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Abstract :

Valve spring surge, an internal vibration phenomenon in automobile engines, significantly affects not only the

fatigue life of the spring, but also the dynamic behavior of the valve train. Therefore, it is very important to accurately
measure the spring surging amplitude during the valve train development process. Shear strain gauges are commonly used to
measure the spring surging amplitude, but the optimum gauge attachment location varies by spring manufacturer. In this
study, many experiments were conducted to resolve several disputes regarding the attachment location of the strain gauge.
Furthermore, optimal gauge attachment positions for cylindrical and beehive springs were proposed. In the case of cylindrical
springs, as in the conventional method, the boundary point between the effective coils and the top-end coil is the optimum
position for attaching the gauge. However, in the case of beehive springs, the optimum location depends on the mass and
stiffness distributions of the conical part of the spring. Therefore, it is desirable to attach gauges to all of the boundary points:
between the conical and the top-end coils, between the conical and cylindrical coils, and between the wide pitch and narrow

pitch coils.
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Table 1 Specifications of cylindrical and beehive springs
used in the experiment
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Fig. 1 Valve spring load test equipment (spring height &

equivalent load)
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Cylindrical | Beehive

spring spring
Wire cross section [mm] 3.33x2.88 |3.88x3.10
Inner diameter of the conical part [mm] N/A 12.6
Inner diameter of the cylindrical part [mm] 17.3 18.0
Number of effective turns of the conical

N/A 1.5

part [turn]
Number of effective turns of the wide 44 341
pitch cylindrical part [turn] ’ '
Number of effective turns of the narrow 227 1.85
pitch cylindrical part [turn] ' '
Total number of turns [turn] 8.67 8.76
Free height [mm] 47.44 48.44
Install height [mm] 35.0 383
Install load [N] 186.4 221.0
Height of maximum working load [mm] 26.0 28.0
Maximum working load [N] 382.6 539.0

spring length [mm]

Fig. 2 Test result of spring height-load diagram (cylindrical
springs & beehive springs)

Table 2 Summary of valve spring load test results

Cylindrical | Beehive
spring spring
Install heigh [mm)] 35.0 383
Designed install load [N] 186.4 221.0
Measured install load [N] 186.5 2206
187.6 217.3
Maximum deviation [%o] 0.6 1.7
Heigh of maximum working load [mm] 26.0 28.0
Designed maximum working load [N] 382.6 539.0
. . 387.6 538.8
Measured maximum working load [N] 188.8 543.0
Maximum deviation [%] 1.6 0.7
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Fig. 3 Strain gauge attachment locations on cylindrical spring

Fig. 4 Photo of strain gauges attached to the cylindrical spring
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Fig. 5 Strain gauge attachment locations on beehive spring
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Fig. 6 Photo of strain gauges attached to the beehive spring
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Fig. 7 Strain gauge measurement results for static load
(cylindrical spring)
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Fig. 9 Surging waveforms at each point of cylindrical spring
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