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A Spoked-Wheel-Based Small Reconnaissance Robot for Obstacle Negotiation

Jihyeon Song’, Kyeongseo Kim™ Yuncheong Kim™ Kyujin Seo” Wooseong Sim”
and Gyuheon Hwang*Jr

* School of Mechanical Engineering, Dankook Natational University

(Received September 12, 2025 ; Revised September 12, 2025 ; Accepted September 12, 2025)

Key Words: Spoked-wheel(~3¥ 7 &), Mode-switching mechanism(®2 =7 =) Reconnaissance robot(%
zZk 24, Climate disaster response(”7] % A3l ©l-§), Environmental protection(37% X.3%),
Integrated monitoring system (%3 734 A7)
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Abstract: This robot, KONG-1II, is developed for sustainable environmental protection and response to
climate-related disasters. Under normal conditions, it operates in tire mode, but when encountering obstacles,
the wheels tilt 45 degrees and six spokes extend beyond the radius, enabling traversal of uneven terrains. Its
detachable wheels adapt to diverse surfaces, while cameras and sensors provide real-time reconnaissance and
analysis in areas inaccessible to humans. With these capabilities, the robot supports early wildfire detection,
waste collection, and disaster response, establishing an integrated environmental management system that
enhances human safety and environmental protection in the climate crisis era.

TCorresponding Author, jhsong@dankook.ac.kr
© 2025 The Korean Society of Mechanical Engineers




JATEA Oﬁ,

il

"
o)
o
f
ro,
:Oé
ro

X
ri
o,
(03
N
)
olr
ot
o
oldt
-0,
i,
38
£
o, .
=)
o
4=
>,
o
-,
N
i)
ol
N
do
gg

‘Scorpion’ ©] ¥
53 -z o5 g
oNA HelEs @

of &

m
0,
i
38
ui
I
v
o =
w
folr
N
=
Hz
-3
>
L
r
oy
:oé
ofl
il
e
o
2
ox
o
o
N
ot
1
o
=
o e e Y
o & oMz 1o

)
o

Ry
N
N
pass
dlo
o
(1
A
L
1 kR -
o
S
r
M
2
[t
2
2 Ao
off o,
off o L 1y
o £ o2
o

N

>
ot

s

>

2

Y

>

>

[ :

(
T
>
~
4=

o

2

o o ¥o, Q on
rlr
N
v
12
rO FUE
R
of 031
N E Lo
m i<}
fo
N

e rlo

)

J7 N
UL

tlo
to 4n

%

T

Fhdl g} A7y B
Itk.  “Fo](KONG-)' &
£ 7|dte® & F 7px F3
LAl 2RO vk =
o] Aol A A A
o 2ol RHAFY 5ol
o] WATS wf ALl of

4 Algo] Fhsai,

N

A
e
4>
%0,
o

- 5

¥ ok
o
(0
olo

W

¢
2w o] o] ofg] ARAARAL ool kg0
‘Kinematic Optimized Navigation with Geared <]
RE(I)E &3l Ao 540 ASst] Fdho= %
23X 2 JulE Wi glof o=l oA &
T & Jdom SRR wgt Jhesik. AW AdH
A AHEA Eottid™ shelel A E Fa o] 7
W el E HAsA7)a s gAlE T

e
O

1374

o
£
2

b
Ty O
>~
>
52 o
re
i)
ol

‘d
N

o
il

"

ML of
to

(o5}

g M
=
Ry

ST
oo
b
o

- 9
o1r -
ot
o

OO
43
X
)
M

Sy 3
)
o
)
2
IR
o
o 3
2
O
fo) {

Fig. 1 Concept Sketch

(1) Unlucky Robot Gets Stranded Inside Fukushima Nuclear Reactor, Sends Back Critical Data, 2015, https://spect
rum.ieee.org/robot-stranded-inside-fukushima-nuclear-reactor
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W7 A/ oF 1%
T AW TR of~FE | A EIYAMY &




2.3 1% 4F 24 £4 2 iy

Table. 2 Summary of the ‘DoDo’ Research Survey

=9 4= 2020.05.12
, 7] 4R 2022.11.19
: E IR 10-2020-0073165
::"0 _9_(_)_]:

Hoam o 7] gojd A¥E T (spoke) S ©]-&3F HIH
2, 74 g F FAet vl Apole] 7Hido]
LA AY vl R o]Edo] H&E Ao WA & 9]
> th. wpF o] g e wel AWl dis) o]Fst, uhF
o] HFo] HolEe] Adte] HlE] A A=
7t ste] & FeolEo]l yEhd Al upF7F FelE

o
o=

(o, ©

o

50
he

2~
T

= '\—g
Y Rz gen Aelzeoldt £8ETd AHe W A A4es 2- A3

3 we] @R ol b5 e vl e, Avel Fejol wet Qs v v 199

NE AFEI @

F 9ol WeAel .

3) AN 3 BA

et AN7E ARl Qo] FelE FHE mE W whFle] g ATH AFSI G A7
oz A7 W AF Aol skt FelA B840 B

gt
E
i

A3 2 9e &gl T oA, 2xa9 Fest e %8 wR e
Qe v 71e 4 ok wAEe R shue AL PR Qo AAter HF W %

‘FOl(KONG-II)" = F& AlgstaL 7o), xql 5 F52] Ayt o4& 3D ZHEE &85t A
Zstogn HE FEAS st & duk. =3 3D THES B3 VE Az Waores FEE)
o He A4S AFFA AAT F ARNS BRF ofyg 7] ALt v &S A BART F Jde
o, FEe FAE aRHoR Fo olsAd E a&847A S F Ak, ool wet AAA Y A
|4 B o e A el vHAe A ¢ vk TheA7MA B £
2 ERE 3D ZHES &8 A WS B 27 FA 2 §A v o] va, Agsl e 9
H-E A7t adE FHolu AAAde] w9 e A% gF ZRolvh. &3t A A RS A Fa
of wet v-E AAYS U 59 5 Ao, BAA SHAA FEs] WA AFor PrhEn



2.5 NdAA

ﬂLm_W‘.._lHW m_l_v‘.ml @

= N N =]

z¥° T3 2 0l
y 253 LF EEA R RE
3 Moo W ML
= - N o > =
3 — KEoEoﬁoo
9 WHNHEME w e f;l:lm.‘_ﬂ(o@
9 <2 _éue_a Ol | £
) XOJ| OOE__Zrl
s - X géuﬂ .wm_ui,._HE )
. =3 T ™ R e < | X o o oF

0| =
= ded , %
R m«#g s
Z ~— =0 o] |
) S N w = O
2 w. ¢ E g
e X3 o § Z
. X ul .
= 11%% MW o< m|olam

oy I T X <

W ow ]

mos X 5 =

&%ﬂm o o

X dlo oo

o M.

roﬁoaa N%M;

wCOE ﬁolo

B AT

W u " R

M=o Ei@.
H o~ wmE T
O O BEwN T aE
Z ©) Jo ﬂ4io
m zZ P 70 Az o
w ,/|\1ﬂ0rﬂ1r Bl

o KO o T T
SR

T oo B g

Pk X<

:ix‘:oior‘q

B o ow B

! o ~ =

S

%q_ﬂogﬁ&ﬁimﬁ

R Lo K- W M) s =

CroHw e '

Fig. 7 ‘KONG-1I’ Key Components



2.6 ZA2A
2.6.1 5 A
1) O]]:ﬂ- zsg ==
STHE FY A D Ao)E FE 20 vor F JA ek tE Y AXS Agsigith. WA
Uik Efolo] 8 Rroxe] g o A WA ARt Bt (0, =04 2 7HA)

il

03 b s Table. 4. Properties  of 'Air at
u:?E Atmospheric Pressure (SI Units)
z: . &&, T(C) YL, p(kg/m’)
@ 0 1.29
2 5 127
o 03 10 1.25
LIS 123 ]
02 20 1.21
25 119
30 L17
35 115
40 113
6l . 0 LU 90 2000 10 45 L1l
50 1.09
Fig. 8 Schematic Representation of the Historic Trends in Z:} :$

the Aerodynamic Drag of Passenger Cars

F
Cp = D

1 2
2pVA

Py = %CDp 124 = %(0.4)(1.23kg/m3)1/2ab = 0.246ab 12

s Cp © IFHAS (Drag coefficient, -)
& (Drag force, V)
p o A B% (Density, kg/m*)
V %% (Velocity, m/s)
« 4 715 W4 (Reference area, m?)
a @ EAY 7t Aol (Width, m)
b o =42 MZ Zo] (Height, m)



Fig. 9 FBD of an Automobile

ZFx P F— (FD+ R+ mgsin@) = ma

F—0.246ab V* — C.mgcosf — mgsinf = m%
9 . dV
F—0.246ab V" — (0.015)mgcos€ — mgsinf = mﬁ

2
N
R

= 3 X N

: 71% WA (Reference area, m?)
g7t E (9.81 m/s?)
2 ZAA2F (Road slope angle, °)

A& A4 (Rolling resistance coefficient, —)

Q > @
-
il

A et AS BEdE ST =3o] Fssks I
CodeE AH/dsf Axtatqict. et Axke A

= e oy A Axtol e7HERE 84S 98] Python CodeES 24 5 7
Z Codei= HF 2)o &71% o] S,

4.99 N.m, ©.51kgf.m, 58829.70gf cm

Fig. 10 Results of Power Calculation
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2| B
1 =0.05m
o~ m = 0.0054 kg
=0.7
A - 1
]Zﬁml2—1125><10 kg - m?

Fig. 11 Spoked Wheel

[ : 23 Zo] (Length of spoke, m)

m 23X A7 (Mass of spoke, kg)

i - 2% vbEAS (Coefficient of kinetic friction, -)
I #AEAE (Moment of inertia, kg - m?)

A 2~X3 3 A A (Lower pivot point)

B =343 4 A4 (Upper pivot point)

Qs
B
of
Oas
Fﬁ é‘T a‘ﬁ GA:aB+aA/B
O (1 0-050 = sin4b ”
a = 20\6(13

Fig. 12 FBD of a Spoked Wheel @D

Q|

= ag — GB+ a‘A/B
a, = (0.025)(20 ﬂaB)(g

a_y =ap— 0.5ap= 0.5aBm/s2

)=0.5 aBm/s2

o171A,

G =X FAFA (Center of mass)

a, @ A A9 7} % (acceleration at A, m/s?)

ay @ A BY 74X (acceleration at B, m/s?)

ayp @ B 71F A9 A 7b5E (relative acceleration of 4 to B, m/s”)
a @ 9 ABY Z7}E % (angular acceleration, rad/s”)

a, : V5% gy A% (components, m/s”)

A,y Yy
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Fig. 13 FBD of a Spoked Wheel @

E|F;j= —15—mg+N=ma

Y

N = ma, + 15+ mg
= (0.0054)(0.5)az+ 15 + (0.0054)(9.81)
=15.05+ (2.7 < 10" *)ay,

Y IMy = —15(EB) — (mg)(ED) — (u,N)(EA)
= Ia + ma, (DG) + ma,(ED)

=
I

o I

ED: 9 %3
WA A

o

HE 28-S el &=
= shol] Z8she=

vk (Normal reaction force at pivot, NV)

~
t

[
el

B

=
¥
i) j& [

!
a @ 2 ABY Z7M4 % (Angular acceleration, rad/s?)
Ry A BAlA 9] dtE (Reaction at point B, N)

~
o

2 (Friction force, using static p, V)

I}

H %7 (Reference points for force/moment balance)

3 3] (Horizontal force at the lower spoke, N)

15 V2 V2
V2o (0'053)W — (0.7)(15.05) — FT
= (1.125 x 107 °)(20v/2) + (5.4 X 10™ *)ay

1.5s

Lok S
S = (.2496 X 4 = 0.9986 I/

AA e

_ 0.009767

H st 2ty = 2P — ).

14 S g 7h 4 T 005 < cosdp =0 2763rad/ s
rear= 2215 60 = 2,638 rpm

v
vk St B = 0.9034 NV - m
AALQEA =3.613N-m

15 0.053 1
0 <0 (10.535 — F) 0" 0
o F=2556N, N=15.06/NV
1.465¢cm
& P= 2556 X ———— = 25.56 X 0.9767cm/s = 0.2496 W

upehA] Fa gk A 522> 0.9986 W, RPM 2.6387mpm, EA+ 3.613/N » m7} 87-¥Th
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6.2 2 R #A&7] AA
D A% 3 % g 2H

S Ak Y gkl wet ek AW W 9 9Hs REHE v 2
Fig. 14 Front and Rear
Drive Motors
Table. 5 Motor Specifications
WGM32-2946-1280
TLH 5] AR5} IEE
a4 | N - A
e | Ao L | AF | 2 | AF | B2 | 28 | B4 | AF
RPM RPM
14 + 10% A ¥ 10% A kg ecem| W kg ecem A g
192 12 41 0.32 35 1.7 14 8.8 30 6.6 220
2) EEWHZ EE
newmA A A =2 gk wel el Aol s 567 248l TE PH52HS23555 A AFIATH. A
ol A&7 &7 4F FeFo] dAM FHz, 235 2 na gt fs
AT 5 A ulgo] WS AN g Azl At 7lo] #AE7] du] FHS ALY 5 9
3 FY5S TR T g o, sHdGa o] o,
Table. 6 Mode-Switching Motor Specifications
el 1/69
7ol E el 3
J HAAEA kgf « cm 60
P %_ A 38 B | kgf » cm 150
» 2 o] (mm) 74
- 2 2
ﬂ Eay - pay 1.8° +5%
3 2
A%k 2.52 VDC
A 2.84
#) &) 0.92+10% @20 C
e e~ 2.5mH + 20%
Fig. 15 Mode-Switching EHEA 1.26 N« m
Motor AAsw Class B
AAA 100 M2 min. (500 VDC)
RE A k0.6 kg




3) e g

HE s R A4y F5A7HS 28 dte] 44 SDI INR21700 50E 5000mAh 2] Fol<wiEH g S A4

sl
Table. 7 Battery Specifications
oA H-Ed 2lEol>iy 2 (ICR 18650) 18 £-&
3 7] 5Imm(W) x 72mm(L) x 73mm(H)
& F 9,800mAh
31 % > o
A 7 &% A9t ¢ 10.89V
2= Aok 1 12.6V
= 3 At SddF 1 1.96A
° T A ZAAF - 4A
o Ao WA 15
v WA SR 0 40A
Hes|2Ud | s, B, 3HdF, SEYHA, A dek
A 450g + 20g
=4 0°C~45°C
. = Q[ Q A
Fig. 16 Battery TFOAEZ = A —20° C~60° C
Al ZAL FTFEUHEE

- 14 -




2.6.3 F At

é?ﬂ of Z3hel o7HA] Z‘—Oﬂ EHEH AsHd Z7E viEeR Al 88 AFE AEel. 7+ S dd9 =
Ao wet Ha 7E AAE AL, olE VEoR AFE BT BaxoAe 7 Pﬂ'& ukg] (e
= RE)o| EH?F 74]4“ 7= 'Sbiﬁ‘r. vz ARt Adbe Bl A FAsiinh v F08els 2e) 9
741 o O

2

Table. 9 Wheel Axle
(Obstacle Mode)

Table. 8 Wheel Axle Dimensions 2
(Obstacle Mode) Dimensions @ 7] &
217 Eahd b 5mm
16-17mm 65mm t 3mm
L 20mm
A4 u
; ke
o A, Vg
% Ny B o3k
: AR P i -
£ b L =y — ! & y + ¢
.Et :"’_\\}: IEN z .EH___ e — &— |ED3A I_,?_'
RSy 105N 05250 M T=p 445N
TEn Fy
Fig. 18 FBD of Wheel "
Axle (Obstacle Mode) (1) Fig. 19 FBD of Wheel Axle (Obstacle Mode) (2)
MF =R —18.03N=0
R, = 18.03N
Y F,=0.525 - (0.065)R, = 0
R, = 8.07TTN
O Zx AA
-8 g 2] SFD, B Ax=o|t}.
Max: 8.08 N Shear Force Diagram (SFD) - Cantilever Beam

Position along the beam (m)

=
o
X
=
i
w
z
3

Bending Moment Diagram (BMD) - Cantilever Beam

o o X
= o

w

—— BMD

Bending Moment (N-m)
o o
~

o
b

o
o

0.00 0.01 0.02 0.03 0.04
Position along the beam (m)

Fig. 20 SFD and BMD of Wheel Axle (Obstacle Mode)

0.05 0.06
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|
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Fig. 21 FBD of Wheel Axle
(Obstacle Mode) 3

[-‘O

16
= Sl = 1
%T%‘?%ﬁo‘?‘ikQZI—(j(derd?)

o, = mr?E(§)2
= 272 (69000 uPa)

= 20148009 d*p1.Pa
o, = 54.92 MPa

y

27258 X 107 °
= SR

(0.065m )*

nd(1+X°)P _ (2.7258 x 10" °)(18.03) _ 6.143 < 10" °

= §/(1.9284 x1077) \/(0.795 + y

8 N 8d d
—6
. . X
dgo 16 wm (0.53) + S143X107 05 0o
7(26.41 % 10°%) d
6.143 x 10~ ¢

)2 4+ 0.198025
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A 2S HlA@o]7] HEo| Pythons o] &3] FHHS AL&ste] AArargoh
olo] gt Python T =& H-5 8)o HHFEsAth

7] & 18 Al
— 71— 05 _ 03 _
8= 0.2) 056 (1.1) 05 = 0.232
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Fig. 23 Mode Switching Shaft Keyway @
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Table. 10 Mode Switching Housing Bearing W7 ek &S FL = 133.8V
G EE, =
7 10 mm 7| A AT G, = 840N
7| EZAsS G, = 1720 N
fo=14.8
48| 19 mm 7% A5 ek E
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]f)E'>Pn?jl[q]Pn=Fr
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Table. 11 Bearing Specification Table
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[EEY C iria E;Hu ’Hz?’%i
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7S p 4 e i A LR
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@ FEAZE At
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QLA
Cor _ 15T0N
fs = P, —m—30.44>>1

Table. 14 Bearing Specification Table

i —————————————
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Fig. 29 Modeling of the Frame Incorporating the First Floor (Top View, Bottom View)
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Fig. 30 Modeling of the Structure Incorporating the First and Second Floors

Fig. 31 Modeling of the Structure Incorporating the First and Second
Floors (Top View)
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Fig. 32 Final Modeling

Fig. 34 Final Modeling (Top View)
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Fig. 35 Final Mode-Switching Modeling

Fig. 36 Final Mode-Switching Modeling (Front View)
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Fig. 40 Installation Process of Camera Sensor
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Fig. 41 Bluetooth-based Communication between Co

ntroller and Arduino @
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- 33 -

5E AAsi),
13 & FlEo] EFFA9) ofFoln HE




2.6.10 TEA|Z AR
D & Z¥ wige A3t

- TE AAHE : 1.7A

« ool HE AHF 1 0.05A

- HlE g &% : 9.8Ah

cF AR, = TF BH AAARF (dea) + oFFol: HF = (1.7A * 4) + 0.05A =

6.85)

. BTS7960 S| =ebolw] &g 1 90%

A RE AT, = 2024 - <761

. _ Hl E 2] 85 _ 98 _
?_%}\‘IZ_]_—(T) - /é]xﬂig_;‘ﬂ_ﬁ_([acu[a/) - 7.61 - 1.29}\12_]_—

2) REWA

5
- TE HAAAF : 2.8A
= A ¢ 0.05A
- "lE g &% : 9.8Ah
«F AF(L,,) = 2% ZH AAAF + o}Folx= AF = 2.80 + 0.05A = 2.85A

« TB6600 R E{=2to]H & & : 90%

CEA RE AR, = 2524 =37
e _ mee g 98 _
TEAND = SR,y 37 DoV

2 3] 48 gow st weA
(KONG-I)' ¢ it T5AME ZRAQE 170 $28) BHshs A4S ¢ & A

3) Zhdlet AlA FEA1%E

« ESP32-CAM ZH|HF : 0.25A

- WEE &% © 2.6Ah

- dZdole EE &8 1 85%

+ ESP32-CAM A5 731¥

- =949 (P, )=V, < ,,=3.3Vx0.254=0.825W

out”™ out™
. OlEl A H (P ): Pout — 0825 W:O 971 W
H 1= n n 085 .
P.
coEel e B ()= =0 ~0.2624

in

e 8% _ 2.644
28lAF(7,)  0.3624

© TEARHT) = ~9.91A|7F

- 34 -



3.1 A7 2 AARS

Fig. 43 Final Prototype ‘KONG-II’
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Fig. 44 Lower Frame Cross Shaft
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Table. 16 Product Specification Table
aR= b 3-©] (KONG-11)
7] 58cm <X 50cm < 23cm
i °F 12kg
Ho Foll= 55 =0 °F dem
A 57t A °F 20°
Ay o4& % 0.3m/s
W a7 °F 1=
TELEH 5 =3 8.8l * dea
7V A7 Bk L2971
Zhe et AN 9.9141%t
Sl 0.97W
Fhelel A A= 5
kel 2k 1 =49 0.83W
B A, T W 12y
22H3F EE 2.52V
AAAR T& EH 1.7A = 4ea
"3 ZH 1.8A

a7l Y8 T 1.2cm WE

v 4 e, di=f dems

S g b\ g . . = .
Flg 47 Inclined Road Dr1v1ng Test
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Table. 17 Comparison Between Design Constraints and System Performance
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Table. 20 Mode-
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Table. 21 Gear Shaft Adjacent

to the Mode-Switching Motor
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Table. 22 Shaft No. 5 in the Universal Housing
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Table. 23 Shaft No. 6 in the Universal Housing
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Table. 24 Wheel Axle (Tire Mode)
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2) 58 AL Z=

import numpy as np

def calculate power and torque(m, theta degree, a, b, v, t, FS, r):

theta = np.radians(theta_degree)

acceleration = v / t

F = (m * acceleration) + (0.246 * a * b * v**2) + (0.015 * 9.81 * m * np.cos(theta)) + (m * 9.81
* np.sin(theta))

F FS = F * FS
P=FFS *v
w=v/r

pm =w * 60 / (2 * np.pi)
T=P/w
return P, rpm, T

m = float(input("2 %= m (kg): "))

theta_degree = float(input("Zt= © (= ©HZ 4= ")
a = float(input("HH 2] 7F=Z ] a (m): "))

b = float(input("HA e AMZZe] b (m): "))

v = float(input("H ] &= v (m/s): ")

t = float(input("H ] &0 =3t AIZF t (5): ™)
FS = float(input("SH4 Al 4= "))

r = float(input("v}7] FHA|E (m): ")

P, rpm, T = calculate power and torque(m, theta degree, a, b, v, t, FS, 1)
T fm = T/9.81
T gfem = T fm*100000

print()

print(f"5=: {P:2f} W")

print(f'rpm: {rpm:.2f}")

print(f"E==: {T:2f} N'm, {T fm:2f}kgf'm, {T gfcm:2f}gf-cm")
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3) SFD / BMD # =

import numpy as np
import matplotlib.pyplot as plt
from scipy.integrate import cumulative trapezoid

def calculate simple_beam reactions(L, point loads, distributed loads, x A, x B):
mm%{fx} X]_]i E]l_a 7—'”}“_]_'"""
total force = 0

total moment A = 0

for x, P in point loads:
total force += P
total moment A += P * (x - x_A)

for x_start, x_end, w in distributed loads:
1 dist = x_end - x_start
P total = w * | dist
x_eq = (x_start + x end) / 2

total force += P_total

total moment A += P total * (x eq - x_A)

R B = -total moment A / (x B - x A)
R A = -total force - R B

return R A, R B

def calculate cantilever beam reactions(L, point loads, distributed loads, support position):
mmzﬂ]ﬂaeﬂtﬂ E)__q E]l_a 1;!:1 E_@E 7:]]}‘\_]__"""
total force = 0
total moment = 0

for x, P in point loads:
total force += P

total moment += P * (x if support position == "left" else (L - x))

for x_start, x_end, w in distributed loads:
1 dist = x_end - x_start
P total = w * | dist
x_eq = (x_start + x end) / 2

total force += P_total

total moment += P total * (x_eq if support position == "left" else (L - x eq))
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R A = -total force

M_A = -total moment if support position == "left" else total moment

return R A, M_A

def  calculate sfd bmd(L, reactions, point_loads, distributed_loads, x_A=None,
fixed_support=None, beam_type='simply supported'):

"""SFD¢} BMDE A4k

x = np.linspace(0, L, 500)

V = np.zeros_like(x)

if beam_type == 'simply supported":

R A, R B = reactions

V+=RA* x>xA)

V += R B * (x >= x B)
elif beam_type == 'cantilever":

R fixed, M_fixed = reactions

V += R fixed * (x >= fixed_ support)
else:

raise ValueError("Invalid beam type. Choose 'simply supported' or 'cantilever'.")

for loc, load in point loads:
V += load * (x >= loc)

for start, end, w in distributed loads:
V +=w * (x - start) * (x >= start)

V =w * (x - end) * (x >= end)

if beam_type == 'simply supported":
total force = VI[-1]
if not np.isclose(total force, 0, atol=le-5):
V -= total_force

M = cumulative trapezoid(V, X, initial=(M_fixed if beam type == 'cantilever' else 0))

return X, V, M

def plot_sfd bmd(x, SFD, BMD, beam _type):
""SFD¢} BMD A= Z1e]7] Bl Hd) Addigh A
max_sfd _idx = np.argmax(np.abs(SFD))
max_bmd idx = np.argmax(np.abs(BMD))
max_sfd = SFD[max sfd idx]
max_bmd = BMD[max bmd idx]

x_B=None,
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plt.figure(figsize=(12, 6))

# SFD

plt.subplot(2, 1, 1)

plt.plot(x, SFD, label="SFD", color="blue")

plt.scatter(x[max_sfd idx], max_sfd, color="red', zorder=5)

plt.axhline(0, color="black’, linewidth=0.8, linestyle="--")

plt.title(f'Shear Force Diagram (SFD) - {beam_type.capitalize()} Beam")

plt.xlabel("Position along the beam (m)")

plt.ylabel("Shear Force (N)")

plt.legend()

plt.grid(True)

plt.annotate(f"Max: {max sfd:2f} N", (x[max sfd idx], max sfd),
textcoords="offset points", xytext=(-40,10), ha='center', color="red")

# BMD

plt.subplot(2, 1, 2)

plt.plot(x, BMD, label="BMD", color="green")

plt.scatter(x[max_bmd _idx], max bmd, color="red', zorder=5)

plt.axhline(0, color="black', linewidth=0.8, linestyle="--")

plt.title(f"Bending Moment Diagram (BMD) - {beam type.capitalize()} Beam")

plt.xlabel("Position along the beam (m)")

plt.ylabel("Bending Moment (N-m)")

plt.legend()

plt.grid(True)

plt.annotate(f"Max: {max bmd:2f} N-m", (x[max bmd idx], max_bmd),
textcoords="offset points", xytext=(-40,10), ha='center', color="red")

plt.tight layout()
plt.show()

print(f"Max SFD: {max sfd:.2f} N at x = {x[max_sfd idx]:.2f} m")
print(f"Max BMD: {max bmd:2f} N-m at x = {x[max bmd idx]:.2f} m")

def main():
beam type = input("®. 9] F3S A Y AH L ('simple' T+ 'cantilever'): ").strip().lower()
if beam_type not in ['simple’, 'cantilever']:
print("ZEH JE AUt} simple’ TEE 'cantilever S Y #H3FA Q")

return
beam type = 'simply supported' if beam type == 'simple' else 'cantilever'

L = float(input("X.2] Z o] (m): ")
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if beam |

else:

type == 'simply supported":
x_A = float(input("A A7 ¥ 91X (m): "))
x_B = float(input("B A5 ¢] Wk $X] (m): "))
num_point_loads = int(input(" ¥ = 3t=<] 7N galAe: M)
point loads = []
for i in range(num_point loads):
print(f"\ny T 3k5 {i+1}")
loc = float(input(f"$1 X (m): "))
load = float(input(f'3t5 7] (N) oF3F (-): ")
point_loads.append((loc, load))

print()
num_distributed_loads = int(input("i-~3}5 2 & d=HSHA L M)
distributed loads = []
for i in range(num_distributed loads):
print(f"\ni- X 3kF {i+1}")
start = float(input(f"A| 2} %] (m): "))
end = float(input(f'& ¢ 2 (m): "))
w = float(input(f" ¢l 3t% =7 (N/m): "))
distributed loads.append((start, end, w))

R A, R B = calculate_simple beam reactions(L, point loads, distributed loads, x A, x B)
reactions = (R_A, R B)
print(f"\n¥+2 (Reactions):\nR_A = {R_A:2f} N\nR B = {R B:2f} N")

# cantilever

support_position = input("iL A F o] YA E HEHA L (left’ == 'right): ").strip().lower()
o]
i=]

S QAL )

=0

num_point_loads = int(input(" = 3t= <] 7
point loads = []
for i in range(num_point loads):
print(f"\ny T 3k5 {i+1}")
loc = float(input(f"$1 X (m): "))
load = float(input(f'3t5 =7] (N): "))
point_loads.append((loc, load))

print()
num_distributed_loads = int(input("i-~3}5 2 & A=A L M)
distributed loads = []
for i in range(num_distributed loads):
print(f"\ni- X 3kF {i+1}")
start = float(input(f"Al 2} %] (m): "))
end = float(input(f'& ¢ 2 (m): "))
w = float(input(f" 9] 3t% =71 (N/m): "))
distributed loads.append((start, end, w))
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R A, M_A = calculate cantilever beam reactions(L, point loads, distributed loads, support position)
reactions = (R_A, M_A)

print(f"\n¥F2 2 Wl E (Reactions):\nR A = {R_A:2f} N\nM_A = {M_A:2f} N-m")

x, SFD, BMD = calculate_sfd bmd(
L,
reactions,
point_loads,
distributed_loads,
x_A=x_A if beam type == 'simply supported' else None,
x B=x B if beam type == 'simply supported' else None,
fixed support=(0 if support position == 'left' else L) if beam type == 'cantilever' else None,
beam_type=beam type

plot_sfd bmd(x, SFD, BMD, beam_type)

n

if name ==" main "

main()
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4) A= AA 2=

import math

def calculate d1_simplified(C M, M, C T, T, tau a):
mAE GeshE A @ A (@A R
terml = (C_M * M) ** 2
term2 = (C.T * T) ** 2
inner_sqrt = math.sqrt(terml + term?2)

dl = (16 / (math.pi * tau a)) * inner sqrt
return d1 ** (1/3)

def calculate beta(b, t, d):
o1 Eo] g W WER g A
beta=1-02* (b /d-11%*(t/d
return beta

def main():
material type = input("ME FFS HEHSAML (ductile’ for AXFAE, ‘brittle’ for FHAAE):
").strip().lower()

keyway = input("7]3°] AFU7F? (‘yes' or 'mo'): ").strip().lower()

# WS A
N m to kg cm = 10.197162
MPa to kg cm2 = 10.197162

if material type == 'ductile":
print("\nAd A =m AEE"
# AP Fag JEy
C M = float(input("C_M (AlF): ")
C T = float(input("C_T (F15%): ")
M = float(input("M (H =T EWE, N'-m): ")) * N m to kg cm
T = float(input("T (M EHEHE, N'm): ")) * N m to kg cm
tau_a = float(input("t_a (3]-& HT &=, MPa): ")) * MPa_to_kg_cm2

# d1 At
dl = calculate d1_simplified(C M, M, C T, T, tau a)
print(f\n A A5 7]F dl = {d1:4f} cm")

if keyway == 'yes"
print("n7]& =4 EAEM
b = float(input("7] 32 b (cm): ")
t = float(input("7] &2 Zlo] t (cm): "))

kot

—

|

F
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beta = calculate beta(b, t, d1)

print(f" Al 2HEl WEF gk {beta:.4f}")

tau a modified = beta * tau a

print(f"=4 ¥ 3§ A 52 1 a" {tau a_modified: 2f} kg/cm>")

# 4E 88 A 58S AR&ste] d1 A AL
d1 modified = calculate d1 simplified(C M, M, C T, T, tau a modified)
print(f\n7]&°] A& w] &=AH dl = {dl_modified: 4f} cm")

elif material type == 'brittle"
print("\nF 4 A = g ")
# 38 Fas J4Eu
C M = float(input("C_M (AIF): ™)
C T = float(input("C_T (F1%): "))
M = float(input("M (H =T EWE, N'-m): ")) * N m_to kg cm
T = float(input("T (M EHEHE, N'm): ")) * N m to kg cm
sigma_a = float(input("o_a (31§ w3 &2, MPa): ")) * MPa to kg cm2

# d2 AL

terml = (C_ M * M) ** 2

term2 = (C.T * T) ** 2

inner_sqrt = math.sqrt(terml + term?2)

outer sum = M * C M + inner sqrt

d2 = (16 / (math.pi * sigma a)) * outer sum
d2 = d2 ** (1/3)

print(f"\nF 4 A5 7] d2 = {d2:4f} cm")

if keyway == 'yes"
print("n7]& EA FAEM
t = float(input("7] &< o] t (cm): ")

# 71 Zolg HF AA 1T
d2 final = d2 +t
print(f"\n7] & ZolE 117

o
b

% 7 d2 final = {d2 final:.4f} cm")

else:
print("Z5H JEH AU 'ductile’ T 'brittle'S Y HIFA L
if name ==" main "
main()

- 53 -




5 4 AAl 2=

import math

def calculate deflection and_torsion():
P = float(input("3}5 P [N]: ")
E GPa = float(input("€-’d A5~ E [GPa]: "))
E =E GPa * 1¢9 # GPa — Pa W3}
d cm = float(input("©¥ A7 d [em]: "))
dm=dcm /100 # cm — m W3}k
I = (math.pi * d m**4) / 64 # T 23 ZWE At
I.m = float(input("% 2] ] A°] 1 [m]: "))

# AT AL

print("1. YL

print("2. FHAA (FF3HE 1))
print("3. FIFAA (FF3F 270)")
print("4. YA EFEA A
print("5. FeFiA")

print("6. LTHEE")

print("7. FHE=")

boundary choice = int(input("7d Al =7 A (1~7): ")

# A =28 AQFE ARt
if boundary choice == 1:
delta p =P * (ILm ** 3)) / 3 *E *])
elif boundary choice == 2:
a = float(input("a [m]: "))
b = float(input("b [m]: "))
deltap=FP *a* (b **2)/B*Lm*E *1]
elif boundary choice == 3:
a = float(input("a [m]: "))
deltap=FP *(@**2)/OG*E*)*B3*]lm-4%a)
elif boundary choice ==
a = float(input("a [m]: "))
b = float(input("b [m]: "))
deltap=FP *@**2)* (b *>*2)/(12* I m***3*E*I)* 3 *]lm**2-3* (b **
2) -2 *a* Db **2)
elif boundary choice == 5:
a = float(input("a [m]: "))
b = float(input("b [m]: "))
deltap=FP *(@* 3)* b**3)y/B*(1Am*3)*E *]
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elif boundary choice == 6:
a = float(input("a [m]: "))
delta p=(P *(@a**2)* Il m+a)/B*E*I
elif boundary choice ==
a = float(input("a [m]: "))
deltap=P *@**2)*3*1m+2*a)/(6*E*]
else:
print("& X E Ay

return

T Nm = float(input("H] & H ZHE T [N'-m]: ")
T kgem = T Nm * 10.1972 # H]E¥ EWE W3 N'm — kg:em

# A /1AM (9] W3 A m 9] IgE ARS), AU
delta ratio = abs(delta p / 1 m)

# HEY AA AAE 9% d A EFvE 26451439 , 2HIQJEl A 2~E ¢ 75693534, PLA
13154.34, PLA(%3}) @ 17233.20, &5V (R A5 72GPa) @ 275935.21

lLem =1m * 100 # HEH AA A& = 12 om @492 HS

d_torsion = ((32 * 180 * T kgem * 1 cm) / (math.pi**2 * 810000 * 0.25))**(1/4)

print(f'\n¥HH 22} BHE (I): {I.6e} m™4")
print(fd &gt BA =719 sted ANZF (6_p): {delta_p:.6f} m")
print(f'§ / 1 = {delta_ratio:.10f} (A3 H]&)")
prin(f\nZ o] B =¥ A4 A7l {d torsion:4f} cm o]/t AAE TH F& AREstH Huoh
if delta_ratio <= 0.33:
print("z=7 WFE: 6 /1 < 0.33")
else:
print("Z71 BEFE: § /1> 0.33")

calculate deflection and torsion()
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6) TR d= A

)

| Z=

import math

# vt (T E RE) FEAA
def f(x):
return x - ((1.9284 * 10**-7) * math.sqrt((0.795 + (6.143 * 10%*-6) / x)**2 + 0.198025))**(1/3)

def f prime(x):
term = ((1.9284 * 10**-7) * math.sqrt((0.795 + (6.143 * 10**-6) / x)**2 + 0.198025))**(1/3)
term_inner = 0.795 + (6.143 * 10**-6) / x
inner_derivative = -(6.143 * 10%*-6) / (x**2)
derivative term = (1/3) * (1.9284 * 10**-7)**(1/3) * (1 / math.sqrt(term_inner**2 + 0.198025)) * (2
* term_inner * inner derivative)

return 1 - derivative term

X_initial = 1.0
tolerance = le-6
max_iterations = 100

# FE AHE
x_old = x_initial
for i in range(max_iterations):
x new = x old - f(x old) / f prime(x_old)
if abs(x_new - x old) < tolerance:
print(f"H & d = {x_new:.10f} (RF& {i + 113])")
break
x_old = x_new
else:

print("THIA F=. HA B Sl =g
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# 71% 18 WS W =49 AA
def g(x):
return x - ((8.312 * 10%**-7) * math.sqrt((0.795 + (6.143 * 10**-6) / x)**2 + 0.198025))**(1/3)

def g prime(x):
term = ((8.312 * 10**-7) * math.sqrt((0.795 + (6.143 * 10**-6) / x)**2 + 0.198025))**(1/3)
term_inner = 0.795 + (6.143 * 10**-6) / x
inner_derivative = -(6.143 * 10%*-6) / (x**2)
derivative term = (1/3) * (8.312 * 10**-7)**(1/3) * (1 / math.sqrt(term_inner**2 + 0.198025)) * (2 *
term_inner * inner derivative)

return 1 - derivative term

x_initial = 1.0
tolerance = le-6

max_iterations = 100

# TR AR
x_old = x_initial
for i in range(max iterations):
try:
x_new = x old - g(x old) / g prime(x_old)
except ZeroDivisionError:
print("IEE7F 00] Ho] A Al 7] FAEE WADan
break
if abs(x_new - x_old) < tolerance: # T4 =71 &<l
print(f'= & d = {x_new:.10f} (RH& {i + 1}3])")
break

x_old = x_new

+

else:
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