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Abstract: Sustained and stable development of forest resources has been focused on world attention, prevention 
and control of forest fires have also been widespread attention around the world. To extinguish the fire in the 
forest-fire spot quickly and effectively, a self-triggering fire-extinguishing bomb fuze sensor is designed, and 
which properties are simulation and analysis. Simulation results show that fire-extinguishing bomb is being 
placed in the fire, fusible link burn out quickly in high temperature conditions, compressed spring is released, 
the firing pin was ejected to impact percussion cap so as to detonate explosives, powder extinguishing agent is 
uniformly blasted, powder is coated on the combustion source to make it extinguished so that the quick and 
reliable long-range extinguishment is achieved. The abilities of extinguishing fire bombs are significantly 
improved, it is not only energy-efficient and environmental but also solving problems about the long-range out 
fire effectively. Therefore, it has good application value to protect the safety of life and property indeed. 
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Sustained and stable development of forest 
resources has been focused on world attention, 
prevention and control of forest fires have also been 
widespread attention around the world. Due to 
population growth of worldwide and accelerating the 
progress of industrialization, the impact of human 
activities on forests is increased and the global 
climate is abnormal changes, leaded to the world's 
forest fires occur frequently [1], which is damaging 
to forest resources and ecological environment is 
very serious [2].  

Used of the current forest fire bombs are mostly 
fuze sensor and delay fuse sensor, which is a small 
fire area, delay fuze of fire bombs is difficult to 
control the preset delay time, if the reason of useless 

for a long time or external climate is supplied to the 
battery of fuse device are prone to problems, which is 
caused in large quantities in a short time and thus can 
not be put in play for the firefighting repressive [3]. 

The main reason of forest fires are difficult to 
extinguish for the fast spread of fire, firefighters can 
not get near the firefighting ,which is led to the 
formation of large area burn cause significant 
damage. If the site no fire extinguishers or fire 
control car can not be arrived at in a very short time, 
only seeing the fire from spreading until the burned. 
Due to firefighting slowly difficult even rushed, so 
how fast and effective to firefighting is becoming 
problem for fire resist. 

Currently individual fire extinguishing equipment 
are equipped with a flame rake, portable water gun, 
pneumatic extinguishers, throwing fire bombs, 
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artillery-type forest fire bombs [4] and firing short-
range artillery fire, etc. [5]. These fire extinguishing 
devices can only achieve common rescue of a small 
range, which can’t be applied to forest fires and 
rescued, it has limitations [6].  

If a fast self-triggering extinguishing fuze sensor 
for forest fires is designed, not only simple design in 
structure, reasonable, safe and reliable, and can be 
remotely quickly extinguished the fire, easily 
maintenance equipment, energy saving, small size, 
light weight in carrying, flame effect is significant, 
you can always put to use in the forest fire, which  
is the great significance to effective prevention  
forest fires. 
 
 

2. Models of Forest Fire Theoretical and 
Analysis of Thermal Decomposition 
Temperature and Ignition of the Flame  
Sensor Materials 

 
2.1. Model Analysis of Forest Fire 
 

Forest fire system is a self-organized critical 
system [7], and its properties can be used to describe 
the model of forest fires. The actual forest fires and 
fire model has the same properties, because the 
model is a cellular automaton model which can be 
represented lattice of two-dimensional grid with trees 
or open space [8]. 

Since forest burning is a phenomenon in 
nature [9], when the fuel is combustion, the fire 
intensity that heat release rate throughout the scene is 
an important symbol of forest fire behavior. Fig. 1 is 
the diagram of the forest fire temperature and fire 
width when the flame is at a certain height, which is 
indicating that the temperature and scale access to 
influential [10].  
 
 

 
 

Fig. 1. Diagram of flame temperature and fire width. 
 
 

Between flame height and temperature of the fire 
is related to the width of the fire, while the height of 
the flame reaches 2 m-3 m, the temperature generally 
is from 800 °C to 1000 °C. Most forest fire is at a 
temperature from 300 °C to 800 °C, large forest fire 
center temperature can reach at 1000 °C. For large 
intensity of forest fires, the temperature gradient is 

not obvious for the strong thermal convection effect 
toward vertical direction, which is often less than  
1 °C / 100 m, while the horizontal temperature 
gradient is obvious. When forest is burn, then fire 
intensity variation is among 20 kW/m to 
100000 kW/m, which is 500-fold difference [10]. 
 
 

2.2. Analysis of the Thermal Decomposition 
Temperature and Ignition of the Flame 
Sensor Materials 

 

Fast flammable material is adopted to flame 
sensor as a sensing device, which is in case of fire or 
high temperatures can be quickly burned, depending 
on the use different environment, then different 
materials can be used to produce various types of fire 
fuze. Some thermal decomposition of combustible 
material and the ignition temperature is shown as 
Table 1. 
 
 
Table 1. Thermal decomposition temperature and ignition 

of the common material. 
 

Solid name 
Thermal 

decomposition 
temperature (°C) 

Ignition (°C) 

Nitrocellulose 40 180 
Celluloid 90-100 150-180 
Hemp 107 150-200 
Cotton 120 210 
Silk 235 250-300 

 
 

Fig. 2 is showed that a fuse material versus time 
graph within the sensor, when the temperature is 
quickly reached a fuse that is disconnected, the time 
required is not the same type of material. 
 
 

 
 

Fig. 2. Thermal decomposition temperature versus time 
diagram of the common substance. 

 
 

3. Working Principle and Structural 
Design of Rapid Trigger Fire Fuze 

 

The rapid trigger fire fuze sensor is designed to 
resolve bombs remotely fire problems quickly and 
effectively fire. The old fire fuze is changed into 
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rapid trigger fire fuze, which is significantly 
improves the ability of extinguishing fire bombs.  
 
 

3.1. Applied Studies in Rapid Trigger Fire 
Fuze of Flame Sensor Material 

 

This fire bomb fuze sensor is mainly composed of 
three parts: First, the fuze body, two insurance 
agencies, third is the trigger mechanism. 

Fire bombs are launched by mortar or shoulder 
fired the howitzer, the firing pin bear great recoil 
moment, firing pin is stuck by safety pin prevented 
from the firing pin movement backwards, the speed 
of the fire bombs reached to the muzzle is maximum, 
The insurance sales is threw outward by centrifugal 
force, then insurance spring is loaded, wings shrapnel 
bounced off is jammed by the ladder slot after wings 
shrapnel top fell ladder slot, speed of the fire bombs 
is reduced insurance will not intervene during  
the flight.  

When fire bombs are in the scene of the fire, fuse 
of the flame sensor device are impacted of the high 
temperature. Because of thermal decomposition 
temperature of different material are related to the 
time, fuse of the flame sensor device are burned out 
quickly in a hot environment, compressed spring is 
released, the firing pin was ejected percussion cap to 
detonate explosives, powder extinguishing agent is 
uniformly blasted, powder covered in fire extinguish 
the fire source after source. 
 
 

3.2. Fuze Body 
 

Fuze body is conical structure, there is a threaded 
at lower portion connected bodies, conical outer wall 
is equipped with the groove which has a fixed 
column, Other members to fuse has the support and 
protection, which the material may be a metal or 
plastic, which is showed as Fig. 3. 
 
 

 
1 – fuze body, 2 – trigger mechanism, 3 – safety mechanism,  

4 – fixed pulley, 5 – blown fuse, 6 – spring, 7 – slider, 8 – stab 
firing pin, 9 – fluted, 10 – fixed leg, – 17 thread, 18 – primer,  

19 – stab firing pin base, 20 – the trigger mechanism,  
22 – insurance agencies room. 

 

Fig. 3. Self-Triggering triggering of a fire extinguishing 
bomb fuzes. 

3.3. Insurance Agencies 
 

Insurance agencies is installed in the insurance 
agency indoor, including insurance slider, insurance 
sales, wings shrapnel, insurance springs, insurance 
sales base and stepped slot, as shown in Fig. 4. 
Insurance sales and insurance sales slide is fixed 
connection, shrapnel wings left is fixed on insurance 
sales slide, Insurance spring is mounted in the middle 
of the slider and insurance sales base, insurance base 
is fixed in the insurance agency left the room. 
 
 

 
11 – insurance sales, 12 – ladder slot, 13 – insurance block,  

14 – wings shrapnel, 15 – insurance spring, 16 – insurance base,  
20 – trigger mechanism room, 22 – insurance agencies room. 

 

Fig. 4. Schematic of insurance agencies. 
 
 

3.4. Trigger Mechanism 
 

Fuze body longitudinally opened a trigger 
mechanism room, diagonal opened a fuse through 
holes, the upper of trigger mechanism chamber is in 
communication with through holes fuse, the outer 
end of fuse through hole is communicating with the 
groove. Lateral of fuze body is opened with insurance 
agencies chamber. Trigger mechanism is installed in 
the Trigger mechanism indoors. Trigger mechanism 
includes firing pin base, firing pin, spring, fuse, fixed 
pulley and the slider, Fixed pulley and the firing pin 
base are fixed on the upper part of the trigger 
mechanism chamber of fuze body, respectively, and 
fixed pulley is located above the base of the firing 
pin. Firing pin is fixedly connected with the slider, 
spring is installed in the middle of the firing pin base 
and the slider, one end connected of the fuse to the 
firing pin fuse is bypass fixed pulley, the other end of 
the fuse through the through-hole, is tied to a fixed 
column. 

Flame sensor apparatus is used to the combustible 
material, which is used as a fast sensing means. Fuse 
can be quickly burned in case of fire or high 
temperatures, then fire bombs will be triggered at the 
top of the flame, and being increased a wide range of 
fire, so that making up the traditional fire fuze used 
percussive mechanical trigger, and shortcomings of 
small fire range. Which is reflected more safe and 
reliable simple and low cost for the structure design 
of fire fuze sensor than traditional insurance 
institutions. 
 
 

4. Analysis of Safety Performance Rapid 
Self-trigger Fire Fuze 

 

Centrifugal insurance institutions are used to 
centrifugal sub arming. Insurance mechanism from 
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the core is used to insurance firing pin. The sub 
centrifugal is usually fixed in the insurance position 
by spring. It is transmitting, while the rotational 
speed of the projectile reaches a certain value, the sub 
centrifuged is against the spring resistance (stretch) 
under the action of centrifugal force, outwardly flied. 
When the sub centrifugal is motioned to a certain 
arming distance, then releasing of the firing pin, 
which is make sure institutions arming. 
 
 

4.1. Force Analysis of Sub Centrifugal  
within the Bore Movement 

 

The sub centrifugal of stress conditions force 
within breech bore is shown in Fig. 5. The 
differential equation of sub centrifugal movement in 
the bore is established. There are some forces in the 

bore, such as centrifugal force 
x

C , the sub 

centrifugal spring resistance force 
x

R , fuze body to 

sub centrifugal counter force N , being locked part 
to the role on the sub centrifugal force R , tangential 

inertial force K , Coriolis inertia force 
g

F , being 

locked part of linear inertial forces to the sub 

centrifugal force 
i

s , being locked part of tangent 

inertial forces to the sub centrifugal force
iK , the  

sub centrifugal straight inertial force of the spring  
system s . 
 
 

ω

--ω

 
 

Fig. 5. Stress analysis of spin detent at inner bore. 
 
 

According to Fig. 2 of stress analysis is showed 
the sub centrifugal movement within the bore of the 
differential equation is: 
 

 2

1 1 22 x x

d x
m C R f N f R

dt
= − − − , (1) 

 

where 
1

f  is the friction coefficient between sub 

centrifugal and the fuze body; 
2

f  is the friction 

coefficient between sub centrifugal and insured parts. 

The expression of forces is put into the 
formula (1), and the following relationship in the 
bore is showed as: 

 

2
V

πω
η

= , 
2
( )a t

πω
η

=  (η  – rifling lead), 

gained the formula (2): 
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4.2. Promoter and Arming Time  
of Sub Centrifugal 

 

As it is known 
0a  according to the validity 

function ( )a t , found out start time of sub centrifugal. 

Putting geometry and algebraic of every friction 
forces are instead to simplify the calculation (the 
maximum error caused by the processing are not 
more than 2%), then the equation of sub centrifugal 
motion is reduced as follow: 
 

 
2

0 0

1 1 2 1
2

( ) ( )

[ ( ) ] ( )

g

g

R
x r x x

m
M

f f f a t f x
im

ω λ

ω

′
= + − + −

+ + −




, (3) 

 

Assumed projectile acceleration in aftereffect 
period is by exponential changing, and that is starting 

at zero, then 0( )( ) t t

g
a t a e α− +=  reintroduction the 

following symbols are followed as: 
 

2 2
g

R
k

m
ω ′

= − , 2 0
0 0 g

R
k r

m

λ
ω

′
= − ,

1 g
u f ω= , 0

1 1 1 2
( ) t

g

M
k f f f a e

im
α− 

= + + 
 

, 

 

and the initial conditions: 0t = , 0x = , 0x =  
The formula (3) can be simplified as: 

 

 2
0 1

2 tx ux k x k k e α−+ − = −  , (4) 

 
So the general solution of formula (4) is: 

 

1 2 0
1 2 2 2 22

t t t kk
x C e C e e

u k k
α α α

α α
−= + − −

− −
, (5) 

 

1 2 1
1 1 2 2 2 22

t t tk
x v C e C e e

u k
α α αα

α α
α α

−= = + +
− −

 , (6) 
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where 
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In order to determine whether the agency is 

released the insurance after the end of period of 

limitation, you can put formula 
0h

t t t= −  into 

formula (5), gained formula 
h

x x= .where 
h

t  is 

after the end of period of limitation; 
h

t  and 
0

t  are 

counted from the muzzle. So that gaining the time 
3

t , 

while x l= . So agency arming time is 

3b h
t t t= + , while is counted from the muzzle. In 

case of formula 
h

x l> , agency arming time while is 

counted from the muzzle is formula 
0 2b

t t t= + . 

The distance of projectile fling to muzzle is formula 

g b
S v t=  [11-13]. 

 
 
5. Simulation Verification and Analysis 

for Safety Performance Rapid  
Self-trigger Fire fuze 

 
According to formula (4) and the general solution 

of formula (5) and formula (6), with 
MATLAB/Simulink/stateflow as a tool to build 
simulation models, pan to sub centrifugal of three 
kinds of insurance institutions spring sports state 
transitions is established by using stateflow. The 
system module packaging technology is used in the 
subsystem, then a judge switch is packaged to 
subsystem in a barrel for the inertial speed being set 
to zero, Wherein setting that when the value through 
port 2 is not zero which the value of the output port 1 
is gained; when the value through port 2 is zero 
which the value of the output port 1 is zero, 
subsystem sub-module is shown in Fig. 6. 
 
 

 
 

Fig. 6. Subsystem Block diagram of system. 

Simulation results is derived based on the 
observed output trajectory, drawn from Simulink 
output trajectory, using by Workspace block and 
writing the output to the workspace and plot the 
results is shown from Fig. 7 to Fig. 11 through 
MATLAB graphics commands. 
 
 

 
 

Fig. 7. Curve of the input acceleration. 
 
 

 
 

Fig. 8. Variation of angular velocity. 
 
 

 
 

Fig. 9. Curve fitting of external changes. 
 
 

The results show that the speed is zero when the 
centrifugal subsystem is held stationary in the insured 
to its parts and the spring force of the pre-pressure 
condition. When the projectile rotates at high speed, 
among the 0~8.2e-3s, the centrifugal force is less 
than zero sub-spring system. When the centrifugal 
force is greater than the combined force and began  
to accelerate movement, reached the top of  
the insurance position is spring dead, and speed 
becomes zero. 
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Fig. 10. Speed change curve. 
 
 

 
 

Fig. 11. Displacement curve. 
 
 

The direction of the centrifugal molecular motion 
is regulated as positive direction, and centroid of 
centrifuge at beginnings stationary is zero. At the 
beginning of Fuze spring sub systems are combined 
force is zero, it is stationary displacement is zero. 
When the projectile is rotated to a certain speed, Fuze 
sub spring system starts moving, gained the start time 
is 8.2e-3 s. Displacement is slowly being increased 
followed by centrifugation at sub-spring system 
began under the combined effect of force. When 
arriving at the 8.892e-3 s, making arming position and 
release the firing pin, lift insurance. By the above 
analysis of the output waveform can be drawn the 
following conclusions: Start time is 8.2e-3 s; arming 
time is 8.892e-3 s. Therefore, this self-triggering rapid 
fire fuze has been designed with practicality. 
 
 

6. Conclusions 
 

This self-triggering rapid fire bomb fuze sensors 
is designed, what structure is simple, novel design, 
reasonable, safe, reliable, rapid fire or high 
temperatures may be triggered automatically, can be 
quickly and accurately tipped and achieved quickly 
and reliably extinguish the flames remotely, 
effectively solve the long-distance fire problems, and 
significantly improve the quality of fire, and does not 
require batteries and power are supplied unit without 
checking within the stipulated time, there isn’t not 

only retirement or leakage occurs, but also energy 
saving and environmental protection. This device is 
designed according to different occasions which is 
used to the corresponding sensitive materials, and 
applicable to different types of fire bombs and 
various scene of the fire, its structure is simple, 
inexpensive, high extinguishing efficiency, so that 
making easily of large-scale application. 
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