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Abstract As to the spare demand of the multiple irrepairable components of the Weibull type, the method

of Monte-Carlo simulation is employed to compute the demand of spare conveniently. This method is also

applicable to the types of spare with other distributions. Furthermore, the adaptability that using the

exponential method to acquire the spare demand of Weibull type in engineering application is studied.

By reasoning, the result indicates the conservativeness of the exponential method to calculate the spare

demand for the single component approximately. The practical example also shows the conservativeness

of the exponential method in the condition of multiple components. The extent of conservativeness is

mainly related to the supporting time, supporting grade, component number and the shape parameter

of the distribution through brief analysis. Finally, the application occasion of the exponential method is

presented.
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����� �=, 3�&�
������ ���@1, 4 Weibull ����� �	>1@1�2�
3?%A�
4#�@55�, 266�7 �
�3?&
8�, 9���
B�C�; 3D, ��A#4
��)*�#����, "�*�E7:$7;<�89&$8#, 4'( [4–6] 
, ,�B�� 8 :F
�#4%C*�C;�3;�����89&$8�.'*� &!��G,<4Weibull�G, 4%H4)
�����=�I�=�=#*�����, 5�
 2���J�6
�2�3?, 3@1�
K)*�
 �>
; 6D, �=������, LDEF>?������G?�G, , �#��������K8
��89H, 7��@�����G?�G
$	��Æ&� [7−8].  M89H, �@I��NN�26A
!��O��3ABG?%
�!��G, 6�!������� � (�HCP!���) =DJ3?3
�
�������. 8���%A�;%	QBC9�@�
, $��'(&$.

"� Weibull �#��)*�C;�3;������	, �'��C� Monte-Carlo  @���, 3
? E�	�
H����.  M�J�, &$6�!����� Weibull �������KI��	. $
E�!���	L����:D. C
�M	L��
�	�;F�	�
�*�4���N;R��#�.
<GE�!����I�;H.

2 Weibull a=>?@?bABa

4O 1 PE, 	�@I��� 8 IS�A
m(m ≥ 1 F m  $C�) 4��)�%C*�C
;�3;�EQO. A!*��G9�G'JK�
R���, J>K;FLH�3. IJ&$8S*�
 E�;F (0, T ] K������	, �@�	
&
$8S*� (0, T ] KP�G9�D���3ML.
!*�T	U'C�G�,3�GN��M
N��

0

t

11X
11nX

1mX
mmnX

t

T

T

0

Æ 1 DEFGH_cdÆ

V F (t), f (t). IJ: ��W 1 4*�,  ;F (0, T ] K, N�B�G�9�D� n1, 5�
�� n1 4

��. 8 n1 4���G?�V X1i (i = 1, 2, · · · , n1), 5O��3;F
S1n1 = X11 + X12 + · · · + X1n1 (1)

��GN� F (n1)(t) = P{S1n1 ≤ t} =
∫ t

0 f (n1)(t)dt. PN1 (t) = sup {n1, X11 + X12 + · · · + X1n1 ≤ t}. 5
{N1 (t) , t > 0}	>R�G F (t)�>R1� [9];
J�,��W 24*�,$� F (n2) (t) = P {S2n2 ≤ t} =∫ t

0 f (n2) (t)dt,��N2 (t) = sup {n2, X21 + X22 + · · · + X2n2 ≤ t};Wm4*�,� F (nm) (t) = P {Smnm ≤ t}
=
∫ t

0
f (nm) (t)dt, Nm (t) = sup {nm, Xm1 + Xm2 + · · · + Xmnm ≤ t}. IJ8 m 4*� ;F (0, T ] KI�

9�D� N(T )  :
N (T ) = N1 (T ) + N2 (T ) + · · · + Nm (T ) (2)

58 m 4*� ;F (0, T ] K�X1 n D9��O�, J	�
 α (0 < α < 1)  :

α = P{N (T ) ≤ n} (3)

Q (3) E��	�
���������#�. 
%A
PTYO� P {N (T ) ≤ n} �QU�Z[Q,
�@��
>1#�2�3?. '�� !��F�G F (t) = 1 − exp (−λt) ;, �V�	�
����
���#�Q 

χ2
1−α [2 (n + 1)] = 2mλT (4)

(,, $&P�
����>1#�2�GB%AQU�Z[Q. -!��=, 3�
�����=1
��Z[NQT8 @1, ��\�@�I�. '( [10] E��$*�G�Weibull �G�Gamma �G


�)*������� �. 7'(%A� Weibull ����� �	
4#�@55�, 3?�=K8Æ
&.  M�J�, 
%A#*��3����� �, 5 )*� �2�3?��J��
6
�2�3
?, 33?@1�
R>
, 
%AQUZ[Q$>SÆ&. �M�L
WJ
��\���3?��.

3 @?bAKeLfMghi

3.1 jNkO
AW 1 T��R�, ��#*�������#U	3?S� An = {N (T ) ≤ n} �O�.  ��\

V% P {N (T ) ≤ n}, �	���L, ��C� Monte-Carlo ���S� An 	Q�G
� @, W3S
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� An �O�. A�I�9�D� N (T ) 	W4*��9�D���, P�EF
%AW4*��9�D
� N1 (T ) , N2 (T ) , · · · , Nm (T ).

��W 1 4*��9�D� N1 (t) = sup {n1, X11 + X12 + · · · + X1n1 ≤ t}, A� X11, X12, · · · , X1k 	

U'C�G�XH]�, �	�� @^G k 4U'C�G�XH�	 x11, x12, · · · , x1k, X_S� B(k) =
{X11 + X12 + · · · + X1k ≥ T} 	Q�G. N Bk �G, 5YH N1 (T ) = k − 1; Q5, k PS 1, 6
� @,
2AV% N1 (T ), JW 1 4*��9�D�. C�BYD%A N2 (T ) , N3 (T ) , · · ·Nm (T ). IJI�9�D
� N (T ) = N1 (T ) + N2 (T ) + · · · + Nm (T ). �� 1 D�Z, Y N (1) = N (T ).

�@�[ @1� N D,B%A
4A N 4�	#��
\�#, J N ′ = {N (1) , N (2) , · · · , N (N)}.
�3��# N ′ �#Q i (= 0, 1, 2, · · ·) �4�, �VY f0, f1, f2, · · ·. AM���V��9�D�
� i

�Y� P̂ (N(T ) = i) = fi/N . �	���L, ' @D� N 8�;, P̂ (N (T ) = i) �O� P (N (T ) = i)%
`Z].  �^�[_�89H, �R P̂ (N (T ) = i) � P (N (T ) = i) �SZV.

�� P (N (T ) = i),�	 P (N (T ) ≤ i) =
∑i

j=0 P (N (T ) = j),B'J%A9�D��X1 i (= 0, 1, · · ·)
�O� P0, P1, · · · , Pi ��P�����4�. 3�, i ��]��	�@!Z=��. A� Pi `(	XR i

�P�,S\P��, F lim
i→∞

Pi = 1. �M� T(� k0, [% Pk0 ≤ α ≤ Pk0+1. 6�aQ�����% 
	�
 α H������ :

n = k0 + 1 +
α − Pk0

Pk0+1 − Pk0

(5)

��P[, 6� Monte-Carlo����#*�������	���\�, K��\]�G
��*�.
 W3 Pi ;, IS� @D� N .  �	:O� Pi �W3^
, A��_a���U:

lim
N→∞

P

⎡
⎣
√

N
(
P̂i − Pi

)
Pi (1 − Pi)

< x

⎤
⎦ =

∫ x

−∞

1√
2π

exp
(−t2/2

)
dt (6)

�M, ��E�W3b` ε > 0, 5 |P̂i − Pi| < ε �O� 

P
[
|P̂i − Pi| < ε

]
≈ 2Φ

(
ε

√
N

Pi (1 − Pi)

)
− 1 (7)

 	: P̂i � Pi �b`]� ε �O��� β, 
� @D� N IC9:

2Φ

[
ε

√
N

Pi (1 − Pi)

]
− 1 ≥ β,

� 

N ≥
u2

(1+β)/2

ε2
Pi (1 − Pi) .

, Pi (1 − Pi) ≤ 1/4, �M @D�IC9

N ≥
u2

(1+β)/2

4ε2
(8)

B	: Pi �^
. <4# ε = 1%, β = 95%, bZ%�: N ≥ 9604.
3.2 jNlm

�	?�!3, �� m 4�G G (t) = 1 − exp
(−λ′tβ

)
� Weibull �*�, 	�;F T , 	�
 

α ;P�������QUcV4H:
Wn 1 d�� i = 1;

Wn 2 d�� m = 1;

Wn 3 d�� k = 1;
Wn 4 Ae7BX�G U (0, 1) U'^G k 4XH� um1, um2, · · · , umk;

Wn 5 3? Xmj =
[− 1

λ′ ln (1 − umj)
]1/β

, j = 1, 2, · · · , k, %A k 4 Weibull �G�XH]�;

Wn 6 X_S� Amk = {Xm1 + Xm2 + · · · + Xmk ≥ T} 	Q�G, N�G, 5YH N1 = k − 1, Q5,
k PS 1, �@cV 4–5;

Wn 7 m PS 1, �@cV 3–6, B%A N1, N2, · · · , Nm, 53?� N (i) =
∑m

j=1 Nj ;
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Wn 8 iPS 1,�@cV 2–7ÆN D,B%A
4AN 4�	#���#N ′ = {N (i) , i = 1, 2, · · · , N},
�V�3�7�#�
� 0, 1, 2, · · ·, l�4� f0, f1, · · · , fl. (G�V�� P (N(T ) = 0) = f0/N, P (N(T ) =
1) = f1/N , · · ·, P (N (T ) = l) = fl/N ;6R�	 Pl = P (N (T ) ≤ l) =

∑l
j=0 P (N = j)3?� P0, P1, · · · , Pl;

Wn 9 K8 α � P0, P1, · · · , Pl, JA Pk0 ≤ α ≤ Pk0+1, �	 n = k0 + 1 + α−Pk0
Pk0+1−Pk0

����� n.

C�, ��3�
��� (f]!��),  ���G
R�G$BH4�[cV=�=�����.

4 @?bAYKopZL[qrstu

 �@I��, ��G?�G���	��Æ&�, cV	 �#�������8��89H, 7�
��3G?�GK8Æ&.  M89H, ^_NNC�!���JA���O�!��G, H!� �=D
J3?�����. 8���V%�;%	QC9
�, �L

�&$.

!�G G (t) = 1 − exp
(−λ′tβ

)
� Weibull �)*�, 3ABG? µ = 1

λ′1/β Γ (1 + 1/β). �	��
�ABG? µ �F����GN� F (t) = 1 − exp (−t/µ), (G66�!������ �3?.

�� Weibull �)*��89, �	'ÆG"��:�U, 6�!�����������@%KQ�
	L�. �	�'P!���V%�;% 	L���, , 2.2 T Monte-Carlo ��%A�;%P “^�
���”.  K8`\�`V, EFE�H"���.

]^ 4.1 ' Weibull N;R� β > 1, F t < µ ;, � G (t) ≤ F (t).
v_ `( β > 1 ;, � Γ (1 + 1/β) < 1, d t < µ, J µ

t > 1, IJ[
µ/t

Γ (1 + 1/β)

]β

≥ µ

t
,

C� :

tβ−1 ≤ µβ−1

Γβ (1 + 1/β)
= (λ′µ)−1

,

J λ′tβ ≤ t
µ , �,�: G (t) ≤ F (t) .

 �� 4.1 �J�, 6���`a�be:D��\Q$C� k, � G(k) (t) ≤ F (k) (t). IJ:

P (N (T ) ≤ n) = 1 − P {ξ1 + ξ2 + · · · + ξn+1 < T} = 1 − Gn+1 (T ) ≥ 1 − Fn+1 (T ) = α (9)

AM�
Q�U,  ����� n %
;, Weibull ��	�

��!���	�
. IJ C
	�

H, !������
K Weibull �#. fD!���%A�;%	C9	�

��, FQ�	L�. C
�, ��#4 Weibull �*�C;�3;���89, !���3?$Q�	L�.

ca!���DJ;%�	L�
B�%�b` (8d�P3 “	L
”) =b�, J:

σ =
n2 − n1

n1
(10)

3�, n2 �Z!���%A�;%, n1 �Z`����, $J Monte-Carlo ��%A�;%.

5 habw

�� Weibull �#*�C;�3, EF6� Monte-Carlo��3? E�	�
H�^���� n1, 6
6�!���3?�3	L��� n2, $AM3?�	L
 σ, QU�BcV :

1)�	Weibull�G�R� λ′, β,3? µ = 1
λ′1/β Γ (1 + 1/β),H4 λ = 1/µ%� λ.  �\K8,�R�

��ABG?�� 1, �M=g#�C���G?�GR� (β, λ′), 4�#R� : (β, λ′) = (1.5, 0.8577)
: (β, λ′) = (2.0, 0.7584);

2)E�;F T ,	�
 α,�*��� m,�	Q (4)3?�	L��� n2. 	�
 α�V# 0.80�0.90,
	�;F T �V# 1/8, 1/6, 1/4, 1/3, 1/2, 1. *��4�# m = 1, 5, 10, 50, 100;

3) 6� Monte-Carlo ��3?���� n1,  	:3?^
,  @D� N # 10000.
4) �	Q (10) 3?�	L
 σ.
3?;%�VcZ 1–3. Zd��e��	T�,H�V 	L��� n2�̂ ���� n1 �	L
 σ.

�
!��	, W 2)c	L����3?$��6� Monte-Carlo @��, %��;%�6�Q (4) 3?
�Q%h�, 8$�ZD6� Monte-Carlo ��3?#*������;%�$������.
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c 1 dxy (β, λ′) = (1.5, 0.8577), α = 0.8 zef{|gh8ij|ghkf{l
T = 1/8 T = 1/6 T = 1/4 T = 1/3 T = 1/2 T = 1

m = 1 0.9065

0.8332

8.8%

0.9451

0.8514

11.01%

1.1089

0.8895

24.67%

1.3495

0.9413

43.37%

1.6380

1.2399

32.11%

2.3493

1.8656

25.93%

m = 5 1.7914

0.9716

84.38%

2.0214

1.2478

62.00%

2.6941

1.6764

60.71%

3.2333

1.9662

64.44%

4.3175

2.8460

51.70%

7.3621

5.5921

31.65%

m = 10 2.6941

1.4203

89.69%

3.2333

1.7173

88.28%

4.3175

2.4597

75.53%

5.3556

3.0893

73.36%

7.3621

4.7278

55.72%

13.1158

9.8433

33.25%

m = 50 8.8172

3.5711

146.90%

11.2285

4.7403

136.87%

15.9256

7.6472

108.25%

20.5714

10.6983

92.29%

29.6716

17.7404

67.25%

56.4125

41.7950

34.97%

m = 100 15.9256

5.8120

174.01%

20.5714

8.2723

148.68%

29.6716

13.6006

118.16%

38.6547

19.6364

96.85%

56.4125

33.3342

69.23%

108.8691

80.3462

35.50%

c 2 dxy (β, λ′) = (1.5, 0.8577), α = 0.9 zef{|gh8ij|ghkf{l
T = 1/8 T = 1/6 T = 1/4 T = 1/3 T = 1/2 T = 1

m = 1 1.1587

0.9351

23.91%

1.3793

0.9524

44.82%

1.6225

1.0288

57.71%

1.7682

1.3670

29.35%

1.9677

1.6727

17.64%

2.8929

2.3450

23.36%

m = 5 2.2889

1.4301

60.05%

2.6841

1.6862

59.18%

3.3381

1.9869

68.01%

3.9195

2.6151

49.88%

5.1321

3.5380

45.06%

8.5112

6.4441

32.08%

m = 10 3.3381

1.8221

83.20%

3.9195

2.1417

83.01%

5.1321

2.8987

77.05%

6.3114

3.8183

65.29%

8.5112

5.5530

53.27%

14.6824

10.9437

34.16%

m = 50 10.0456

4.2183

138.14%

12.6658

5.6720

123.30%

17.6596

8.6894

103.23%

22.5277

12.0625

86.76%

32.0024

19.4841

64.25%

59.6794

44.2292

34.93%

m = 100 17.6596

6.8278

158.64%

22.5277

9.4354

138.76%

32.0024

15.1831

110.78%

41.3527

21.4387

92.89%

59.6794

35.8691

66.38%

113.4316

83.8983

35.20%

�Z 1–3 �;%��R�, 6�!���3? m > 1 ; Weibull �#*�89;, ;%$		L�. Q
U�4HML:

1)  ���GR��	�
�	�;F
��89H, !����	L
XR*��� m �P#,P
�;

2)  %Ci�H, `���%A�����`X	�;FPgS\P�, ,!����	L
X	�;
FPg,S\�];

3)  %Ci�H, !����	L
XR	�

���
IUh�]fg;

4)  %Ci�H, !����	L
XRN;R� β �P�,P�. 4Z 3 ��	L
D`K$`4
Z�%I�	L

�.

 ��I��,!����	L
 hJijK��6k��@89,�. >N��K8C)�Weibull
�#*�:��, 4
Sjm�Hl
^�, 3N;R�
B	e� 1–2 �F�, *��� m 
B 10 4
��5�K, '	�;F ABG?�K;, 6�!���%A�;%�`�Q%`��, 	L
]� 1. <
4� 10 4ABG? 8 ��*� <, 3N;R� β  1.5, 	�;F 8 �, 	�
 0.8 �89H, ^
���	L�%` 3.273, 	L
 33.25%. ,��K8@1���, *��� m 8#;:\N;R���
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2, M;J[	�;F8�, !���%A�;%fK`�Q	LZ#, 4 m # 100 4, 3�i��], 	L

 35.50%, ,b`[A 28.52.

c 3 dxy (β, λ′) = (2.0, 0.7584), α = 0.8 zef{|gh8ij|ghkf{l
T = 1/8 T = 1/6 T = 1/4 T = 1/3 T = 1/2 T = 1

m = 1 0.90652

0.8105

11.85%

0.9451

0.8204

15.20%

1.1089

0.8420

31.70%

1.3495

0.8723

54.71%

1.6380

0.9731

68.33%

2.3493

1.7273

36.01%

m = 5 1.7914

0.8472

111.45%

2.0214

0.8999

124.62%

2.6941

1.1009

144.72%

3.2333

1.5313

111.15%

4.3175

2.1924

96.93%

7.3621

4.8266

52.53%

m = 10 2.6941

0.8980

200.01%

3.2333

0.9955

224.79%

4.3175

1.6155

167.25%

5.3556

2.0048

167.14%

7.3621

3.4289

114.71%

13.1158

8.4863

54.55%

m = 50 8.8172

1.7720

397.58%

11.2285

2.4626

355.96%

15.9256

4.1627

282.58%

20.5714

6.3516

223.88%

29.6716

12.0964

145.29%

56.4125

35.5586

58.65%

m = 100 15.9256

2.6622

498.21%

20.5714

3.8745

430.94%

29.6716

7.1219

316.62%

38.6547

11.3908

239.35%

56.4125

22.1182

155.05%

108.8691

68.0976

59.87%
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