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A Study on the Performance of Mechanical Crash Sensors
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ABSTRACT

An analysis model is proposed for the performance prediction of typical ball and tube type mechanical
crash sensors based upon mass-spring-viscous gas damping ideahization. Also a construction of mechanical

crash pulse generator 1s suggested as an experimental tool for calibration and verification of model predic-

tions. A sensor tuning procedure for a particular set of crash pulses 15 suggested based upon the analysis

model and the experimental tools.
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Fig.1 Ball-tube-spring type mechanical crash
Sensor.
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Fig.2 Schematic illustration of mechanical crash
pulse generator.

Fig.3 Mechanical crash pulse generator.
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Fig4 An example of 10mph crash pulse data
reproduced by mechanical crash pulse
generator(see Fig.3) and processed by

low pass filter with cutoff frequency of
80Hz.
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Table 1 Maximum ball stroke at 10mph frontal crash for a ball and tube type crash sensor with
ball diameter D=2R=19.05mm, clearance ¢=27.5—25mm, spring constant k=0.03Kgf
/mm, spring pre-compression 5=1—2mm. Predictions are from eq.(8) with damping constant
Cv=0.9
maximum ball stroke Vo (mm) '
c(um) - Rl el =
— — - — - !5_1““11_____ —_— E’TZ@_ —
07 5 prediction 477 ] 3.99__
__experiment 4.0« Via <4.5 3.5 < Ymax <4 ()
0.0 prediction | 5.46 | 459
experiment 0.9« Ymax 6.0 40< Yom <4D |
25 0 prediction | 6T ~ B58
experiment 6.0< Ymax <70 0.0¢ Yo <60 |

Table 2 Crash sensing time at 12mph frontal crash for a ball and tube type crash sensor with ball
diameter D=2R=19.05mm, clearance ¢=27.5—35mm, spring constant k=0.03Kgf/mm,
5=1—2mm and crash sensing stroke s=4—7mm. Predictions are from eq.(8) with damping

constant C,=0.9

| clum) | B 5=lmm |  §=2mm |
| sensing distance s(mm) | 45 40 |
275 - |t 33 | 33
sensing time(msec) I
sensing distance s(mm) } 60 | 45
30.0 L ) Lt 39 . N
sensmg .tlﬂlE (msec ﬁ - 0
_S_anéiﬁg distance s(mm) | | 7.0 | 60
35.0 _ , Lored. 32 32
sensing time(msec) o 33 29 1

Table 3 Crash sensing time at 35mph frontal crash for a ball and tube type crash sensor with ball

diameter D=2R=

19.05mm, clearance ¢=27.5—35mm, spring constant k=0.03Kgf/mm,

5=1—2mm and crash sensing stroke s=4—7mm. Predictions are from eq.(8) with damping

constant Cyv=0.9.

sensing distance s(mm)

sensing time(msec)

¢(um)
sensing distance s(mm)
27-5 ] \ tpred,
, Sensing time (msec) ¢ |
| EXP.
sensing distance s(mm)
1 30.0 . . tpred
sensing time(msec)

6= lmm

4.5
22

21

d=2mm

pr&d

60

—

4.0
22
20
4.5

.

_

20
17
6.0
20

]
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Fig.b An example of predicted time response
of ball stroke to crash pulses correspon-
ding to 10mph, 12mph and 35mph
crash speeds for 0=2mm, s=b6mm and
c=3bum(See Table—Table 3 for other
parameter values). Isolated patterns rep-
resent experimentally measured crash se-

nsing points.
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