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Abstract  

The thesis is focused to find optimal and new engine for PS-28 Sport Cruiser, for 

more power and thrust. 

The Rotax 912 ULS is currently the only engine that the client of this work (Czech 

Aircraft Works, hereinafter CZAW) installs into Sport Cruiser aircraft. This four-

cylinder power unit has a maximum take-off power of 100 hp. For more demanding 

customers, the offer will be expanded by Lycoming O-235-L2C, which is also four-

cylinder engine with maximum take-off power 118 hp. Which means, company will 

have bigger option and client gonna be much more satisfied 
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Introduction 

 

1.1 Objectives which should be achieve:  

 

1) The search of available engines and comparison of performance parameters.  

2) Mass and balance analysis for the selected engine.  

3) Calculation of flight envelopes according to the selected regulation.  

4) Engine mount design.  

5) Engine mount test plan. 

 

The aim of the diploma thesis is the engine replacement of light-sport aircraft PS-28 

Cruiser from the current engine to some of the more powerful type. The solution of 

the given problem includes a complex range of design tasks. 

The Rotax 912 ULS is currently the only engine that the client of this work (Czech 

Aircraft Works, hereinafter CZAW) installs into Sport Cruiser aircraft. This four-

cylinder power unit has a maximum take-off power of 100 hp. For more demanding 

customers, the offer will be expanded by Lycoming O-235-L2C, which is also four-

cylinder engine with maximum take-off power 118 hp.  

Second stage is Cg, mass and balance analysis, for this calculations I used Excel. 

On the third stage I calculated Flight envelope and the last level is engine mount 

design, for this design I needed Catia V5(6) software.   

 

 

 

 

 

 

DESIGN OVERVIEW 
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Chapter 2  

 

2.1. BASIC DESIGN 

The Sport Cruiser is used extensively for flight training around the world. It's a 

double-seat, all-metal aircraft, arranged as a low-wing monoplane with cantilevered 

wings and conventional empennage. 

The aircraft has a tricycle fixed landing gear of nose type. The Sport Cruiser has 

been approved for operation in the USA and other countries in the LSA (Light Sport 

Aircraft) category according to the FAA (Federal Aviation Administration) Accepted 

ASTM Consensus Standards. 

 

 Drawing 1. 
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 Drawing 2. 

 

 

 

 

WING 

The wings are of all-metal main spar structure with a rear spar. Each of the two wings 

is attached to the center section fuselage by means of 6 shear bolts. Fuel tank is 

located in each wing with a capacity of 57 litres. Unique lockable storage 

compartment is located in each wing with a load capacity of 10kg each. 

The wing tips are made from carbon-glass composite. Both wings are equipped with 

electrically controlled flaps and ailerons. The right aileron is fitted also with electrical 

trim. 

Position and strobe lights are installed in the wing tips. 

 

TAIL UNIT 

The aircraft tail unit consists of the vertical fin, the rudder, the horizontal stabilizer and 

the elevator with trim tabs. The elevator is well balanced by the electrically controlled 

trim of the elevator. The elevator is equipped also with a balance tab for aircraft 

better controllability and balance of the control forces. 
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FUSELAGE 

The fuselage is designed as a semi monocoque conventional all-metal structure. The 

cockpit fixed frame and the movable frame are made from a composite. The main 

undercarriage is attached directly to the bottom part of the fuselage. The nose 

landing gear is attached to the firewall. 

 

COCKPIT 

The Sport Cruiser boasts by far the most spacious in its class, which provides utmost 

level of comfort and highly ergonomic arrangement to the flying crew. 

 

The canopy window is made from plexiglass and is fitted with two openable side 

windows. There is a luggage compartment behind the pilot seats with the load 

capacity of 18 kg. The instrument desk consists of three panels. Thanks to dual flight 

controls and pedals the aircraft is fully controllable from both pilot seats. The cockpit 

is equipped with adjustable pedals. The first-class choice of materials used for the 

cockpit upholstery, advanced on-board climate control and defogging systems 

together with the easy flight control and high endurance of the aircraft provide for the 

Sport Cruiser being widely recognized also as a true cross-country aircraft. 

 

With the unique baggage lockers integrated into both wings together with the 

spacious baggage compartment located in the rear part of the cockpit, the Sport 

Cruiser will always guarantee optimum flexibility for that weekend away. 

 

TECHNICAL SPECIFICATION 

 

 

Engine : Rotax 912 ULS2 

Power: 100 HP (73.5Kw) at 5800 RPM 

Fuel:        Mogas RON 95, Avgas 100 LL, EN 228 

Propeller:  Sensenich Fixed 3-blade (*) 

Wingspan:                             28.22 ft (8.6 m) 

Length:                             21.72 ft (6.62 m) 
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Height:                             7.60 ft (2.315 m) 

Wing surface area:                       132.4 sq ft (12.3 m²) 

Cockpit width:                             3.85 ft (1.17 m) 

MTOW:                             1,320 lbs (600 kg) 

Empty weight:                        855.4 lbs (388 kg) 

Max. baggage weight in cockpit compartment: 40 lbs (18 kg) 

Max. baggage weight in each wing locker: 22 lbs (10 kg) 

Cruise speed at 3,000 ft and 75% power: 93 KIAS (172 km/h) 

Max. horizontal speed:              119 KIAS (220 km/h) 

VNE : 138 KIAS (255 km/h) 

Stall speed VS0:                31 KIAS (55 km/h) 

Climb rate:                      825 ft/min (4.2 m/s) 

Take-off distance to 50 ft (15 m):  

   Concrete: 1,270 ft (387 m) 

   Grass: 1,499 ft (457 m) 

Braking distance:  

   Concrete: 479 ft (146 m) 

   Grass: 364 ft (111 m) 

Range (30 min. reserve): 516 NM (953 km) 

Endurance:                         5 hours 25 min 

Fuel capacity: 

Average fuel consumption: 
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SPECIFICATIONS AND EQUIPMENT 

 

EQUIPMENT 

 • Locking canopy 

 • Canopy lock signalisation 

 • Flight controls on left & right side 

 • Adjustable pedals (both seats) with breaks 

 • 4-point seat belts (both seats) 

 • Wing locker in each wing 

 • Locking fuel tanks (2x 57 litres) 

 • Electrical aileron trim 

 • Electrical elevator trim 

 • PTT & trim settings on control stick 

 • Electrical flap setting, indicator on MFD 

 • Dual hydraulic brakes 

 • Parking brake 

 • Spats 

 • Positional, strobe & landing light 

 • Canopy sunshade 

 • 12V jack plug 

 • BRS Parachute System (*) 

 

AVIONICS AND INSTRUMENTS 

 • 2x SkyView SV-HDX1100 touch screen both with back-up battery SV-BAT-320 

 • SkyView Internal Autopilot (*) 

 • SV-AP-PANEL Autopilot control panel (*) 

 • SV-KNOB-PANEL Knob control panel (*) 
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 • Primary air data, attitude, heading reference system, SV-ADAHRS-200 

 • Back-up air data, attitude, heading reference system, SV-ADAHRS-201 

 • SkyView SV-GPS-2020 built-in GPS 

 • SV-MAP-270 navigation software 

 • Transponder (S-Mode Class 2) 

 • SV-EMS-220 Engine Monitoring Module 

 • OAT Probe 

 • Pitch Trim Indicator on MFD 

 • Aileron Trim Indicator on MFD 

 • ADS-B receiver SV-ADSB-472 

 • VHF + NAV/COM Garmin GNC 255 

 • Intercom 

 • ELT 

 • Stall Warning 

 • GPS Garmin 796 (*) 

 

 

2.2 Choice of coordinate system  

 

The coordinate system for easier orientation is chosen in accordance with the aircraft 

coordinate set (x, y, z) 

The origin is placed in the center of gravity of the aircraft. This system is firmly 

connected to the aircraft. The x-axis is oriented in the direction of the fuselage axis, 

with its positive sense forward. The z-axis points down fros the aircraft. The y-axis is 

perpendicular to rhe previous twho axis with a positive sense on the pilot’s right hand 

side. All three axis are at right angle to each other. 

 

X-axis – longitudinal axis 

Y- axis – lateral axis 



 
 

17 
 

Z –axis – perpendicular axis 

 

 

Picture 1. 1 Aircraft coordinate system. 

 

 

 

 

 

 

 

 

2.3 Curent Powerplant 

 

ROTAX 912 ULS 

100 hp 
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Picture 2. 1 

DESCRIPTION : 

• 4-cylinder 

• 4-stroke liquid/air-cooled engine with opposed cylinders 

• dry sump forced lubrication with separate oil tank, automatic adjustment by 

hydraulic valve tappet 

• 2 carburetors 

• mechanical fuel pump 

• dual electronic ignition 

• electric starter 

• propeller speed reduction unit 

• air intake system 

 

Price : $18,878. 
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Picture 2. 2 proppeller : sensenich fixed 3- blade 

 

Facts: 

In comparison to the 80 hp version of the Rotax 912 series the 100 hp product line 

offers more power while keeping the weight. This engine series offers a time between 

overhauls of 2.000 hrs and the best power to weight ratio in its class - no surprise 

that this engine is the best selling 4-stroke engine. This series is available as non-

certified (Rotax 912 ULS) and certified engine (Rotax 912 S) according to FAR33. 

 

 

Figure 2. 1. performance and torque 
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Figure 2. 2. Bore, Stroke 

 

 

Figure 2. 3 weight 

 

Figure 2. 4 engine performance 
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Figure 2. 5 Engine torque 

 

Figure 2. 6 Fuel consumption 
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2.4 Engine choises 
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Picture 3. 1 Engine choise 

There are possible engines which was submitted in the company on the picture 3. 

You can see specifications and prices which was available in internet. According to 
this paper  “Czech sport aircraft “  choosed Lycoming O-235.  
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2.5 New Powerplant  

 

Lycoming  

O-235-L2C   

 

 

 

Specifications 

 

 

 

 

 

General characteristics 

 Type:  Certified piston aero-engine 

 Bore: 103.17 mm 

 Stroke: 98.425 mm 

 Displacement:  233.3 in3 (3.823 L) 

 Dry weight: 108.9 kg 

 Full Weight: 117.5 Kg 

https://en.wikipedia.org/wiki/Bore_(engine)
https://en.wikipedia.org/wiki/Stroke_(engine)
https://en.wikipedia.org/wiki/Engine_displacement
https://en.wikipedia.org/wiki/Dry_weight
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 Fuel system:  carburetor 

 Fuel type:  80/87 avgas 

 Cooling system: air-cooled 

 

Power output:  118 hp (88 kW) at 2800 rpm 

 

 Depending on our task, which means, that we need more powerfull engine we can 

compare those two engines and will see that Lycoming has better charatceristics, it’s 

cheaper but heavier and bigger, Theoritically, because of this mass and dimensions I 

have different CG and different nose parts for aircraft, also it’s important to reinforce 

nose landing gear. 
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Mass and balance analysis for the selected engine 

 

(Chapter 3) 

 

 

 

3.1. Three-view drawing 

 

 

 

 

 

                       Figure 7. 
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                                         Figure 8. 

 

                                            Figure 9. 
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3.2 Aircraft empty data: 

 

Weight (without engine) …………………………..  330.4 kg 

Arm ………………………………………………….  432.4 mm 

Moment ……………………………………………..  142 864.96 kg mm 

MAC …………………………………………………  1 500 mm 

 

 

Operating weights : 

 

Pilot …………………………………………………….  85 kg 

Passenger ……………………………………………..  65 kg 

Baggage in cockpit ……………………………………  5 kg 

Baggage in wing lockers ……………………………..  0 

Fuel in tanks …………………………………………… (16.2 – 21 Kg) 

 

 

For Cg calculation we need to find weights, arm and moment. 

Arm can be determine with measurement. There are two kind of 

possibilities, 1) to measure from 0 point (in our case propeller) 2) to 

measure from leading edge. 

I used second variant and got arms. Weights are given, so for moment 

and CG determination we can use  
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 Formulas : 

 

Moment (kg mm) = Weight (kg) x ARM ( mm) , 

𝐶𝐺 =
𝑀(𝑡𝑜𝑡𝑎𝑙) 

𝑊(𝑡𝑜𝑡𝑎𝑙
 (mm). 

 

 

 
Picture 4. 1 Cg calculation with new engine for max. loads. 

You can see CG percentage (in green) for maximum loads on the 

Picture 4. 

 

For Light Sport Aircraft (LSA) MTOW is 600 KG. In our case engine is 

117.5 kg, which means 40-42kg more than Rotax. Because of this 

weight I desided to canceled wing lockers on maximum loads and 

decreased also baggage amount, which was 18 kg.  

With 16.2 kg of fuel we can fly 1 hour with passanger. Which I think is 

quite enough.  
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Picture 5.1  1 All possibilities 

 

We can find all possibilities for flight below 600 Kg on Picture 5.  

 

 
Figure 3. 1Cg and weight diagram 

On the Figure 7. X axe is percentage and Y is Weights.  

Which means that Cg varies between 23.8 - 27.6 % 

We can fly 1 hour with passanger and baggage as I mentioned before, 

but aircraft weight is 535 kg if we don’t have passanger, which means 

that we can use more fuel. 
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Picture 6. 1 Cg calculation for aircraft with fuel, pilot and passanger 

On the picture 6. You can see, that if we use 40 kg fuel MTOW is 618.8 

Kg, which is 18.8 Kg more than 600 Kg.  

 

 

 
Picture 7. 1 Cg calculation with pilot, passanger and 75 % of fuel 

 

There is shown 75% amount of Fuel and other max. loads on the Picture 4. 
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Calculation of flight envelopes according to the selected 

regulation. 

(Chapter 4) 

 

4.1 Input data 

 

 

 

Picture 8. 1Aicraft input data. 
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4.2 Power and Thrust estimation 

 

 

To calculate power and thrust for given aircraft in different altitudes firstly find air 
densities through altitude in ISA table.   

 

 
Picture 9. 1 Aircraft speed properties on different altitutes 

 

 

Max power is calculated by: 

𝑃 = 𝑃𝑚𝑎𝑥 ∗ (1.13 ∗
𝜌(ℎ)

1.225
− 0.13) 

 

Next step is to calculate available power and thrust in different velocities in different 
altitude (results can be found in picture 11-12-13.) : 

 

 
Picture 10. 1 
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Picture 11. 1 

 

 
Picture 12. 1 

 

Available power is calculated by formula: 
𝑃𝑎𝑣 = 𝑃 ∗ 𝑃𝑟𝑜𝑝. 𝑒𝑓𝑓 

Thrust is calculated by formula: 

𝐹 =
𝑃𝑎𝑣

𝑉
 

 

 

 

 

 

4.3 Drag polar estimation 
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Next step calculation of Lift and drag coefficients through height and velocities by 
formulas: 

𝐶𝐿 =
2𝑚𝑡𝑜𝑤𝑔

𝜌𝑣2𝑆
 

𝐶𝐷 = 𝐶𝑑0
+

𝐶𝐿
2

𝜋 ∗ 𝑒 ∗ 𝐴𝑅
 

 

 
Picture 13. 1 lift and drag coefficient in different altitude 

From drag coefficient, Drag can be calculated by formula:  
 

𝐷 =
𝜌𝑣2𝑆𝐶𝐷

2
 

 

 
 

Picture 14. 1 Drag in different altitude 
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Next step is to calculate required power: 
 

 

𝑃𝑟𝑒𝑞 = 𝐷 ∗ 𝑉 

 

 
Picture 15. 1Required power in different altitude 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Analyzed flight regimes: 

 
 Horizontal flight 

 
Now we can graph available power-velocity and required power-velocity graph. 

From where we can find maximum service ceiling altitude speed by finding required 
and available power intersection. Minimum speed can be calculated by formula:  
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𝑉𝑠 = √
2𝑚𝑇𝑂𝑊𝑔

𝜌(𝐻)𝐶𝐿𝑆
 

 

Climb 

Climb speed is calculated by formula: 

𝜔 =
𝑃𝑎𝑣 − 𝑃𝑟𝑒𝑞

𝑊
 

 

 
Picture 16. 1 Climb speed in different altitude 

 

 

 

Because in altitude density is decreasing climb speed is also decreasing. 

 

Formula for climb gradient: 

𝛾 = (
𝑇

𝑊
−

𝐶𝐷

𝐶𝐿
) ∗ 100% 
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Picture 17. 1Climb gradient in different altitude 

 

 

4.5 Gliding (descend) 

 

 
To calculate Aircraft gliding regime we need to start lift coefficient with small value 
like 0.1 and linearly increase until it reaches maximum lift coefficient on stall speed 
without flaps, calculate gliding ratio, velocities and gliding angle for every Lift 
coefficient. 

Formula for gliding ratio: 

𝑘 =
𝐶𝐿

𝐶𝐷
 

Formula for gliding angle: 

tan (
𝐶𝐷

𝐶𝐿
) 

If during flight there will be opposite direction wind coordinate system will move to 
right same length as wind speed. It will be opposite in directional flight. To find best 
gliding ratio we need to make tangent line from origin of coordinate system to Hor. 
Speed vs Vert. speed curve 
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Picture 19. 1 

 

 

 

 

 

 

 Turning 

 
Parameters limitating turns: 

 Structural (load factor)-𝑛 = 4 

 Aerodynamic (𝐶𝐿𝑚𝑎𝑥
)-𝑛 = (

𝑉

𝑉𝑠
)

2

 

 Propulsive (thrust)-𝑛 =
𝐶𝐿

𝐶𝐷
∗

𝑇

𝑊
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Picture 19. 2 

 

 

 Range and Endurance 

 

 

Next step is to calculate Range and Endurance. In this case height is constant 
(2000m). 

Formula for range:  𝑅 =
𝑛∗𝐶𝐿

𝑔∗𝐶𝑝∗𝐶𝑑
∗ 𝑙𝑛 (

𝑊𝑇𝑂𝑊

𝑊𝑓𝑢𝑒𝑙
) 

Formula for endurance: 𝐸 =
𝐶𝐿

3/2
∗𝑛

𝐶𝐷∗𝐶𝑝
√2 ∗ 𝜌 ∗ 𝑆 ∗ (

1

√𝑊𝑇𝑂𝑊
−

1

√𝑊𝑓𝑢𝑒𝑙
) 

Speed for max endurance can be seen in req. power vs Speed graph where req. 
power is minimum 

Speed for max range can be seen in Thrust vs speed graph, where thrust is 
minimum, because when there is minimum thrust there will be minimum fuel 
consumption. 

 

From this graph we can determine maximum range velocity which is minimum drag in 
drag vs velocity. Maximum endurance will be minimum power in power required vs 
speed in altitude. 
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Picture 20. 1 

 

 

 

 

 

 

Picture 21. 1Service ceiling altitute 
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Picture 22. 1P-V Diagram 

 

 

Picture 24.  
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Picture 25. 

 

 

 

 

 

 

Picture 26. 
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4.6 Flight Envelope Diagram 

 

 

 

Picture 27. 

Limit maneuvering load factor for normal category airplane: 

2.1 +
24000

𝑊+1000
= 4.06 Where W = design maximum take-off weight lb. 

Gust load factor: 𝑛 = 1 ±
𝑘𝑔𝜌0𝑈𝑑𝑒𝑉𝑎

2𝑊
𝑆⁄

  where: 𝑘𝑔 =
0.88𝜇𝑔

5.3+𝜇𝑔
= 𝑔𝑢𝑠𝑡 𝑎𝑙𝑙𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟; 

𝜇𝑔 =
2(𝑊

𝑆⁄ )

𝜌𝐶𝑎𝑔
= 𝑎𝑒𝑟𝑜𝑝𝑙𝑎𝑛𝑒 𝑚𝑎𝑠𝑠 𝑟𝑎𝑡𝑖𝑜; 

Ude = Derived gust velocities referred to in CS 23.333 (c) (m/s); 
ρo = Density of air at sea-level (kg/m3) 
ρ = Density of air (kg/m3) at the altitude considered; 
W/S = Wing loading due to the applicable weight of the aeroplane in the particular 
load case (N/m2); 
C = Mean geometric chord (m); 
g = Acceleration due to gravity (m/sec2); 
V = Aeroplane equivalent speed (m/s); 
a = Slope of the aeroplane normal force coefficient curve CNA per radian if the gust 

loads are applied to the wings and horizontal tail surfaces simultaneously by a 

rational method. The wing lift curve slope CL per radian may be used when the gust 

load is applied to the wings only and the horizontal tail gust loads are treated as a 

separate condition. 
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                                         Picture 28. 

 

Picture 29 
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Engine mount design 

Chapter 5 

 

 

Last chapter for my thesis is Engine mount design. For 3D modeling I used Catia V5. 

I searched lot’s of modifications of LSA engine mounts and the most popular and 

optimal chose for me was “rectangular” modification with 4 main hinges, where the 

engine should be fixed and than with 4 main tubes need to be fixed on first cross 

section  

 

 

 

 

Figure 4. 1  Engine mount design in Catia V5 
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Figure 5. 1 

 

On the figure 5.1 you can see back view. From where need to be fixed on the first 

cross section. 
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Figure 6. 1 

On the figure 6.1 you can see main hinge, it is on 90 degree position but it depends 

on situation, if it’s needed we can fix on the tubes with some other possible angle. 

(To be rotated according to engine hinge) 
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Figure 7. 1Engine mount mass 

 

According to the Catia, Engine mount weight is 15.4 kg which is quite good mass, but 

Lycoming engine mass is 117.5 kg, its almost twice heavy than rotax, which means, 

that we need praqtical and calculations in lab to be sure, that this engine mount will 

be okay.  

This is first operations and first calculations.  
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Figure 8.1 

 

Hinge, from where need to fix engine mount on the first cross section with bolts. 
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Figure 9. 1Engine mount assembly drawing (Front view) 
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Engine mount Test Plan 

Chapter 6  

 

 

This chapter will explain the engine bed test procedure, for all cases load according 

to regulation LSA-I.part. 

 

6.1  Test scheme 

 

 

Figure 10. 1Test plan 

   

1) Engine mount                     3) pulley                         5) weight with an accuracy 1kg 

2) Engine imitation (117.5 kg)    4) Trolley with weight 
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 The tesnsile force FTAH is derived drom the weight on the trolley (4), which is 

fixed via a  pulley (3) to the engine model (2) The weight is pre-weighed and then 

loaded onto a cart  

 

 
 Figure 17. 

1) Engine mount 3) Stand 

2) Engine imitation (117.5 kg) 4) Weight with an accuracy 1kg 

 

 

 

The lateral load Fx is derived to the side, again the weight is used to correctly 

determine the force, the force Gx acts from the same place on the engine imitation as 

the force Fy 
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Conclusion 

 

“Czech sport aircraft”  needed to change engine on aircraft PS-28 Sport cruiser, 

which would be more powerfull. 

Curent engine was Rotax 912 ULS, which is very common aircraft 4 cylinder engine 

with 100 hp.  

Because of this I choosed Lycoming O-235 also 4 cylinder engine with 118-120 hp.  

The main problem was weight, which is in total 117.5 kg (almost twice more than 

Rotax). 

According to EASA, LSA max. take of weight should be 600kg,  in my case only 

powerplant was 117.5 kg, only construction was 330 kg. So I decided to made some 

changes, which means, that I canceled wing lockers and decreased baggage 

comparision in the aircraft, also decreased fuel amount and all these gave me 

possibility to fixed Lycoming in the aircraft. 
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