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a loading and unloading aid to improve the overlabored work of delivery men

. . .t
Jin-Hoon Cha, Yoo-Bin Kwak, Ha-Jeong Yoon, Hee-Chul Jeong, Hyun-June Yim
* Department of Mechanical and System Design Engineering, Hongik University,
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Toggle(E=), Ball screw(&227F), NIOSH(M = =3 HALFAAAWAFA), Link(H ),

Ergonomics($] 7338
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Abstract: We designed a structure to improve the courier system by listening to Voice Of Customers. It can
be loaded into the truck cargo room after loading the courier boxes into the structure. Because metal plates
fastened to ball screws push the box to the front of the truck door so couriers don’t need to get in the
cargo room. Using NIOSH Equation, we confirmed that the operation of the structure does not cause heavy
workload for workers. Stress analysis was carried out using the Finite Element Method and the structure was
proved to be safe.
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Fig. 1 (A) Trends in the number of times of courier use, (B) Sales trends in domestic courier market, (C)
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Table 1 Analysis of patents
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Table 2 Data of Trucks

. Al Al € (mm) A A4 Al (mm)
T o A A kg) i = = il = =
Slo ZFEF X
]}\14-1 ° uH f 1,000 5,170 1,765 2,660 2,830 1,670 1,800
T

MENA AW wesl swal sme somsl  7smy  sswel semel R

Fig. 3 Data of Arms®
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Fig. 4 3D modeling - Overall structure
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Fig. 9 3D modeling - Support part
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Fig. 11 3D modeling - Handle of the support part
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Fig. 15 Detailed drawing of process (a)
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Fig. 16 Detailed Drawing of Process (b)
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Fig. 17 Detailed drawing of process (c)
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Fig. 18 Detailed drawing of process (e)
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Fig. 19 Detailed drawing of process (f)
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Fig. 20 Detailed Drawing of Process (g)
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Fig. 21 Overall drawing of process description
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L i

sk Eot FAI= Y 345 A @ ) wE A
g A] ]'ia AT 0.8, FHto] 9 é]%k (7TL2)’\___‘ 10kg >

Fig. 229} 714& @@ A3t g Sl F=m*a oA F,— F = (m, +m,)*a A& FEHCh
B MR 0B 8] 918A Fig 2341
A Nk Hiod

O

Hdoh= WS SLpH e B ARBS 0522 7HE sk

dete 1A agEzE AtgeR g JHELRE AT 9 &=
V=167Tmm/s o, WSS o=334mm/s? B T8 £ Uk 73 wkE TSR 7S nlgo s
FEF 2o s &7 FE(F)E 8k, F, =2455N0] T

Conveying speed(mm/s)

Time(s)

Fig. 23 Graph of acceleration

3.62 LiAe] 2lEZ, 28, 7& ET At

THKARS] 22% Ahgmae] £43 U} speed oz ofel £ pgach st Agw
Pl F*Pl

! T= o]},

m*d,

AL HEAS Fete T4 tanf= o
BEAgF7 AEHE 34S n8dle] EAaFe A9 —% T A 5ot

AA, FEE AL 50mm oldo] Fasict ®u) 71Xk Hod & et &3folrt AT u, 7t
ol 7t W& AFE olFdof st7] wiiLoltt.

E4, 75 EIE 294Nm o|dlolof 3l i EdE B 7)Ao £3boldl stele I &7kl
Zdolo] Fd], &ul 7|Ae] A ES THPS w JhshE F2 15kgf olsh, &3] Aol 25em ©ls)h
7} wojo st7] wiEolth

uebd  Hd s EAE 294Nm otk o3t AHERE wigow BAAFE TASsHd
WTF2550-2, 3 / WTF3060-2, 3 / CNF2550-6 / CNF3060-6 / BLK5050-3.6,7.2 ¢} #& EAIR/E ﬁ?é%‘
F

Table 3 Calculation result of each ball screw [Spec]

2 = (Pl d N
) A1 v AEZkE) | AEEM) | FEEA(D
mm mm
WTF2040-2,3
40 CNF2040-6 2075 315 16.3
BLK4040-3.6,7.2 41.75 17
5 o/ o] AF
WTF2550-2,3 26 314 96% °17
50 CNF2550-6 ‘ 20.4
BLK5050-3.6,7.2 52.2 17
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WTF3060-2,3
60 CNF3060-6 31.25 24.4
80 WTF4080-2,3 41.75 314 326
100 WTF50100-2,3 52.2 40.7
3.6.3 = LAl AP HE ™
H) HAFo] 300kgo] SRR Tl HEI V-Typel =z XA T
3.64 2 LiALS M HE
THKA S Ag2e] g 44 4% #4& dxstel 448 Brafe] g4 A5 BE
A7 QEAIG 5 oo 2 Al STl bt
Ks = ; (kgf/ mm) Kn= 5~ (kgf/ mm)
P SWSBHE (kg (o) s
nd -3 Srs= sir’fﬂ, ( gg)m— 1: (mm)
9se = S (mm) Q= gms (keh
RPN n= D“gm (each)
Lo Q : ZH=Ee| 3= (kgf)
I = 25 (mm) D
Oss = 4 Jsr © c:oi'rtensions k= 5.7>10"
It D - DFER|FO| WEHRE £ : g0t Bo| HEgL (45°)
P
Sss 0 D - DER|Rel0| HEmele d:
A BAIRE U4 MABHEE @) et
E: ZEADIE (mm) 1 1
L = Mx|2t42] (mm) @ -
Lo ¢ Sat=tERZIH2] (mm) « Ks K
Fig. 24 Equation to calculate stiffness of ball screw®
Table 4 Calculation result of each ball screw [Stiffness]
= e e
‘:q L]‘A]'Dg ‘r] Ks ‘A [(L‘ot Ka(:t H] ul
0] (s) (8)
WTF2550-2 0.047 52234 35071 200000 Ok
1
WTF2550-3 0.023 06739 0.040 61375 38968 260000 Ok
N/mm
50mm CNF2550-6 0.025 98200 51145 460000 Ok
BLK5050-3.6 0.0058 421097 0.030 81833 68517 510000 Ok
100000
BLK5050-7.2 3 N/mm 0.019 | 129210 | 98871 . Ok
WTF3060-2 0.044 55795 40916 240000 Ok
153437
60mm WTF3060-3 0016 0.038 64605 45462 | 310000 Ok
N/mm
CNF3060-6 0.024 102291 61374 600000 Ok
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Table 5 Calculation result of each ball screw [Rated load]

LA} Ca (kN) Coa (kN)
WTF2550-2 8.5 212
WTF2550-3 10.4 26.9
CNF2550-6 18.9 53.9
BLK5050-3.6 42.1 140.4
BLK5050-7.2 76.3 280.7
WTF3060-2 11.8 30.6
WTF3060-3 14.5 38.9
CNF3060-6 26.2 71.7
Aol ARgskE #he obdle] FAom YT Ao s e FYI Ze FelE®
P,=P,, =F =2455N0|t} B3 o] stFo] A&HAH o7 JtARRE p . =00]th o]o] wE Pt o
5 op,=p =t gggveld el A% f,-lseld,  Sd SEs
N,, =120,150,180rpm .2 Al ¥ A4 Aol vpx|mtor 8¢ g % Lho = 15000 hours ©] tt.
4 o ,FE  WAH . AR FAe Ca=(%)*ljm*fw <}
60* Lho* N, .
, = (T) wax fw O1FR Ol gk E] @It mlaLste] yAte] RS AFEd C,E vl
agk ghelrk
N, =120 W, C,=11.7kN °]=2 WTF2550-2,3 / CNF3060-6 7} 7}%53&}t}.
N, =1509 W], ¢, =12.6kN ©]=& CNF2550-6 / BLK5050-3.6, 7.2 / WTF3060-3 / CNF3060-67} 7}
Eass

N, =1809 w, C, =13.4kN ©]|=& CNF2550-6 / BLK5050-3.6, 7.2 / WTF3060-3 / CNF3060-67} 7}%

N, =1209 w), ¢, =17.5kN ©|2Z CNF3060-6 7} 7}'5 &t}
N, =150 W, C, =18.9kN ©]=Z BLK5050-3.6, 7.2 / CNF3060-67} 7}&3}t}.
N, =18092 wl, ¢, =20.1kN °©]|EZ BLK5050-3.6, 7.2 / CNF3060-67} 7}-3}t}.

o] AxE nlglo 7 HE MAI BAIFE CNF3060-6 / BLK5050-3.6 / BLK5050-7.20]t}. & A A
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Table 6 Calculation result of each ball screw [Safety number]

U A N, C, (Need) C, (Actual) F (0, (Need) (0, (Actual) 0 7t
[} s S
(rpm) (kN) (kN) (kN) (kKN) o
120 11.7 18.9 1.62 17.5 53.9 3.08 (0]
CNF3060-
6 150 12.6 26.2 2.08 18.9 77.7 4.11 (0]
180 13.4 26.2 1.96 20.1 77.7 3.87 (0]
BLKS5050- 150 12.6 42.1 3.34 18.9 140.4 7.43 X
3.6 180 13.4 42.1 3.14 20.1 140.4 6.99 X
BLK5050- 150 12.6 76.3 6.06 18.9 280.7 14.9 X
7.2 180 13.4 76.3 5.70 20.1 28.1 14.0 X
SHHAATE 1.5~4.0 AFol7} 71 A Aot gl 7|Ake] Ao S QA &0l &2 Jdo= A
A E2E ol #y] uiel Id Sy Fa, e 21 A97F 7B Foh o]F o] & CNF3060-6
S AHEEa, B £ 150pm o ® AT Aelth o] A9, 167Tmm/so] il TE E T T=244Nmeo|t}.
UNST e | saew  |zama| 23 | 7% | amxzas | 2a YE 74 . | ungas |us| &
92 gz il P e
Ca [ Ca | Kk [ 2F [Ban¥]ez 287 [ & 7 s ===
d Ph dp de | 9x3 | WN kN |Npm| D D Lo [ H [ B [PCD| i | T | N | A | M kgremi/mm | kg |kg/m
18 8 |BTK 1808-3.6 19.3 | 144 [ 1x3.85 | 13.1 31 210 50 80 Bl [ 124965 (66|60 5 | M6 0.1 [500, 1000 809x10* |0.98]1.71
5 |BIK200526 | 205 | 172 [1%065] 6 | 165 | 150 | 40 | 60 | 20 10| 30|50 45| 4| 5 [M6| - |01 123%10° | 035|215
10 | BTK 2010-2.6 2125 | 164 | 1x265[ 108 [ 25.1 | 160 52 82 61 [ 1249 |67 |[66|64 |5 [M6| - |01 1.23x10° [1.08]2.16
s |BK20-36 | 2075 175 | 2x18| 7.7 | 228 | 210 | 8 | 62 |4 |0 [ors| 0 85 46] 5 [W6| 3501 123%10°_|035]2.18
20 BLK 2020-7.2 2075 175 [ 4x1.8 | 139 | 446 | 410 39 62 45 |10 |275] 50 |55 |46 | 5 | M6 | 35|01 500, 1000 1.23%10° [0.35(2.18
WTF 2040-2 2075 [ 175 [4x0865| 54 | 136 | 160 37 57 [415] 10 |25.5( 47 |55 38 |55 (M6 [ 35| 0.1 150‘0 ' 1.23x10° [0.25]2.12
40 | WTF2040-3 2075 | 175 [2x165]| 6.6 | 17.2 | 200 37 57 |815] 10 |65.5[ 47 |55] 38 |55 M6 |35 ] 01 1.23%x10° | 05| 212
CNF 2040-6 2075 175 [4x185 | 12 | 344 | 400 37 57 8 [10[65]47 |55 - [55|M6|35]|01 1.23x10° [ 05 | 2.12
5 [BIK2506-26 | 255 | 22.2 [1x265] 6.7 | 208 | 180 | 43 | 67 [ 40 | 1030 [55 |55 50| 5 [M6] - [0 301x10°_| 037 | 345
10 | BTK 2510-5.3 268 | 202 [2x265| 31.2 | 837 | 400 60 96 9 [15(83 |78 |9 725 |M6| - [0 301%10° [2.06]3.26
% BLK 2525-3.6 26 22 | 2x1.8 | 121 35 270 47 74 55 |12 (35|60 |66[56 | 6 |MB| 35|01 301x10° | 064|841
25 - BLK 2525-7.2 26 22 | 4x18 | 219 | 69.9 | 520 47 74 55 [ 12 (3560 (66|56 [ 6 [M6|35 |01 1000, 1500 301%10° | 064|341
WTF 2550-2 % | 219 [4x085] 85 | o2 [ o00 | 4 | 6 | [12]ors] 57 |66 4| 7 [W6] 85 0r], v [B0Ixi0" [046]53
50 | WITF2550-3 26 | 219 [2x165) 104 | 269 | 260 45 69 102 [ 12 [815] 57 [66[46 | 7 [ M6 |35 |01 3.01x10° |0.85]3.34
CNF 2550-6 26 | 21.9 |4x165( 18.9 [ 53.9 | 460 45 69 102 [ 12 [815) 57 |66 - [ 7 [MB|35 |01 301x10° |0.85]3.34
5 | o |BIKZ0-26 |85 260 [1xol| 7 | a4 200 | 50 | G0 |47 12| % |Go 6660 6 W6 - |ai fooo jomn, | &7exio: |06 edd
BTK 2806-5.3 285 | 252 [2x265| 12.8 | 468 | 390 50 80 65 [ 12|53 |65 66|60 6 [MB| — |01 20002500 | 474x10° |084 444
WTF 3060-2 3125 | 264 [4x065| 11.8 | 306 | 240 55 89 [625] 15 |375[ 71 | 9 |56 9 [M6|38|0.14 000, 2000 6.24%10° | 08 | 484
30 60 | WTF3080-3 3125 | 264 [Px165] 145 | 389 | 310 55 89 [1225] 15 1975( 71 | 9 |56 9 [MB |38 ]0.14 SOOO‘ZOOU‘ 6.24%10° | 1.7 | 484
CNF 3060-6 3125 264 [4x185| 262 | 77,7 | 600 55 89 122 (159719 [-|9|[M]38]014 n 6.24x107 | 1.7 | 484
Fig. 25 Spec of each Ball Screw®
3.6.6 22372 5 & == otF ES
obg] aYzE HuPsS o, A 30mme]  EuUARe] 8 HE e LA-A A OlA
4.5%10%kgf = 4410N o]t} o] o), Hu] 7l = v & FHI FomT 2455N0]aL, SHHAS

1.79% 83| o+ st}
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Fig. 26 Graph about shaft load”
3.7 bz ety =gl 25t AL
3.7.1 QlZkssty nEe =X
AelA A v 5 167mm/set BT 7% EIE 244Nmolth. S, Abgol tol & &AM
244Nme] P& wkgoluof drh AAE Eibo] Aolok P& sy, 10kgf * 249em £3Fo] EE
12kgf * 20.7cm EFFo] F7hA S AZbE) & ¢ Aok FUHA 4R T AAd S5 deols AAs)
7] oM Ql7tEEE ;o] WAt A <17bE s g4 NIOSH Equationo.® 2Fgom <l
2% WA o9 verd & g}

3.7.2 NIOSH Equation2| 7H&

- NLE (NIOSH Lifting Equation)'”

AP B A ANIOSH) oA ek £7] A= WA AGFATARWLE T3, A4 521
3= TFEY FAE RWLE o] 1HT BEE #E|gty. RWLY ZF AFES 0~1/10]9] }ER
ZF Ag7r B 1Y o, 700 A o] xxde] U

- RWL (Recommended Weight Limit)
RWL = 23kg* HM* VM* DM* AM* FM* CM2) 202 F3-t} 6714 AlFEe] 2Zow E7]o BH&
vR 5 % glE A% A @A ZoET &, ASEe] 25% £7) AR Uehdth =3 RWLO)

252 %)

- LI (Lifting Index)

=220 O
=322 o) ow ad Auwste wde) F9) RwLe B AlE ek Ao
o Lb 4845 Fon, 1wt 2 age] WAl 9de] Frhe A& elug.
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3.7.3 NIOSH EquationS Al&35t7| 2/sH MA|

NIOSH Lifting Guideline> 2 E71& £ &g A3l g Aita ot} A A4 E2% P&
< @& Fol A= B olth o]¥l FelA NIOSH Lifting Guide® W& WaFoew &3tk ¢4
AT TS 3del oA nigdorRE HAHY Huydow dAgth H3k NIOSH Lifting
equation®l| 4] 3] WS wE Aolshx] oy, sHe] HAHAAME Hids el 10kg(FEE 12kg) ]
Eva AAgstan, Hundode AAHE F 10kg(EE 12kg)e] FAZ otz Wttn 7HA S

g £
=
334 e AEAT
3.7.4 NIOSH Equation0®ll AF2E[= B A oA
7} m%e] A e obdsh 2k
Table 7 NIOSH Coefficients
A A5 A% ok
HM 3 7|4*(Horizontal Multiplier) 23/H
VM 4 A|4*(Vertical Multiplier) 1-(0.003V -75)
DM Ag] 79 (Distance Multiplier) 0.82 + (4.5/D)
AM vt % A4 (Asymmetric Multiplier) 1 - (0.0032A)
FM RIE 7| 9=(Frequency Multiplier) Table. 8 #aL
CM #&% Al9*(Coupling Multiplier) Table. 9 #31
Table 8 Frequency Multiplier(FM)
2} ] 7)
lﬁ]_]_]_—]_-‘-_f,: -1 H ] gul
gl k! 2h o]3) $h o5}
- V<75 V>75 V<75 V>75 V<75 V>75
0.94 0.94 0.88 0.88 0.75 0.75
091 0.91 0.84 0.84 0.65 0.65
0.88 0.88 0.79 0.79 0.55 0.55
AdAFCM)2 7] A EFole] FHE5 WG, ASY A Good, Fair, Bad= 247 7] #3
£2o) 4ug AT F4 715, BRFL La)
Table 9 Coupling Multiplier(CM)
54 712)
_ T
AZE H
V<75 V>75
Good 1 1
Fair 0.95 1
Bad 0.9 0.9
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Fig. 27 Schemetic of operating ball screw

A3 1) B stE (= FA)=10kegf(=10kg), D=48.8 cm, V=60.6 cm(or 109.4), H=30cm
WA A g LIE At
HM = 0.833, VM = 096, DM = 091, AM = 1, FM = 09, CM = 19| & F§t}. oebs RWL
15.1, LI = 0.66°]t}.
tsow T3 4] LIE AT
= 0.833, VM = 0.8968, DM = 091, AM = 1, FM = 0.9, CM = 19| %<& T3t} ulels RWL

14.07, LI = 0.71°]t}.
T 7)=12kgf(=12kg), D=41.5 cm, V=64.3 cm(or 105.7), H=28

WA A e LIE
HM = 0.89, VM =

AR

0.97, DM = 0.93, AM = 1, FM = 0.9, CM = 19 < T3t} o2k RWL

LI = 0.720]t}.

oz F3 45 LIS ALtsith

=089, VM = 0.9, DM = 093, AM = 1, FM = 09, CM = 19| #< T3} weld RWL

LI = 0.78°]T}

3.7.6 QlZt3et NEe| HE

10kgfe] 3stFolut 12kgfo] b5 BF QAo FE|7 glvkes RS A9 - ‘}lﬁii, 12kgfe]
7halkE 3ol 82 a5 v X EotE, &30l Holrt golAlE T olfE A v e
A FAT = 7] wiiEell LI kol @A Uk wEkA] 12kefo] IS 7S }t E3Folo] Adoj&
o] AYAE AFet= Aol ¢ Hr}

3.8 SHEA

st g9 AV7F A HA AREIL A e ARE AFEPRow HAle] 9o
ZQ81A 1S E Joseph Vidosico] Aotk A gholl m} HAAIG 2 o] s AA 7]
At
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Table 10 Criteria of safety factor

Qb A5 ek

F7k s =AM A Qe AnE A,
125 ~ 15 |99 2718 A% ok A5 wAe AP 53 Fas
§ okl AHg

Mg 4% 204 2 AeA Jx ALE Agea, aed see 217}

5= ) a9 5 ae 49

ANd 2A0H nEe AT A§ei, S SHel A dobd F
2 ~25 Ao

WEo| 87, 1%, 98 ZA0A W= A8 e Aw E- A4 AnE
2.5 ~3 -

A 7S
3-4 | n%Y 87, 3%, o9 26l A8d ¥ Ho| gl ARE AgIe A5
3-4 | @ 9ez AuolAw BaHAs H43 se wdlelA] e

3.8.1 X|X| &

the] T Ao QB E Carbon steel, 1020, annealedS A&l o] A5 <1 ZEE 293.5MPac| U},
A b A gulel AE dule] BAR A% +4 wael 4% shFo] AT Ao, FuE oF
A7)an 2] uhel wpEEo] wAE £ o gloma ol wWE 2L H83ke] ANSYS static
structural 7% 3A-& Z1P )

o] Zydel FAE 1E 3R 0.5t BER SUMAZIWEA 2 P& 20E o] &3t
SHY F HFEE 9 AT WHsE gl olwf Fu|E FHAbd A&

We] %S ghater FAQl 4905N9] 3 stgla, maiwlo] wAsts AMee 713}
mE A o= 045 HE3lo] 196N vlEYEe Ax, FA A9 waow spdch
oA WHASHE AAASFE 2 E Xo| 2

ANSYS

2001/ ; 2021
AEADEMIC ; " 7 ACADEMIC

ANSYS ANSYS

2021 /N 20T
ACADEMIC o ¢ > 4 : ACADEMIC

Fig. 28 Stress analysis load on legs
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Table 11 Case of legs Stress analysis

whzkel/mho] o] £ It 1.5t 2t 2.5t 3t
w2 Yl 1.3826 2.1439 3.1133 3.3196 3.4949

A A wpEe wgEk 1.3962 2.0364 2.7778 3.3088 3.4844

T2 A mpre ek 1.0118 1.5756 22969 2.4389 2.5739

= = = Torget Safety Facoe |

Sakaty Facir
o - b
in - in o [ )
1
I
I

ol

= = = Tmmet Salety Facor — = -Tanget Safety Fm:eor]

Salety Facor
= - [N
=] in - in L] in w
]
i
|
Safety Factor
e = r
=1 o —_ i L5 o w
I
]
I

5 2 25 3 1 1.5 2 25 3
Thickne:zs{mm) Thickness{mm}
B) (®)

Fig. 29 Safety factor when load and friction are applied to legs. (A)No friction (B) forward, (C) backward

AT T A BE AfolA bASTE 2 ool HeH A& 2mme] FAA7E dasith w
Ze el FAE 2mm=E A4t

38.2. sl F

TEH BAARE FHAEA A W Fd SUF FE] AANE AR, o] AAhrt w
Eol FAE AR 4 E=A| ANSYS static structural toolS ©]-83Fe] ]S P} sfado] et
mdo] Ae#g BF gAHolmg wr 5 Folx, wEA AXEr] Y 1/4 ZES o] &3

AAF-} FEF] AFFE fixed joint® HAF] AR Fo o3 AREE= RIS 7ML, 1/4

98 AAstHA HASE dHe] 3] displacementS A3 AA] EER S wel g AE
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Ao wEEe] AFS 1000kgS E ARG omE 1/4 2ol 2452N9] 3S 7lale] 427 Hbakol sl
= A9 F Ade AE A
Tota| Deformation | Equivalent Elastic Strain
Type. Total Deformation Type: Equivalent Elastic Strain
Unit m Unit: mém

Time: 1
2021-09-11 @3¢ 1147

0.0053461 Max

B 00047521

M 0.0041581
0.0035641

L] oo0ze7

= 0.002376
0.001782

L ocories

g 0.00058401

0 Min

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1
2021-09-11 27 1147

5.656706 Max

5.029586

= 4407386
3.775¢6

L 5ya7ees

= 2520685
1893466

L] 1266166

| 53501e5

11680 Min

0.800(m)

ot o pne
e

e |
2001 24

sass i
o

Time: 1
2021-09-11 2§ 1147

0.0026578 Max

0002364

= 00020702
0.0017764

L] oootasze

= 0.0011887
0.00080402

- 0.00060112

000030737

1.34938-5 Min

Safety Factor
C:quarter splf plane:
Safey Factor

ety Factor

Types
Time: 1 "
2021-00-11 27 1147

15 Max

1438

14961

14841

14922

14002

14883

10,948 Min
45851
0

Fig. 30 Stress analysis load on honeycomb structure

AAF-oF AdE = B AAYA HA bdAF7E BAES Glstgion, 2 109482 vid=E
S A "ol T AAdS EAd P
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Fig. 32 Stress analysis on bracket
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Fig. 33 Graph of satety factor of bracket
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ol waIfe UE Bea @
z}o]ut

Au7F A0S w, A B g8 FASAHS 24P
d B &3olvt polycarbonate® A AG3dtal 1

F-= steel, 71 2] polycarbonate® A3t} 2] X

AA =
Qo] BEEL A steel AASIL Case® Thd) o] Yrdich

Casel. 79| ¢S o

Case2. 2}, ¢ 5 ¢ X% FAV JFE o
Case3. UZol| FA7F HZFE w

Cased. FZol|l FAZ J5 2 o

Case5. 1% FA7F 23 o

& el FAL ASAEL FBE AY A 400kg /el @k AArkm 71, 742k Aol 9

Table 12 Center of Mass

case FAFA
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41 2T HAHE AR 2 AE 2

Fig. 34 Final prototype

4.12 AF &

Table 13 Task and operation of the device

(1) Bz ga7t @it 2o

) A

A7 w7 A A
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(3) HApel Fen A7} F A (4) 9% E3tols 5o ¥t

B Soji.

®) Aele e i

(13) Suprtell A2€ FA7F %—% Dol | (14) "akell Eol7kA #al =S 7 5 Sk
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4.13 ALz 2
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