Aircraft Noise Reduction

Seoyoung Kwon P 2oy
Presented by Kammi Matsumoto = =~
Advisor: Dr. Azimov ST
Mentor: Evan Kawamura r(Joug
o

UNIVERSIT



Project Goal

Reducing noise by using derivatives of integrated flight equations

When snap vectors are close to or equal to 0, goal is achieved in order to reduce
aircraft noise

The noise taken care of is a byproduct of interrupting air flow.

Snap (4th derivatives) vector is vibration.

Three Key Projects . ‘ . S
B . . X = vcosycosy, Y = vcos ysin ¥, h = vsiny
o Trivial case: time and flight path angle ,
o Nontrivial case: time and flight path V= — gosiny, y = (c2co8y — gocosy)
angle . ¢ysingy
o Quadcopter noise reduction ~ vcosy

Figure 1. Azimov, D. M. (2011). Example
of the Integration of Atmospheric Flight Figure 1. Equations to describe the velocity of a
Equations. Journal of Aircraft, 48(5), flight altitudes, height, flight path angle and the
1722-1732. yaw angle



Methodology

e The biggest assumption is that the flight-path angle increases 1 degree per 1
second. Therefore, the domain for flight-path angle is 0 to 90.

e Assumed that roll angle, the heading angle, the difference between thrust and
drag, and the lift and thrust acceleration constant.

o W (flight path angle), h (altitude), x (horizontal axis) are the main 3
considerations.

Azimov, D. M. (2011). Example of
the Integration of Atmospheric
Flight Equations. Journal of
Aircraft, 48(5), 1722-1732.

Figure 2. Flight Angle Model




t Set the lst min vibration point column vactor wi
min vib point(l,1) = min acc point(l,1);
min_vib point(2,1) = min_jerk point(l,1);

dot = V* G)*sin(P); ¥ V
o sonic) nmlE) min_vib_point(3,1) = min vib;

y2dot diff (ydot);

% 3et the 2nd min vibration point column vector wit
diff (y2dot); min vib point(l,2) = min acc point(2,1):
nin vib point(2,2) = min jerk point(2,1):

y4dot = diff (y3dot); nin vib point(3,2) = min vib;

y3dot

% Displays the lst min vibration point as
firstMinVibPt = min vib point(:,1)
{(R2doE) "2 (V2doR T (AOE ) 2D % Displays the lsind min vibration point

— | R N
( (x3dot) A2+ (y3dot) A2+ (H3dot) ~2) ~ (1/2) ; seconddinVibPt = min vib _point(:,2)

( (x4dot) ~2+ (y4dot) ~2+ (H4dot) *2) ~ (1/2) ; 8% Create 2nd figure as a volume (wave)

figure(); % create a new figure

grid on

mesh(acc_jerk snap) % create a mesh of the magnitude of the acc, jerk, & snap vectors
xlabel('|a| (m/5°2)")

fsurf (mag_a, mag_j, mag_s) ylabel('|3] (m/=*3)")

zlabel('|s| (m/3"4)")

Figure 3. Calculate Derivatives (right), Plot the results into the 3D graph (left)




Data Analysis - Flow of Vibration

Flow of Vibration
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Figure 4-6. Flow of vibration in a
cobra maneuver from different sides.
Each axis represents the magnitude of
acceleration, jerk, and snap.




Data Analysis - Flow of Vibration, cont.
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Figure 7. A 3D model of the flow of the vibration of an aircraft’s noise



S— Data Analysis- Flow of Vibration,
cont.
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Figure 8-10. Flow of vibration in an
artificial situation from different angles.
Each axis represents the magnitude of
acceleration, jerk, and snap where the flight
path angle increases by 1 degree in each
second.




Data Analysis - Snap Vector

Magnitude of the Snap Vector vs. Time Relationship of snap vs. jerk vs. acceleration
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Figure 11. The magnitude of the snap Figure 12. Scatter plot of the relationship
vector vs time in a cobra maneuver. of snap vs jerk vs acceleration.




Data Analysis - Snap Vector, cont.

Relationship of snap vs. jerk vs, acceleration Relationship of snap vs. jerk vs. acceleration
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Figure 13-14. Scatter plot of the derivatives in an assumed situation from various sides.




Data Analysis - Snap Vector, cont.

Magnitude of the Snap Vector vs. Time

Figure 15. Magnitude of the snap vector vs. time
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Trivial Case: Time and Flight Path Angle Increase - Same Rate

Assume increase 1 degree for flight path angle for every second
At 0 sec and 90 sec, the vibration is the least.
Maintaining parallel or perpendicular trajectory will emit zero vibration, noise.

Noise is loud at t = 35~55 sec Snap of Horizontal Component vs. Time

Figure 16. Increase and
decrease of the snap vector




- "
[vigamma)*  De@) b)) fetfy) b b)) [ty [h*()  |gamn
| of oossass7aoaal  [-e909259 o]  0]0.099255]-0.573694295.5663{3275.
[ 0.1712081071] 0.09919413344-0.12690494 -9.9056040.737517]0.00173140.098895{-1.180244 296.0247{ 3281.
| 0.3423640627| 0.09900976658 |-0.35382236 -9.894671.473542{0.003457{0.097814{-1.385181297.4023( 3301.
| 0.5134157307| 009870369692 |-0.58073459 -9.8764592.207179]0.005172{0.096016{-1.58812( 299.7068{ 3334.
| 0.6843110074| 0.09827771851-0.80762520-9.8509992.937538{0.0068720.0935041 -1.788828302.9510 3380,
| 0.8549978364| 0.09773430629-1.03447963 -9.8183143.66374040.008550{0.090282]-1.987081307.1529] 3441.
| 1.025424225] 0.09707658057 |-1.26128544-9.7784534.3849101 0.010203]0.086357{ -2.18266§ 312.3356{3516.
| 1.195538259| 0.09630826304|-1.48803331-9.7314645.10018310.011825]0.081738{-2.375385318.5279{ 3607.
| 1.36528812| 0.09543362537|-1.71471719-9.6774195.80870510.013412{0.076432{-2.565039 325.7639{ 3714.
| 1.534622102| 0.09445743176|-1.94133514-9.6163746.509633{0.01496010.070450(-2.751444334.0834; 3838
| 1.703438623| 0.09338487681-2.16785015 -9.5484197.20213410.01646610.063804] -2.934423343.5322{ 3981.
| 1871836245| 0.09222152022|-2.39435039-9.4736297.88538610.017926{0.0565051-3.113809 354.1619( 4143,
| 2.039613687| 0.09097321955|-2.62085004-9.3921018.55858210.01933640.048567]-3.289439 366.0305 4327,
| 2.206769843| 0.08964606276 |-2.84729011-9.3039419.22092510.02069640.040004{ -3.461159379.2022{ 4535,
| 2.373253796| 0.08824630154]-3.07373864 -9.2092749.871644]0.022002]0.030832{ -3.62882393.74791 4768,
| 2535014832| 0.08678028672|-3.3002320 -9.10820410.50996{0.023252]0.021065] -3.792274 409.7456{5029.
| 2.704002461| 0.08525440683 |-3.52681537-9.00086511.13513{0.024446{0.0107214-3.951354 427.2798{ 5320,
L S

Figure 17. The derivatives showing the snap vector for the x-axis
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Nontrivial Case: Time and Flight Path Angle

Add the actual time increments
At 0~20 sec, vibration vector is in its lowest.

At 90 sec, vibration gets low. Snap of Altitude Component vs Time
Noise is loud at t = 70~80 sec

Figure 18. The actual time
increments and it’s snap vector
vs. time




Quadcopter Noise Studies - Motor Rates

e Approximate the change in motor

rates gamma using slope Figure 19. Formulas solving for angular

o Using formulas solving for yi  velocity”2

® mmass mg

® g gravity = —_———

® b drag coefficient in z axis, tau_z 4k cosf cos ¢

e k motor thrust coefficient - mg

e Llength 4k cos 6 cos ¢

e [ moment of inertia mg

® eerror = —2— —

e 0 pitch 4k cos 0 cos ¢

o @roll . mg
Quadcopter Dynamics, Simulation, and 4k COS 9 COS (P

Control by Andrew Gibiansky

2b€¢ Ixx + EIP Izsz
4bkL

4b 2kL

—25843 Ixx _]_ Elp Izsz
4bkL

4b 2kL



Quadcopter Snap vector - Motors

dx/dt = dgfdt * dxfdg

dv/dg = (vl -v0)/{g1 - g0) Chain rule
d2g/del = (dgl - dgl)/(t1 - 10} dw/dt = dgfdt * dv/fdg davfdi2 sd2gfdi2 *d2vfdg? d3g/dii=(d2gl -d2gl)
gamma (rad) vig) dv/dg | dvfdt
1] 1] 783.0831576 1] ] 0 0 0 0
0.01745329252 ! 0.00000176 0.03850263 782.3512618 -41.93453607 0.1658876169 0.00000176 -2402.671933 0.0042231664 0.0000003984
0.03490658504 ! 0.00000265 0.00021559 781.6234545 -41.70028872 0.1647167544 0.00000265 13.42138481 0.0000356027 0.0000002026
0.05235987756 ! 0.00000355 0.00033292 780.9019559 -41.33882664 0.1628961212 0.00000355 20.71025185 0.0000735794 0.0000002032
0.06981317008 ! 0.00000446 0.00044705 780.1889235 -40.85374711 .1604504833 0.00000445 27.79300967 0.0001239658 0.0000002042
0.0872664626 | 0.00000538 0.00055680 779.4864322 -40.24978346 0.1574125505 0.00000538 3460456794 0.0001860871 0.0000002055
0.1047197551 I 0.00000631 0.00066110 778.7964563 -39.53271047 0.1538220918 0.00000631 41.08525623 0.0002591127 0.0000002071
0.1221730476 ! 0.00000725 0.00075898 778.1208527 -38.70923167 0.1497 248899 0.00000725 47.18185938 0.0003420752 0.0000002091
0.1396263402 ! 0.00000821 0.00084960 7774613477 -37.78685237 0.1451715789 0.00000821 52.848484121 0.0004338916 0.0000002113
0.1570796327 ! 0.00000919 0.00093226 776.8195248 -36.77374215 0.1402164147 0.00000919 58.04693979 0.0005333865 0.0000002138
0.1745329252 ! 0.00001019 0.00100642 776.196816 -35.67859121 0.1349160249 0.00001019 62.74752657 00006393153 0.0000002166
0.1919862177 ! 0.00001121 0.00107167 775.5944947 -34.510456448 0.1293281844 0.00001121 656.92873199 00007503889 0.0000002197
0.2094395102 ! 0.00001226 0.00112776 775.0136726 -33.27865734 0.1235106545 0.00001226 70.57735002 0.0008651968 0.0000002230
0.2268928028 ! 0.00001334 0.00117461 774.4552971 -31.99255666 0.1175201218 0.00001334 73.68814131 0.0009827297 0.0000002 265

O.HAMW‘?S&! 0.00001444 0.00121226 7739201528 -30.6615099 0.1114112596 0.00001444 76.2633617 0.0011014005 0.0000002302

Figure 20. Derivatives




d2gamma1l/dt v. time

6000000000
4000000000

2000000000

—
©
=
£
@
o

N

©

-2000000000

Figure 21. Snap vector vs. time of a motor for a quadcopter




d2gammaz2/dt v.time
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Figure 22. Snap vector vs. time of a motor for a quadcopter




d2gamma3/dt v. time
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Figure 23. Snap vector vs. time of a motor for a quadcopter




d2gamma4/dt v. time
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Figure 24. Snap vector vs. time of a motor for a quadcopter




Conclusion

Yy VYV

When flight-path angle is gamma = 14 ~ 78 degrees, noise is relatively reduced
Aircraft noise is reduced when time is at t = 0 sec and t = 90 sec

Although the velocity vector at t = 0 and t = 90 is different, they both had low
vibration vectors

Since its assumed that t = gamma (flight path angle), it means that when plane is
parallel or perpendicular to horizontal line of land, vibration is in its lowest.

Five points should be avoided

o Exceptional points on the scatter plots
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Future Study

> Apply research to real life situations

> Compare observation to research
o Quadcopter
o Aircraft
> What affects vibration?
o  Because the domain for loudest noise does not overlap
unlike the lowest noise domain

| a-> | Second Derivative:

acceleration

|J -)l Third Derivative:
jerk

9
|S | Fourth Derivative:

Figure 25. Derivatives
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Questions?

Thank You!



