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Abstract: There is difficulty in confirming whether safety rules considering scatter of spraying drones are met during
operation, and the results of operation. Scattering is a key problem to be solved to improve the quality of the work, for
which the uniformity and maximum deposition distance are analyzed to propose a drone system that can verify such
problems. This study starts from the background research of the safety issues and work process of agricultural drones and
conducts spray area analysis to propose an autonomous drone system. The process of simulating and verifying the spray
area according to the airflow through computational fluid analysis is described in this work. The autonomous flight path
is set according to the safety rules, and a precise flight path adjustment algorithm is implemented through MATLAB
simulation, which creates a spray area map as a result. The proposed drone system will be able to be applied not only to
agricultural drones, but to other diverse uses of spraying drones.
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Table 1 Standard operation condition for unmanned aerial spraying vehicles

Vehicle type
Unmanned helicopter
Unmanned multicopter
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Table 2 Model specifications

Value Unit

Flow field 20x20x 4 m
Rotor diameter 760 mm
Rotor speed 11.6 m/s
Nozzle-rotor distance 450 mm
Nozzle distance 1,320 mm
Droplet diameter 300 - 400 um

Rotor wind output

!

Fig. 2 Drone nozzle output

s

Fig. 3 Mesh of ﬂow field
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Table 3 Boundary condition

Value Unit
Nozzle inlet Bulk mass flow rate : 0.00933 kg/s
Rotor inlet Normal speed : 11.626 m/s
Outlet boundary Average static pressure : 0 m/s
UI_’per boundary Opening condition : 0 P2
Side boundary Pa
Bottom boundary Escape

Fig. 4 Boundary conditions of flow field
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Table 4 Maximum deposition rate
1 m/s 2 m/s 3 m/s
Wind direction | Position | Deposition rate | Position | Deposition rate | Position | Deposition rate
F 10 0.231 10 0.160 10 0.157
FS 8 0.204 9 0.178 8 0.175
S 9 0.184 9 0.160 8 0.174
RS 9 0.247 12 0.209 9 0.303
R 10 0.357 10 0.315 10 0.328
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4 7ss 3l ©]Z MATLAB A&
: & ugos AHo] 37|15 A3t 30 m o|ul<]
s e an, vim el Al AlQtE b A whek g Ak Fo] FYef o
95 AA319 S AAsih WA 993 7Y ARE
g wol njAb (FFAL AQstal vigo] FH e Waow AHRIE AFHET 1.249 AP A W&
Za1ste] Fig. 89 F& A, TF AAE AEHC A
4

o
fu
N
0%
ol
fz

%
E -
)i e A BFAA Aoz v AAste] dolEst AYHES stgom sz 17
7

ol E Hrh



o
o
-
g,
B
B
o
N
4
oft
N
i)
For
ulss
in}
>
oY
N
foi

Reference Path
Flight Path
o

Dispersion
- Caultion Area <« sw2m/s

North (m)

0 20 40 60 80 100 120 140 160 180
East (m)

Fig. 9 Flight path adjusted according to wind compared to initial path

Current wind velocity: 1 direction: W

| 1 | 1 | 1 1
0 20 40 60 80 100 120
East{m)

Fig. 10 Spray area map result

£ el An WA Al e A9 g 42 24 ) Fasge, o
FH weh 4R 4 Az gl A gAE Aol XSG @k Fig 9 47
o= FASHYIL, WA 9 dolee] mek AN 23

Ak FATe] T 2 msE B A AUH T
dFol 2 misE FE AFE S 90°(S)E, Table 40 wh
& A=t 2A4FAJ. AlEd oA Z¥E Fig. 109 W

el QA0 B4 AATE i, A9 A5E Fehel A A9 A FAEE DA

.
3.2 2
WA AL e Gl wE YAl A BAskgom, Hu PAs 2= A
A EL G4 fstel BAl 9T 2ASE JES ARsGom, oF AFUdos
A QR FEe] B W PAl AnE FAT F AR s PA 9 W Ak



AFFAELY] FAAE WAl ANE FAFHS wEm, okl U@ FAIS ok BAZ Wad
WA A A B s WA AsEe ANSHE Rl oozt vk @E, WA Ggol
o FE FHEY LAERE, FE $)S A4 mdst AEdold B0 sl WA 99 44 o
WP V)5S e @ 5 vk PA 9 BT mae selsts] fiste] tgd ATsh Aws}
o] oA 3 Qon, rAYYe A CFD B4 4 L doly Ao e ATE APH; Yok
B AT Avke A& PA B A2UY A $Y8 SES TTE BT Hobe] BT Ao &
FH02 489 F 92 Aot
< 7

B RS 20229 FOUSa BEEAAAAY ARS ol FARALG U

=, 71449 £2e FA FUSE AANLGUAATHS ARF wEGA BAbe B =
Hu,

Hizd
(References)

(1) Korea Institute of Aviation Safety Technology, 2021, 2021 Domestic and Foreign Drone Industry Trends Analysis
Report, KIAST, Incheon, Republic of Korea, pp. 1~228.

(2) National Institute of Agricultural Sciences, 2020, Manual of Unmanned Aerial Vehicle for Spraying Pesticide, National
Institute of Agricultural Sciences, Jeonbuk, Republic of Korea, pp. 1~179.

(3) Ni, M., Wang, H., Liu, X., Liao, Y., Fu, L., Wu, Q., Mu, J., Chen,,X. and Li, J., 2021, “Design of Variable Spray
System for Plant Protection UAV Based on CFD Simulation and Regression Analysis,” Sensors, Vol. 21, No. 2, Article
638.

(4) Wang, L., Chen, D., Zhang, M., Wang, Y., Yao, Z. and Wang, S., 2018, “CFD Simulation of Low-attitude Droplets
Deposition Characteristics for UAV based on Multi-feature Fusion,” IFAC-PapersOnLine, Vol. 51, No. 17, pp. 648~653.

(5) Wang, G., Han, Y., Li, X., Andaloro, J., Chen, P., Hoffmanna, W. C., Han, X., Chen, S. and Lan, Y., 2020, “Field
Evaluation of Spray Drift and Environmental Impact Using an Agricultural Unmanned Aerial Vehicle (UAV) Sprayer,”
Science of The Total Environment, Vol. 737, No. 1, Article 139793,

(6) Dafsari, R. A., Khaleghi, M., Yu, S. H., Choi, Y. and Lee, J. K., 2021, “Design and Performance Evaluation of Air
Induction (AI) Nozzles to Reduce Drift Potential for Agricultural Unmanned Aerial Vehicles (UAVs),” Journal of
Biosystems Engineering, Vol. 46, No. 4, pp. 462~473.

(7) Kang, K. J., Chang, S. M., Ra, I. H., Kim, S. W. and Kim, H. T., 2019, “Nozzle Flow Characteristics and Simulation
of Pesticide Spraying Drone.” Smart Media Journal, Vol. 8, No. 4, pp. 38~45.






Trans. Korean Soc. Mech. Eng. C, Vol. 12, No. 1, pp. 11~19, 2024 11

<887Es=E> DOI http://dx.doi.org/10.3795/KSME-C.2024.12.1.011 ISSN 2288-3991(Online)
- — — e == -
oy Z2He dsEEER Y

QUM ABH - AR sh s
* P etal 7] A A St

Development of a Small Propeller Performance Measuring Device

Inseo Choi”, Yoonsoo Shin", Jisu Kim" and Cheolhuei Han™"
* Department of Aeronautical Mechanical Design and Engineering, Korea National University

(Received May 26, 2023 ; Revised October 5, 2023 ; Accepted October 10, 2023)
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Abstract: In the present study, a small propeller performance measurement device is developed using commercial sensors
and motors. One-axis loadcell and indicator were used to measure the static thrust of commercial propellers, and
propeller’s rpm change due to voltage variation was measured using a tachometer. The static thrust of commercial
propellers was compared with the previous published data. It was found that the error increases as the propeller’s radius
stepping up. We also found that the error was due to the error in the tachometer instead of the load cell or any vibration
of the blades. In the future, the performance of propellers due to the change in the advanced ratio will be measured using
the wind tunnel test facility.
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Fig. 2 Geometric characteristics of a APC 9X6E propeller
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Fig. 3 Schematic diagram for measurement process of thrust rpm and torque
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Fig. 5 NACAO0030 airfoil shape case used for fixing sensors

e E AFgete EHASS AT, 2eAdzRY BAS FHd4e] A7]E CAS -KOREAALS]
LCT-II(Fig. 4(b))TH7]15 AH&3ste] 0 ~ 10 v M W= AL 2534 A5+ National
Instruments 2] DAQ board USB-6009(Fig. 3(c))°ll A%% o] LabVIEW <lxUold g agmow gholsk 4= gl
EE T-motor 2] AT2317 950 kV(Fig. 4(f)) BLDC 2EHE Al&3lon, e 3AZLEE Aof3}7]
$ 3 BeatlesAF2] 40A Brushless ESC(Fig. 4(d))2} Arduino UNO(Fig. 4(e))E& AF-&3} T UNO boardi= 5V A&
ol &= 14709 B F 6702 FelA PWM A FE AA It} LabVIEW control panel W] PWM Al
35 duty ratio® FAdte] HHO I AEHEE AojstEs AAS A o3 FFEE volHE
S LabVIEW control panel2 €+913}7] 913l National Instruments®] A& &5 A]22®l DAQ board USB-6009E
AbgERgith 229 o] RPMS S35 S8l vdEF2 A AA 7 A -8¥ Monarch Instrument2]
IRS-W/P E}SW|E|(Fig. 4(g))5 AH&3te]l B 7} Fo17 dtel wha} o) =2 o)A st =A delstalt)
e BE95 5437 98] 2kgf -cm~500 kgf -m B A ALE71538 SETech AF2] YDN ==
37](Fig. 4h)E EZ QuAclE e} A4t AAF-9 fx= Z2aAe] o] AX|¥ o, 313}
vz FRd g8 HdaIs HAAZIY. el NACA0030 A olo¥d 31945 3D =
SHA o] dAste] F{RIF Aol ~E wepx] S5 F dEF i Aoz YR
T 2 AN AT 7 AEF AAE A, AAE A s

l

2 41

qE ig. 5).

He G, ofgde] winaeg] & AAete] &= GolatAl A#atglnt. Hxd Al
stall=7] 913l arduino board®l]l WZ¥ PWM(pulse with modulation)e] 2] & A&

AlZEe] M) & (duty ratio)S A3t &8 AYS Alojste= PWM 98 E F3l 2



[
oftt
[kl
fru
e,
i)
ox
olr
||\

2,

N,
ﬁ
=

)

T

15

“““““““““

(a) Laser pointer test (b) LED control test
Fig. 6 PWM control test using a laser point and a RGB LED with a LabVIEW control panel interface
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(a) Digital-to-analog conversion (b) Power surply
Fig. 7 Circuit installation for a motor and sensors
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Table 1 Results of the load cell calibration

Weight (g) 50 100 200 500
Mossured load (gf) 50.1432 100.1996 199.8044 500.2170
& (0.59%) (0.28%) (0.19%) (0.04%)
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Fig. 8 Process of the loadcell calibration using balancing weights and the LabVIEW VI program

Fig. 9 Installation of measuring device
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Table 2 Propeller test conditions

Height above sea level (m) |Temperature (°C) |Density (kg/m?®) Latitude G (m/s?)

100 27 1.214 127.874° 9.811

r'{"‘

T § St
’ ™ : |

(a) LabVIEW block diagram (b) front panel display
Fig. 10 (a) LabVIEW block diagram; (b) front panel
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Abstract: The power transmission element design is one of the important competency units that must be achieved in the
field of mechanical element design according to the National Competency Standards. In order to understanding the
function of power transmission elements, it is important to understand by looking at how they actually work. Therefore,
it was intended to achieve the educational goal of developing power transmission element design skills by applying a
blended learning method that combines flipped learning method. From the results of the survey, it was confirmed that
learner’s satisfaction improved.
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W ukE Sh<x(adaptive learning), 34 5 > A& (resource enriched), “} 7)< 28 (technology
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« Motivated TK Solver Software

Provide Self-
+ Adaptive Learning Assessment Questions
& Solutions

Video Lecture
+ Resource Enriched Contents 8
Simulation

Machine Element
+ Technology Enhanced PE{eRULWRIET TR ZETE S
Player Software

€L£EE€L

Fig. 1 SMART teaching & learning model for blended learning
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Table 1 Class plan and teaching methods for each week

Week Topic Class activities Teaching methods

Familiarize yourself with the Introduce learning methods such as equations and
! mechanical element design subject methods of solving equations required for design (Orientation)
Classification of Classifying machine elements according to
2 mechanical elements and purpose of use, understanding the definition and Flipped learning
industrial specifications design process of engineering design
Gear modeling and Practice the gear modeling process

3 design foundation & motion simulation Blended learning
Examples and how to use TK Solver, | Features and configurations of TK Solver software

4 a design equation solving tool solving basic engineering problems Blended learning

5 Basic engineering problems Find the time, speed, and flight distance of the projectile | Blended learning

. . Learn the type of gear, the terminology of
Geometric analysis of the gear

6 o the gear, and the design parameters Blended learning
as a power transmission element

required for the gear design

7 Gear train design Solving the problem for a given gear train Blended learning
Primary diagnostic evaluation (basic engineering
] Interim examination problems, designing standard flat gears (Test)

among power transmission elements, etc.)

Practice in designing the gear train that produces

? Practice designing gear train the velocity ratio of the gear train Blended learning
Gear modeling and motion simulation using
10 Gear motion simulation RecurDyn's gear toolkit, Blended learning
a multi-body dynamic analysis program
Learning the Learning the components and design parameters of
1l wrapping driving devices the wrapping driving devices Blended learning
Practice in designing Find the contact angle between
12 wrapping driving devices the belt and pulley, and the length of the belt Blended learning
Types of forces, such as tensile tests,
13 Interpretation of static forces differences in mass and weight, center of mass, Blended learning
tensile and compressive forces, etc.
) . Finding the moment of inertia,
14 Interpretation of dynamic forces Newton's law of motion Blended learning
Secondary diagnostic assessment
15 Final examination (gear row, design wrapping driving devices, (Test)

interpretation of static and dynamic forces)
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Fig. 2= 7[Al 8247 A5E o7 918 AMd AR 712 S8HEAl FollA 27 Z
EA9 &5 dHE 787l 918 TK Solver iiE"ﬂ‘ﬂ«] 2% Ab#lolt), 72 Al E(rule sheet)oll ##1=

7] 9 S dYstH 7)o ARESE WETE W Al E(variable sheet)ol] A= a1, Aol o =
o AL TIE ofe e S mASe] FUE ol FOIRE W Ee ok Bu pend ot
S EolM 5 Sk olelgt A EFo]l =E AR&ste] ot digk A oHws £Y
UATH FH-T wg FRl= AT FRI|EDE dANAE Fig 3914 HE uiel o] 7]oj R[] 74
Q20 B4 3Y Tl FAIT = 3 Flux Player 22X E o]0 Alg-alo] stEo] ofg 77
228 A3 Bt A3 gol Al sRAoE AL TN AT F =S A
B @9 shgo] VoI Fatoli= PARTNER w58h¢ RPWo) ule} Z9 21d< AA33ith Fig. 4
o= &9 23S 9% PARTNER 239 & =A<} BV\ 1444‘10] kel ok, Pre class ©HAlol A 255 U]
sle] olgolu} 71x sk 5ol widl Fel ARE ATHAT, inclass AN A% 952 Ash A
%2 A5t Post class BAN A= 5 BH WA o%%-g— Wks] A% 4 WS A gshe
=9 89S A8 AHEE Fig. 57F o, o= VAL AEA wdE AL VAL A, A,
A olsfalrlel A “gataAlel Helsh A B AWF F s w4 BEE DA S5
AR s, g Al AE 7183y Al A AP o] 57 (personal mobility)e] #4157 3
F ANGe] e E2Y wudE 44 o F9 steg AN
== Rules
Status |Rule
Satisfied V=0 cosd(8)+ax™t . x component of velocity
Satisfied Vy=V0*sind(8)+ay™t .y component of velocity
Satisfied ¥=V0*cosd(8)"1+0 5%ax* "2 . x component of displacement
Satisfied y=V07"sind(B)"+0.5"ay"t"2 ;¥ component of displacement
v Variables
Status |Inp_ut [Mame |Outp_ut [Unit [Comment
Vi 17.32050808 m/s x component of velocity
20 Vo mis initial velocity
30 5] deg lanch angle
0 ax mis"2 ¥ component of acceleration
2 t s time
Wy 96 mis y component of velocity
98 ay mis"2 y component of acceleration
X 3464101615 m x component of displacement
¥ 4 m y component of displacement

Fig. 2 TK Solver example for solving position and velocity of flying object with initial velocity

Gear Used For RC Car Design

>

Spur Gear

Bevel Gear Differential Gear

Fig. 3 Gear animation contents using flux player software



=9 HEd BEAYE 2ds A8 VA LAA wE A AT 25

* Preparation

Pre Class

+ Assessment

« Relevance

* Team Activity

In Class

* Nub Lecture

+ Evaluation

« Reflection Post Class

L £ € € € < <

Fig. 4 PARTNER teaching & learning model for flipped learning

Practice Product Planning Process

Student Name : Date of Submission :

Describe the process of designing the current personal mobility (electric powered single-person mobility) from an existing
manual kick-board or tri-ski product according to the described design process described.

x

P 2 017100 StritA

o

Fig.1 Manual Kick-board

Fig.2 Tri-ski Product

Fig.3 Personal Mobility
What to write
1. What are some inconveniences with traditional manual kick-boards or tri-ski products?

2. What are the improvements on current personal mobility devices over traditional manual kick-boards or tri-ski products?

3. Please propose or plan future personal mobility, including features or improvements you want to add to your current

personal mobility.
Fig. 5 The contents of the team learning for the product planning process of engineering design

22 1Y Mg 21t
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Planned operation Satisfaction with teaching  Understanding the learner's Current level of satisfaction
methods level of the instructor

W Department average M University average m Class A Class B

Fig. 6 Results of intermediate lecture evaluation on mechanical element design course

©
N
24

o= distul ERoA dFHo T F wgAe HULE AAESlt AFH 9, o Pl
2ko] Bt5A) oldl] g, AATFAL] WEE o] 471A] oA 28hd BRE A S A
.64 H= vpe} o] 54 whHo| Z}7; 4.40, 4.28, 4.36, 4.3273 S YERo] Shat Hty} Skl Pt
Fe|etaich AlEA & I A &S S AYAIACIHEE )= dgs]a gy
WY TSR o AR &S cugde 54 WAL wabE ofdjd Ego] Hrprith wg
g5t FEoldl o MAE U8 <Ak sy IxvF Adsiorglon, dA7A Y] Rk
of A &2 “dA7A &g FoR = ool FYE 7|t Akl

=1
&
olo ¥
ol ol

I
S

4
K

o,

F1 2L O o o b

. o F

1

T

157 Aol = 9 BEo gpelAsge] HE )5S olgstel 2RABIA £ WA WFE
Sol Wiet 5 167] BFol UlF AF HES AN oW HE 2AE Fo Auk dWEd} dla
sto] B wnhE godold AN BAUss 7 o9l od G5 947 wEEE 2, B
wihEel oy BEel BHAYLL AT RS 2ASIA Hth Aze wswel U o
W5 AAEE 2A] A “BACUE PR Lol 9% g £do £F g 21
FYOH M 8% FOALE oE g% g B ol 4% 9a dglubareis AR gE

o =

A AA7Y Fig. 7ol vhek Sl <SRt e S9 el sl vl & ki giit 28.6%9F “of
AT & i AT 53.6%E FAW 82.2%7F dlF wyHel dis] AAsta e o® YEhgth Al

= AN

2 wEs A8 4 30 dg AEEE AR flste] <@ dEo] AN E gt £Y
B Ao m ARG ol 7ol Aol tEk xdLolete Aol disl, Fig. 8ol A 1
o oHkeh ol «wil- FoIu 67.9%, <ol A FUTTE 25.5%, “HFolHrIE 7.1% 13 “HE ] F
Stepreh «wjg- ¢F Fokv= 0% WERRTh SRt S 2 e el di@ AR bt
93.4%% "l Eekom, fruA ool 7.1%, FA4A Wrb= 0%E ANbHom SgSe] ol 4
e dzdte e < 5 Al

8 Aol AAE T IEOlI A A WL ge] AEd cade] ]l @A ks ol =
wol Auprglow, 1554ke] A &2 & o] =duE Hdd 9 Hd B R AqHAS
ek ole @ el @Ael Wi derew Hy pAMeR A 2gow A4St 7 el
et FAAEe] wEEe S rtRg 7eg ) 2% Fdstglon, 53 WA

5eHA EAE H oA 46083 44607 ¢
T Fol tigtnl ERo|A AAJE wg7re] Hrt
328, 2439, 487 5 F 8/l ol vig ygoz pAEo] ot A AAdA wa



i
o
i)
ol
o
il
e
i)
[
i)
ol
o
L
oo
ot
N
X
fo
B>
(0
2
=3
fo
>,
pr)
re
-4
AN
N

o Aorhe £3 HE 1A glel EA HarF vUstth Fig. 99l w28 oldd &9 Yd %
LAE oy wEe 289 3 29t BRASE vuslth FASE 25 Avkl) Bt 5
A 77t Bt Ay 247 4577,4557 02 Ugith o= S} 4t 4.13%, FAY Ht 4.29%,
Wt AARF 43240 BT 45T golth. wrMS AEshy] A vlas] 8 ojd Awel 7
oGt A AFE AHRE AT 419803, BHFS 417- 0 tE wEbA] ARE V]EoEE WY A
& o)ld3 o]FE wwd w Feo)Fr} HFHGIE 9.1%, B A9-olE 9.0% e AnE UERHS
th o] ZEE] ugy A go oaf A4 wHET) Fobite Ae geld & AUTH
16 15 60.0%
o 14 53.6%
= 50.0%
9 12
. %
Y= 40.0%
(o]
g ¥
8 =
£
8 30.0% §
£ 8.6% 2
2 6 g
2 4 20.0%
-
4 14.3%
10.0%
2 1
.6% 0
0 -3 0.0% 0.0%
I didn't know Ididn'treally It's about lknew itto | knew very
very well. know that. average. some extent. well.

Fig. 7 Results of awareness survey on blended learning and flipped learning
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bad. average. some extent. good.

Fig. 8 Results of preference survey on blended learning and flipped learning
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Fig. 9 Comparison of the average score of lecture evaluation this year and last year
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28 QA I8 2u WR $EE S AT Dl AESHE A} S5 1R DA A
S AR FEA FR A, 9 T AU F5de) 2% FUF Agstelol drh A A
A Theke £ZEANOE AHET 4 STk Micosoft Excel AGlAE +4 Tl LEAL Geiat
WA gl Aoy FFAS B9 uF olssl Hrh A A

55 AL Aol Fad

Abstract: It is necessary to design a cam and a follower used in automation equipment that performs repetitive
movements with a certain period. For this design, the designer must determine the design variables such as the type,
position, and shape of the cam and the follower, and the form of motion of the follower. In Microsoft Excel practice,
students understand the meaning of the defined formula. When using CamDesign™, students can obtain diagrams at once
after entering design variables and motion conditions. Using Working Model® 2D, students can simulate the movement
of the cam and follower. Since each cam design software has different functions and types of results, it is desirable to use
various software according to the educational effect, and it is important to present learning objectives that fit the
characteristics.
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Table 1 Cam follower kinematics for harmonic motion®

Motion Rise Fall
H; H; mt;
Displacement AR, =H, +— > 1 - cos(—)] AR; = Hp + > [1+ COS(T)]
J
. _ mH; mt; TH; t;
Velocity v = 2T, sin( Tl S v = o7 sin( T )
Accelerati ZH n?H; mt;
cceleration a; = = R
= 05 (g 2 4 =~ 573 05 ()
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Table 2 Excel sheet for cam follower motions

& B C D E F €

1 time,t cam angle,® displacenet,s wvelocity, v inst. anlge.a Rx Ry

2 {sec) {deg) {cm) {cm/s) {deg) {cm) {cm)

3 0,00 0.0 0,00 0,00 0,00 0,000 3,600
Ll 0,25 12.9 0,10 0,749 12,05 -0 905 3,498
5 0,50 257 0,38 1.36 19,11 -1.841 3,445
53 0,75 32,6 0,75 167 20,22 -2 804 3,238
7 1.00 51.4 1.15 1.36 16,47 =3 720 2. 786
2 1,25 64,3 1,40 0,79 9,20 =4 455 2,087
3 1,50 77 16O 0,00 0,00 -4 875 1,113
10 1.75 0.0 1,50 0,00 0,00 =5 000 0,000
11 2,00 1029 1,60 0,00 0,00 -4 875 -1,113
12 225 1167 1,60 0,00 0,00 -4 B0k -2, 169
13 2.B0 1226 1,50 0,00 0,00 =3 909 -3.117
14 2,75 141.4 1,60 0,00 0,00 =3 117 -3,909
15 5,00 1543 1,60 0,00 0,00 -2 169 -4 B0k
16 325 167.1 1,50 0,00 0,00 -1.113 -41.875
17 3,60 120.0 1,60 0,00 0,00 0,000 -5.,000
12 3,75 192.9 1,40 -0.,79 -9.20 1,014 -4,801
19 4.00 2087 1.13 -1.36 -16.47 1,888 =4.247
20 4. 25 21286 0,75 -167 20,22 2634 -3.455
21 450 231.4 0,38 -1.,36 -19,11 2,949 -2.561
22 4,75 2443 0,10 -0.79 -12.05 32089 -1.661
23 £ 00 2671 0,00 0,00 0,00 3412 -0,779
24 E 2R 2700 0,00 0,00 0,00 3 B00 0,000
25 5.B0 2329 0.00 0,00 0,00 3412 0,779
26 k. 7h 295 7 0,00 0,00 0,00 3,163 1618
27 6,00 3086 0,00 0,00 0,00 2736 2. 182
28 6 25 321.4 0,00 0,00 0,00 2182 2,736
29 6,50 334,53 0,00 0,00 0,00 1619 3,163
30 G, 7h 3471 0,00 0,00 0,00 0779 3,412
31 7,00 360.0 0,00 0,00 0,00 0,000 3,500

2.2 Microsoft Excel 0|2 A}z

Microsoft Excel 2XZE o] & o] &8 wo= st So] 212 Zo] Table 19] Yo} &= 23 &
S A S dEetAA xEEFol ARt E29 oulE olsistAl Hth Table 2= ©] Y
Ao gk A FTEAY &5 X A FAO x,y A3k AL A3 doly b vhel 2l Table 204
ALL NZHBES 7L CcEe T5de W9, DEE 54 T EES Y 29 4y #3 F
=7} (instantaneous contact angle), FE-> 78 4] x gk 622 # A9 y g gkolth Excele] AE
vl AH(chart wizard) S ©]-&3te] W 9] A %= (displacement diagram) ¢} €% A % (velocity diagram) S Fig. 13} 7+
o] 7% 4 Utk Fig. 19 &% HAx9 JeH+= APFAHA %3} L5 £5 A= FHAES AT F
At 7 ?ﬂ”" Table 2°] 7 ¥4 HxEgt HolHEFE AE wpgAbe] 248 AEE o] &-38lo] Fig.2(a)
2ol e = Qdnh. B3-S AYste] 714, 9 Qﬂ AT 3 wE, 49 28 $5dEe 1
HA] g A /‘}fﬂl of & XY F Ao, FAEL Exceldl A 73 dHolH 7t Fig. 2(a)¢t &
7 FEHREE dojd LEolEte AL T 4 ‘”ﬂr
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T 7bEE, A, dEE 747 HAgigte® dolHE YA xdse Ar3t 24 (normalized process)
S AAA oy Z2YPZ =S o F AT Fig. 59 display ™ol A4 show contour WS A ElshH Fig.
2()ok o] A3 FEAe FAES Uetd & dow ofymold 7S ol&ste FAE FASHHA T
of TE A 4 TtetHA FTeHY Aot s A= S A F Uk

78 A A gE=<lCamDesign™ X Egojo A= AAASC] o] FQ235H, Table 33 & A4
W45 Fig. 39] design "ol Al j=steh. A zhe] ®iste E}E T8 Fede &E2 Table 4ot Zon,
o] dlo]HE Fig. 4°] motion ™ol Yo ZH Excelol Aol AgETt A4 wE 2¢] A7 A3

PN
ds 5 9l

CamDesign™-2- A A WA w A7t o9 GepA=AE vtE 1% & 9le
%% (superimpose) 715 0]%'3}04 AARF7E HAEJS o a8y 71 FA4e] WstE vasty l"E:
A g Qi olggk A AA HE TR S o] &t FAEC] oA AA WMol ofEdA
o]FoA=AE FHT = k. dE 5ol dAlY ¥4E 2 TsE AA FAelA T A= (offset value)©]

ﬁd
T ol op
QL
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Fig. 1 Displacement diagram and velocity diagram
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(a) Cam profile form Excel chart wizard ~ (b) Cam profile from CamDesign™ display
Fig. 2 Comparison of cam profiles with Excel and CamDesign™ output
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example.cam Properties x
Design |M0tion| Displayl
— Follower Motion—
‘;' Base Circle Diameter IE o
- - Follower " Pivoting
Cam Type I Roller - I
Dt‘-’»s'lgn Offect ID— — Pivot Coordinate —
=
‘ . ' Roller Diameter |_1 ¥ I 1
—=alie
Pivot Arm Length I— i IE-
ga |[ == H2m) |
Fig. 3 Design menu for design variables
example.cam Properties X
Design Metion | Displayl
—Motion Properties
- Cam Speed
‘.' |Simple Harmenic j
ey ~Intervals ———
Cam No. of Interval 4 Interval End [ 7712
Design
g Interval £2 Interval Lift I 1.3

Interval #3

e
‘.' Interval #4
el

Constant Welocity I 0
Preview . |

Jhat

I qgw |

Fig. 4 Motion menu for cam speed, intervals and motion properties

example.cam Properties *
Designl Motion Display |
—Graphs —Contour
A-—
‘.' ¥ Displacement Orientation (deg) IO
- ¥ Veloctiy ¥ Show Follower
Cam =
D es:gn drsoc I Show Centour
v Jerk
- ~Tables
‘ ." ¥ Pressure Angle
Show Inputs
e |
I Show Graph
Show Outputs ... |
g |[ w2 | =sam |

Fig. 5 Display menu for graphs, contour and tables
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1emz HAE A= oict A7 (alternative design)ztal 35S o, L& A A (original design)$} et A A
of digt A P4y} WYHE T& v 5 U

2.4 Working Model® 2D O|& Al
2291 71598 AZ Eo]Ql Working Model® 2DE A&t A3 F5E 7S w2 2d g
Foll A% s S stHA 5= oyrlold & 4 Utk Fig. 7(a)¥ #ol WA tdetAl 43S At
olele] 214 thzhd wuht](curved polygon body)S WHE Fol Table 22] Fo} GLo] 7 xE
of ¥ ¥om Fig. 7(b)¢t #ol A A vitE AAE F vk A FHx dFle] I FAlo] HE
2 A EHE Al A IAEEE JYstd o dALE Hdes s EE 9
o= Fig. 83 #o] dd E¢ FEHAS yF A WM F&4S ofydolds & & dow,
Measure "l5r& ©]-&ste] AAIZTCZ Wt FEdY WY, 5, 7IEEAEE v & St

Table 3 Design parameters for in-line roller follower and plate type cam

Design parameters Value
Basic circle diameter 7 cm
Follower type Roller type
Follower motion Translating motion
Offset value 0 cm (in-line)
Roller diameter I cm

Table 4 Specified follower motion

Interval No. Interval starting Interval ending Motion type Lift
1 0 deg 77.1 deg Harmonic 1.5 cm
2 77.1 deg 180 deg Dwell 0cm
3 180 deg 257.1 deg Harmonic -1.5cm
4 257.1 deg 360 deg Dwell 0cm

Qutput Graphs [normalized with the maximum values]

— Displacement
Velocity
— Acceleration
— Jerk
Pressure Angle

60 90 120 150 180 210 240 270 300 330 360 [deg]

Fig. 6 Output curves normalized with the maximum values
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Table 5 Comparison of features according to the cam design software

Contents Microsoft Excel CamDesign™ Working Model® 2D
Maker Microsoft Professgr Cleghorn’s Lab Design Simulation Tech
(Univ. of Toronto)
License Microsoft Office 365 Freeware Commercial
Usage Office automation Private cam design 2D kinematics & dynamics
Characteristics Formula bar, chart wizard Design, motion, Fast run-analyze-refine cycle

display menu & animation

Educational effects

Understanding
the motion equations

Understanding design
parameters of cam &
follower

Applying physical
prototyping, quick build,
quick run & animation
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a // \\\
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(a) Any curved polygon body with 4 points

(b) Defined cam polygon body using coordinates

Fig. 7 Procedure of creating a defined cam polygon body using cam coordinates
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XE: #4154 <5 PBL(problem based learning)> &A1 Z ¢l Wy o7 FEuky Qi) dhAwE A S
Aol stul= 22kQl tiete] 544 AIstEAEe dF 4 vk A= dd, i v"
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2 Bl el FAY & e f d 2dl B B4 4AT & Atk
# wRel A AIQHE PPBL W43 OnFlex W 7lwke wd H4S 9% F8% PHow 389 -
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Abstract: Problem Based Learning (PBL) is an innovative educational method that has gained attention. However,
Seoul Cyber University faces difficulties in implementing traditional PBL models due to the nature of online
universities and the work environment of adult learners, such as collaboration and face-to-face meetings. Therefore, the
university has researched and applied the Puzzle Problem Based Learning (PPBL) model to online courses, achieving
flexibility and personalization through the Online-Flexible(On-Flex) educational model. This allows learners to
experience a flexible and personalized online learning environment that accommodates their schedules and
environments. The PPBL and On-Flex models proposed in this paper can be utilized as useful methods for educational
innovation.
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Table 1 Performance goals and targets

Step Goal Target

Principles of drone flight

. Understanding the basic principles of drone flight All members
and operation

Understanding the selection of design factors/levels
Propeller design and design methodology to Member A
enhance light performance

Understanding 3D CAD design capabilities and
3D printing methods

Understanding of writing flight coding
suitable for given tasks

Member A |:> Member B |:> .

Fig. 1 Problem solving method of PPBL

3D CAD and 3D printing Member B

Drone flight coding Member C
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G A AL EA =89 vgde, A £2F 58, 55 Z9S 5% vY dF 74 59
T2 HE F k. ol Aoz APARD Al slATHEe] ofd FojAHl Al sAES SdlA
SgEAES] ' ok ey SHIEE FY 7 Addoen, Fox Eg A 5 AdSdTh L application
software®] "M Fig. 29} #th

3919 9L e HF ERE ol F7] St 7z AlRstd dFE Yol A A, AL
APAFZ oo wep JfEAQ Hrpr|Ee] B8R gtk oo 9 A AA FEAAE =& H g

e B2 A, A g E

ol
shgo]l a7 fAA A4

Table 2 Class design and content

= LR EREERETES

Weeks Object Contents Target
1 Orientation Course objectives an_d A B,C
methodology explanation
Types of drones and Principles of drone flight and
2 . . L A B,C
basic operations classification of drones
3 Block coding Block coding using DJI Tello edu app A/B,C
. Propeller design factor/level selection and
4 Drone propeller design optimal combination derivation design theory A
5 3D CAD and Basic 3D CAD learning and B
3D printing practice 3D printing settings
6 Performing flight missions Block coding C
7~14 Project and practice progress Team project progress A B, C
(regular non-face-to-face classes)
15 Final project result presentation qual presentatlp n A B, C
(online presentation)

» [ Tap to start
Take Off

Fig. 2 Block coding task using Tello Edu application
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AE == AA), 3D CAD 3 % =
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(3D CAD & H 3D printing), B3 24 %3 3 2 E=
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Table 3 Rubric evaluation sheet

Topic High Medium Low Deliverable
el e AAe 23 338
MR gas Aw | L h
R O T b Ll T A7 QAApEE
z%@a ol %éi—% j—% A7 <D %%; E}%@L% g% A TR ‘%1: A7}
A 1}9}_ T X_é%LO]_’?_ 4] ZETHES A7 == ijﬂ‘ 1 a1A
4, HHe] 2% =& o1 MeEl B dnetA gt
A= =mga & g} vl he o
2-T= o o= T M /‘é%‘é}ﬂ %@_—E}—)
3D CAD %] 3D CAD
3DCAD | A7 @I T 3D CAD +&°] 3D CAD &°] file
TE % EEE ¢ oglen, A gkt s dskA Al B A v prither
3D welolE Fde XA, B4 =9 ol =AY 4 gho)
printing EELY A7o] ¥A] B}, 3 o) B
- N ==
99 &
Az ey Ads | Al 2Fe s N
Aol g WA | eh} ol QI 423 o
AgvEd | SR N 2 8l Akl Z3be A, A Y =0 Zﬁi I
29 | A% JEE $9T | e 53 Q¥ BE et Ear e
Qe 8% =3y Bea9S A 4 o
ule el sbssith | FESA wdn R
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& A -2 a3 5
Angle of attack Chord length
700 F00
&00 600
S00 500
400 400
300 300
200 200
100 100
4] i ]
1 2 3 1 2 3
Blade length Blade No.
J00 700
600 00
500 500
400 400
300 300
200 200
100 100
(4] o
i 2 3 1 2 3

(a) Result of member A

(b) Result of member B

« 192.168.102
TELLOTALENT

Take Off

@@
Jur\p\va
(@@

0

| Motion

Control

Variables Back Flip
I Operator
| Sensing

| EXT Module

(c) Result of member C

Fig. 3 The final results
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Aehte Bgol= galol H A 3o AU Z 3D modeling 2 3D
printinge] A¥}= Fig. 3(b)oll YERNRITE 28 ¥ EFol=E =Y ColAl desty Edeol=& AZAstx
Folzl v rE E53Y S 3t AH vl 3 A= Fig. 3(c)el™, Ay HlAdYS &
3 A2 AEH Y

4. 2
A ZEel Hietel el PPBL R 9] A8 AbElE AAskalh ddl ARSlel A= w2
Askshs A4} 7] B o Qlste] SSe] des] AMs F5she ARt wA dd s
s 7lslor dvbe a7k A AXIL Qloh ol#E 8t tiesty] flshe] wagy mgh W)
Har e 1 FAE AT S PBLY FAIAQl wg o Fhua guh AgAbelw o e
Wi ZEel Ses Ve R ks Atelwuiste] 54 ARldteAEe] A @A uE s
o] Fel, Wi g To] ofeFoz AEAQ PBL RE W] el ofglge] glvk. uhelx PPBL
ofghz & HHlS dtste] ZERQl ddel A8k on, On-Flexo] wf HElm Wiy BSHARA|
= FgE ol Fdn
PPBL Z2AE 43 Ay stHae =g vy, v 2558, &5 A9s §3 v T
T 58 & BtE 7 e wEdAst I dFE sAsg olE Fd gduAEe AwAld
wA s sl obd FeHRl Al slAE T sl woke] S SvEE = ¢ oAen, 3
= EF Ed 5 3
TaAE 9 el M steAee ddAt 3te] 2% S T A AR o9 ve R
AE AR §5T  A%len, AT dH4E 47 AR H <l Zde=A Helol Ths
Arh £ B =N Agd TRAEE On-Flex W& 7S FEste] Fskglon, o5 F3 o
FAES ARM} o] oA efar Apdle] dA} Al shgo] AeE £ 4 v frdsha
MAske 2ehel s &4e AEE 5 ATk old Zekel S W A AEelA daA Q)
TEoR AY R glon, B m=FolA Ag PPBL WA On-Flex wS 7wk WS Halg 9@
8% Wes &84 5 s Ao, ol Tl FuAEe g5 aAE U ¢ A AR
71 o

= 7
W oma AR 20239 AA S wEHA AUAbY “ARjSEA AF T On-Flex w7
TE? AR R A =l
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Z5: 94 Y9 FFPUR)S 7P ke, W0 53 SAH0E theke Ay fokolA AR
Ht} FPUF= polyol¥} isocyanateS FA &2 H7HAE &3sle] vksA171 WA E =2, isocyanate % toluene
di-isocyanate(TDI)= frafl - 919 =4 otk TDI= &9, A5 540 Asta vgd A5 Al AAS fidst
‘:‘ﬂ&] “‘o} TDIZ 473 FPUFe] /o] @asith Teluh TDI A% FPUF BE A 54
Jo] Fhastar WA o] ZA4o] AatE 7] wiiel TDI A ztell w& polyol wigtH] o] 74k Bl 7] A4
d Aol dasith E Aol A= polyol ¥ index WSt wE TDI A7+ FPUFS] x, 3
7 548 A8 71Ad 54 4 23}, POP(polymer polyol) o] &5 7] A4
DAt A index WEtel v AAE 2SS Sdsdh

Abstract: Flexible Polyurethane Foam (FPUF) is widely used in various industries due to its lightweight, high strength,
and excellent durability. FPUF is produced by mixing additives with polyol and isocyanate, with Toluene Di-lsocyanate
(TDI) being one of the hazardous components among isocyanates. TDI is harmful and can cause strong inhalation and
skin toxicity, leading to adverse health effects, necessitating the development of TDI-reduced FPUF. However, reducing
TDI in FPUF can result in decreased flowability, moldability, and a decline in foam properties. Thus, research is needed
to develop the optimal polyol blend ratio and analyze the mechanical strength properties according to changes in polyol
content and index. Mechanical analysis shows that higher Polymer Polyol (POP) content leads to increased mechanical
strength, and thermal resistance and hardness are proportional to changes in the index.

1. M 2
ZE - e(PU)S B, aY, FetaY, IY, HEAA, 9d, 4F, E2GA T vhde kg okl A
ge] AFgE L Qrh® 9 Z9-ee F(FPUF)S Axrt Ba gAo] Fon 95 AFo] Hojurhs
Aol Jvh@ e FPURS 7FAAd ol 14 Al HCN, CO, °o]AAobd|o] E(isocyanate) & +r=7F2=7}
W sle] oo 9]3o] H T} 69 FPUFS iﬂlg(polyol)ﬂr isocyanate S —rlﬂei EFTEAA A=
] &0 isocyanate 2] toluene di-isocyanate(TDI)= 3-8 &Zo|t} TDI= SUSA Y 95 SAlo] a1
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Table 1 Materials used to prepare FPUFs

Category Components Properties
PPG 4701 Polypropylene glycol, base polyols for
highly durable cold cures
Reactive base polyols for high modulus cold cures
Polyol PPG 6000 with a molecular weight of 6,000
Polyol prepared by dispersing and
CS540 (POP) polymerizing acryl monomer in polyether polyol
with a molecular weight of 43,000
Cross-linker Diethanolamine Polyfunctional, secondary amine and diol, weak base
Resin premix BL-11 70% bis(2-dimethylaminoethyl) ether
(100 mL) Catalyst : Py —
DABCO® 33LX Mixture of 33/0 trlethylgne dlamln_e and
a non-emissive proprietary carrier
B-8734LF2 Low VOC*, medium potency MDI** silicone surfactant
Surfactant L VOC. TDI** sili f
B-8736LF2 owest_ 3 silicone sur actant
with a wide processing latitude
Special polyols for cold cure used as cell openers
Cell opener PPG 5021 with a molecular weight of 5,000
Blowing agent Water -
Isocyanate Methylene
Y diphenyl CG4070 Isocyanate with 33.9% NCO content
(53.539) .
diisocyanate

* Volatile organic compounds; ** Methylene diphenyl diisocyanate; *** Toluene di-isocyanate

g Hag A S dovlE a9 EZoln, 549 isocyanatet™ W|HOoRE TFaToly &
27 ¥ 59 LS dorAY Ar|HoR wF A #H 7T A4 &3S HAE 7 3
oh08 wgk AbtAr Ay gl wel TDIY] Az, FHs, Al digk A8 ES Agsta gler,
FPUF I3 A] TDI AM&-5Fe] A 7ke] a7t} TDI &S /‘ﬂ” st AL FAZI(OHVE 2 =3 &
2] 9] FH|(NCO(%))7F %S methylene diphenyl diisocyanate(MDI)E A}g-3t= Zolm, o] @& x4

| &

(index) 7} %-8—, WA o] gheFe] A2, POP FeFo] v T3 e oju|o|t} TDI 47 FPUF X A
4 9 APAe] "ojHa JdFAE E AEAE T 22 FPUFS E4o] AHsIHE=EO TDI A
w2 polyol vigHd]el gk 7'2#} Polyol &goll w& 7|AIA A 54 413, polyol #ldES
MDI &5 ®siA7IWA Ax gt WstE v @A st7] 98 index Wsto] gk 71 A4 Fx
A o] dg st

[ ST N
oX o 2

o

weba 2 =EeAE TDI ARS StHA 284 BEAS Hste S HxE, TDI A7 FPUFS]
polyol &7} Index ®Wislol|l w2 7|A14 Zx 54& va-2A4330 k. 53], TDI A7+ FPUFS] polyol 3t
ZF index W3stol|l wE Ix 54, FEEHAH 5SS EASt L 7 AA 5A4S W i(core density), 1787

) bl
I (tensile strength)2} <1418 (elongation), <17 &= (tear strength), “d &=(hardness 25% ILD) A8 52 S3f &

Ak H7reki

N
Ik
o

21 Mz R M=
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TDI A% FPUFE Fnlst=d AFEE = A8E Table 10] AASTE 7haAl, Ev)E polyolst &3+a}
o] resin premixE A Z3FSITE Polyol- polypropylene glycolo]l™, TUj+4 A& 7 3}-& H o] polyolSl
PPG 47013} #A}% 6,0009] m¥hd A Zsk& Wk o]~ polyolql PPG 6000, polyether polyol 5
acryl monomerE 2k, S3H5te] A2 polymer polyol(POP)S1 H-=}5F 43,0002] CS5408 Al&-3F3ith 7}
WA= FAVIE HiE 7l A, olxF amine % diold]l UoEFZolwl S ALESIAATE FHul == bis(2-
dimethylaminoethyl) ether”} 70% &% BL-11, trlethylene diamine 33%7} 3% DABCO® 33LX7} A}-&-H
ATt AW A = S 559 MDI A& 74] g A1Ql B-8734LF2¢} H& A WYE 717 TDI A
Y& AMEAA ] B-8736LF2E AME3F T A X2 = EAFEF 50009 Al LXUR ALEEHE A
738t4 5= polyolql PPG 50213 AF&3tlon, WA= 58 AE3SIU Isocyanate:= index 1002 7]
O % NCO &#Fo] 33.90%% CG4070S AF-&3FTh Resin premix<} isocyanate®] H|S-2 ZF polyol 100 g3
isocyanate CG4070S 53.35 g H7Felitt. I Ao A= ExA gFo 2 3 Lx 3PS Fashy
T8 oo gk ok Al Wy wFH|E =E53FS o, polyol €5 index W 3loll whE resin premixoll
isocyanateS- 3 7}ste] AFZFAlHE Wy A E S 4285FSI ) Polyol §EFoll w2 FPUFS % 7}= & polyol 100
g & POP %S 10 g¥ Z7FA71aL, PPG 4701, PPG6000S 5 g¥ ZHAAl7 FPUF AZS #|2HsFSd )
Index WA 3}oll w2 FPUFS index 90 7|02 W¥o] Fa3l e HulA S v &S sy S7HA1A
index 95, index 100 A1 S A =}a}Slth.

22 EM3t

7H: A9t 10 kvol X VEGA3 SBHE AM-&3le] FPUFS] AlE el 2 A% =17 B3 E 100M&2 =
%4 3}aL, ImagePro(Media Cybernetics Inc.) & AF&-3te] 7} 2ol tisl] 100 ~ 15071 <] wlojEje] H7 o=z A
X A7), ME 8 5 E Z(hole) Z7E W -2AEAT VAE 5SS BA87] f8] H(core
density), 14 =t ALE, dId4E B A% HAEE Jgsiint. w538 Bsty] 98] 2 =0t
o FH4A 3719 *ﬂ:*%% H2ESSth Ui 100 X 100 X 100 mmd Afo]=9] AJHOZ core densityS
Stk G =t AAELS KSM 6518 FA] 93] 77 10 mme] o}H 3 AP S 200 mm/min<]
S Ay 0}04 liﬁ.{ gt Al Hdlgts 2 AE A& JIEE= ASTM D 624 4 <3|
200 mm/min®] £E= Algste] Ak Al HistEs R AgE ST A== ASTM D 5672 1+4 9
o3 200 X 200 X 50 mm?® EECA AFE FE 193 F2olA A F 25% SHESte] dEle
s SAAT

= =2

Table 23 WA ol WE TDI AT FPUFS] 1 BF 548 ek, Fig 1)~ 8T 1§ LF
AR oul A welEth wEA el mE A FI AYE F TP FH NI TIALS 03
0 g= 100%= 7H RS wl EEA7} 3.5% H7HE

part‘/“ Z7sh wlarsldcl. o 7141 3.5 partgt polyol 10
RS 35 partglal F-E2vh AE EAS nwEly] f&) IdE A —@FJ%EHEP o] =3t AlHTH io]
A= FEASHS HHWW AY A 7Mrise time)?} A W aE ZEdw oA HE BIo] &
23 W A% Fo ol wWl(settling)Z AMZES HAIIATE Fig. 1@t LEA FHol 35 part"d
AN

FPUF M Zolm, o} FPUF¥ M LalSlS o rise timeo] 123 s= 7} Al settling kol 4.7%= 7Hg v
AT Lol WHSl Fig. 1(e)v= Al o] 4.7 part?]l FPUF A1Zo]H, rise timeo] 85 s® 7} Zal settling
%ko] 175%= 714 Esich flo] A=z B uf wxAe dFo] SIS E rise time AolAE A&
gelatalon, settling #t2 S7kskes As & o AT TExA 9 FFS 44 part= ’dai g ol A
‘ﬂELfTL_ Al settling #kol 71 ot o SAHEHRY] wwolth YF e settling a2 53 (collapse) 7} 1
] 7] wieel, B2 o] AEAFS dew s, 9 SFR ] FE AEA A A
. HEZE 47 part?l A5 settling gkol WS- sgob FAkEel A Eskrlel ofEeo] St
o 9o An= npgro® TDI A% FPUFQ polyol 3} index W 3to] wp& Apzt
o}
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Table 2 Cup forming test results by blowing agent contents for cream time, half time, rise time and settling rate

Blowing agent
contents 3.5 part 3.8 part 4.1 part 4.4 part 4.7 part
Creagl)tlme 13.0 12.6 12.0 11.2 10.7
Ha'zst)'me 66.0 63.6 55.7 48.2 46.0
R|se(s';lme 123.0 109.9 96.9 89.6 85.0
Maximum height 169.3 167.6 178.9 182.9 196.1
(mm)
Minimum height 161.4 153.2 160.0 156.8 161.8
(mm)
Settling
%) 47 8.6 10.6 14.3 17.5
(a) (b) (c) (d) (e)

Fig. 1 Digital photograph of cup forming test results by blowing agent contents: (a) blowing agent 3.5 part; (b) blowing
agent 3.8 part; (c) blowing agent 4.1 part; (d) blowing agent 4.4 part; (e) blowing agent 4.7 part
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3.2.1 Polyol &Zfof 2 el sty

o A Roke FPUFS E|oatd S5Ae 93-S w Atk Fig. 2(a)~(f)i= reference &2 thE polyol
dFow Ax¥E FPUF AME 3We SEM o|n| A& yEebAT Fig. 3(a)~(c):= Polyol ¥ w®isle] w&
TDI Ak FPUFS] 4 A B 57, A9 hole AFo]=, A Ao]=e} E¥XEE eI EE FPUF A&
& arleh A FHeA B A R s ok
Fig. 3(a)= FPUF<] Ht *él 8 e} BEXEE YER, 7] E(reference) 0] vt A W FAE= 67 m

e W A7 78 FA 9k POP dHeFol 30 g9l FPUFS Hof

A o Evﬂﬂ 65 m= TDI 2171 FPUF Zoll 7Hd 77 A ¥ FAE zh=th &3 POP o] 40 g<l
FPURS| it Al ¥ I S5 m2 by SRE A TAE rovl, A ¥ Sl Y Ae Rres
Feg it o]tz POP 40 g9 A ¥ A7} gl e w ARF @e z2eg oudrh vy, poOP
F2Fo] 50 g9 FPUFQ] ¥X %= U} FPUFEC] B8] & & Z=th o] POP 50 g9 A B F747}
Ve L WAt e 2gs oJul P Fig. 3b)% FPURSl H hole Aot RELE i
, reference 2] <t hole Alo] =% 360 m= 7Fd & hole AFo] 25 ZH=T}. POP ﬂa‘ﬁol 20 g<! FPUF
1t hole Aol == 292 mm= 7HE ZF2 hole Ale] =& Zkom, PO gheFo] 50 gl FPUFS] H+t hole
Aol =& 334 m% TDI A% FPUF Zoll 7} 2 hole AFo]ZE zh=t}. POP 40 g& ¥ =oA g
T %ol 7H 478 E hole Abe]=E ZEo ™, POP 50 g 7} E12 & hole Afo 15 2}
t} Fig. 3(c)&= A A Alo]=e} FXEE YERH, reference 9 H A Alo] =& 761 im= POP &
o] 50 g¢l FPUFe] B8] 28 Al Alo]=Z zhi=t} POP ko] 50 g2l FPUFS] ¢ Al Alo]=3i= 788 im

B U2 FPUFOl Hlsf 7hd & Al Atol=g ztom, 7hd =t 3k A Ale]=E zb=th B POP 50 g9

M

E
=

-

>{\1

O uoil

o 5

1 ru



A2 Eeg-ew o] wiglel wE A 54 24 51

TDI A7+
A9 g2 FPUFRTE €3 A(opencell)o] Hl&o] =& AS 21 t) POP g&Fo] 20 g%l FPUFS] H+t
S ztom, thE FPUFY uls)] 7} It A Afo]=2E 72t

A Al 2 712 mE 7bg e A Ao 2E 2

o},

SEM HV: 20.0 kV WD: 17.31 mm SEM HV: 20.0 kV WD 1034mm
SEM MAG: 60 x Det: SE SEM MAG: 60 x Det: SE
View field: 421 mm Date(m/dly): 08/30/23

View field: 421 mm Date(m/dly): 08/30/23

\#
SEM HV: 20.0 kV WD: 19.90 mm VEGA3 TESCAN SEM HV: 20.0 kV WD 16.71 mm
SEM MAG: 60 x Det: SE SEM MAG: 60 x Det: SE
View field: 4.21 mm Date(m/dly): 08/30/23 View field: 422 mm Date(m/d/y): 08/30/23

WD: 17.21 mm

SEM HV: 20.0 kV WD: 17.94 mm VEGA3 TESCAN SEM HV: 20.0 kV
SEM MAG: 60 x Det: SE 1mm SEM MAG: 60 x Det: SE
View field: 4.21 mm Date(m/dly): 08/30/23

View field: 4.21 mm Date(m/dly): 08/30/23

(e) (f)

Fig. 2 Results of SEM image: (a) reference 60x; (b) POP 10 g 60x; (c) POP 20 g 60x; (d) POP 30 g 60x; (e) POP 40 g
60x; (f) POP 50 g 60x
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S92} H hole Aol 2= 7]1E reference Zol W3] 7+

S 7te A, &3 Al(closed cell)2] H] &, hole Afo]=, A Apo]=

H st w POP $t&fFo] Z7}sk== opencelle] H]&o] Folxlit)

3.2.2 Index H15tof| 2 SHEfSt

Fig. 4(a)~(c)= index %W 3}ol u}
Ein

M

FPUF A& Wl SEM o|uA & H.o]Ft} Fig. 5(a)~(c)+= index 3}
of W2 TDI A% FPUFS] 3t A ¥ F7, St hole Abol=, 5t A Alo]=el BXEE Yt} o
A 4738k polyol &5k Wsle| wE FPUFT wha7}A| 2, index W 38le] w2 FPUF A1Z % A7) /M A4
SHolA Bt A BgS 7hA A 9t

Fig. 5(@)% FPUFS] Hr Al ¥ F79F £X =5 et Index 95¢1 FPUFS] it A ¥ F7 & 59
= 71 F717F etk Index 10091 FPUFS] St A ¥ 7= 66 = 71 T/ A ¥ FAE e
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Fig. 3 Graph of polyol contents: (a) average wall thickness and standard deviations; (b) average hole size and standard
deviations; (c) average cell size and standard deviations
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Fig. 5 Graph of index variations: (a) average wall thickness and standard deviations; (b) average hole size and standard
deviations; (c) average cell size and standard deviations
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Table 3 Results of mechanical properties of FPUF by polyol contents

samole Core density Tensile strength Elongation Tear strength (ZHEi;dTESDS)
P (kg/m?) (kPa) (%) (kPa) 0
(kgf)
Reference 35.0 174.9 89.3 0.9 25.3
POP10g 42.1 125.1 104.2 0.8 17.6
POP 20 g 41.8 154.2 112.2 0.9 194
POP 30 g 425 159.8 108.1 0.9 21.6
POP 40 g 42.2 190.1 102.4 1.0 24.5
POP50 g 41.9 235.9 102.9 1.1 28.7
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Fig. 6 Results of (a) tensile strength and elongation; (b) tear strength by polyol contents
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Table 4 Results of mechanical properties of FPUF by index variations

samole Core density Tensile strength Elongation Tear strength (ZH;;dTESDS)
P (kg/m?) (kPa) (%) (kPa) 0
(kgf)
Index 90 449 180.2 114.0 0.9 22.6
Index 95 39.7 245.3 100.0 1.0 29.1
Index 100 45.3 153.1 85.5 1.0 31.3
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- E 115 124
250
k110 104
%’ 2007 Lis = g 08
g 5 &
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o 5 D
:_%o 100 re E 044
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Fig. 7 Results of (a) tensile strength and elongation; (b) tear strength by index variations
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