Example 1

The position of a slider-crank mechanism is required to be s, =35 mm when §=10". If the
actual position s is outside the tolerance range s, £0.1 mm, it is considered that a failure occurs.
The design variables are independent and follow normal distributions of
a~N(11.3,0.067)mm, b~ N(25.3,0.02°)mm, and e ~ N(6.5,0.01°) mm . Use the First Order
Second Moment (FOSM) method to calculate the probability of failure.
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Solution:

The vector of random variables is X =(a,b,e). The actual position of the slider is given by

s:acos«9+\,"’b2 —(e+asing)®
Since the tolerance range is s, +0.1, failure occurs when s>s,+0.1 or s<s,—0.1. Let
Y, =0,(X)=s,+0.1-s, and Y, =g,(X) =s—(s, —0.1). Then, the probability of failure of the
mechanism is given by
p; =Pr(Y; <0)+Pr(Y, <0)
Since the design variables are independent and follow normal distributions, Y, and Y, also
follow normal distributions with Y, ~ N(yyl,cffl) and Y, ~ N(yyz,cffz), respectively.

According to the FOSM method, the mean and standard deviation of Y, are calculated by



t, =G (ny) =(s,+0.2) —(ya coseJr\/(yb)2 — (1, + p, Sin 6)° ) =0.1288 mm

% __ cos,6?+l L (—2(e+asin8))(sin 6) =-0.9232
da 2| \Jb? (e +asing)?
(b=pty, €=ptp, 8=115)
%_[%[ : L ZJ(Zb)j —-1.0611
\/b —(e+asingd) s o3
% _ |1 ! (—2(e+asin®))) =0.3549
oe 2 Jbz—(e+asin9)2

(b=pt,, €=pt, a=11,)

2 2 2
o, = (5&) o +(6ij o +(aij o
oa ob oe

= |/(-0.9232)" (0.067)? + (~1.0611)° (0.02)° +(0.3549)° (0.01)° =0.0224 mm

Thus, we have

Hy,

O, v,

Pr(Y, <0) = @ (— J = O(-5.7568) = 4.2849x10°°

Similarly, the mean and standard deviation of Y, are calculated by

s, =0 (y) = (,ua c0s 0+ \[(14,)” — (14, + 14, 5in 0)? )—(sa ~0.1) =0.0712 mm

2 _| coso+ L ! (~2(e+asin 6))(sin 6) =0.9232
oa 2| Jb? - (e+asin )’
(b=pty €=t , =115 )
%_L%[ N 2](2b)] ~1.0611
\/b —(e+asinf) s mrt)
9, _|1 ! (~2(e+asin0))) =-0.3549
ce | 2( b’ (e+asing)’

(b=pty, =11, 8=115)



2 2 2
o, = (aij a§+(%j ag{%j o
oa ob oe

= /(0.9232)" (0.067)% + (L.0611)" (0.02)° +(-0.3549)° (0.01)" =0.0224 mm

We have

#,

O, Y,

Pr(Y, <0)=® [— J =®(-3.1797) = 7.371x10™*

The probability of failure of this mechanism is then given by

p, =Pr(Y, <0)+Pr(Y, <0) =4.2849x10° +7.371x10* = 7.371x10™"

Ans.



