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A Performance Analysis of 60 Horsepower Vertical Mounted Gasoline
Engine Applied to Multi-copter of Unmanned Aircraft Vehicle
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lEasy System Co., Ltd, 155 Daebuljugeo 3-ro, Samho-eup, Yeongam-gun 58457, Korea
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TCorresponding author :
pgccgp@mokpo.ac.kr Abstract >> Multi-copter of unmanned aerial vehicle (UAV) was initially developed

_ as strategic technology in the only military field, but it is developing into an in-
gz\iies'gzd Z g‘;zbnig;?;g% dustrial field with a wide range of applications in the civil sector based on the de-
Accepted 21 December, 2023  Velopmentand convergence of aviation technology and information and commu-

nication technology. Currently, the degree of utilization of multi-copter is increas-
ing in various industries for the purpose of performing classic tactical missions,
logistics transportation, farm management, internet supply, video filming, weath-
er management, life-saving, etc, and active technology development responding
to market demand. Existing commercial multi-copter mainly use an electric en-
ergy propulsion system consisting of an electric battery and a brushless direct
current (BLDC) motor. It is the limitations for usage in the flying time (up to 20 mi-
nutes) and payload (less than 20 kg). this study aims to overcome these limi-
tations and expand the commercialization of engine-powered multi-copter of
UAV in various industries in the futures.

Key words : Unmanned multicopter(£ 2l HE| & E{), Upright gasoline engine(%! &
o 7142l A Xl), Drone(E£), Blade(E 39| E), Hub(3H)
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Table 1. Performance comparison for multi-copter of UAV
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Table 2. General specification for multi-copter

Size 2,400%2,400%1,500 mm without blades
Frame AL
Blade core AL + carbon pipe
Blase Carbon sheets

Category Electric propulsion Engine propulsion
Payload 10-50 kg 200-500 kg Table 3. General specifications for propellant
Flying time 10-20 min 60-120 min Size 240 HP (60 HP x 4 sets)
RPM Max. 2,500-3,000 rpm |Max. 4,500-5,000 rpm Blade core 4-stroke SOHC 4 cylinder with ECU
torque Low High Blase 995 cc (60.8 cubic inches) -> 1 set standards
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Fig. 1. Engine housing and mounng for dis-assembly

Component for Engine main parts

1. Engine cooling water pump
2. Engine coolant (EVANS)
3. ALradiator
4. Reserve tank for cooling water
5. Starting motor
6
7
8
9

. Fuel pump
. DC generator

. Ignition coil

. Engine control unit
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Fig. 6. Blade assembly with hub

Vol. 34, No. 6, December 2023
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Table 4. RPM measured value
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Table 5. Full list of test items

No. | Division Test item

1 Max. rpm
T Tolerance of rating RPM

3 Engine Torque
T performance temperature of cooling water
T temperature of oil
? Noise measurement

7 Hovering test (vertical)
T Hovering test (horizontal)
T Pilot chute (emergency)

10 | Drone H/'W Frame drop test, lifting capacity

11

Wind resistance test

12 Dusting, humidity, flighting time
T High and low temperature

14 Higher harmonic wave test
? Elevator moving
7 Aileron moving
7 Drone Rudder moving
18| control Water resistance
179 Stop signal performance
270 Insulation resistance
7 Withstand voltage

22 Signal distance (including vision and data)
23| . Signal reliability test
7 Drone signal Vision recognition
? Obstacle detection

Thrust Torque
rpm
™) (kg) (N-m)
Table 6. Pre-check sheet
1,000 288.37 29.41 40.31
Ground check| Pre-check of multi-copter and control system
1,500 642.62 65.53 89.40 . .
before flying before flying
2,000 1,143.66 116.62 157.23 Multi-conter Visual check the crack, broken balance,
2,500 1,797.47 183.29 245.87 checkp damages for body (mainframe), arm, engine and
3,000 2,584.08 263.50 352.85 driving
3,500 3,535.31 360.50 478.63 Visual check the blades & hub connection, blade
4,000 4.619.74 471.08 621.80 Blade check | external cracks & tw1.st, shaft connection
condition
4,500 5,854.78 597.02 786.85 -
Connect  |Check the control board, wiring, connectors and
5,000 7,236.86 737.96 968.92 check foreign matter inside
5,500 8,735.29 890.76 1,168.08 GCS check Check GPS, antennas, signal strength &
6,000 10,413.40 1,061.88 1,385.21 sensitivity, and display
>> ot A RN XS] =2 X347 Hl6Z 2023 12
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Table 7. RPM measurement test

RPM Test of reliability of constant speed / position

measurement test control for flying

Test criteria within £5% displayed speed

a) Ist inspection of the entire system by
staring engine modules unit (power
on/start)

b) Measuring the change data on 1,500 rpm
for 1 minute

¢) Measuring the change data on 2,500 rpm
for 1 minute

d) Measuring the change data on 3,500 rpm
for 1 minute

¢) Measuring the change data on 4,500 rpm
for 1 minute

f) The test is completed by turn off (power

off)

Test method

If the number of RPM is measured within the

displayed range of the criteria, it is judged as

pass. If it is out of the it, retest after additional
maintenance

Test criterion
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Table 8. Before remodel RPM measurement test
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RPM measurement
Time
7EG 0:05 0:10 0:15 0:20 0:25 0:30 0:35 0:40 0:45 0:50 0:55 1:00
Enginel 1197 947 925 933 926 919 913 915 917 930 934 939
Engine2 1223 956 940 945 945 941 929 933 938 932 933 941
Engine3 1022 858 866 897 910 918 924 923 919 916 912 899
Engine4 977 920 936 959 978 997 1014 1003 1007 1010 1010 1012
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RPM Measurement
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Fig. 14. Before remodel test result of the RPM measurement
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Table 9. After remodel RPM measurement test
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Fig. 15. After remodel test result of the RPM measurement

RPM measurement
Time
7EG 0:05 0:10 0:15 0:20 0:25 0:30 0:35 0:40 0:45 0:50 0:55 1:00
Enginel 1205 928 887 871 861 859 853 856 858 855 859 864
Engine2 1338 965 907 890 892 901 900 906 908 905 901 901
Engine3 1071 870 841 826 810 809 814 811 812 813 811 805
Engine4 1260 881 871 851 848 846 846 849 850 854 854 853
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