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Solid Propellant Cutting Test Improvement Research to reduce
fire damage

Min-Cheol Jung"? Seung-Hwan Gu!, In-Beom Jeon', [I-Hwan Kim*
"Defense Agency for Technology and Quality
’Kangwon National University

2 9 R ERiAE $ETY AGARYEMASRD) A5AY FHS 9o 2 eI AR FE] 9ot
AAHE A o) L AT A Yo Aol =TI 2T FHAFS A/ BY AaW B I
Goto] ABS AL BAS] A B Aol 27 UE 24 BE Y 1A 2AAE ARE AGFORA T
o] 538l FAAZ ALAY AN ol SAAVT A Il ik JeAoR AU S A LT S
St 9 A ol 2427 2 ANE A8 molstel Se] B 21 AAN, £ =R AN Bl
© wgo 2uE g8l BT £89) Ay N EEAE ¥Y A02 BHET

Abstract This study evaluated improvement measures to reduce fire damage in cutting tests to extract
specimens from propulsion engines to perform storage reliability evaluation performance tests for
guided weapons. The propulsion engine cutting test for guided weapons is essential for producing and
analyzing specimens by cutting the combustion tube part of the propulsion engine. The propulsion
engine uses the solid propellant of the rocket motor as fuel, so there is a risk that the propellant inside
is ignited during the cutting test as it is a propellant specialized for ignition. Therefore, the risk factors
that may occur when performing a cutting test were analyzed, and improvements were identified to
eliminate the cause of fires. The safety and efficiency of cutting test operations can be improved using

the results of this paper.
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Fig. 1. The Process of Destroying the Propulsion
Engine
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Fig. 2. The Process of Cutting the Propulsion Engine
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(a) cylindrical cutting (b) belly button cutting
(c) Cubic cutting
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Fig. 5. Process of 4M Risk Analysis
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Table 1. Cause Analysis Using 4M Risk Assessment
Technique

Category

A Work Division Accident Causes and Types
Division

- Risk of musculoskeletal accidents
due to improper working posture,
etc. between handling heavy
objects

- Accidents such as collisions and
seizures with propulsion engines
and equipment for moving
propulsion engines due to
one-person work

- Risk of test object collision and
falling due to crane malfunction
(risk of collision due to test
object rotation and high-speed
operation, etc.)

Propulsion
Engine
Movement

Man
Category
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Propulsion
Engine
Installation

- There is a risk of the test object

breaking away during the cutting
test if the test object is not properly
secured due to unsafe behavior
when placing the test object

Propulsion
Engine Cutting

- Insufficient closure of

explosion-proof door after
installation of test object

- After completing the installation

of the test object, the external
sliding door is not opened.

- Risk of constriction, collision, or

falling caused by unsafe actions
during the process of separating
the cutting equipment and
propulsion engine after the
cutting test

- Risk of disaster due to leaving

the working position or entering
the cutting room during the
cutting test

Machine
Category

Propulsion
Engine
Movement

- Risk of test object falling due to

separation of crane hook release
device

- Risk of test object falling due to

sling belt damage

Propulsion
Engine
Installation

- Decreased safety of propulsion

engine installation due to
malfunction of the cutting
equipment binding part

Propulsion
Engine Cutting

- Risk of test object separation due

to insufficient fixation of the test
object due to malfunction
(breakage, etc.) of the binding
part of the cutting equipment

- Friction and impact to the test

object due to malfunction of the
wire moving part of the cutting
equipment

- If the diamond wire breaks, there

is a risk of damage to surrounding
cutting equipment, mist nozzles,
etc., and damage to workers

- Ignition of propellant due to

abnormal ignition of propellant
during cutting test (spark,
problems with propellant, etc.)

- After propellant ignition, mist fire

extinguishing equipment does not
operate

Clean up after

- Risk of worker cutting accidents

due to operation of cutting

Cutting . .
X equipment when cleaning dust
Operation .
after cutting test
Propulsion | - Risk of fire and explosion due to
Engine static electricity when handling
Movement test materials
Managem | Propulsion | - Improper work due to lack of
ent Engine standard work procedures when
Category | Installation installing a propulsion engine
i - Disaster caused by unauthorized
Propulsion

Engine Cutting

entry by outsiders during the
cutting test

408

- Risk of ignition due to static
electricity of cutting equipment
and test material when handling
test material

- Risk of fire and explosion due to
friction and spark between
diamond wire clearance after
cutting equipment is complete

- Slip due to poor work path and

Propulsion workplace floor condition
Engine - Risk of musculoskeletal disorders
Movement when working in an unstable
posture due to small workspace
i . - Risk of ignition due to accumulation
Media Propulsion ) L
X N of fine dust of propellant inside
Category |Engine Cutting

the cutting room

- When cleaning the propellant dust
after the cutting test, health
problems are caused by worker
inhalation due to the floating of
dust

Clean up after
Cutting
Operation
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Table 2. Number of Fire, Explosion, Health-related

Table 4. Score According to Fire&explosion

and Other Minor Accidents Frequency
Division Man | Machine | Management | Media Impact Impact .
Classification Level Detail
Numbers Related to
Causes of Accidents In case no personal loss due
. Low 1 i
or Accident to an accident
A 4 7 3 2
Expansion In case of a minor injury or
(Fire, Explosion, Medium 2 material loss
health disorder)
In case accident
Causes‘of Other High 3 by accompanied by
Minor 4 2 2 2
. temporary rest of worker
Accidents
) In case fatal accident or lose
Sum 8 9 5 4 Very High 4 of work
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Table 3. Risk Score According to Fire&explosion

Frequency
Probability Probability .
Classification Level Detal
Rare 1 Less than once per 10 year
Unlikely 2 About once every 5 year
Possible 3 About once every 3 year
Probable 4 About once every 1 year
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Table 5. Determination of Risk due to Fire, Explosion, and Health disorders Accients
M Accident Causes and Types Probability | Impact
Category Work Division Precondition Cause of Accident L . Risk Level
Division (Only Ignition or Dust Related Accidents) Level Level
Propulsion Engine _ Physl(‘fil injury . .Rlsk of test ob]e.cl collision and falling due to 1Rare) 4(Yery 4(Moderate)
Movement Explosion, Fire incorrect operation of overhead crane High)
Propellant ignition Explosion, Fire - Insufficient closing of the explosion-proof door after 4(Very .
situation Possibility of casualties) completing the installation of the test object 1(Rare) High) 4(Moderate)
Man Propellant ignition Explosion, Fire - Sliding door is not opened after completion of test 4(Very
Category | Propulsion Engine situation Possibility of casualties) object placement 1(Rare) High) 40Moderate)
Cutting - Risk of constriction collision, or falling caused by
_ Physmfil mlu.ry uns;ffe actlgns during the procﬁss of s.eparatmg the 1Rare) 4(Yery 4(Moderate)
Explosion, Fire cutting equipment and propulsion engine after the High)
cutting test
_ Physm.al mlu.ry Risk of test ob;ec.t falling due to separation of carane| 1(Rare) 4(\. ery 4(Moderate)
Propulsion Engine Explosion, Fire hook release device High)
Movement ssical inj
- Physm.dl mury - Risk of test object falling due to sling belt damage 1(Rare) 4(Yery 4(Moderate)
Explosion, Fire High)
Propulsion Engine - Decreased safety of propulsion engine installation A(Ver
P ne - Explosion, Fire (Breakdown, etc.) of the cutting equipment binding 1(Rare) YY1 4(Moderate)
Installation part High)
- Risk of the test object falling out during the cutting
Machine Peno.dlc eq!Ilemem Explosion, Fire test due to .msufuclen[ fixation of the Fest. object due| 1(Rare) 3(\ ery 3(Minor)
inspection to malfunction(Breakage, etc.) of the binding part of High)
Category . N
the cutting equipment
Testin s ! - During the cutting test, propellant ignition due to test
Propulsion Engine es gf'pe \(ymyne Explosion, Fire object friction and impact due to malfunction of the| 3(Possible) | 3(High) 9(Major)
Cutting are far away wire moving part of the cutting equipment
Explosion. Fire - Risk of fire and explosion due to abnormal ignition o
- oxp! . . propellant during cutting test 3(Possible) | 3(High) 9(Major)
Possibility of casualties) -
(Ignition of propellant by spark, etc.)
_ Spread of fire . Afle.r propellant ignition, mist fire extinguishing 1(Rare) A(High) | 40Moderate)
equipment does not operate
The test object is
. . grounded and the . . - Risk of fire and explosion due to static electricity
Propulsion Engine Explosion, Fire . . X . Ny . 4(Very
operator wears o . when handling test items (Using anti-static protective|  1(Rare) ! 4(Moderate)
Movement Possibility of casualties) " X High)
personal safety equipment such as power outage, ground wire, etc.)
equipment
Management Equipment and test . . - When handling test items, there is a risk of ignition .
3 Explosion, Fire ) N R . 4(Very
Category objects are well o . of the cutting equipment and test items due to static| 1(Rare) ) 4(Moderate)
Possibility of casualties) - N N High)
grounded electricity (equipment and test item are grounded)
Propulsion Engine
Cutting - Risk of disaster at the test site due to fire and
_ Explosion, Fire explosion due to friction and sparks when arranging . 4(Very i
Possibility of casualties) diamond wire after completion of operation of 3(Possible) High) 12(Severe)
cutting equipment
Propulsion Engine _ Explosion, Fire e I o ’ $ 4(Very -
- Cutting Possibility of casualties) Risk of ignition due to residual propellant dust 2(Unlikely) High) 8(Major)
Media
Category Clean up after - Risk of mid-to long-term health problems due to
Cutting - Health disorders worker exposure to dust when cleaning propellant 3(Possible) | 3(High) 9(Major)
Operation dust after cutting test
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