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Abstract

In order to include the design capability for a compound rotorcraft in a helicopter conceptual design and optimization 

framework, relevant further improvement was planned and conducted. Previously, a certain conceptual design optimization 

framework was developed by the present authors to design a modern rotorcraft with single main and tail rotor. The previously 

developed framework was further improved to expand its capability for a compound rotorcraft. Specifically, its power 

estimation algorithm was upgraded by using a comprehensive rotorcraft analysis program, CAMRAD II. The presently 

improved conceptual design and optimization framework was validated using data of the XH-59A aircraft. 
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1. Introduction

Compound rotorcraft is one possible solution to achieve 

high speed capability while retaining the hover advantages of a 

helicopter. Previously, a few compound rotorcrafts (Lockheed 

AH-56, Sikorsky XH-59A, Sikorsky X2TD and Eurocopter X3) 

were developed and demonstrated for that purpose.

In general, the cruise flight performance of a conventional 

rotorcraft may be degraded as the forward speed increases 

as a result of low dynamic pressure and stall at the retreating 

side of its rotor disk. In forward flight, the retreating side of 

the disk cannot generate sufficient lift because of the roll 

moment balance. A compound rotorcraft can avoid such 

rotor lift and propulsive limits by the use of additional wings 

to the fuselage while exceeding the rotor propulsive limit by 

applying additional propulsive devices. Therefore, compound 

rotorcrafts have unique configurations and trim establishment 

strategies. Therefore, it may not become straightforward to 

estimate the flight performance of the compound rotorcrafts, 

accurately.

During the past few decades, a few conceptual design 

computer programs have been developed and used by the 

rotorcraft industries [1, 2, 3]. In addition to the single main 

and tail rotor helicopter, preliminary design of compound 

rotorcrafts was conducted using the same programs. The size 

of wings and auxiliary propulsive devices can be determined 

by those programs. However, the capability for designing 

various types of compound rotorcraft was not included. From 

the literature, it is clear that a few versions of the rotorcraft 

conceptual design programs [4, 5] are now being developed 
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and used by industries and research institutes throughout 

the world [6, 7]. However, these programs are not commercial 

products and thus have limited availability. It is found that a 

complete procedure which provided a performance map for 

a new compound rotorcraft based on its preliminary sizing 

results was not included in those existing programs. 

Previously, an improved conceptual design optimization 

framework, named the ‘Helicopter Conceptual Design and 

Optimization Framework’ (HCDO), was developed by the 

present authors to design a single main rotor and tail rotor 

helicopter, which reflected the trend of recent rotorcraft 

technology [8, 9]. Later, design and optimization capabilities 

were added by the present authors for the structural design 

of a rotor system in a compound rotorcraft [10].

Lift offset is the effective lateral displacement of the 

lift vector for each of the rotors from the hub. Lift offset is 

defined as the differential rotor roll moment divided by lift 

and normalized by the rotor radius. In a rotorcraft with lift 

offset, more lift will be generated on the advancing side than 

on the retreating side by introducing a differential lateral 

cyclic pitch through the independent control or variable 

phasing of the pilot inputs, as shown in Fig. 1 [11]. 

The schematic of the concept of the compound rotorcraft 

with lift offset is shown in Fig. 2 [12]. By operating a rotor 

with lift offset, the lift potential in the advancing blades can 

be fully realized and retreating blade stall can be avoided 

or minimized. This concept was embodied in the coaxial 

counter-rotating rigid rotors. The retreating blade in the 

rotor will be unloaded as the forward speed increases. Then, 

the lift will be progressively transferred to the advancing 

side, where the lift is more efficiently generated due to the 

increased dynamic pressure. For that reason, additional lift 

device is generally not installed to the compound rotorcraft 

with lift offset.

Among the previously developed compound rotorcrafts, 

there have been two demonstrators (XH-59A and X2TD) 

with lift offset capability which showed improved 

performance during high-speed forward flights, compared 

to conventional rotorcrafts. Such performance was made 

possible by adopting lift offset.

In this paper, HCDO will be improved to be applicable for 

a compound rotorcraft. The power estimation algorithm will 

also be upgraded using a comprehensive rotorcraft analysis 

program, CAMRAD II [13]. The improved HCDO will be 

validated by using the data of XH-59A which is a compound 

rotorcraft with lift offset. The influence of the rotor structural 

design optimization results obtained from the reference 

[10] on the conceptual design will be examined using the 

presently improved framework.

2. Improvement Strategies

In order to obtain the capability for designing modern 

rotorcrafts with enhanced accuracy and reliability, the 

HCDO program was developed by the authors. The flowchart 

of HCDO is shown in Fig. 3. The estimation formulas for 

rotorcraft sizing and the subsystem weights were updated 

by reflecting the data of modern rotorcrafts. In the algorithm 

for estimating the engine performance, an engine library 

reflecting the characteristics of the latest generation of 

engines was also constructed. In order to improve power 

estimation accuracy, blade element rotor aerodynamics 

and trim analysis were developed and incorporated. An 
Fig. 2. Schematic of the concept of the compound rotorcraft with lift offset [16]
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Fig. 2.  Schematic of the concept of the compound rotorcraft with a 
lift offset [16]

Fig. 1. Control system of an XH-59A compound rotorcraft with lift offset [11]
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Fig. 1.  Control system of an XH-59A compound rotorcraft with a lift 
offset [11]
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external design optimization framework using a genetic 

algorithm, and including an automatic calibration process, 

was established and used. However, the object considered 

in the framework was still a single rotor helicopter with no 

wings, and no auxiliary propulsion. Therefore, additional 

refinement efforts would be required to include the 

compound rotorcraft design capability.

The algorithms that needed to be updated regarding 

the design capability for a compound rotorcraft were 

investigated. In addition to the design capability for a 

single main and tail rotor helicopter, the HCDO program 

provides design capabilities for a tandem rotor helicopter 

with auxiliary propulsion engines. Thus, those capabilities 

would be useful for improving HCDO. Estimation of the 

subsystem sizing and weight estimation of the compound 

rotorcraft could be conducted using the trend formulas of 

the tandem and single main and tail rotor helicopter. For 

example, the trend formulas to design tandem rotors would 

be used to design the rotor. And those to design single 

main and tail rotor helicopter would be used to design the 

fuselage of the compound rotorcraft. Moreover, the weight 

estimation formulas for a tandem helicopter would be used 

in conjunction with appropriate calibration coefficients.

However, the performance of the compound rotorcraft 

was expected to be significantly different from that for a 

tandem helicopter. Therefore, a new estimation algorithm for 

a compound rotorcraft was required. In addition, the inter-

rotor shaft frontal area needed to be taken into accounted to 

provide accurate estimation of the hub drag.

2.1  Helicopter Conceptual Design and Optimization 
Framework

The flowchart of HCDO is shown in Fig. 3. Based on the 

input parameters, the dimensions of the rotorcraft are 

determined by the sizing estimation routine. Based on the 

determined dimensions, the required power of the rotorcraft 

is predicted and an appropriate engine is determined. And 

then, the subsystem weight is estimated from the relevant 

formulas in the subsystem weight estimation routine and 

the fuel available is also obtained. In the mission analysis 

routine, the fuel required for a given mission is estimated. 

An external optimization routine minimizes the difference 

between the fuel available and the fuel required by varying 

the values of the design variables, main rotor built-in twist, 

disk loading, and gross weight.

The estimation formulas for rotorcraft sizing and 

algorithms for estimating the subsystem weights were 

updated based on the data of modern aircrafts. In the 

algorithm for estimating the engine performance, an engine 

library reflecting the characteristics of the latest generation 

of engines was also constructed. In addition, to improve the 

power estimation, blade element rotor aerodynamics and 

trim analysis were developed and incorporated. Moreover, 

an external design optimization framework using GA 

including an automatic calibration process was established.

2.2  Improvement of the Power Required Estimation 
Algorithm

The HCDO program predicts the required power of a 

rotorcraft, based on certain dimensions that were assumed 

and obtained through the rotorcraft sizing estimation 

routine. Most of the performance analysis routines in the 

existing rotorcraft conceptual design programs were based 

on the simple momentum theory with empirical corrections. 

Momentum theory provides clear insight into the basic 

aspects of helicopter rotor analysis, but it has unavoidable 

 
Fig. 3. Flowchart of HCDO [9]
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Fig. 3. Flowchart of HCDO [9]
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limitations in accuracy. Furthermore, detailed airfoil data 

and important design variables, such as built-in twist and 

tip speed, which have a significant influence on the required 

power, cannot be reflected in the momentum theory. To 

improve the power estimation accuracy, blade element 

rotor aerodynamics and trim analysis were developed and 

incorporated into the HCDO program. However, those were 

developed for the single main and tail rotor helicopter.

In this paper, CAMRAD II was used to estimate the power 

required of a compound rotorcraft. The effect of the lift 

offset on the rotorcraft performance could be considered 

in addition to the effect of detailed airfoil data, built-in-

twist, and tip speed. As a result, hover and forward flight 

performance would be estimated accurately.

However, CAMRAD II generally incurs a higher 

computational cost, as explained previously. Thus, instead 

of a direct implementation of CAMRAD II in the HCDO 

program, rotor performance maps of the rotor with lift offset 

were constructed in a form of tables and implemented in 

the HCDO. Based on the dimension data and the operating 

conditions from the HCDO, the hover and forward flight 

performance analysis were conducted by using CAMRAD II. 

And then, using the analysis results, the hover and forward 

flight rotor performance maps of the rotor with lift offset were 

obtained. The present power required estimation process is 

shown in Fig. 4.

Values of the rotor power coefficient divided by the rotor 

solidity (Cp/σ) as functions of weight coefficient divided by 

the rotor solidity (Cw/σ) and tip Mach number, were used 

to estimate the hover performance. Forward flight Cp/σ in 

terms of Cw/σ and advance ratio (μ) were used to estimate the 

forward flight performance. In addition to the values of Cp/σ, 

the values of the auxiliary force as functions of Cw/σ and μ 

were also be used to predict the forward flight performance. 

While the HCDO is operated, the performance of the rotors 

with lift offset and the auxiliary force were estimated by 

conducting a table look-up.

2.3  Improvement of the Estimation of Flat Plate Drag 
Area

The HCDO provides estimation of the flat plate drag area 

of the rotorcraft by a detailed build up approach. Among 

various drag components on a rotorcraft, the hub drag is 

estimated using Eq. (1) for the case of a single main and tail 

rotor helicopter. The hub drag consisted of the drag induced 

by the hub center section and rotor shank as shown in Eq. 

(1) [1].
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3. Validation and Implementation of the Improved HCDO using the Data of the XH-59A and 

optimized XH-59A

The validation of the improved HCDO program was conducted using data of the XH-59A. Then, 

the influence of the rotor structural optimizatio n results on the conceptual design was investigated.

3.1 Optimization of the Rotor Structural Design in Compound Rotorcraft with Lift Offset

A design optimization for the construction of a rotor structure in a compound rotorcraft with lift 

offset was conducted by the present authors [10]. The flowchart of the optimization framework is 

shown in Fig. 5. In this optimization process, enhancements were made regarding the high-speed 

forward flight performance, vibration characteristics, and rotor blade weight of a compound rotorcraft. 

CAMRAD II was used for the aeromechanical analysis, and UM/VABS was used for the detailed 

cross-sectional analysis. Optimized structural properties of the blade and chordwise geometries for 

each blade radial station were obtained. Table 1 shows the results for the objective function in the 

baseline and optimized design. The optimized results led to a significant improvement of 37.6% of the 

vibration index. The vibration index is defined in Eq. (3). In the equation, Fx
NP, Fy

NP, and Fz
NP are 

N/rev forces on hub and Mx
NP, My

NP, and Mz
NP are N/rev Moments on hub. An N-bladed rotor 

transmits N/rev force and moment to the fuselage as the principal source of vibration. Thus, the N/rev 
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process, enhancements were made regarding the high-

speed forward flight performance, vibration characteristics, 

and rotor blade weight of a compound rotorcraft. CAMRAD 

II was used for the aeromechanical analysis, and UM/VABS 

was used for the detailed cross-sectional analysis. Optimized 

structural properties of the blade and chordwise geometries 

for each blade radial station were obtained. Table 1 shows 

the results for the objective function in the baseline and 

optimized design. The optimized results led to a significant 

improvement of 37.6% of the vibration index. The vibration 

index is defined in Eq. (3). In the equation, Fx
NP, Fy

NP, and 

Fz
NP are N/rev forces on hub and Mx

NP, My
NP, and Mz

NP are 

N/rev Moments on hub. An N-bladed rotor transmits N/rev 

force and moment to the fuselage as the principal source of 

vibration. Thus, the N/rev force and moment are included in 

the equation for the vibration index. The force is normalized 

by the rotor steady thrust, and the moment is normalized by 

the rotor steady torque. 

force and moment are included in the equation for the vibration index. The force is normalized by the 

rotor steady thrust, and the moment is normalized by the rotor steady torque.

2 2 2 2 2 2( ) ( ) ( ) ( ) ( ) ( )NP NP NP NP NP NP
x y z x y z

index
F F F M M M

V TorqueThrust
+ + + +

= + .            (3)

The required aircraft power was decreased by 4.6% and the blade weight was decreased by 22.4% 

compared to those of the baseline. In this paper, the influence of these rotor structural optimization 

results on the conceptual design was investigated.

3.2 Development of a Rotor Map

In order to operate the improved HCDO program, the hover and forward flight rotor map of the 

object aircraft, XH-59A, was required. The rotor map would be used to estimate the aircraft power 

and auxiliary thrust required. CAMRAD II free flight trim input data for the XH-59A using an elastic 

blade were devised and validated in the reference [10].

A nonuniform inflow with free-wake geometry was used for hover. A linear inflow was used for 

the high-speed cruise flight with an auxiliary propulsion. The linear inflow was considered to be a 

useful choice to extract an approximate trend of the vibration level during the preliminary design 

phase. The interference velocity factor obtained from Pleasant [14] was used for the interference 

effect between each rotor.

Nine trim variables and quantities were used for cruise flight with auxiliary propulsion. The trim 

variables were longitudinal and lateral cyclic pitch angles of each rotor, auxiliary force, pedal, 

collective, elevator, and rudder. And the corresponding trim quantities were rolling moments of each 

rotor, longitudinal flapping of each rotor, three forces equilibrium of the aircraft, and pitching and 

rolling moments. The pedal adjusts the differential collective. The auxiliary force provided by the

auxiliary propulsion, elevator, and rudder was added to the conventional trim variables. By adjusting 

the target values of the rolling moment of each rotor, an appropriate discrete value for the lift 

offsetwas determined.
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The required aircraft power was decreased by 4.6% and 

the blade weight was decreased by 22.4% compared to those 

of the baseline. In this paper, the influence of these rotor 

structural optimization results on the conceptual design was 

investigated.

3.2 Development of a Rotor Map

In order to operate the improved HCDO program, the 

hover and forward flight rotor map of the object aircraft, XH-

Table 1. Results for objective function in the baseline and optimized design [10]Table 1. Results for objective function in the baseline and optimized design [10]

Type Quantities Lift offset 
= 0

Baseline, lift 
offset = 0.15 
(difference, %)

Optimized, lift 
offset = 0.15 
(difference, %)

Objective 
function (1)

Aircraft power 
required, hp

5,821 4,070
(-30.1%)

3,799
(-34.7%)

Objective 
function (2)

Vibration index 2.048 1.62
(20.9%)

0.85
(-58.5%)

Objective 
function (3)

Blade weight, kg 104.7 104.7
(-)

81.4
(-22.3%)

16 

Fig. 5. Flowchart of rotor design optimization for a compound rotorcraft with lift offset [10]
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Fig. 5. Flowchart of rotor design optimization for a compound rotorcraft with lift offset

(641~650)2016-1.indd   645 2018-01-06   오후 7:12:38



DOI: http://dx.doi.org/10.5139/IJASS.2017.18.4.641 646

Int’l J. of Aeronautical & Space Sci. 18(4), 641–650 (2017)

59A, was required. The rotor map would be used to estimate 

the aircraft power and auxiliary thrust required. CAMRAD 

II free flight trim input data for the XH-59A using an elastic 

blade were devised and validated in the reference [10]. 

A nonuniform inflow with free-wake geometry was used 

for hover. A linear inflow was used for the high-speed cruise 

flight with an auxiliary propulsion. The linear inflow was 

considered to be a useful choice to extract an approximate 

trend of the vibration level during the preliminary design 

phase. The interference velocity factor obtained from 

Pleasant [14] was used for the interference effect between 

each rotor.

Nine trim variables and quantities were used for cruise 

flight with auxiliary propulsion. The trim variables were 

longitudinal and lateral cyclic pitch angles of each rotor, 

auxiliary force, pedal, collective, elevator, and rudder. And 

the corresponding trim quantities were rolling moments 

of each rotor, longitudinal flapping of each rotor, three 

forces equilibrium of the aircraft, and pitching and rolling 

moments. The pedal adjusts the differential collective. The 

auxiliary force provided by the auxiliary propulsion, elevator, 

and rudder was added to the conventional trim variables. By 

adjusting the target values of the rolling moment of each 

rotor, an appropriate discrete value for the lift offsetwas 

determined.

In more detail, the cyclic pitch angles would be adjusted 

to fulfill the target values of the rolling moment of each 

rotor during the trim procedure. As a result, more lift could 

be generated on the advancing side as compared to the 

retreating side.

The detailed properties of the elastic blade were obtained 

from the literature [14], as were those of the airframe [15]. 

The airfoil designations of the XH-59A rotor were the NACA 

64(230)224A, NACA 64(230)213A, andNACA23012 airfoil 

from the blade root to the tip, respectively. However, only 

details pertaining to the C81 airfoil table for NACA23012 

were available. The literature [14] suggests alternative 

airfoils, which can be used to assess the performance of 

XH-59A. These airfoils are NACA 0026, NACA 0015, and 

NACA 23012. Thus, the C81 airfoil table corresponding to 

those suggested airfoils is used in the present analysis. The 

validation results of aircraft power required and rotor lift to 

drag ratio are shown in Figs. 6 and 7 [10].  

Using the validated inputs for hover and forward flight, 

 
(a) Cp-Cw curve

(b) Figure of merit

Fig. 6. Validation result for XH-59A aircraft in hover, out of ground effect [10]
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Fig. 6.  Validation result of XH-59A aircraft in hover, out of ground  
effect [10]

 
(a) Aircraft power required

 
(b) Rotor lift to drag ratio

Fig. 7. Validation results for XH-59A aircraft in a high speed cruise with auxiliary propulsion [10]
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Fig. 7.  Validation results for XH-59A aircraft in high speed cruise with 
auxiliary propulsion [10]
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the rotor map of the XH-59A was developed. Then, the rotor 

map of the optimized XH-59A was also developed using the 

optimized structural properties of the blade and chord length. 

Comparison between the constructed rotor map of the original 

XH-59A and the optimized XH-59A is shown in Figs. 8~10.

The hover performance obtained from the optimized 

structural properties and chord length was decreased. 

However, the forward flight performance obtained from 

the optimized structural properties and chord length was 

increased. This is because rotor optimization was conducted 

to improve the performance of the vessel during high-speed 

cruise flight. The tip Mach number had little influence on the 

hover performance. Degradation of the hover performance 

might not be a crucial problem because coaxial helicopters 

generally show increased figure of merit compared to that 

of single main and tail rotor helicopters [12]. The influence 

of the rotor optimization on the forward flight performance 

became larger when the weight was increased. The values 

of Cp/σ of the optimized and of the original XH-59A were 

similar because the values of Cw/σ were 0.0924 and 0.1109 

throughout the operating range. However, because the value 

of Cw/σ was 0.1293, there existed a significant difference 

between the optimized and the original XH-59A during high-

speed forward flight. Therefore, the rotor design optimization 

had a significant influence on the high-speed forward flight 

performance of the compound rotorcraft with increased 

weight. The case for Cw/s=0.1293 corresponds to the heaviest 

payload. In the case of increased weight condition, the rotor 

should generate more lift to balance the total weight of the 

aircraft. Therefore, the collective angle should be increased 

to generate the required lift. Flying at high speed with high 

collective angle causes blade stall, and thus, the performance 

of the rotor (Cp/σ) will be significantly decreased. Moreover, 

the required auxiliary force is also increased to compensate 

the increased drag from stall.

However, the optimized rotor has a better performance for 

high speed forward flight. Therefore, the optimized rotor can 

generate the required lift at a lower collective angle.

By the way, the high-speed forward flight performance 

was degraded at a decreased gross weight. However, this 

does not pose a serious problem because the value of the 

lift offset is controllable during flight using an independent 

control system. The limit of the lift offset was determined by 

the tip clearance and shaft bending moment, as mentioned. 

However, if the aircraft flies at a lighter gross weight, those 

limitations will be relieved. Thus, the pilot will be able to 

apply an increased value of lift offset at a smaller gross weight. 

As a result, the high-speed forward flight performance will 

be significantly improved, even at a lighter gross weight.

The present hover and forward flight rotor maps were 

applicable for the power estimation algorithm in the HCDO 

program.

Fig. 8. Present hover rotor map ( /pC σ )
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Fig. 8.  Present hover rotor map (Cp/σ)

Fig. 9. Present forward flight rotor map ( /pC σ )

(Flight speed: 157.4 ~ 463 km/h)

28 

Fig. 9.  Present forward flight rotor map (Cp/σ) (Flight speed: 157.4 ~ 
463 km/h)

Fig. 10. Present forward flight rotor map (auxiliary force)

(Flight speed: 157.4 ~ 463 km/h)
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Fig. 10.  Present forward flight rotor map (auxiliary force) (Flight 
speed: 157.4 ~ 463 km/h)
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3.3.  Validation of the Updated HCDO and Influence 
Verification of the Optimization Results on the 
Conceptual Design

Verification of the influence of the optimization results on 

the conceptual design was conducted. Using the constructed 

rotor maps for both optimized and original XH-59A, the 

improved HCDO was executed. The operating conditions are 

shown in Table 2. The suggested subsystem weight calibration 

coefficients from the literature [4] were used because it was 

not possible to collect the subsystem weight data of an XH-

59A. The detailed mission profile of the XH-59A aircraft was 

not available, either. Thus a simple mission profile, which 

satisfied the fuel tank capacity, was constructed and used.

The results predicted by the improved HCDO are 

summarized in Table 3. The predicted results for the 

performance and blade weight data of the original XH-59A 

and the optimized XH-59A are compared. The input values of 

the rotor diameter and the horizontal tail area were used for 

the present design. The engines were of an appropriate size 

for flight at an altitude of 914 m (3,000 ft) during a cruise at 445 

m/s. It was noticed that the engines were sized for the high-

speed forward flight condition. The engine of a conventional 

helicopter is usually sized for the takeoff condition because 

more power is required during takeoff than during forward 

flight. In contrast, the compound rotorcraft with lift offset 

requires more power during forward flight than during hover. 

The estimated gross weight and fuel tank capacity show good 

agreement with those of the XH-59A aircraft.

When the optimized properties obtained from the 

reference [10] were used in the presently improved HCDO, 

the required power of the primary and auxiliary engines 

was decreased. It was because the optimized forward flight 

performance and blade weight were applied. Thus, smaller 

primary and auxiliary engines were designed compared 

with those engines based on the performance and blade 

weight data of the original XH-59A. As a result, the predicted 

gross weight of the optimized XH-59A was also decreased 

approximately 7.4% compared to that of the original XH-59A.

Additional conceptual design result was obtained as shown 

in Table 3 when lift offset was 0.2. As a result, the required 

power of the primary engine was decreased approximately 

1.3% compared with that of the result when lift offset was 

0.15. Moreover, the required force of the auxiliary engine 

was also decreased by about 1.1% compared with that of the 

result for the lift offset of 0.15. That suggests the high-speed 

forward flight performance for the lift offset of 0.2 is a little 

better than that of the result for the lift offset of 0.15. It may 

be more advantageous not to engage a lift offset when the 

aircraft flies at a lower speed or the aircraft is light. Therefore, 

the pilots need to appropriately engage/disengage the lift 

offset according to the operating conditions to achieve better 

performance during forward flight.

4. Conclusions

The HCDO was further improved to be applicable for 

a compound rotorcraft. The hub drag estimation formula 

was updated to include the inter-rotor shaft frontal area 

and the power estimation algorithm was updated using a 

comprehensive rotorcraft analysis program, CAMRAD II.

Validation of the improved HCDO was conducted using 

the data of an XH-59A. The design model results show good 

agreement with those of an XH-59A aircraft. The improved 

HCDO provided accurate gross weight estimation result of 

approximately 1.6 percent.

The influence of the optimization results on the 

conceptual design was also evaluated. The required power 

of the primary and auxiliary engines was decreased by 

applying the optimized performance and blade weight 

obtained from the previous examination. Thus, smaller 

primary and auxiliary engines were designed compared 

with those engines based on the original XH-59A. As a result, 

the predicted gross weight of the optimized XH-59A was also 

decreased compared to that of the original XH-59A. 

Additional conceptual design result was obtained when 

lift offset is 0.2. As a result, smaller primary and auxiliary 

engines were designed compared with those engines based 

on the case when lift offset is 0.15. However, it may be more 

advantageous not to engage a lift offset when the aircraft flies 

lower flight speed or the aircraft weight is light. Therefore, 

the pilots need to appropriately engage/disengage the lift 

offset according to the operating conditions to achieve better 

performance during forward flight.

Table 2. Operating conditions for the present conceptual design [11]

Operating conditions  

Design point cruise speed, km/h 440 

Design point cruise altitude, m 914 

Maneuver load factor 2 

Number of primary engines 1 

Number of auxiliary engines 2 

Payload, kg 317.5 

Fixed useful load, kg 454 

Fixed equipment, kg 454 
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Even though the present validation and application were 

conducted for the compound rotorcraft with lift offset, the 

improved HCDO would be applicable for designing other 

types of compound rotorcrafts. Therefore, the present 

framework can be used to provide a design guideline for 

various compound rotorcrafts. In addition, the results from 

the present framework will be useful for conceptual design of 

a next-generation advanced compound rotorcraft.
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