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Abstract—The definition and calculation of the operational 
readiness and availability of weapon system have been described. 
The relationship and difference between them have been 
analyzed. On the assumption that the repair time, logistic delay 
time and the relaxation time are subject to different distributions, 
the models and reasoning of combinations of different 
distribution and modeling ideas were carried out, the 
reasonability and typical numerical calculations have been 
presented according to the modeling results and input data. The 
trade-offs analyses between the reliability, maintainability and 
testability indicators based on the modeling results are briefly 
discussed, and several enlightening conclusions are obtained.
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I. INTRODUCTION

Operational readiness and availability of weapon system are 
two concepts that have been used for many years, closely relate 
to each other and have similar connotations. However, in 
specification & standard, academic book and paper, there have 
not been clear conclusions in their connections and differences, 
including their modeling and quantitative calculation between 
them[1-3]. This leads to a lot of confusions and inconvenience 
in practical engineering application. This paper focuses on 
engineering application issues in the development of navy 
vessel and its weapon system and carries out the quantitative 
modeling analysis and exploration in this aspect.

II. DEFINITION AND CALCULATION OF READINESS RATE

Readiness rate of weapon system
ORP is an indicator to 

operational readiness. It means, at any moment, system 
capability to start the execution of preset mission under peace 
time and combat conditions. According to this definition and 
relevant analyses [4], the calculation of readiness rate should 
take into account the operation, repair and support of system. 
For instance, a system can still execute the present combat task 
when there is not failure requiring repair during execution of 
mission, or any failure requiring repair happens, but its repair 
time is shorter than the permissible relaxing time of the task. 
Hence, readiness rate

ORP can be calculated by using the 
following equation.

)tt(P)t(Q)t(RP
dmOR

                                         (1)

In which, )t(R is the probability of no failure when weapon 

system executes the previous task, )t(Q is the probability of 
failure to the previous task, t is the duration of the previous 
task (h), 

mt is the time of failure repair, 
dt is the duration from 

emerge of failure to the start of next task (h) or the repair time 
(relaxation time) permitted by the next task [5].

According to this definition, operational readiness can be 
also presented as follows:

)tt(P))t(R()t(RP dmOR  1                              (2)

Clearly, it is difficult to quantitatively measure the 
readiness rate of weapon system at the stage of research and 
development. Due to the uncertainness of mission time t , 
failure repair time

mt and relaxation time
dt [6,7], it is normally 

believed that readiness rate of weapon system can be actually 
measured under the practical combat conditions after executing 
the assigned mission and task.

III. DEFINITION AND CALCULATION OF AVAILABILITY RATE

Availability refers to the degree of system being at the 
ready to work when it is needed to start the execution of task at 
any time. The probability measure of availability is availability 
rate. To be specific, it is the ability to put weapon system into 
operation at any time. In terms of operation time of weapon 
system, availability can be classified into intrinsic 
availability

iA and operational availability OA . The expression 

for 0A is as follows:

MLDTMTTRMTBF
MTBF

A



0

                                   (3)

In which, MTBF is mean time between failure, which is a 
reliability design parameter of weapon system, MTTR is mean 
time to repair, which is a maintainability design parameter of 
weapon system, and MLDT is mean logistic delay time, which 
is a measure parameter for support ability.

Intrinsic availability only takes into account the availability 
of corrective repair time. In terms of form, it is the availability 
indicator that overlooks mean logistic delay time, so there is:
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Since the availability indicator of weapon system 
comprehensively reflects design parameters including 
reliability, maintainability and supportability, it is often 
regarded as a supportability integration parameter. This 
indicator is also closely related to multiple design parameters of 
weapon system, so it is often used as a substitute indicator of 
operational readiness parameter at research and development 
stage.

IV. PRELIMINARY ANALYSIS ON RELATIONSHIP BETWEEN 

READINESS RATE AND AVAILABILITY RATE

When Equation (2) is used for a weapon system, )(tR can 
be approximately described the percentage of system available 
time in total task time within the period of the previous task, 
while )tt(P

dm
 is the probability when failure repair time is 

lower than relaxation time. Thus, Equation (2) is revised to:

)tt(P)A(AP
dmOR


00

1                         (5)

This equation expresses approximately the relationship 
between readiness rate and availability rate. In other words, 
when relaxation time 

dt =0, there is )tt(P
dm

 =0,
ORP =

OA . 

Therefore, a reference pointed out[7] that availability is the 
representation of operational readiness to specific weapon 
system. With regard to their difference, availability is judged 
based on whether weapon system can function or not. If system 
is in repair, it is not available and all failure repair time is 
entirely unavailable. Operational readiness is judged based on 
the success of mission. When system is at the state of failure, 
but repair time does not exceed relaxation time, it will not 
affect the execution of mission, so weapon system is 
considered ready to work, and calculation of readiness rate is 
not affected. The relaxation time permitted by mission is a 
random factor determined by specific combat mission, force 
structure, composition and combat need to weapon system, 
support ability, etc. If relaxation time is 0, 

ORP and
OA have the 

same value. If relaxation time is higher than 0, 
ORP must have a 

higher value than
OA , but it is still incomparable to

iA . In other 

words, the analysis based on Equation (5) does not solve the 
problem of quantitative relationship for readiness rate and 
availability rate.

V. MODELING FOR RELATIONSHIP BETWEEN READINESS 

RATE AND AVAILABILITY RATE

Since there is seldom basic research on this problem, it is 
necessary to explore the modeling principle and distribution of 
random variables involved in modeling.

With regard to variables involved in modeling, it can be 
first assumed that failure repair time

mt , relaxation time
dt and 

delay time
st are all random variables. Among them, 

mt and
st are 

subject to exponential distribution [8,9] (whose mean values 

are MTTR and MLDT respectively), while 
dt can be arranged to 

follow exponential distribution (whose mean value is MRT) or 
normal distribution [10].

During modeling, the above variables are handled as 
follows:

(1) Under normal circumstances, if dt > mt + st , there is 

ORP =
iA ; if not, there is 

ORP =
OA .

(2) When 
m

t <<
s

t , if 
d

t >
s

t , there is 
OR

P =
i

A ; if not, there 

is
OR

P =
O

A .

(3) Equation (5) is used as model to calculate.

Obviously, the last two cases belong to the approximation 
for the convenience of calculation. By the distribution of the 
above variables and the idea to process, 6 cases of 
combinations about distribution and modeling idea can be 
obtained as follows:

No.1: 
m

t , 
s

t and 
dt are all subject to exponential distribution.

No.2: 
mt and 

st are subject to exponential distribution, 
dt

subject to normal distribution.

No.3: 
m

t <<
s

t can be ignored, 
s

t and 
d

t are subject to 

exponential distribution.

No.4: 
mt <<

st can be ignored, 
st is subject to exponential 

distribution, 
dt is subject to normal distribution.

No.5: Calculation using Equation (5), so it involves only 
m

t
and 

dt , all subject to exponential distribution.

No.6: Calculation using Equation (5), so it involves only 

mt , subject to exponential distribution, and 
dt , subject to 

normal distribution.

Among these 6 cases, No.1, 3 and 5 can have analytic 
solution and obtain clear calculation results, while other cases 
cannot have analytic solution. Due to limited space and for the 
convenience of expression, only the illustrating process for case 
No.1 is presented and the others are omitted.

In case No.1, to a specific repair activity, by the above 
analysis and assumption, we have:

)z(f = )tt(f
sm

 = )t(f
m

* )t(f
s

=  
z

ly)yz( dylee
0

 = )ee(
l

l lzz  





     (6)

In which, MTTR1 ， MLDTl 1 . Meanwhile, there is 

MRT
d

1 .

When 
dt >

mt +
st , there is:

 
)l)((

l
dtedz)ee(

)l(

l
tttP

dd

z

td

d

lzz

smd 



 








 
 

0   (7)
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When dt < mt + st , there is:

 
)l)((

)l(
dtedz)ee(

)l(

l
tttP

dd

ddz td

d

lzz

smd 




 








  

00 (8)

From Equations (7) and (8), there is:

O

dd

dd

i

dd

OR
A

)l)((

)l(
A

)l)((

l
P 














                (9)

All the results of modeling are presented in TABLE I.

The above modeling and compute results can be 
preliminarily analyzed as follows:

(1) For the evolution from No.1 to No.3, we can see, if 

mt <<
st can be ignored, there is 

d  , ∴
d  ≈  , 

dl   ≈ . Hence, No.1 in Equation (9) is evolved into the 

No.3. In other words, case No.3 is approximate to No.1 under 
special circumstances.

TABLE I . MODELING RESULTS FOR CASE NO.1-NO.6

Case 
No.

Distribution Type and Handling Method
Analytic 
Solution iA ’s Coefficient

OA ’s Coefficient

1 mt , st and dt (exponential). Yes
))(( dd l

l






))((

)(

dd

dd

l

l






2 mt and st (exponential), dt (normal). No dxe
l

le
xlxx

2

2
0

2

)(

0
e

1
2

1 















 ）（ dxe
l

le
x

lxx
2

2
0

2

)(

0

e

2

1 


















3
mt << st ignored, 

st and dt (exponential).
Yes

l

l

d  ld

d




4
mt << st ignored, st (exponential), 

dt (normal).
No dxee

x

lx 2

2
0

2
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2
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
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5

Calculation using Equation (5), involving 

only mt (exponential) and dt
(exponential)

Yes
d

OOOR AAP





 )1(

6
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No dxeeAAP
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FIGURE I. COMBINATIONS OF PERSONNEL DELAY AND SPARE PARTS DELAY

(2) Considering the MLDT’s current level and the future 
development trend, the calculation results of No.5 have poor 
accuracy.

(3) If 
dt employs normal distribution, it will result in 

troublesome integral approximate calculation on the interval [0, 
+ ], and there are evidences indicating that the assumption of 
normal distribution is not reasonable to some extent. The 
situation of battlefield is changing all the time, and weapon 
system must execute various missions. The order assigning 
time of next task and its relaxation time can’t vary near a 
central time range. At present, the limited statistical results 
(here omitted) tend to support this judgment. Hence, the further 
analysis on case No.2, 4 and 6 is abandoned.

(4) Based on the current research level and data, it is 
recommended to use the equation of case No.1 for calculation.

VI. SAMPLE ILLUSTRATION AND THE RESULT’S
APPLICATION

A. Calculation Results of Typical Sample

In the stage of weapon system’s research and development,
MTBF and MTTR have clear definitions and been widely 
studied and applied. As an example ,some typical data are 
given herein, that is, ：MTBF=1000, MTTR=2. Similarly, we 
can take MRT=12h.

It must be noted that there is not universal method for 
calculation and analysis of MLDT indicator [11-13]. Here we give 
the following typical calculation approach and results for navy 
vessel’s repair based collected data.

Personnel

1/3 shipment-level repair with delay of 0

1/3 intermediate -level repair with delay of 2

1/3 depot-level repair with delay of 24

Spare Parts
90% spare parts sufficiency, 0

10% delay, 36h
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For ship’s repair activities, MLDT consists of personnel 
delay, spare parts delay and administration delay. The three 
parts are analyzed and calculated as follows:

(1)Personnel Delay: Assuming that equipment’s failure 
onboard has 1/3 shipment-level, intermediate-level and depot-
level recovered respectively (resource data omitted) and their 
personnel delays are as same. And personnel delay for 
shipment-level repair is 0; personnel delay for intermediate -
level repair is 1-3h, taking the average value of 2h; and 
personnel delay for depot-level repair is 24h.

(2) Spare Parts Delay: Considering the above three types of 
repair, the sufficiency of spare parts is 90%. In other words, 
there is no spare parts delay (sufficient spare parts onboard) at 
the rate of 90%. The remaining 10% spare parts delay takes 
36h according to the practice of U.S. navy.

Two kinds of delays above are presented in FIGURE I.

As revealed in the above diagram, the combination time of 
such two delays is 12.30h.

(3) Administration Delay: Administration delay generally
happens during equipment failure onboard, and its time can be 
2-3h. Thus, MLDT=f (personnel delay, spare parts delay, 
administration delay)=15h.

By the typical data above, 
i

A =0.998004 and 
O

A =0.982994 

can be get. Then 
OR

P ’s calculation result can be get in TABLE 

II.

TABLE II. CALCULATION RESULTS OF 
OR

P

Combina

tion No.

Analytic 

Solution
i

A ’s 

Coefficient

OA ’s 

Coefficient ORP

1 Yes 0.376766091 0.623233909 0.988649381

3 Yes 0.43956044 0.56043956 0.989591911

5 Yes —— —— 0.9975706

Based on the result, the input data are changed one by one 
to analyze the sensitivity of parameters and verify the 
conclusion of the previous analysis. For instance, let 
MTTR=0.3, the calculation results of case No.3 and No.1 are 
near same, so calculation results verify the analysis conclusion 
follow TABLE 1. Let MLDT=3, the calculation results of case 
No.5 are obviously abnormal, reflecting that approximate 
results of Equation (5) have poor accuracy in some 
combination of parameters.

B. Application in Trade-off among Reliability, Maintainabi-
lity and Testability Indicators

The above analysis results can be applied widely. For 
instance, Equation (2) can be revised to:

)t(M))t(R(P)t(RP
dDOR

 1                         (10)

In which, 
D

P is fault detection rate, which is one of major 

testability indicators of equipment, and )t(M
d

is maintain 

degree within relaxation time 
dt . Under the support of other 

parameters, this model can be used to calculate the required 
fault detection rates at system or equipment level. If this 
equation is combined with other models, such as, Markov chain
model [14] and analogue method, etc., it can be used to 
determine the required maintainability and testability indicators 
at system or equipment level based on the existing reliability of 
equipment in a concurrent way. Also, it can effectively 
eliminate the current situation that maintainability and 
testability indicators of equipment are subjectively determined 
without theoretical basis, and improve that RMT (Reliability, 
Maintainability, Testability) indicators have no interdependen-
ce and cannot be cooperated among them, so as to provide 
better theoretical basis for equipment’s RMT design and 
development of weapon system.

VII. CONCLUSION

Operational readiness and availability are two important 
concepts in the research & development and operation of 
weapon system. The systematic modeling analysis on their 
relationship can help us identify the quantitative relationship 
between readiness rate and availability rate on the basis of 
existing research, and can be also used in the trade-off analysis 
of reliability, maintainability and testability indicators at the 
research & development stage of weapon system. This paper 
presents the definition of such two concepts and their 
calculation methods, and conducts the modeling analysis and 
quantitative calculation based on their relationship and 
difference, so as to guide practical engineering. The built 
models and calculation results have been applied in the 
quantitative analysis on a ship’s system-level testability 
indicators. The application has revealed that the calculation 
results based the model presented in this paper can satisfy the 
requirements of engineering application, and results fulfill the 
expected goal.
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