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A System Dynamics Approach of the Influences on the Operational
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Abstract Each modern social field uses expensive high-tech equipment. In particular, innovative
weapons systems are deployed and utilized in the defense sector, and efforts are made to achieve an
appropriate level of operational availability. On the other hand, meeting the target operational
availability is a difficult task because of limited resource conditions, such as human resources, budget,
and time. Therefore, military managers must identify factors that affect operational availability and make
decisions considering their impact. In this study, the factors affecting operational availability were
identified, and the military maintenance system was modeled from the perspective of system dynamics.
Simulations were conducted by simultaneously changing each influencing factor. Based on the simulation
results, a multiple linear regression analysis with operational availability as a dependent variable was
performed to analyze the influence of each factor. These results are meaningful because they provide
insight into making optimal decisions in the defense sector, where various equipment are being

operated, and the efficiency is becoming important.
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Table 1. Potential influencing factors reflected in each module

Potential Influencin .
Sector 8 | Model variable Contents
Factor
. . * Determine corrective maintenance considering residual
Failure rate Failure rate R . R .
ships that are not subject to preventive maintenance.
A * Determine of maintenance capability.
Operation & . N . . R R . .
repair Maintenance capability | Maintenance time| * If the maintenance capability is low, the maintenance time per
P ship will be long
Preventive maintenance . . . .
X PM period * Determine preventive maintenance cycle.
period
. Inventory . .
Inventory Days of inventory days * Setting for target inventory
control
Leadtime Leadtime * Determine how long it takes to receive repair spare parts.
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Table 2. Equation for main variables

Sector Variable Range Equation Reference
Fail at 0~0.01 Delay fixed [RANDOM UNIFORM(0,0.1,seed),700, RANDOM
afure rate : UNIFORM(0,0.1,seed)]
) ) Delay fixed [RANDOM UNIFORM(1,726,seed),700, RANDOM _ Milicary
Maintenance time| 1~726 UNIFORM(1.726.seed)] internal source,
e Navy(2018)[17]
. . Delay fixed [RANDOM UNIFORM(1,280,seed),700, RANDOM
Operat ~ +280.seed). 700,
A PM period 1~280 UNIFORM(1,280,seed)]
repair
PM Battle field(fleet)/PM period
CM (Fleet - PM)*Failure rate
Maintenance PM+CM
Input (Repair shop/Maintenance time)*MIN(1, XIDZ(Inventory, Backlog, 1))
Inventory 1~230 Delay fixed [RANDOM UNIFORM(1,230,seed),700, RANDOM Moon et al,
days UNIFORM(1,230,seed)] (2021)[18]
Leadti 1~600 Delay fixed [RANDOM UNIFORM(1,600,seed),700, RANDOM Ministry of
cadtime UNIFORM(1,600,seed)] defense(2019)(19]
Requirement Maintenance
Inventory Pre.dlcted SMOOTH(Requirement, Smoothtime)
control requirement
Target inventory Predicted requirement*Inventory days
Inventory 5 . o _ )
adjustment value Target inventory-Inventory-Supplyline
Purchase amount MAX(0.Inventory adjustment value+Predicted requirement)
Use MIN(Backlog, Input)

* Delay fixed (x,y,z) : returns the value x delayed by the delay time y. z is the initial value.
“* RANDOM UNIFORM (x,y,seed number) . returns the random number between the x,y by seed number.

X
o XIDZ(x,y,2) - Z or z (if y=0)

p
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Table 3. Operational availability by simulation

Simulation | ey | PM perioday) | VO Leadume(day) | Average Ao(9
sl 474.93 0.0062 141.9 170.73 280.47 21.63
s2 715.64 0.009 102.5 66.47 527.98 12.78
3 6.615 0.0074 126.53 74.23 339.05 29.03
39,999 9.809 0.000257 65.91 188.12 226.92 78.86
540,000 640.28 0.001 270.33 140.83 149.68 38.28
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Table 4. Multiple regression analysis results for

simulation

Unstandadized Standadized
Category coefficients coefficients i Sig.

B Std.error B
(constant) | 20.33 .156 130.519 | .000
maintenan| —_ o9 | 000 -446  |-156.453| .000
ce time
Inventoryd) a5 .000 070 | -24576 | .000

ays

Leadtime | -.006 .001 .382 134.242 | .000
PM period| .086 .000 .507 178.046 | .000
Failure rate{-1,247.5| 13.502 -.263 -92.392 | .000

R=0.822, K’=0.676, Adjusted K*=0.676
Durbin-Watson . 1.997
F=16,660.8, p=.000
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