


SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

2



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

3



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

4

•

•

•

▪

▪

▪

▪

▪

▪



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

5

•

•

→

•

✓

→

-

-

-



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

6



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

7

•

•

•

•

•

•

•

•

•

■

•

■

•

•

■

•

•

■

•

•



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

8

•

•

•

•

•

•

•

•

•

**MOO : Multi-Objective Optimization
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•

**MOO : Multi-Objective Optimization

→
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•

✓

𝒘𝒊𝒅𝒕𝒉

𝒉𝒆𝒊𝒈𝒉𝒕
𝑵𝟏 𝟎°

𝑵𝟐 ± 𝟒𝟓°

𝑵𝟐 ± 𝟒𝟓°
𝒘𝒔𝒑𝒂𝒓

𝑫𝒔𝒑𝒂𝒓

𝑫𝒎𝒂𝒔𝒔

𝑁1 0° 𝑁2 ± 45°

𝑁2 ± 45° 𝑡𝑠𝑝𝑎𝑟 𝐷𝑠𝑝𝑎𝑟 𝑤𝑠𝑝𝑎𝑟 𝐷𝑚𝑎𝑠𝑠

𝒕𝒔𝒑𝒂𝒓
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✓

✓

✓



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

13

•

𝐾 =
𝑅𝑒

𝑅𝑒𝑡

𝑙
, 𝑙 = 0.2

𝑚 = 1.0

r𝑐 = 0.1 ҧ𝑐

n = 0.5

Azimuth angle [deg]

C
N
M

2

F
la

p
 [

m
]

T
o

rs
io

n
 [

d
eg

]

Azimuth angle [deg]

Azimuth angle [deg]

CFD-CSD

CAMRAD II

CFD-CSD

CAMRAD 

II
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•

•

•

•

•

•

•

•

•

𝐹𝑖−1
𝐶𝐹𝐷 − 𝐹𝑖−1

𝐶𝑆𝐷 < 𝜖

𝐹𝐶𝑆𝐷: 𝑀2𝐶𝑁,𝑋,𝑀,𝑅

𝐷𝑒𝑙𝑡𝑎 𝐴𝑖𝑟𝑙𝑜𝑎𝑑 𝑇𝑎𝑏𝑙𝑒: Δ𝐹𝑖
𝐶𝑆𝐷 = 𝜆𝑟𝑒𝑙𝑎𝑥 𝐹𝑖−1

𝐶𝐹𝐷 − 𝐹𝑖−1
𝐶𝑆𝐷 + Δ𝐹𝑖−1

𝐶𝑆𝐷

𝐹𝐶𝐹𝐷:𝑀2𝐶𝑁,𝑋,𝑀,𝑅
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𝐶𝑇/𝜎 = 0.1 𝜇 = 0.3

𝛼 = 𝑐ℎ𝑜𝑟𝑑𝑛𝑒𝑤/𝑐ℎ𝑜𝑟𝑑𝑟𝑒𝑓
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•

✓

✓

✓
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•

✓ 𝐶𝑇/𝜎 = 0.1

✓ 𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944

•

✓ 𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝐹𝑀

✓ 𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝐿/𝐷𝑞

•

✓ 𝝈𝑡ℎ𝑟𝑢𝑠𝑡−𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 = 𝑐𝑜𝑛𝑠𝑡.

•

✓ 𝜃/𝑅

✓ Δ𝜃

✓ cℎ𝑜𝑟𝑑1

✓ cℎ𝑜𝑟𝑑2

𝜃/𝑅

Δ𝜃

cℎ𝑜𝑟𝑑1

cℎ𝑜𝑟𝑑2

𝑫𝑽𝟏,𝜽/𝑹

Additional twist starts 

at r/R=0.75

𝑫𝑽𝟐,𝚫𝜽

𝑫𝑽𝟑, 𝒄𝒉𝒐𝒓𝒅𝟏

𝑫𝑽𝟒, 𝒄𝒉𝒐𝒓𝒅𝟐



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

19

•

✓ 𝑀𝑖𝑛. Blade Mass

✓ 𝑀𝑖𝑛. Vibration Index

•

✓ 𝐴𝐼 =
𝐼𝑅Ω

2

2𝑊∗𝐷𝐿
≥ 0.9 × 𝐴𝐼𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

✓ 𝑇𝑖𝑝 𝐹𝑙𝑎𝑝 𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 ≤ 0.045𝑅

✓ 0.20𝑐 ≤ 𝑀𝐶.≤ 0.30𝑐 (𝐶𝐺. ∶ 𝐶𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑔𝑟𝑎𝑣𝑖𝑡𝑦)

✓

𝑉𝐼 = ෍

𝑖=𝑁𝑃,2𝑁𝑃

𝐹𝐻,𝑖
𝑊0

+
𝑀𝐻,𝑖

𝑅𝑊0
𝑤ℎ𝑒𝑟𝑒

𝐹𝐻,𝑖 = 0.5𝐹𝑥𝐻,𝑖
2
+ 0.67𝐹𝑦𝐻,𝑖

2
+ 𝐹𝑧𝐻,𝑖

2

𝑀𝐻,𝑖 = 𝑀𝑥𝐻,𝑖
2 +𝑀𝑦𝐻,𝑖

2

𝑁1 0°

𝑁2 ± 45°

𝑙𝑜𝑐1

𝑙𝑜𝑐2

𝑁2 ± 45°

𝑡𝑠𝑝𝑎𝑟

𝐷𝑠𝑝𝑎𝑟

𝑤𝑠𝑝𝑎𝑟

𝐷𝑚𝑎𝑠𝑠

𝒍𝒐𝒄𝟏 𝒍𝒐𝒄𝟐

𝑵𝟐 ± 𝟒𝟓°
𝒘𝒔𝒑𝒂𝒓

𝑫𝒔𝒑𝒂𝒓

𝑫𝒎𝒂𝒔𝒔

𝒕𝒔𝒑𝒂𝒓

•

2.1 ≤ 𝑔2 𝑋 = 𝑤𝑓𝑙𝑎𝑝
2𝑛𝑑 ≤ 2.9

3.1 ≤ 𝑔3 𝑋 = 𝑤𝑡𝑜𝑟𝑠
1st ≤ 3.9

4.1 ≤ 𝑔4 𝑋 = 𝑤𝑙𝑎𝑔
2nd ≤ 4.9

5.1 ≤ 𝑔5 𝑋 = 𝑤𝑓𝑙𝑎𝑝
3𝑟𝑑 ≤ 5.9

0.6 ≤ 𝑔1 𝑋 = 𝑤𝑙𝑎𝑔
1st ≤ 0.8
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* Hover 𝐶𝑇/𝜎 = 0.1

Section lift distribution

[1]

Section torque distribution Section pitching moment distribution Torsional deformationFM polar

Section lift distribution Section torque distribution Section pitching moment distribution Torsional deformationLift-to-drag ratio polar

* Cruise (𝜇 = 0.3)

(Azimuthal mean) (Azimuthal mean) (Azimuthal mean)
* Cruise (𝜇 = 0.3)

(Azimuthal mean)

* Hover 𝐶𝑇/𝜎 = 0.1
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

✓

✓

✓

𝜃/𝑅

Δ𝜃

cℎ𝑜𝑟𝑑1

cℎ𝑜𝑟𝑑2
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

𝑫𝑽𝟏( Τ𝜽 𝑹) = −8° 𝑫𝑽𝟐 𝚫𝜽𝟏 = 0.0° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 ∗ 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −5.5° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.4° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 1.26𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.57𝑐𝑟𝑒𝑓

∗ 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑜𝑟𝑑 𝑙𝑒𝑛𝑔𝑡ℎ: 𝑐𝑟𝑒𝑓 = 0.121𝑚

𝑫𝑽𝟏 Τ𝜽 𝑹 = −13.2° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −4.1° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −11.6° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.7° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

𝑫𝑽𝟏( Τ𝜽 𝑹) = −8° 𝑫𝑽𝟐 𝚫𝜽𝟏 = 0.0° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 ∗ 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −9.9° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −3.8° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓

∗ 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑜𝑟𝑑 𝑙𝑒𝑛𝑔𝑡ℎ: 𝑐𝑟𝑒𝑓 = 0.121𝑚

→

𝑫𝑽𝟏 Τ𝜽 𝑹 = −5.5° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.4° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 1.26𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.57𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −13.2° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −4.1° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −11.6° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.7° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

𝑫𝑽𝟏( Τ𝜽 𝑹) = −8° 𝑫𝑽𝟐 𝚫𝜽𝟏 = 0.0° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 ∗ 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −5.5° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.4° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 1.26𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.57𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −13.2° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −4.1° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓

𝑫𝑽𝟏 Τ𝜽 𝑹 = −9.9° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −3.8° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓

Chord distribution

Twist distribution

∗ 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑜𝑟𝑑 𝑙𝑒𝑛𝑔𝑡ℎ: 𝑐𝑟𝑒𝑓 = 0.121𝑚

[m
]

𝑫𝑽𝟏 Τ𝜽 𝑹 = −11.6° 𝑫𝑽𝟐 𝚫𝜽𝟏 = −2.7° 𝑫𝑽𝟑 𝐜𝒉𝒐𝒓𝒅𝟏 = 𝑐𝑟𝑒𝑓 𝑫𝑽𝟒 𝐜𝒉𝒐𝒓𝒅𝟐 = 0.5𝑐𝑟𝑒𝑓
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

✓ 𝐴𝐼∗

Mass distributionFlap deformation at blade tip

Constraint:

Max. deformation

Flap-bending stiffness

HART II (Baseline)
Mass : 2.52 kg

VI : 0.017

SNU Best cruise

SNU Best hover

SNU Trade off

DLR Balanced

∗
𝐴𝐼: 𝐴𝑢𝑡𝑜𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

✓

✓

𝐹𝑀𝑟

𝑭𝑴𝒆

∆𝑭𝑴
= (𝑭𝑴𝒆 − 𝑭𝑴𝒓)/𝑭𝑴𝒓

𝑳/𝑫𝒒𝒓

𝑳/𝑫𝒒𝒆

Τ∆𝑳 𝑫𝒒

= ( Τ𝑳 𝑫𝒒𝒆
− Τ𝑳 𝑫𝒒𝒓

)/𝑳/𝑫𝒒𝒓
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•

✓

✓

Section lift distribution Section torque distribution Section power loading distribution Section pitching moment distribution

Chord distribution Twist distribution

* Hover * Hover * Hover * Hover
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•

•

∆𝐶𝑍𝑀
2

HARTII SNU Best cruise SNU Trade off SNU Best hover

S
ec

ti
o

n
 l

if
t

SNU Trade off blade

BVI

BVI

𝝎∗

𝝎∗: non-dimensional vorticity magnitudeD
if

fe
re

n
ce

 i
n

 l
if

t

(S
N

U
.o

p
t
–

H
A

R
T

II
)
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•

•

→

∆𝐶𝑄𝑀
2

HARTII SNU Best cruise SNU Trade off SNU Best hover

S
ec

ti
o

n
 t

o
rq

u
e

D
if

fe
re

n
ce

 i
n

 t
o

rq
u

e

(S
N

U
.o

p
t
–
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BVI

𝝎∗

𝝎∗: non-dimensional vorticity magnitude
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

✓ →

Section lift distribution Section torque distribution Section moment distribution

* Cruise (Azimuthal mean) * Cruise (Azimuthal mean) * Cruise (Azimuthal mean)

Section lift distribution Section torque distribution Section moment distribution

* Hover * Hover * Hover
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

•

→

→

Torsional deformation

* Hover

Torsion deformation at tip

* Cruise
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

•

•

∆𝑭𝑴 = (𝑭𝑴𝒔𝒄 − 𝑭𝑴𝒔𝒅)/𝑭𝑴𝒔𝒅

Τ∆𝑳 𝑫𝒒 = ( Τ𝑳 𝑫𝒒𝒔𝒄
− Τ𝑳 𝑫𝒒𝒔𝒅

)/𝑳/𝑫𝒒𝒔𝒅
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

•

→

1st Lag

1st Flap2nd Flap

1st Torsion

2nd Lag

3rd Flap
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

Section lift distribution Section torque distribution Section moment distribution

* Cruise (Azimuthal mean) * Cruise (Azimuthal mean) * Cruise (Azimuthal mean)

Section lift distribution Section torque distribution Section moment distribution

* Hover * Hover * Hover

Chord distribution

Twist distribution



SEOUL NATIONAL UNIVERSITY
AEROSPACE VEHICLE DESIGN LABORATORY

39

• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

Section lift distribution Section torque distribution Section pitching moment distribution

* Hover * Hover * Hover
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

Section lift distribution Section torque distribution Section pitching moment distribution

* Cruise (Azimuthal mean) * Cruise (Azimuthal mean) * Cruise (Azimuthal mean)
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

• →

Chord distribution

Twist distribution

SNU simulation (KFLOW-CAMRADII) DLR simulation (FLOWer-HOST)

* Hover * Hover
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

• →

SNU simulation (KFLOW-CAMRADII) DLR simulation (FLOWer-HOST)

Chord distribution

Twist distribution

* Cruise * Cruise
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•

•

✓

•

✓

- →

✓

•

✓

-
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•

✓

✓

HARTII

𝝎∗

SNU Best cruise SNU Trade off SNU Best hover

𝝎∗ 𝝎∗ 𝝎∗

𝝎∗: non-dimensional vorticity magnitude
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•

✓

✓

Chord distribution Twist distribution

* Cruise (Azimuthal mean) * Cruise (Azimuthal mean) * Cruise (Azimuthal mean) * Cruise (Azimuthal mean)

Section lift distribution Section torque distribution Section power loading distribution Section pitching moment distribution
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• 𝐶𝑇/𝜎 = 0.1 𝑀𝑡𝑖𝑝 = 0.64 (Hover)

𝜇 = 0.3 𝐶𝑇/𝜎 = 0.1 𝐶𝑋/𝜎 = 0.00944 (Cruise)

•

•

CG. offset from quarter chord location (T.E.+)

→

Torsional deformation

* Hover

Torsion deformation at tip

* Cruise
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• •

𝜃1𝑠

𝜃1𝑐

𝜃0
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Experiment [1] FLOWer-HOST KFLOW-CII Absolute error

𝜃0 [deg] 3.80 3.61 3.42 0.42

𝜃1𝑐 [deg] 1.92 1.58 1.48 0.34

𝜃1𝑠 [deg] -1.34 -0.66 --0.94 0.40


