the elastic-damping joints or contact elements. The 
friction coefficient in the contact between sliding surfaces 
was assumed to be constant and equal 0.1 and between 
rolling surfaces to be constant and equal 0.03. The material 
of stiff elements was assumed to be steel with the equiva-
lent: Young modulus E = 210000 MPa, Poisson ration ν = 
0.3 and density ρ = 7,800 kg/m3.  

It was assumed, that the stiffness between cam and the 
follower is the sum of the stiffness kr-c in contact between 
roller and cam and the stiffness kr-f in contact between roller 
and the follower. The stiffness in contact between pushrod 
and follower was equal to half the pushrod stiffness kpushrod. 
The stiffness in the contact between pushrod and rocker 
arm was the sum of half the pushrod stiffness kpushrod and 
the stiffness kraps of part the rocker arm on the pushrod side. 
The stiffness between the rocker arm and valve was the 
sum of the stiffness kravs of part the rocker arm on the valve 
side and half the valve stiffness kvalve. The stiffness between 
the rocker arm and the axis was equal to the axis stiffness 
kaxis. The stiffness between valve and its insert was equal to 
half the valve stiffness kvalve. The damping coefficient val-
ues in each contact zone was assumed to be the same and 
equal 5 Ns/m.  

To estimate the stiffness kr-c in the contact between roll-
er and the cam, the FEM sub-models of the camshaft were 
elaborated and presented in the Figures 4 - for the inlet 
valve and in the Figure 5 - for the outlet one. The camshaft 
was loaded by the force F with linearly raised values up to 
1,000 N. The camshaft was fixed on the cylindrical surfaces 
1 and 2. For the given i-th value of the force F(i), the dis-
placement dr-c(i) of the middle point on the cam surface was 
computed. Then the stiffness kr-c for the step number i of 
the analysis was estimated as the ratio of such force value 
F(i) and displacement dr-c(i). 

 

 

Fig. 4. The grid of finite elements for the sub-model of the camshaft 
loaded by the force F, for the case of inlet valve 

 

 

Fig. 5. The grid of finite elements for the sub-model of the camshaft 
loaded by the force F, for the case of outlet valve 

 
To estimate the stiffness kr-f in the contact between roll-

er and the follower, the FEM sub-model of the follower was 
elaborated and shown in the Figures 6. The follower was 
loaded by the force F with linearly raised values up to 1,000 
N and uniformly distributed along the roller axis. The fol-
lower was fixed on the inner spherical surface 1 mating 
with the pushrod. For the given i-th value of the force F(i), 
the displacement dr-f(i) of the middle point on the roller axis 
surface was calculated. Then the stiffness kr-f for the step 
number i of the analysis was estimated as the ratio of such 
force value F(i) and displacement dr-f(i). 

As mentioned earlier, assumed stiffness values in the 
contact between pushrod and the follower and in the contact 
between pushrod and rocker arm were the same. To esti-
mate the stiffness in such contacts, the FEM sub-model of 
the pushrod was elaborated and presented in the Figure 7. 
The pushrod was loaded by the force F with linearly raised 
values up to 1,000 N. The pushrod was fixed on the outer 
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spherical surface 1 mating with the rocker arm screw. For 
the given i-th value of the force F(i), the displacement dpush-

rod(i) of the middle point on the inner pushrod surface was 
obtained. Then the stiffness kpushrod for the step number i of 
the analysis was estimated as the ratio of such force value 
F(i) and displacement dpushrod(i). The stiffness values in the 
contact between pushrod and the follower and in the contact 
between pushrod and rocker arm were equal the half of 
obtained stiffness kpushrod. 

   

 

Fig. 6. The grid of finite elements for the sub-model of the follower loaded 
by the force F 

 

 

Fig. 7. The grid of finite elements for the sub-model of the pushrod loaded 
by the force F 

 
To estimate the stiffness kraps of the rocker arm on the 

pushrod side, the FEM sub-model of the rocker arm was 
elaborated and presented in the Figure 8. The rocker arm 
was loaded by the force F with increasing values up to 1000 
N and acting along the axis of the rocker arm screw. The 
rocker arm was fixed on the semicylindrical surface 1 and 
on the axis the bearing surface 2. For the given i-th value of 
the force F(i) the displacement draps(i) of the loaded point 
the rocker arm was calculated. Then the stiffness kraps for 
the step number i of the analysis was estimated as the ratio 
of such force value F(i) and displacement draps(i). 

To estimate the stiffness kravs of the rocker arm on the 
valve side, the FEM sub-model of the rocker arm was elab-
orated and shown in the Figure 9. The rocker arm was load-
ed by the force F with linearly raised values up to 1,000 N 
and acting along the axis of the valve. The rocker arm was 
fixed on the inner cylindrical surface the screw hole 1 and 
on the axis the bearing surface 2. For the given i-th value of 
the force F(i), the displacement dravs(i) of the loaded point 
the rocker arm was computed. Then the stiffness kravs for 
the step number i of the analysis was estimated as the ratio 
of such force value F(i) and displacement dravs(i). 

 

Fig. 8. The grid of finite elements for the sub-model of the rocker arm 
loaded by the force F on the pushrod side 

   

 

Fig. 9. The grid of finite elements for the sub-model of the rocker arm 
loaded by the force F on the valve side 

 

 

Fig. 10. The grid of finite elements for the sub-model of the rocker arm 
axis loaded by the force F for the outlet valve case 

 
To estimate the stiffness kaxis of the rocker arm axis, the 

FEM sub-models of the rocker arm axis were prepared and 
shown in the Figure 10 for the inlet valve and in the Figure 
11 for the outlet one. The rocker arm was loaded by the 
force F with linearly raised values up to 1,000 N and uni-
formly distributed along the axis of rocker arm bearing. For 
the outlet valve, the rocker arm was fixed on the cylindrical 
surface 1. For the inlet valve, the rocker arm axis was fixed 
on the cylindrical surfaces 1 and 2. For the given i-th value 
of the force F(i), the displacement daxis(i) of the loaded 
point the rocker arm was obtained. Then the stiffness kaxis 
for the step number i of the analysis was estimated as the 
ratio of such force value F(i) and displacement daxis(i). 

To estimate the stiffness kvalve of the valve, the FEM 
sub-model of the valve were prepared and shown in the 
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Figure 12. The valve was loaded by the spring force S with 
linearly raised values up to 400 N and by the pressure from 
the gas in cylinder with values up to 7 MPa. The valve was 
fixed on the conical seat surface 1. For the given i-th value 
of the force S(i) and gas pressure p, the displacement 
dvalve(i) of the valve tip was computed. Then the stiffness 
kvalve for the step number i of the analysis was estimated as 
the ratio of such force value F(i) and displacement dvalve(i). 

 

 

Fig. 11. The grid of finite elements for the sub-model of the rocker arm 
axis loaded by the force F for the inlet valve case 

 

 

Fig. 12. The grid of finite elements for the sub-model of the valve loaded 
by the spring force S and gas pressure p 

 

 
Fig. 13. The modelled course of gas cylinder pressure p against crankshaft 

rotation angle CE 

The modelled course of gas pressure p against the 
crankshaft rotation angle CE was shown in the Figure 13. 

The coil springs was modelled using joints with values 
of the stiffness and the damping coefficients equivalent to 
those of real valve springs. The machined springs were also 
modeled using FEM, but with the elastic solid finite ele-
ments. The grid of finite elements for the machined springs 
was shown in the Figure 14.   

 
Fig. 14. The grid of finite elements for machined springs a) large and b) 

small applied in the model of the analyzed valve train 
 

One of the spring front surface was fixed and the force 
F was applied to the opposite front surface. The force was 
evenly distributed over the circumference the spring front 
surface. The value of the force was constant for the each 
case of analysis, but varied up to reaching the spring deflec-
tion equal 12 mm. The distributions of displacements and 
von Misses stresses were recorded for each case of analysis. 

Also, the modal analysis was provided for machined 
springs. One of the spring front surface was fixed and the 
spring was preloaded by the initial displacement of 6 mm 
along the spring axis. It was calculated the modal frequency 
values and equivalent modes of spring deformations. 

6. Results  
The resulted values of displacement dr-c of points the 

camshaft sub-model loaded by the force F = 1,000 N was 
presented in the Figure 15, for the inlet valve and in the 
Figure 16, for the outlet one. The corresponding estimated 
stiffness kr-c value was equal 37,000 N/mm for inlet valve 
and 2,380,000 N/mm for the outlet one. 

The calculated values of displacement dr-f of points the 
follower sub-model loaded by the force F = 1,000 N was 
presented in the Figure 17. The corresponding estimated 
stiffness kr-f value was of 26,000 N/mm. 

   

 

Fig. 15. The displacements of points the camshaft sub-model loaded by the 
force F = 1,000 N, for the case of inlet valve 
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Fig. 16. The displacements of points the camshaft sub-model loaded by the 
force F=1,000 N, for the case of outlet valve 

 

 

Fig. 17. The displacements of points of the follower sub-model loaded by 
the force F = 1,000 N 

 

 
Fig. 18. The displacements of points the pushrod sub-model loaded by the 

force F = 1,000 N 

 
The resulted values of displacement dpushrod of points the 

pushrod sub-model loaded by the force F = 1,000 N was 
presented in the Figure 18. The corresponding estimated 
stiffness kpushrod value was equal 38,000 N/mm. 

The calculated values of displacement draps of points the 
rocker arm sub-model loaded by the force F = 1000 N on 
the pushrod side was shown in the Figure 19. The estimated 
stiffness kraps value was of 189,000 N/mm. 

The resulted values of displacement dravs of points the 
rocker arm sub-model loaded by the force F = 1,000 N on 
the valve side was presented in the Figure 20. The estimat-
ed stiffness kravs value was equal 100,000 N/mm. 

The calculated values of displacement daxis of points the 
sub-model of the rocker arm axis loaded by the force F = 
1,000 N was shown in the Figure 21 for the outlet valve and 
in the Figure 22 for the inlet one. The estimated stiffness 

kaxis value was equal 1,520,000 N/mm for the outlet valve 
and 1,250,000 N/mm for the inlet one. 

   

 
Fig. 19. The displacements of points the rocker arm sub-model loaded by 

the force F=1000 N on the pushrod side 
 

 
Fig. 20. The displacements of points of the rocker arm sub-model loaded 

by the force F=1000 N on the valve side 
 

 
Fig. 21. The displacements of points the sub-model of the rocker arm axis 

loaded by the force F = 1000 N for the outlet valve 
   

 
Fig. 22. The displacements of points the sub-model of the rocker arm 

axis loaded by the force F = 1000 N for the inlet valve 
 



 

Studies on the dynamics the valve train with machined valve springs 

106 COMBUSTION ENGINES, 2017, 168(1) 

The resulted values of displacement dvalve of points the 
valve sub-model loaded by the force S = 330 N and gas 
pressure p = 7 MPa were shown in the Figure 23. The esti-
mated stiffness kvalve value was equal 1,520,000 N/mm for 
the outlet valve and 150,000 N/mm for the inlet one. 

 

 

Fig. 23. The displacements of points of the valve sub-model loaded by 
the force S = 330 N and gas pressure p = 7 MPa 

 

 

Fig. 24. Displacement and maximum von Misses stress against loading 
force for the large machined spring 

 

 

Fig. 25. Displacement and maximum von Misses stress against loading 
force for the large machined spring 

 
The resulted values of displacements and maximum von 

Misses stresses as a function of loading force were present-
ed in the Figure 24 - for the large machined spring and in 
Figure 25 – for the small machined spring. The obtained 
courses were of the linear nature. The spring rates were 

equal the inverse of the slope the function h(F). For the 
large spring its rate was equal 36 N/mm and for the small 
machined spring the rate was of 19 N/mm. As the springs 
operate in parallel configuration, so equivalent rate of the 
spring set was equal 55 N/mm. 

The obtained distributions of displacements for the large 
machined spring loaded with the force F were shown in the 
Figure 26 and in the Figure 27 – for the small one. Maximal 
displacement in both cases was about 9.5 mm.  

 

 

Fig. 26. Distribution of displacements for large machined spring loaded 
with the force F equal 430 N 

 

 

Fig. 27. Distribution of displacements for small machined spring loaded 
with the force F equal 180 N 

 
The corresponding von Misses stress distributions were 

shown in the Figure 28 – for large spring and in the Figure 
29 – for the small one. The maximum von Misses stresses 
for the large spring loaded by the force F = 430 N was of 
1582 MPa and for the small spring loaded by the force F = 
180 N was of 1,668 MPa. The points of maximal von Miss-
es stresses were located near the inner diameters of springs.  

 

 

Fig. 28. Distribution of von Misses stresses for large machined spring 
loaded with the force F equal 430 N 
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The obtained courses of the inlet valve lift and accelera-
tion against time were presented in the Figure 30 – for the 
coil valve springs and in the Figure 31 – for the machined 
springs. The use of machined spring resulted in the twice 
lower amplitude of small vibrations with the high frequen-
cy, probably due higher weight of the machined spring in 
comparison to the coil one.  

 

 

Fig. 29. Distribution of von Misses stresses for small machined spring 
loaded with the force F equal 180 N 

 

 

Fig. 30. Courses of the inlet valve a) lift and b) acceleration against time 
for the coil valve springs 

 

 
 

Fig. 31. Courses of the a) lift and b) acceleration of the inlet valve against 
time for the machined valve springs 

The obtained courses of the outlet valve lift and acceler-
ation against time were presented in the Figure 32 – for the 
coil valve springs and in the Figure 33 – for the machined 
springs. The use of machined spring resulted in the twice 
lower amplitude of small vibrations with the high frequen-
cy, probably again due higher weight of machined spring in 
comparison to the coil one. The occurrence of gas pressure 
in the beginning of valve opening resulted in the 1.5 times 
lower amplitude of small vibrations with the high frequency 
in comparison to the case of the inlet valve. 

 

 

Fig. 32. Courses of the a) lift and b) acceleration of the outlet valve against 
time for the classical valve springs 

 
Modal frequency values were calculated for the range 0-

700 Hz, as current engines can operate with the speed up to 
19,000 rpm [49]. The obtained modal frequency values for 
inner and outer machined springs were shown in the Table 
1. For common engines operating with the speed up to 
6,000 rpm the existence of spring resonances was hardly to 
observe.  

 

 

Fig. 33. Courses of the a) lift and b) acceleration of the inlet valve against 
time for the machined valve springs 
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Table 1. Modal frequency against number of mode for machined springs 

Number of mode  Modal frequency [Hz] 
Inner spring Outer spring 

1 211.97 165.26 
2 285.43 170.52 
3 287.80 268.63 
4 352.89 365.23 
5 413.26 707.05 
6 422.41 711.28 
7 589.11 1031.54 
8 619.59 1301.54 
9 619.58 1370.11 
10 684.17 1710.77 

 

The obtained modes were presented in the Figure 34 for 
the inner machined spring and related modal frequencies. 

4. Summary 
The use of machined valve springs against classical coil 

springs resulted in the obtaining almost the same spring 
stiffness. The increased mass of machined springs did not 
make important changes in the lift and acceleration of inlet 
and outlet valves. Only small decreasing of amplitude the 
small vibrations with high frequency was observed during 
motion the valves. For the engines operating with the com-
mon speed range up to 6,000 rpm the machined spring 
resonances cannot exist. 

 

     

 

Fig. 34. Modes of the inner machined spring for the different values of modal frequency: a) for the mode number 1, b) for the mode number 2,…, j) for the 
mode number 10, respectively 

 
 

Nomenclature 

FEM finite element method 
CE engine crankshaft rotation angle 
OHC over head cam 
OHV over head valve 

DOHC double over head cam  
MA  multi-arc 
SI  spark ignition 
CI  compressed ignition 
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