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A Study on Improvement of Launch Performance
for Precision Guided Missile by Live-fire test results
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Abstract Precision Guided Missiles after production and militarization have various characteristics that
enable the final performance to be identified by conducting live-fire tests after long-term storage.
Likewise, the performance and reliability of OO Missiles, which are currently used by the Korean Navy,
are also verified consistently by conducting live-fire tests after militarization. Specially, the live fire test
at '00 year, which was conducted by Korean Navy, showed the result that 'Ring’, which is a component
of the canister's front cover, was jammed with wings for propulsion and then broke away from the
canister during the missile launch process. This situation led to an interruption of the deployment of
wings and finally affected the missile's flight performance. The results of a survey of the canisters of
those missiles whose live fire tests were conducted successfully, based on the live fire test at '00 year,
showed the 'Ring's separation from canisters. This raises recognition for the need to solve the problems
of 'Ring's separation and breakaway. This study suggests an improvement derived by the result of
live-fire tests and introduces the effect of final launch performance of OO Missiles and test result after

applying the improvement.
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Fig. 1. A result of live-fire test(‘00 year)
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Fig. 2. A result of live-fire test(00 year)
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Live-Fire Test

Fail

Cause Analysis

Success

<Plan>
1. Identify Risk Factor
2. Propose Method
for Improvement
3. Planning Test for
Verification

<Do>
Conduct Test for
Verification

<Action>

1. Confirm
Improvement
Method

2. Adjust to PGMs

for Live-Fire Test

<Check>
Check Test Result

Fig. 3. Model for Improvement process of PGMs using
Live-fire test result

opatelo] 2o Heshe AW KNIl A ALY
S 23 YA B9 A £ FASL A7) A
ABE FuIRhc B2 B9 U w3 B2
w2 A BES SUsh Hek A4 BES ) B4
23} 2od B9F 9PRL A, AURL AAS



AR &85 =5 4] 41208 A9E, 2019

AR =, /AR HSES A% AAE E
g5o| Z3HE A, AR S Alde s
A, A5 AEEIE gske 24, /AdERE 2
Stal A-gohs BAR FHEH, 45 AEEY =
A5 M Age AedstA g 2S5 e AT
to] 28" AE Rl A AFAEE AledsiAl
s P23 A s S I Enk

ol s SAEHEAE
durEoz “**H%J% tEo] o ggaclesie
AR Rl AdE fERVIE Resh] fste] Uy
dee 7, R TAR Al B s AR ‘41—‘:}
Aol oste] GAZHAE okd A 3 97
O71A] = AJHlIA TARC =R E FajFofof gt
Y, AR B R AR B sk oY
o2 RE WA A FEFV|E FHI| Hes 5
400k 31, F=F7 7 WAREE IOl A EAE
A} SEHE Fole FeFrlol viAle 9%
asfstofoR geHo-8]. AFH HHEHAS LuAd
SR f=77] A AAE 2 9 71E 9
A Jestxd AEAY, |, AXE o4 % o]
g @Yoz ool # = AAA Y82 Table 134
.

o)

ol m{
we

Table 1. Identifying the risk factors

Details of Risk

No. . .
risk factors expectation

Priority

Possibility of 'Ring's
Separation /
Breakaway from Interrupt the
canister when fracture | deploy-ment of wing’s
of

Canister's cover occurs

Possibility of crash with
PGM and PGM’s
support fixture

2 according to residues

(Urethane foam) inside

the canister after
fracture

'Ring's Separation/
Breakaway

Possibility of inflow
humidity according to
decline sealing
performance of cover

Corrosion of PGM 3

ER7) AR GAEEA NSNS Table 29F 2t

‘

Table 2. Methods of improving the cover of canister

No. Methods of improvement

Solve the 'Ring's Separation / Breakaway
1 by removing a 'Ring' from cover
(Ring' & Cover(Urethane foam) integration)

Add flange notch backside of canister,
2 |for minimize residues(Urethane foam) inside the canister
which are occurred by fracture

Exclude possibility of leakage of air pressure according to
3 verifying a satisfaction of Military-standard(QAR 80074000)
requirement
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Table 3. Tests for verifying the improvement of cover

No. Test Details Notes
Minimize the residues and | Nonjstandard
1 Fracture |verify O pieces of Urethane tr;(zulrement
test foam when .
- Related risk
fracture - .
factors : 1,2
- Standard
{Standards) requirement
Leakage - Initial pressure : 00.0 +| test
2 test 0.0 kPa (QAR 8007-
- Cumulative pressure : 0.0 4000)
kPa/00min. - Related risk
factors : 3
- Non-standard
3 Enduring Over 00.0kPa(Opsi) of requirement
test external pressure . lt{eesltate d risk
factors : 1,2
{High temperature storage) | - Standard
Max.temp. 00C during 00 requirement
Environ |hours x 0 cycles test
4 -ment [{Low temperature stora- (QAR 8007-
test[9]  |ge> 4000)
Min.temp.-00C during 00 | - Related risk
hours factors : 1~3
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Fig. 4. Test equipments for verifying cover’s fracture

Front cover Pressure sensor

<Test Start> <Test Review>

1. Filing gas in Pressure
Chamber

2. Open Valve

3. Inject gas at cover

<Test Preparation>

1. Check the residues of
Urethane foam

2. Verify 0 pieces of
Urethane foam

1. Preparations : Front cover,
Pressure chamber, Pressure
sensor, Measuring
equipment, Canister

2. Assembling Canister &
cover

3. Setting sensor &
Equipment

Fig. 5. Procedure of Fracture test
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Pressure sensor
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Fig. 6. Test of sealing rate
(a) Test equipments (b) Measuring leak pressure

<Test Start> <Test Review>

<Test Preparation>
Check leak pressure
(Cumulative pressure :
00 kpa/00min)

Filing gas in Cover
(Initial pressure : 000 +
00 kPa)

1. Preparations : Front cover,
Pressure sensor, Measuring
equipment, Test fixture

2. Assembling Cover &

Test fixture

3. Setting sensor &

Equipment

Fig. 7. Procedure of Leakage test
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Fig. 8. Enduring & Environment tests
(a) Enduring test against external pressure
(b) Environment Test(High/Low Temp)

<Test Preparation> <Test Start> <Test Review>

1. Check the residues of
Urethane foam

2. Verify 0 pieces of
Urethane foam

3. Check external pressure
(Over 00.0kPa(0psi))

1. Preparations : Front cover,
Pressure chamber, Pressure
sensor, Measuring
equipment, Canister

2. Assembling Canister &
cover

3. Setting sensor &
Equipment

1. Filing gas in Pressure
Chamber

2. Open Valve

3. Inject gas at cover

Fig. 9. Procedure of Enduring test

<Test Start>

1. Put cover into
Temperature chamber

2. Setting temperature

- High : Maxtemp. 00°C
during 00 hours
x 0 cycles

- Low : Mintemp. -00 °C

during 00 hours

<Test Preparation> <Test Review>

Preparations : Front cover,
Temperature chamber

1. Check appearance of
cover
2. Check leak pressure after
doing Leakage Test
(Cumulative pressure :
0.0 kpa/00min)

Fig. 10. Procedure of Environment test
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Table 4. Cover's Improvement Figuration

Table 6. Results of measuring leak pressure(1) [unit : kPal

Improvement Figuration

Ring

Shape

Urethane

{Shape) {Cross section)

- ‘Ring’ removed

- 'Ring'- Cover(Urethane foam) integration

- Silicon spread process removed

Fea- | - Applying flange notch to backside of the

ture 'Cover'

- Two groove points added for extra-binding
force when it's contracted ({cross section)
circles)

Table 5. Figures of Cover’s Notch

Size
Cross shaped width 10mm
notch
(Front side) depth 5.0mm
Flange notch width 1.5mm
(Back side) depth 1.0mm
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Before High Temp. Test
Name Leakage Test Result
Before After esu
Satisfied
#1 13.9 13.77 (10.13)
Satisfied
#2 13.9 13.61 (1028
Satisfied
#3 13.85 13.49 (10.35)
Satisfied
#4 13.90 13.31 (1028)

Table 7. Results of measuring leak pressure(2) [unit : kPa]
After High Temp. Test
(= Before Low Temp. Test)
Name
Leakage Test Result
Before After esu

Satisfied

#1 13.9 13.41 (10.49)
Satisfied

#2 13.88 13.53 (10.34)
Satisfied

#3 13.86 13.61 (10.25)
Satisfied

#4 13.86 13.64 (10.22)

Table 8. Results of measuring leak pressure(3) [unit : kPal

After Low Temp. Test
Name Leakage Test Result
Before After esu

Satisfied

#1 13.88 13.66 (10.13)
Satisfied

#2 13.88 13.73 (10.13)
Satisfied

#3 13.86 13.79 (10.13)
Satisfied

#4 13.90 13.79 (10.13)

Table 9. Fracture Test Results
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Before After

Result

- Cover is fractured by ()
pieces

but flange isn't
broken normally

- Cover is fractured

S
ummary by 0 pieces

Table 12. Live-fire test results after improvement(2)

Before

After

Result

- Interrupt the
deployment of wing's
by Breakaway of
‘Ring’

- Separation / break-
away are cleared
by removing Ring'

Summary

Table 13. Live-fire test results after improvement(3)

Before After

Result

Summary‘ - Residues exist - No Residues exist
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