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Abstract: To study aircraft airworthiness certification by linear interpolation method, 

a noise level model was established in the equivalent program, which could denote the 

noise level of a given aircraft weight and engine parameters. Then, the boundary of 

effective confidence level of noise level and noise level was analyzed. According to the 

estimation of the mean value of the effective sensory noise level and the flight test data 

of the equivalent effective sense noise level, the linear interpolation method was used 

to calculate the noise level of the aircraft quality variables in the two adjacent known 

weights. The results showed that there was little difference between the results 

calculated by the linear interpolation method and the standard airworthiness 

certification results. It can be seen that in the future engineering application, the linear 

interpolation method can be used to quickly estimate the noise level of the aircraft and 

refer for approval.  
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1. Introduction 

The sustained and healthy development of China's economy has led to the rapid 

expansion of the fleet size of the aviation industry (Zhang, et al., 2013). In September 

2015, President Xi Jinping paid an official visit to the United States. The first order in 

the field of economics was a contract signed with Boeing Company for a value of about 

$38 billion. Under the testimony of President Xi Jinping, China has ordered up to 300 

completely new Boeing aircraft in the US (Jiang, et al., 2017). Taking the best - selling 

B737 model as an example, it is a medium and short - range double - hair jet. It has 

been the most successful narrow - body airliner in the world for more than fifty years 

and has developed multiple models. According to the airworthiness certification 

standard, the different types of derivative models should be thoroughly audited (Yan, 

et al., 2014). The purpose of this paper is to verify the noise worthiness of these 
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derived models when weight changes. 

Through the introduction to and research on the current development of verifying 

aircraft noise airworthiness in China and abroad, the main research direction is the 

study on airworthiness validation of aircraft noise when the weight is changed. This 

paper firstly studies the preparation knowledge of aircraft noise verification, probes 

into the flight test program, points out the important role of the appropriate equivalent 

program for noise airworthiness validation, and clarifies the experimental foundation of 

the noise airworthiness when the weight is changed. Then, we explore the 

establishment of aircraft noise model and find out a suitable method to calculate the 

noise level of aircraft. Finally, the example calculation shows that the linear 

interpolation method can quickly calculate the noise level of the quality variables, and 

provides an engineering reference for the rapid calculation of the noise level of the 

aircraft derivatives. 

 

2. Literature Review 

As the problem of noise pollution in foreign countries appeared earlier, it was found that 

noise pollution has become the main obstacle to the development of civil aviation 

industry, and got the attention of the government and the civil aviation industry, so the 

research on noise has made a certain research results. Since 1950, different foreign 

countries have begun to study the evaluation of aircraft noise. After more than 10 years 

of development, many countries have given the suitable noise evaluation or evaluation 

system (Cui, et al., 2016) in view of the characteristics of aircraft noise and according 

to their own actual conditions. In the 60s of last century, Britain began to use noise 

number index (NNI) to measure noise. In 1964, the noise annoyance index and 

interference index suitable for the actual situation of the country were also put forward 

in Australia and Germany (Huang, 2016). At the same time, the United States began to 

use the concept of composite noise rating (CNR) to describe the noise level. These 

countries use different standards in noise rating because they are different in aviation 

development because of historical reasons. Then, in November 1969, ICAO (The 

International Civil Aviation Organization) workers CAO recruited major air transport 

countries in the headquarter Montreal. The ultimate goal was to coordinate the 

evaluation of aircraft noise exposure in different countries without restricting the use of 

noise assessment and evaluation methods for their own conditions. The concept of 

field noise reached an international agreement. ICAO established the environmental 

protection committee. The main task of the noise Committee under the framework of 

the organization is to carry out noise-related work. 

The civil aviation industry began to develop after liberation, and the noise level of 

aircraft was very low. However, in recent years, China's civil aviation industry has been 
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catching up and made many achievements. The first domestic aircraft ARJ21 has been 

delivered to Chengdu airlines. C919 is expected to complete its final assembly in 2018 

and is about to test it. However, ARJ21 has not yet received the seaworthiness 

certificate of FAA. Shanghai commercial fly wants to open the international market and 

sell our own aircraft to foreign countries, so it is necessary to obtain the airworthiness 

certificate of FAA. 

After the 80s of last century, the aviation industry began to study the noise of the 

airport. It was considered that WECPNL was an objective evaluation of the airport noise 

(Raghunathan, et al., 2016), and then, it was improved. The Ambient Noise 

Environment Standard around the Airport has been published and put into practice 

until now. It was also in this year that The Measurement Method of Aircraft Noise 

around the Airport was promulgated. This method points out various commonly used 

methods of noise measurement in the process of noise approval. 

 

3. Methodology 

3.1 Test Site 

The airport is a densely populated area with more dense flight flow and complex 

surrounding environment. On the one hand, the selection of the airport as a test site for 

airworthiness verification requires too many factors to be considered, which is not 

conducive to the test. On the other hand, noise flight will be delayed and passengers 

will be disgusted. Airlines will suffer economic losses. The condition of test site selected 

is different, but the non-airport test site can be selected according to the following 

criteria: the plain area, the personnel are scarce and the other interference noise is 

small, which is beneficial to the test environment. The installation of microphone is 

convenient, on-site investigation is convenient, the position of supervised flight test is 

better, and the pilot vision is conducive to the test. The placement of the noise 

measuring point sensor, as shown in Fig. 1, does not allow obstacles to interfere with 

measurement. 

Noise measurement point

80°

 

Figure. 1 The placement of noise measuring point sensors 

 

The Ministry of CCAR36 has made specific provisions for the measurement points of 
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datum noise in the flight test. If the noise measurement point of the test does not 

coincide with the reference point, its position needs to be modified. In the flight 

procedure test of noise qualifying approval, the measuring points of the aircraft at the 

three sides of the sideline, the take-off and landing, and the approach shall not exceed 

the maximum noise level specified. The specific provisions are shown in Figure 2. 
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Figure. 2 Location of noise measurement points for cross survey, take-off and approach 

 

3.2 Establishment of a Noise Level Model 

For the given weight of plane and each engine thrust value f, the effective perceived 

noise level (EPNI) mean can be derived from the polynomial regression model below: 

                                           
k

k fmBfmBmBfmEPNLE )()()(),([ 10                                           (1) 

In (1), E [EPNL (m, f)] indicates the EPNL mean value of the thrust value f of the engine 

for a given aircraft weight m. In other words, E[EPNL(m, f)] suggests the conditional 

expectation of the thrust value f for a certain aircraft weight m. B0(m), B1(m),…,Bk(m) 

are the regression coefficients, which are the function of the weight of the aircraft, 

independent of the engine thrust value f. These coefficients are usually unknown and 

need to be estimated from the experimental data; k is a polynomial square and 

independent of the engine thrust value f. 

For a given aircraft weight m and thrust f of each engine, it can be proved that the 

equation and polynomial regression model equation (1) are equivalent. 

                                     )()()()(),( 10 mfmBfmBmBfmEPNL k

k                                       (2) 

In (2), refers to the error terms caused by natural uncertainties such as measurement, 

environmental conditions, changes in external parameters, approximation of 

polynomial regression models and so on. E [ε (m)] =0. 

 

3.3 Boundary Analysis of EPNL 

In order to overcome the burden of computation, the computation of EPNL mean and 

90%CI requires only a few discrete aircraft weight values m1, m2, MP. These 

pre-defined P discrete values are used as interval intervals for possible aircraft weights. 

In other words, for each possible weight m of aircraft: when 1<j<p-1, mj<m<mj+1. 

For those P discrete weight values, the purpose is to provide quick computation of EPNL 

and confidence intervals. The upper and lower limits of 90%CI for the EPNL mean of 
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predefined aircraft weight and any possible engine thrust value are shown below. 

                                        pjfvmstfmEfmUCL jjj  1),()(),(),( ,95.                                     (3) 

                                      pjfvmstfmEfmLCL jjj  1),()(),(),( ,95.                                        (4) 

Therefore, this paper proposes a conception of boundary analysis for all possible EPNL 

weights of aircraft. When m is used as the quality of aircraft, E (m, f*[m]) satisfies: 

                                          ])[*,(])[*,(])[*,( 1 jjjjj mfmEmfmEmfmE                                      (5) 

When 1≤j≤p-1, mj≤m≤mj+1, the upper and lower bounds of the mean effective noise 

level estimation are given, respectively. Supposing that the thrust value of a specific 

engine is known as (f* [m]), then the boundary is shown in the following formula. 

                                       ])[*,(])[*,(])[*,(' 1 mfmEUmfmEmfmEU j                                        (6) 

                                         ])[*,(])[*,(])[*,(' mfmELmfmEmfmEL j                                         (7) 

 

4. Results and Discussion 

4.1 Equivalent Procedures for Airworthiness Certification When Maximum Take-Off 

Weight Changes 

If the airworthiness approval authority considers that the aircraft applied by the 

seaworthiness applicant meets the standards set out in Annex 16, the aircraft 

manufacturer may issue a noise Certificate in accordance with the provisions in Annex 

16. For an aircraft of a given model or a given type of engine, or a plane that changes 

the weight of a certain aerodynamic performance, the 3 classes of noise levels and 

90% confidence intervals in the equivalent test are usually calculated according to the 

NPD curve. 

Some aircraft manufacturers simplify the verification process and try to prove some 

data relationships. Based on the initial noise level information for several mass 

variables, they demonstrate that the relationship between the measured noise level 

and the weight can also be shown as linear behavior in the same weight variation range. 

It is satisfied under the condition that when the takeoff speed V2 and the entry speed 

VRHF are the linear behavior when the takeoff speed and the entry speed. If the airline 

manufacturer can prove its linear relationship, then the linear interpolation method can 

be adopted to obtain the noise level of other derived models with other weight changes, 

under the approval of the local authorities and between the previously approved weight 

points. At the same time, the confidence interval of interpolation weight can also be 

obtained. If the applicant is able to obtain approval from the Bureau for the estimation 

of the noise level and the relative confidence interval method, the noise level estimated 

by the linear interpolation method is correct. 

For a certain airworthiness certification of EPNL mean and 90%CI for aircraft type 

determination, the aircraft verification procedure requires that all quality variables of 

the aircraft must be calculated. For an aircraft with a certain weight, the regulations of 
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the Bureau point out that the aircraft's take-off, near and lateral noise levels are 

required. N addition, the regulations have strict requirements for the conditions and 

calculations of the flight test, which is bound to consume enormous manpower and 

material resources. On the other hand, the needs of the customers are varied, and the 

flying and landing weight requirements are different. It is necessary to find out a 

method to check the noise level of aircraft with large range of quality variables. In this 

paper, a new method is proposed to calculate the effective sense noise level and 90% 

confidence interval of the quality variable based on the determined aircraft noise level, 

which can reduce the cost of the noise validation program for large-scale variable 

quality aircraft. 

 

4.2 Linear Relationship between MTOW and Noise Level 

During the verification process, aircraft manufacturers desire to simplify the 

cumbersome approval process by using a simple linear relationship. For example, it is 

assumed that, there is a linear relationship between the basic performance parameters 

of the aircraft in the approved weight range of take-off and departure. Then, it is 

considered that the relationship between the obtained noise level and the aircraft 

weight is also linearly changing. If these are established and the authorized authority is 

determined to be feasible, then the applicant can use the data that has been approved 

before and use linear interpolation to calculate the noise level of other weight points 

within the same weight range to achieve the purpose of simplifying the validation. After 

that, the noise level 90%CI can also be obtained. Finally, it can be concluded that the 

noise level obtained by linear interpolation is the correct and meets the airworthiness 

requirement of aircraft noise. 

The following is the data published by the European Aviation Security Agency, which 

shows the noise level data of the takeoff, approaching and side field of a certain type 

of aircraft submitted by a certain type of aircraft at the maximum take-off weight. 

Based on the following data obtained through the approval process, it is in accordance 

with the fourth phase approval requirements of ICAO annex 16. Therefore, it can be 

considered that these noise data values are reliable and meet the requirements of 

regulations. 

This type of aircraft is approved according to Appendix 16 of Appendix I ICAO, which 

carries the engine of CFM Company, and its model is CFM56-5A3. 

This model is A320-212, the takeoff weight and the entry speed vary within the 

required range, and their takeoff and entry speed is linear with the takeoff weight of 

the aircraft or the incoming weight of the aircraft. According to the regulations, the 

noise level and maximum take-off weight of this type of aircraft will also exhibit a linear 

behavior. According to the EASA data, the aircraft noise level and maximum take-off 
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weight are fitted linearly and the confidence level reached 90% of the requirement. 

The plane's edge noise level, the takeoff noise level and the near noise level are fitted 

with MTOW, respectively, and the 90%CI is made. As shown in Figure 3, Figure 4 and 

Figure 5, the ordinate indicates the effective sense of noise level, and the abscissa 

represents the maximum takeoff weight. It can be seen that the fitting curves are 

within the 90% confidence interval, indicating that the fitting curve is reliable and the 

confidence level is 90%, meeting the airworthiness verification requirements. It is 

considered that the lateral noise level of the aircraft has a linear relationship with the 

maximum take-off weight, the takeoff noise level and the maximum take-off weight, as 

well as the incoming noise level and the maximum take-off weight. After that, the 

equivalent program can be used to simplify the airworthiness rules and use the weight 

points approved before and the linear interpolation method to calculate the noise level 

of the aircraft's weight variables. 
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Figure. 3 The fitting diagram of A320-212 edge noise level and MTOW 
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Figure. 4 The fitting diagram of the A320-212 takeoff noise level and MTOW 
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Figure. 5 The fitting diagram of the A320-212 into the near noise level and the MTOW 

 

This type of aircraft is B737-400, its take-off and entry speed of takeoff weight changes 

within the required range, and their takeoff and entry speed are linear with the plane's 

takeoff weight or the incoming weight of the aircraft. According to the regulations, the 

noise level of this type of aircraft is also linear with that of MTOW. In accordance with 

the EASA data, the aircraft noise level and maximum take-off weight are fitted linearly 

and the confidence level reaches 90% of the requirement. 

The plane's horizontal noise level, the takeoff noise level and the incoming noise level 

are fitted with the MTOW, respectively, and the 90%CI is made. As shown in Figure 6, 

Figure 7 and Figure 8, the ordinate indicates the effective sense of noise level, and the 

abscissa represents the maximum take-off weight. It can be seen that the fitting curves 

are within the 90% confidence interval, which shows that the fitting curve is reliable 

and the confidence level is 90%, reaching the airworthiness verification requirement. It 

can be considered as the linear relationship between the horizontal noise level of the 

aircraft and the maximum take-off weight, the takeoff noise level and the maximum 

take-off weight, the incoming noise level and the maximum take-off weight. 
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Figure. 6 The fitting diagram of A737-400 edge noise level and MTOW 
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Figure. 7 The fitting diagram of the A737-400 takeoff noise level and MTOW 
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Figure. 8 The fitting diagram of the A737-400 into the near noise level and the MTOW 
 

4.3 An Application Example of Noise Level for Calculating the Quality Variables 

According to the method described above, when the engine thrust value or engine 

parameters are known, the effective sensory noise level of the aircraft quality variable 

can be calculated by the linear interpolation method based on the aircraft weight, and 

the 90% confidence interval can be calculated. 

Take the A321-211 model aircraft manufactured by Airbus Company, and configured 

with the CFM56-SB3/2P model engine as an example. In the flight test of this case, the 

aircraft uses thrust reduction through field flight. 

The complete classical acoustical validation calculation is given: 

When the maximum take-off weight =78 tons, the effectively perceived noise level 

=82.82EPNdB and 90% confidence interval =0.22. 

When the maximum take-off weight is 87 tons, the effectively perceived noise level 

=85.86EPNdB and 90% confidence interval =0.25. 
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When the maximum take-off weight is 93.5 tons, the effectively perceived noise level 

=88.22EPNdB and 90% confidence interval =0.29. 

In the maximum take-off weights of 78 tons and 93.5 tons, the linear interpolation 

method is used to interpolate and calculate the effectively perceived noise level of 87 

tons: 

When the maximum take-off weight=87 tons, the effectively perceived noise level 

=85.96EPNdB and 90% confidence interval =0.28. 

EPNL regression curve: 

                                                                 2cFNbFNaEPNL                                                                   (8) 

When the maximum take-off weight=78 tons: 

                                               274 102.11077.21.79 FNFNEPNL                                               (9) 

When the maximum take-off weight=87 tons: 

                                              274 1012.11097.19.80 FNFNEPNL                                     (10) 

When the maximum take-off weight=93.5 tons: 

                                           274 1029.11089.55.84 FNFNEPNL                                         (11) 

The results show that, for the flight test data of effectively perceived noise level and the 

equivalent perceived noise level, based on the linear function of the plane weight of the 

two adjacent known weights, the use of linear interpolation to calculate the noise level 

of the aircraft when the maximum takeoff weight is changed is effective. The results 

are more available and the relative error of the result is small and acceptable. 

 

5. Conclusion 

This paper starts with the equivalent test. According to the regulations, if the basic 

performance parameters of the aircraft vary linearly in the range of the measured 

take-off weight, the EPNL and the weight of the aircraft vary linearly in the same range. 

The linear interpolation method is used to estimate the noise level and 90%CI of the 

aircraft with large range weight changes. By calculation, the noise level of the quality 

variable obtained is quite different from the noise level calculated by the complete 

acoustical validation process. It is proved that the linear interpolation method is 

feasible. In the process of subsequent aircraft noise determination, linear interpolation 

can be used to calculate the noise level of the weight variables, so as to simplify the 

procedure and reduce the burden of the calculation. As a result, it can shorten the time 

of approval and reduce the cost of examination and approval. 
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