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METHOD AND SYSTEM FOR MEASURING 
INTERFERENCE BETWEEN VALVE AND PISTON 

OF AN INTERNAL COMBUSTION ENGINE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a measuring sys 
tem for an engine of a vehicle, and more particularly, to 
system and method for measuring interference betWeen an 
intake/exhaust valve and a piston. 

BACKGROUND OF THE INVENTION 

[0002] Generally, an engine for generating drive power of 
a vehicle includes a piston, undergoing rectilinear move 
ment inside a cylinder, and an intake valve and exhaust valve 
provided in a cylinder head. A connecting rod is attached at 
one and to the piston and at another end to an offset portion 
of a crankshaft such that the force of the piston is transferred 
to the crankshaft to rotate the same, thereby converting the 
reciprocating motion of the piston to rotary motion of the 
crankshaft. 

[0003] The crankshaft outputs rotational poWer to a trans 
mission in accordance With a clutch operation and rotates a 
camshaft through a timing belt. The intake and exhaust 
valves are opened and closed by the rotating camshaft to 
supply fuel and exhaust combustion gas. 

[0004] The camshaft is driven at one-half the speed of the 
crankshaft, the camshaft and crankshaft being connected by 
the timing belt. 

[0005] Each of the above elements of the engine has its 
oWn inherent rigidity and can experience distortion from a 
variety of factors including inertia, and load and torque from 
poWer transmission. With regard to the camshaft, as one end 
in rotatably supported While another end receives rotational 
force, load distribution in an axial direction along the 
camshaft is not even such that the same can become tWisted. 

[0006] Such distortion of the camshaft changes both the 
duration of opening and stroke of the intake and exhaust 
valves such that interference betWeen the valves and piston 
results, a main cause of engine trouble. 

[0007] As there is no prior art Which precisely measures 
such distortion of the elements of the engine including the is 
camshaft, it is dif?cult to obtain data to correct the problem 
of interference betWeen the exhaust and intake valves and 
piston by making adjustments. 

SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to provide a 
method and system for measuring interference betWeen an 
intake/exhaust valve and a piston in Which a torque value, 
causing distortion of rotating shafts; torsional deviation, 
generated When torque is transmitted to each rotating shaft, 
of each shaft; and rotational vibration, generated by distor 
tion of each shaft and tension and rigidity of a timing belt are 
measured to calculate interference betWeen the intake/ex 
haust valve and the piston such that the problem of inter 
ference can be recti?ed in the designing process. 

[0009] To achieve the above object, the present invention 
provides a method for measuring interference betWeen a 
valve and a piston, comprising the steps of measuring a 
standard torque value, related to camshaft distortion caused 
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by engine RPM, through voltage detecting means; measur 
ing torsional distortion deviation of a crankshaft and an 
injection pump shaft by ?xing the camshaft and forcibly 
rotating the crankshaft by said standard torque value; mea 
suring vibration generated When the camshaft, the crank 
shaft, and the injection pump shaft are rotated, and measur 
ing a crankshaft rotational angle to detect a piston TDC 
position, both measurements being conducted at a predeter 
mined level of engine RPM; displaying piston and intake/ 
exhaust valve movement on a graph at the piston TDC 
position after analyZing torsional distortion deviation and 
vibration of each shaft; and determining Whether there is 
interference betWeen the intake/exhaust valve and the piston 
by comparing design values With that displayed on the 
graph. 
[0010] The voltage detecting means is comprised of a 
strain gauge. 

[0011] The strain gauge is provided on the camshaft at 
locations Where distortion from poWer transmission is most 
severe. 

[0012] The torsional distortion deviation is derived from 
measuring a distortion angle through use of protractors 
provided on sprockets of the crankshaft and the injection 
pump shaft. 

[0013] The torsional distortion deviation is derived from 
measuring the torsional distortion deviation of the crank 
shaft by ?xing the injection pump shaft and forcibly rotating 
the crankshaft. 

[0014] The measuring of vibration is performed using a 
torsional vibration meter. 

[0015] A system for measuring interference betWeen a 
valve and a piston including ?rst angle detecting means for 
detecting a rotating angle of a crankshaft; and second angle 
detecting means for detecting a rotating angle of an injection 
pump shaft, Whereby the ?rst and second angle detecting 
means measure torsional distortion deviation of a crankshaft 

and an injection pump shaft When torque, equaling camshaft 
distortion torque measured With the camshaft in a ?xed state, 
is given either to the crankshaft or the injection pump shaft, 
the system being applied to an engine Where the crankshaft, 
injection pump shaft, and the camshaft are connected 
through poWer transmission means. 

[0016] The measurement of the camshaft distortion torque 
is measured by strain gauges provided at location on the 
camshaft Where distortion, caused by torque from poWer 
transmission, is most severe. 

[0017] The strain gauge comprises four resistors con 
nected to each other through a Wheatstone bridge having 
?rst and second output terminals, and the system further 
comprising a ?rst signal processor for processing signals 
output from the ?rst output terminal of the Wheatstone 
bridge; a second signal processor for processing signals 
output from the second output terminal of the Wheatstone 
bridge; and a controller for analyZing signals from the ?rst 
and second output terminals to determine camshaft distor 
tion, and calculating standard torque from the determined 
camshaft distortion value and outputting the same. 

[0018] A system for measuring interference betWeen a 
valve and a piston, comprising re?ective tape adhered to an 
outside circumference of sprockets of each shaft, the re?ec 
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tive tape made of material to enable the re?ection of light; 
torsional vibration detecting means for emitting light toWard 
each sprocket of each rotating shaft, receiving the re?ection 
of this light, re?ected by the re?ective tape, and for output 
ting vibration of each shaft as an AC component signal; 
amplifying means for amplifying said output AC component 
signal; crankshaft angle detecting means for detecting crank 
shaft rotational angle from the crankshaft sprocket; record 
ing means for storing, in a predetermined format, piston 
position information and AC component signals related to 
the vibration of each shaft; and Waveform display means for 
graphically displaying said information of piston position 
and AC component signal relating to vibration of each shaft. 

[0019] The crankshaft angle detecting means performs a 
photo interrupting process on gear teeth of the crankshaft 
sprocket. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Further objects and other advantages of the present 
invention Will become apparent from the folloWing descrip 
tion in conjunction With the attached draWings, in Which: 

[0021] FIG. 1 is a perspective of a camshaft of a test 
engine according to a preferred embodiment of the present 
invention; 
[0022] FIG. 2 is a schematic circuit diagram of a strain 
gauge shoWn in FIG. 1; 

[0023] FIG. 3 is a schematic circuit diagram of a device 
for detecting a standard torque value according to signals 
transmitted from the strain gauge of FIG. 2; 

[0024] FIG. 4 is a schematic diagram of a test engine 
according to a preferred embodiment of the present inven 
tion; 
[0025] FIG. 5 is a block diagram of a system for measur 
ing interference betWeen valves operated by a camshaft and 
a piston by torsional vibration of each rotational shaft of an 
engine; 
[0026] FIGS. 6a through 6c are vieWs illustrating tor 
sional vibration detected from each rotational shaft Wherein, 

[0027] FIG. 6a is a graph illustrating a piston stroke in a 
Waveform, 
[0028] FIG. 6b is a graph illustrating torsional vibration of 
a crankshaft in a Waveform, and 

[0029] FIG. 6c is a graph illustrating torsional vibration of 
a camshaft in a Waveform, 

[0030] FIG. 7 is a graph illustrating valve timing in 
relation to piston movement; and 

[0031] FIG. 8 is a graph illustrating valve timing, as 
designed and after undergoing distortion, in relation to 
piston movement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Preferred embodiments of the present invention 
Will noW be described in detail With reference to the accom 
panying draWings. 
[0033] Referring ?rst to FIG. 1, shoWn is a perspective 
vieW of a camshaft 1. A strain gauge S for measuring 
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torsional distortion of the camshaft 1 is provided on the 
camshaft 1 at a location Where torsional distortion of the 
camshaft 1 is most severe. 

[0034] The strain gauge comprises ?rst, second, third, and 
fourth resistors R1, R2, R3, and R4 provided equidistantly 
around a circumference of the camshaft 1, i.e., at every 90°. 

[0035] Referring to FIG. 2, the ?rst and second resistors 
R1 and R2 are connected to one side of an input terminal Vi, 
and the third and fourth resistors R3 and R4 are connected 
to one side of another input terminal Vi. Further, the second 
and third resistors R2 and R3 are connected to a ?rst output 
terminal Vo1 such that output of the second and third 
resistors R2 and R3 is transmitted thereto, and the ?rst and 
fourth resistors R1 and R4 are connected to a second output 
terminal Vo2 such that output of the ?rst and fourth resistors 
R1 and R4 is transmitted thereto. Such a connection is 
realiZed through a Wheatstone bridge 10 as shoWn in FIG. 
3. 

[0036] In FIG. 3, the ?rst output terminal Vo1 of the 
Wheatstone bridge 10 is connected to a ?rst signal processor 
20, and the second output terminal Vo2 is connected to a 
second signal processor 30. A controller 40 calculates the 
degree of distortion of the camshaft 1 by a deviation value 
computed by a calculation program Which uses signals 
output from the ?rst and second signal processors 20 and 30 
such that a standard torque value, Which causes camshaft 
distortion, can be obtained. 

[0037] Referring to FIG. 4, shoWn is a schematic diagram 
of a device for measuring strain de?ection of a crankshaft 
and an injection pump shaft by analyZing the relation 
betWeen timing belt tension and torque detected in the 
camshaft 1. As shoWn in the draWing, a ?rst protractor 131 
is provided on a sprocket 130 of a crankshaft 132. Since the 
test engine is selected from a diesel engine, there is further 
provided an injection pump shaft 124 having ?rst and 
second sprockets 120 and 123, the injection pump shaft 124 
increasing the pressure level of fuel being injected, such that 
strain de?ection of each rotating shaft With respect to 
standard torque of the camshaft is detected. The second 
sprocket 123 of the injection pump shaft 124 is provided 
With a second protractor 121. 

[0038] In the above, the sprocket 130 of the crankshaft 132 
is connected to the second sprocket 123 by a ?rst timing belt 
140, While the sprocket 100 of the camshaft 1 is connected 
to the ?rst sprocket 120 of the injection pump shaft by a 
second timing belt 141. HoWever, in the case of a gasoline 
engine, the sprocket 100 may be directly connected to the 
sprocket 130 of the crankshaft 132. 

[0039] Referring noW to FIG. 5, shoWn is a block diagram 
of a device for measuring strain of each rotating shaft by 
detecting torsional vibration of each rotating shaft. 

[0040] As shoWn in the draWing, there is provided a 
camshaft 201 provided in a cylinder head 200, an injection 
pump shaft 211 mounted in a cylinder block 210, and a 
crankshaft 230. 

[0041] Aphosphor tape 232 excited by light is adhered to 
a sprocket 230 of a crankshaft 230. Torsional vibration 
meters (TVMs) 300, 400, and 500 are provided respectively 
corresponding to positions of the shafts 201, 211, and 230. 
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There is further provided a crankshaft angle sensor 240 for 
detecting a crankshaft rotating angle, thereby detecting a 
position of a piston. 

[0042] First, second, and third ampli?ers 310, 410, and 
510, Which amplify the measured vibration signals to a 
predetermined level, are connected to the torsional vibration 
meters 300, 400, and 500, respectively. The ampli?ed vibra 
tion signals are stored in a tape recorder 600, and output to 
an oscilloscope 700 Which displays torsional vibration sig 
nals detected from each shaft and data related to the position 
of the crankshaft in a Waveform manner. 

[0043] The crankshaft angle sensor 240 detects the posi 
tion of the piston by photo-interruption of peaks of gear teeth 
formed on the crankshaft sprocket 231. Further, the TVMs 
300, 400, and 500 measure only the AC elements of torsional 
vibration of the rotating shafts excluding the DC elements 
generated by constant speed. 

[0044] Data related to distortion, generated by the appli 
cation of torque by inertia and poWer transmission, of each 
shaft is obtained as explained above by the tWo types of 
measuring devices, then interference betWeen the piston and 
an intake/exhaust valve is measured as explained hereinbe 
loW. 

[0045] First, in a state Where the resistors R1, R2, R3, and 
R4 are mounted to the camshaft 1, if the engine is run at a 
predetermined level of RPM, as force is applied to the 
camshaft 1 in only one direction by tension of the timing belt 
connected to the crankshaft and injection pump shaft, and 
inertia and torque of the rotating shafts, a predetermined 
amount of distortion results. 

[0046] Here, as a predetermined amount of voltage Vin is 
applied to the strain gauges R1, R2, R3, and R4, provided 
equidistantly around the circumference of the camshaft 1, 
the level of voltage is changed When the camshaft 1 is 
distorted. changes in voltage output from the output termi 
nals Vo1 and V02 of the strain gauges R1, R2, R3, and R4 
are changed into signals that can be recogniZed by the 
control part 40 through the ?rst and second signal processors 
20 and 30. The controller 40 calculates the difference in 
voltage betWeen What is output from the output terminals 
Vo1 and Vo2 using a program installed therein such that 
strain de?ection of the camshaft 1 is calculated. Further, a 
standard torque value related to crankshaft distortion is 
calculated from the calculated deviation. 

[0047] Referring to FIG. 4, after the engine is run and the 
standard torque value related to camshaft distortion is mea 
sured, in the test engine equipped With the protractors 131 
and 121 on the crankshaft and injection pump sprockets 130 
and 120, the camshaft 100 is ?xed to prevent rotation using 
a tool such as a jig, and the crankshaft sprocket 130 is rotated 
using a tool such as a torque Winch until a level of torque 
equal to the standard torque, applied to the camshaft 
sprocket 100, is obtained. 

[0048] Accordingly, as the timing belts 140 and 141, 
Which make a connection from the crankshaft sprocket 130 
to the camshaft sprocket 100, are made of malleable material 
such as rubber or a chain, they either expand or contract 
during the torque transmission process. 

[0049] If torque is forcibly applied to the crankshaft 
sprocket 130, the crankshaft sprocket 130 and the injection 
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pump sprocket 120 are rotated. Here, the rotational deviation 
is measured by the protractors 131 and 121 provided on the 
sprockets 130 and 120. As the rotational deviation indicates 
that a gap betWeen a TDC (top dead center) of the piston, 
and the intake/exhaust valve is different from a design value, 
interference betWeen the valve and piston can be measured 
by analyZing a level of lift of the intake/exhaust valve. 

[0050] A process in Which the injection pump sprocket 
120 is ?xed and torque is applied to the crankshaft sprocket 
130 is also performed, in addition to the above process of 
?xing the camshaft and applying torque, equal to that in a 
commercial engine, through the crankshaft sprocket 130 to 
measure deviation angle With regard to a rotational ratio 
such that distortion of the timing belts and shafts can also be 
measured. 

[0051] The operation for measuring torsional vibration for 
each shaft Will be described hereinafter With reference to 
FIG. 5. 

[0052] When the test engine is run at a predetermined 
level of RPM, the injection pump shaft and the camshaft are 
rotated to a ?xed rotational ratio by poWer transmitted 
through the crankshaft 230. 

[0053] Here, resulting from stationary inertia and friction 
caused by mechanical meshing, force is generated at each 
shaft in a direction opposite that of the rotational direction. 
Accordingly, vibration is created by forces, i.e., expansion 
and contraction of the means transmitting drive poWer and 
load from driven ends of the shaft, used to Work against this 
opposite rotational force. 

[0054] The vibration occurring at each of the shafts is 
transmitted to the sprockets 201, 211, and 230. Here, a 
predetermined amount of light is emitted from each of the 
torsional vibration meters 300, 400, and 500, corresponding 
to the positions of the sprockets 201, 211, and 230, respec 
tively. HoWever, this light is re?ected back to the TVMs 300, 
400, and S00 by the re?ective tape, shoWn by the dotted 
lines, provided on the outer circumferences of the sprockets 
201, 211, and 230. 

[0055] Here, each of the TVMs 300, 400, and 500 outputs 
characteristics of the vibration from the re?ected light in an 
AC Waveform, as shoWn in FIG. 6, Which are ampli?ed to 
predetermined levels by the ampli?ers 310, 410, and 510. 
The ampli?ed AC values are stored in the tape recorder 600 
and, at the same time, input to the oscilloscope 700 to be 
displayed as AC component Waveforms as shoWn in FIG. 6. 

[0056] More in detail, for example, if an object is rotated 
With the constant speed of 6000 RPM, this becomes a DC 
element. Therefore, the output AC components in the above 
are varied betWeen 5995 RPM and 6005 RPM. This varia 
tion in RPM is due to load and stationary inertia generated 
by dead Weight force and mechanical meshing, energy loss, 
and other such factors. Here, as the +5 RPM is caused by 
vibration, the +5 RPM becomes AC components. 

[0057] In the above state of measuring torsional vibration 
of each of the sprockets 201, 211, and 230, the crankshaft 
angle sensor 240 performs a photo interruption operation on 
the teeth of the crankshaft sprocket 230 such that the 
crankshaft angle is measured. Accordingly, information of 
the piston position is detected and this signal is stored in the 
tape recorder 600 and, simultaneously, is transmitted to the 
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oscilloscope 700 to be expressed as a graph as shoWn in 
FIG. 6 indicating TDC (top dead center) information, and 
stroke and position of the piston. 

[0058] Each Waveform phase difference is considered 
through the graphs displayed on the oscilloscope, and from 
the TDC stroke of the crankshaft, the crankshaft vibration is, 
visually or using a program, compared to the camshaft 
vibration to measure camshaft distortion and the amount of 
valve lift. 

[0059] In the above, the measuring of valve lift from a 
comparison betWeen crankshaft and camshaft vibration is 
calculated using a value attained by subtracting crankshaft 
vibration level (B) from camshaft vibration level 

[0060] After the above is performed, interference betWeen 
the intake/exhaust valve and the piston is measured. This 
Will be described hereinafter. 

[0061] As shoWn in FIG. 7, in the process of each piston 
undergoing reciprocating motion up to their TDCs, the 
stroke of the valve, opening and closing by the rotation of 
the camshaft, and that of the piston are set such that 
interference therebetWeen does not occur. Here, the interval 
L1 betWeen the TDCs of the valve and piston is measured to 
set a standard value. 

[0062] Next, if the actual interval betWeen the intake/ 
exhaust valve and the piston (measured by the standard 
torque compared to the angle deviation of each shaft and 
torque, measured through torsional vibration of each shaft, 
and belt tension and rigidity), and the interval of the intake/ 
exhaust valve and the piston Without interference therebe 
tWeen are shoWn on a graph, the result is shoWn as shoWn 
in FIG. 9. 

[0063] As shoWn in FIG. 9, there is a difference in valve 
lift betWeen What it Was designed to do and What actually 
happens, as shoWn With line AL, as a result of camshaft 
distortion occurring from various loads caused by tension 
and rigidity of the poWer transmission means and in the 
rotating process. 

[0064] Further, When the valve and piston interval is 
compared from the piston TDC, the actual interval L2 
betWeen the valve and piston is larger than the design value 
interval L1. Accordingly, problems of camshaft distortion or 
tension and rigidity of the poWer transmission means can be 
detected. 

[0065] Accordingly, steps can be taken in the design 
process, e.g., cylinder structure and shaft material changes, 
adjustment of valve timing, etc., such that interference 
betWeen the valves and pistons does not occur. 

[0066] While this invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodi 
ment, but, on the contrary, is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. 

What is claimed is: 
1. A method for measuring interference betWeen a valve 

and a piston, comprising the steps of: 

measuring a standard torque value, related to camshaft 
distortion caused by engine RPM, through voltage 
detecting means; 
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measuring torsional distortion deviation of a crankshaft 
and an injection pump shaft by ?xing the camshaft and 
forcibly rotating the crankshaft by said standard torque 
value; 

measuring vibration generated When the camshaft, the 
crankshaft, and the injection pump shaft are rotated, 
said measuring of vibration being performed using a 
torsional vibration meter and a re?ective tape and 
measuring a crankshaft rotational angle to detect a 
piston TDC position, both measurements being con 
ducted at a predetermined level of engine RPM; 

displaying piston and intake/exhaust valve movement on 
a graph at the piston TDC position after analyZing 
torsional distortion deviation and vibration of each 
shaft; and 

determining Whether there is interference betWeen the 
intake/exhaust valve and the piston by comparing 
design values With that displayed on the graph. 

2. The method of claim 1, Wherein the voltage detecting 
means is comprised of a strain gauge. 

3. The method of claim 1, Wherein strain gauges are 
provided on the camshaft at locations Where distortion from 
poWer transmission is most severe. 

4. The method of claim 2, Wherein strain gauges are 
provided on the camshaft at locations Where distortion from 
poWer transmission is most severe. 

5. The method of claim 1, Wherein the torsional distortion 
deviation is derived from measuring a distortion angle 
through use of protractors provided on sprockets of the 
crankshaft and the injection pump shaft. 

6. The method of claim 1, Wherein the torsional distortion 
deviation is derived from measuring the torsional distortion 
deviation of the crankshaft by ?xing the injection pump 
shaft and forcibly rotating the crankshaft. 

7. A system for measuring interference betWeen a valve 
and a piston Which comprises a crankshaft containing a 
sprocket, a crankshaft ?rst angle detecting means for detect 
ing the crankshaft rotational angle from the crankshaft 
sprocket, 

an injection pump shaft second angle detecting means for 
detecting the injection pump shaft rotational angle, said 
?rst and second angle detecting means measuring the 
torsional distortion deviation of the crankshaft and 
injection pump shaft When torque, equaling the cam 
shaft distortion torque measured With the camshaft in a 
?xed state, is given either to the crankshaft or the 
injection pump shaft, said camshaft distortion torque 
being measured by a strain gauge provided at a location 
in the camshaft Where distortion caused by torque from 
poWer transmission is most severe, the crankshaft, the 
injection pump shaft and the camshaft being connected 
through poWer transmission means, 

re?ective tape adhered to an outside circumference of 
sprockets provided on each shaft, the re?ective tape 
being made of a material Which re?ects light; 

torsional vibration detecting means for emitting light 
toWard each sprocket of each rotating shaft and receiv 
ing the re?ection of this light, re?ected by the re?ective 
tape, and for outputting the vibration of each shaft as an 
AC component signal; 
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amplifying means for amplifying said output AC compo 
nent signal; 

recording means for storing, in a predetermined format, 
piston position information and AC component signals 
related to the vibration of each shaft; and 

Waveform display means for graphically displaying the 
information of the piston position and the AC compo 
nent signal relating to vibration of each shaft. 

8. The system of claim 7, Wherein said strain gauge 
comprises four resistors connected to each other through a 
Wheatstone bridge having ?rst and second output terminals, 
and the system further comprising: 
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a ?rst signal processor for processing signals output from 
the ?rst output terminal of the Wheatstone bridge; 

a second signal processor for processing signals output 
from the second output terminal of the Wheatstone 
bridge; and 

a controller for analyZing signals from the ?rst and second 
output terminals to determine camshaft distortion, and 
calculating standard torque from the determined cam 
shaft distortion value and outputting the same. 

9. The system of claim 7, Wherein the crankshaft angle 
detecting means performs a photo interrupting process on 
gear teeth of the crankshaft sprocket. 

* * * * * 


