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Abstract

The live fire test has been playing a critical role in evaluating the goals—to—meet of the weapon
systems which utilize the power of explosives. As such, the successful development of the test systems
therein is quite important. The test systems development covers that of ranges and facilities including
system—level key components such as mission control, instrumentation or observation, safety control,
electric power, launch pad, and so on. In addition, proper operational guidelines are needed with
well—trained test and operation personnel. The emerging weapon systems to be deployed in future
battle field would thus have to be more precise and dynamic, smarter, thereby requiring more
elaboration. Furthermore, the safety consideration is becoming more serious due to the ever—increasing
power of explosives. In such a situation, development of live fire test systems seems to be
challenging. The objective of the paper is on how to incorporate the safety and other requirements in
the development. To achieve the goal, an architectural approach is adopted by utilizing both the system
components relationship and safety requirement when advanced instrumentation technology needs to be
developed and deteriorated components of the range are replaced. As an evaluation method, it is
studied how the level of maturity of the test systems development can be assessed particularly with
the safety requirement considered. Based on the concepts of both systems engineering and SoS
(System—of—Systems) engineering process, an enhanced model for the system readiness level is
proposed by incorporating safety. The maturity model proposed would be helpful in assessing the
maturity of safety—critical systems development whereas the costing model would provide a guide on
how the reasonable test resource allocation plan can be made, which is based on the live fire test
scenario of future complex weapon systems such as SoS.
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[Figure 1] A comparative view of the two
life—cycle models for weapon systems
development: the defense aquisition model in
Korea and the popular V—model.
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process with safety in live fire weapon test
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<Table 1> Technology Readiness Level

Level Definition

1 Basic principles observed and reported

9 Technology ~ concept  and/or  application
formulated

3 Analytical and experimental critical function
and/or characteristic proof of concept

4 component and/or breadboard validation in a
laboratory environment

5 Component and/or breadboard validation in a
relevant environment

6 System/subsystem  model or  prototype
demonstration in a relevant environment

7 System  prototype demonstration in an
operational environment

8 Actual system completed and qualified through
test and demonstration

9 Actual system proven through successful
mission operations
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<Table 3> Systems Readiness Level based on

DoD 6000.02
SRL Development Phase

0.10~ 0.39 Material Solution Analysis

0.40~ 0.59 Technology Development
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0.80~0.89 Production and Deployment
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<Table 4> Risk Hazard Matrix

Negligible | Marginal | Gitical | Catastrophic
Rare 1 1 2 3
Unlikely 1 1 2 4
Possible 2 2 3 4
Likely 3 3 3 4
Certain 3 3 4 4
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[Figure 7] Test resource breakdown structure
for SIS
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<Table 5> Relationship between TLM and

Element
TLM .
No Top—Level Mishap Test Element
1 Inadvertent W/H Telemetry
initiation Optical tracking
9 Inadvertent missile Telemetry
launch Radar
L. Telemetry, Radar,
Inadvertent missile
3 destruct ED system,
Mission control
4 Incorrect target Telemetry
5 Missile fire Telemetry, Radar
6 Missile destruct fails | Radar,
7 Personnel injury
3 Unknown missile | Telemetry, Radar,
state Optical Tracking
9 Inadver.tent explosive Telemetry
denotation
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[Figure 8] Test resource configuration to
assessment system readiness level

<Table 6> Relationship TRL, IRL matrix

Component Integrating
Technologies TRL Technologies IRL
. 1-2,1-3, 887
. Mission ,0,
Control 8 1-4,1-5, 7,
1-6
2. Launch 8 2—1 8
3. Range _
Safety 8 3-1 8
4—-1,4-5,
4. Radar 7 7,6,6
4-6
5. Telemetry 8 5—-1,5—-4 8,6
6. Observation | 9 6—1,6—4 7,6

(2] 12) o webA Aokd A8 A|AL] A|AE A4
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[Figure 8]¢] 7zl tfairl= Hd AsEE 0.76%
Hojzitt,
Safety Factor = %Z (SRF, <15 + (215)
i=1
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<Table 7> Safety Weighting factor
SCFs Risk Safety
CT SSI # L
# matrix # | Weighting
1 3 5 4 0.22
2 1 1 2 0.07
3 3 5 4 0.22
4 4 5 4 0.26
5 3 4 3 0.2
6 — 1 2 0.03
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<Table 8> Relationship TRL, IRL matrix with
safety weighting

CT TRL Integrating IRL Saf.ety .
Technologies Weighting
1-2,1-3,1—4, | 8,8,7

1 8 1-5.1-6 78 0.22

2 8 2—-1 8 0.07

3 8 3-1 8 0.22

4 7 4-1,4-54-6 | 7,8,8 0.26

5 8 5-1,5—-4 8,8 0.2

6 9 6—1,6—4 7,8 0.03
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[Figure 9] System component safety factor
to assessment SRL with safety
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