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Development of a Fire-fighting Drone having a Grenade Launcher
and Powder Fire Extinguisher for Suppressing Initial Fires in
High-rise Buildings
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Abstract This paper proposes a fire-fighting drone for early fire suppression in high-rise building fires
at a height that the elevated ladder of a fire engine cannot access. The proposed drone was designed
and manufactured with a body structure with six propellers and a flight control system based on open
source and hardware, and the total take-off weight was 23.07 kg. As fire-fighting mission equipment,
the drone was equipped with a grenade launcher to fire three CO; gas grenades and a commercial fire
extinguisher. Experiments confirmed that a grenade fired from a hovering drone at a height of
approximately 2m threw the canister at a target point approximately 10m away with an accuracy of
approximately 80%. The extinguishing powder of the powder extinguisher could be sprayed over 6m. In
addition, the proposed drone could rise to an altitude of 114.3m and hover for approximately two

minutes at wind speeds between 8.3 m/s and 9.5 m/s.
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Fig. 1. The concept of fire suppression in high-rise
buildings using drone
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Fig. 2. The Fire grenade launcher.
(a) 3D modeling, (b) Manufactured prototype.
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Fig. 3. Grenade launcher end cap.
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Fig. 4. Powder fire extinguisher structure.
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Fig. 5. Produced and reviewed drone frames.
(a) Quad type, (b) X8 type, (c) Octo type,
(d) Hexa type.
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Table 1. Specifications for developed drone frames

st 2nd 3rd Final
prototype | prototype | prototype | prototype
Type Quad X8 Octo Hexa
Diagonal
Wheelbase 1,380 990 2,050 990
(mm)
Size 990x990 | 990%790 [2,050%2,05| 990x790
(mm) X550 X383 0x643 X383
Battery
(mAh) 12,000 22,000 36,000 22,000
Take-off
Weight 27.68 29.21 34.79 23.07
(ke)
Flight Time 7m 18s 10m 37s 14m 11s 15m 10s
2.2.2 HIOA|AE
EE9] vgiAlo] & ARRIF $HE 213t AoJAAH]

2 o =22 3t FC(Flight Controller)Z &o]
olgHY Sl IEAA PX4 Q=3I 9of
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TUEZE 93t Telemetry radioS AlZ3ct SH=9
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Fig. 6. Flight control system block-diagram.
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Fig. 7. Final drone system. (a) Frame modeling,
(b) Front photo, (c) Mounted senor module,
(d) Mounted camera.
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Fig. 8. Fire grenade imitation for experiment.

Fig. 9. The scene of the fire grenade travel distance test.
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Table 2. Fire grenade travel distance test results
according to open holes number of

end-cap

Launch Number of holes opened

round 0 1 2 3
st 26.5 m 204 m 15.6 m 11.5 m
2th 26.8 m 19.6 m 16.5 m 10.6 m
3th 249 m 19.8 m 149 m 11.2 m
4th 27.6 m 20.3 m 159 m 10.5 m
Sth 259 m 21.6 m 17.6 m 12.2 m

Average 26.34 m 20.34 m 16.1 m 11.2 m
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Fig. 10. The scene of the shooting accuracy test at
the target point.
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Table 3. Shooting accuracy test results of fire

grenade
Launch round Elj(?irr?gjirs;efr Target Hitting
1 OK
Ist 2 OK
3 FAIL
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OK
OK
FAIL

2th

OK
OK
OK

3th

OK
OK
FAIL

4th

OK
OK
3 OK

PO [ = | W[ = W= W=

Sth

Target hitting ratio 80 %
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(a) b
Fig. 11. Continuous scenes of launching a fire grenade.
(a) Before launch, (b) Right after launch.
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Table 4. Powder fire extinguisher firing range test ISEPE 27| AUE =82 Z8AFFE Bl
results Sflofele= Igo] "Wasitt AR T4 9 Asel A
Fire Fire Sprayed | Sprayed | Spray —Z—QE}‘I] Zﬂ ]'% -Q]'ZHX]CQ"Q‘ EE2 7 J—‘%“?ﬂl%%ﬂ' 0]"’]
extinguisher | extinguisher | powder | powder | ratio ° A
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