
� 32�� 5� ��������� Vol.32, No.5

2012 � 5 � Systems Engineering — Theory & Practice May, 2012

����: 1000-6788(2012)05-1124-05 �����: TP391.9 �����: A

�� Weibull �������	
��

��� 1,��� 2,��� 1,��� 1

(1. 	
��
� �����, �� 430033; 2. 	
��
� ���, �� 430033)

� � �	�
�������, Weibull 
������� !Æ
"
������
#�
$%�� (&'
"�(). )*
"�(��+,, -.�Æ/0, 12345, 6��7���
��89. :�;< “=>?�@A�B” ��, CÆ Weibull 
�
"
���4�DEFGH
=>I�J"�B�K�, LM��N#�
"�(, OPQR/0�STSU�����. �V
WXYZ�[\�(]^, 23 _: `4�DE!	abcdD, N#�(���23]�
"
�(�45effgh, QRi$"j���, klOP#�mn���89.


�� Weibull op; ����; 
"�(; WXYZ�[
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Abstract Due to the complexity and difficulty of the model, the demand of the Weibull-distributed

spare is often computed with the model of the exponential-distributed spare, often called exponential

method. Although simple in calculation and convenient in engineering, the result of this method is often

conservative to a large extent, and then results in waste of resources. Based on the principle of cumulative

failure probability equal, and the relation that the expected accumulative failure number of the Weibull-

distributed as well as the exponential-distributed spare is equal, it proposes an improved algorithm of

the exponential method. It is more convenient and accurate to acquire the demand of spare. Through

Monte-Carlo simulation and algorithm contrast, research shows that the result with the improved method

reduces the conservativeness largely. It is more close to the real demand when the support time is shorter

than the average life-span. It will prevent from the spare waste with this method.

Keywords Weibull-distributed; demand of the spare; exponential method; Monte-Carlo simulation

1 qr

���������		�
����
��
���
,��� “		�”����
� “

�”�
�		. �� “

�” ������, �����������
�����
����
����, ��
����������, �������������, ���������, ��������. “

�”
�������������������
����, �������, ����
�
�������
���
� [1−2].

��, ��������
���
�� ���������! ��, �!�""�#�����
��#������. $��%&#���', �"�()���* !$, ��+%����"&#,  �
��������'#�,-��. .(,  !/0#� ������$�
���	%"�$1&.

)#, �����
� �2'3��	$*4�(". '3��%��%&+,5!���6, -)
�*��$��
+��������$�'�	�, ",��"%.����6���$. � 1 Tf
84.9998  1 Tf
4 0 TD
("152/T3 1 Tf
84 0 TD
8 0 TD
0 Tc
(�)TB82.6801 102.42 Tm
(.)Tj
/T3 1 Tf5
84640 0 -0.12 4819998 0B
(�)[([3)-6.6(])]TJ2.42 Tm
(")Tj
/T2 1 Tf
84529.8 0 T -0.12 481
/T4 1�2.68ET
q
18B.2(�)T
/T2 1 Tf48 B1.98B991 93464 0 0cm
/Im1 Do
Q
BT")Tj
/T2 1 Tf
84B2 82.14 481c
(�)T#$%&2.68018 Tm
("B.9B)Tj
/0 B.9B""14D
(�)Tj
/T3 c
(�)T'(2.68018 Tm
("7.97)Tj
/0 7.97"�216
(�)Tj
/T4 1(2.68015 Tm
("7.97)Tj
/0 7.97""7.97"�71
(�)Tj
/T2 15Tf
9.92 Tm
("72
(�)Tj
-Tf
9.9626 0 072
(�)Tj
3D
(�)TT2 1 Tf7D
(�)Tj
6/T1 1 Tf
84 07D
(�)Tj
?2.68015 Tm
("7.97)Tj
/0 7.97)Tj327.8423 58.38f4811,D
(�)TTf
84 0�71
(�)Tj
/T2 1./T1 1 Tf
84 07D
(�)Tjc
(�)TAB��



� 5� *+1, 8: E/ Weibull F54G059:61; 1125

�0'�����$7"��1&"��	��
+��", 78 [4–6] .""8�H#	�'9�:��
I2�&#��. %H#1&1, ��0'����������	�, ���3��;<, ��4�J",
��=>����?�@�<=. ��57�"��	�K6+AL, �� Weibull �����	��&B
#�MB>', ",����?8. ��29?�"� Monte-Carlo ���������@N��*	$*
4 [7]. *4���A�C:D'3�B��#�;E, O�J�CP2'3�@��<=, �&�2��<
F. ��)�����"�#�24G��, �$�	$Q�O�HÆ�=I���J. ��4!!���
�",8�0'������	� (J6;K0'��) C
� Weibull �����$. ��B���LM
0'+,, H����@���$�4����$N��2 R, O�'�������O>2781&.

P7�� Weibull �����$�
�I2, ?S1&"0'��D2@����A���E, �E8
� Weibull �0'���%���F!BTGHI�Q'U$���, �"&�R@�0'��, �CSJ
�?�
�
�����$. .P2T<�,JC�KD	$���@�

��������$3.UL,
��(�0'��%UVE�6@����$. <=WF: )���F%GM%&J!���6, R@E�
���X0'��@��<=SJ,N

��$, ��OI"�A��.

2 Weibull 456789:w;<=

2.1 >?@AxBC
� Weibull ����%&+,Æ'. F (t) = 1 − exp(−λtβ), K�GM%&. µ = 1

λ1/β Γ (1 + 1/β). �
�% [0, T ] �F!�����$���� α DF���.&BMB>'. ��4!!��0'��C
�
��$, P%B���LM0'+,���6
�"����$, S-)���GM%& µ 
�"0'+,
Æ' G(t) = 1 − exp(−t/µ). ��, %����� α �, ����$	�.
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6VJDb�[, +d��0'��J�R@E�0'����Weibull ���%.����6���
$ N ′ � N ′′, i8� 3.1 Y�	$��@����4���$ n. .�?��, �\���GM%&�. 1,
+,U'+d�. (β, λ) = (1.5, 0.8577) � (β, λ) = (2.0, 0.7854), ���F� 0.1–1, Fe 0.1, ���+d
� 0.5, 0.6, 0.8, 0.9, 0.95. ��<=]> 1 �> 2. >1')j4�6+d.4���$ n�0'�� N ′ �
R@E�0'�� N ′′.

k 1(β, λ) = (1.5, 0.8577) lm}noWpqr

6?f
c^

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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0.7459

0.6212
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0.8951

0.7454

0.8027

0.9892

0.8125

0.8911

1.1554

0.8939

0.9880

1.2975

0.9915

1.1706

1.4191

1.1766

1.3001

1.5286

1.3386

1.4084

1.6310

1.4834

0.8 0.8216

0.8841

0.8220

0.8678

0.9771

0.8638

0.9171

1.2663

0.9211

1.0011

1.4836

0.9939

1.2519

1.6379

1.2750

1.4329

1.7628

1.4812

1.5815

1.8728

1.6411

1.6819

1.9755

1.7786

1.7730

2.1671

1.9066

1.8560

2.3492

2.0774

0.9 0.9251

0.9954Tj
11



1128 A B / 0 W P C Q X � 32�

5 st

P7��Weibull�<��jY������0'��i%�A��I2,�""&�R@�0'��,
�CSJ�?�
�
�����$. XJC�KD	$���@�

��������$3.UL, �
�(�0'��%UVE�6@����$. <=WF: )���F%GM%&J!���6, R@E��
��X0'��@��<=SJ,N

��$, ��OI"�A��. �:4, )���F����GM
%&�, R@�0'��@��<=�A��^�, �a�<=@Nj�S@�4���$��,N2j�
@&
1&.

k 3 (β, λ) = (1.5, 0.8577) l N ′′/n Wu~

6?f
c^

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.5 0.9998 0.9985 1.0072 0.9896 0.9987 0.9937 0.9978 1.0188 1.0335 1.0445

0.6 0.9998 0.9981 1.0002 0.9987 1.0122 1.0031 1.0035 1.0051 1.0296 1.0533

0.8 1.0005 0.9954 1.0044 0.9928 1.0185 1.0337 1.0377 1.0575 1.0754 1.1193

0.9 0.9996 0.9969 1.0158 1.0205 1.0273 1.0379 1.0540 1.1668 1.1733 1.1582

0.95 0.9979 1.0055 1.0125 1.0171 1.0353 1.1283 1.1640 1.1309 1.1166 1.1350

k 4 (β, λ) = (2.0, 0.7854) l N ′′/n Wu~

6?f
c^

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.5 1.0016 1.0017 1.0013 1.0019 0.9966 1.0097 0.9911 0.9956 0.9890 1.0425

0.6 0.9988 1.0013 1.0048 0.9982 0.9989 0.9971 1.0027 0.9819 1.0332 1.0736

0.8 1.0010 0.9990 0.9984 0.9958 1.0034 1.0432 1.0388 1.0722 1.0954 1.1349

0.9 0.9986 1.0013 1.0037 1.0187 1.0262 1.0392 1.0598 1.0877 1.2266 1.3455

0.95 0.9999 0.9982 0.9995 1.0105 1.0240 1.0461 1.1344 1.2968 1.3647 1.2720
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