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1. (1) Bezier5Md & & At (103H)
P,=[22,0], P,=[2,30] , P,=[3,3,0], P, =[3,2,0]
3
P(u) =B, ()P, =(1-u)’ P, +3u(1-u)’ P, +3u® (1-u)P, +u’P, (5%)
i=0
P(u=05)=[2.5,2.75,0] (5%)
(2) Cubic B-spline o2 ZAtflz st (10 )
3
P(u)=> PN, (u), 0<sus<n-k+2
i=0
n=3k=4->t=0t=01t=0t=0t =Lt =01t =1t =1(3%)
_ (U-t,)N,, + (t, —U)Ny, _UNg, + (L-Uu)N,, _

22~ - =1l-u
(1t <u<t, . t,—t, t, -t 0 1
)0 otherwise _U-tINg (G -UN,,  UNg  (A-U)N,,
32 - -
t, -t t—t, 1 0
N13 _ (U _tl)Nl,Z i (t4 _U)Nz,z _ UN1,2 + (1_U)N2,z _ (1_u)2
' -t t, —t, 0 1
u-t,)N t. —u)N uN 1-u)N
—>IN,, CLY +(5 s, _ UN;, +( ;. =u(l-u)+1-u)u=2u(l-u)
’ t,—t, t -t 1 1
bs = (u_ts)Ns,z 4 (ts _U)N4,2 _ UNs,z + (1_U)N4,2 :uz
' t -1, t,—t, 1 0
N, , = (U_to)No,s I (t, _U)Nl,S _ UN0,3 i (1_U)N1,3 _ (1_u)3
’ t; -1, t, -t 0 1
u-t)N t, —u)N uN 1-u)N
N14 _ ( tl) 1,3 + ( 4 ) 2,3 — 1,3 +( ) 2,3 :u(l_u)Z +2u(1_u)2 :3U(1—U)2
' t, -t t.-t, 1 1
%
u-t,)N t. —u)N uN 1-u)N
N,, = ( 2) 23 +(5 ) 33 _ 2.3 +( ) 33 :2u2(1—u)+(1—u)u2 :3u2(1_u)
' t. —t, t, —t, 1 1
N, , = (U—=t,)N;, . (t; —u)N,, _ UN,, . (1-u)N,, 4
' t, —t, t, —t, 1 0
3 i —i A
— P(u) = (1-u)’P, +3u(l—u)?P, +3u*(L-u)P, +u’P, = > .Cu' (1-u)"' P, (=4 A7I7F ghis Aol vt 214)
i=0

= No 4
= N1,3; N, ,
N,,>N,;>N,,
A A A
N3, >Ng, >Ny >Ny, 2%)
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2. (10 &:

3, Oi&et4, 718Xl 3)

Final

3.(4 248, Ee|W 184 #d, 128 THE)
ol& QA 0 1 2 3
0 Revolute, Helical Spherical
Prismatic Cylinder
2 Planar
4. Z 2 "H)
== Cylinders roll
3 without slipping
(1) L=7, J=9, DOF=3(7-1)-2(9)=0 (2) L=9, J=11, DOF=3(9-1)-2(11)=2
5.
1 63 )
< s =100(input),l =300, p = 200, q = 250
% i) s+1=100+300 =400
{20 ) p+q =200+ 250 = 450
Z fi® mp] )
— s+ < p+q(Grashof linkage!) (5%
! fL-SD o) shortest link rotates 360° — crank-rocker (57%)
(3) extreme case 12 (113 2} 37) (EHA ZH107)
et 2, ~2 52
) WO b*+c—-a

cosine law: a’ =b? +¢? — 2bccosd — cos O = o
c

2507 + 2007 — 4007
2(250)(200)
0, =180-0 =54.9°

cosd = =-0.575—>60=125.1°
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cosine law: a’> =b? +c¢® —2bccosd — cos O = %
X 200% + 250% — 2002
cos@ = =0.625—> 60 =51.3°
o \b 2(200)(250)
/ 250 » 6, =180-60 =128.7°

6. (770 HH, 2 18 EEM 2418 (F 208)

Material extrusion (AXJRLE=Al): 0|29 AEZIEIA|AT} 1988 H ET
HEXQl ATYUEA 3D ZAYI|ZO0ICL Yol = B2AAE S HBES HaHY =
Wob Rlst= YEZ TteEs WAoz JHE OIEHQ 7|=o|th 2HdE MEel dfo= e IFF0AM
A7l HR=0| 2ol =7} oL

Vat photopolymerization (Z&¢tAl): 0|=292| 3D A|AHIO| 1986 H Jjgist ‘AT XX (SLA)' 7|=0|

50|

Ok
mjo
M
>
o

o

[

CHEXOICH. &of HIZSts 2EES ANIEHZ U= OF 20/X=2 20 =Bz Mg =5=
Yoz ROVt 2 UYE MES TE=H HYSICh MEF ZT0| ZEo) X X228 MBO|Lt EY
S dMe MES UYE=HE 280ttt

N
Hn
ogt

m

Powder bed fusion (£2AZAl 2 OtE XY 20| 2O|HE A0} BYE THE 2 EE F21

O flol ChA H=EE 4= gAloloh. 1980 dHOf FIEF O] HARALD] AFE o

of|O| M AA(SLS)7|=0] CHEZXO|CE LIYE, Mets, €80, 2HQZ|A & ChYeh 4%

AL He Bue [ASY 4

Material jetting (AXHEALAD): AIAMNZZIHL 242 AZE 7l R MEE YIS Hojcy A2

Che Aeidez Zolth o| 7|=2 &80 3D ZEHE Z2|H(polyjet)o|2tn FECE

Binder jetting (ZSIIHEALA]): 7IFHENQl FIHZ 0| HKNHE QI ASIHE 20t RS

HtAloZ MIT Of| A 1993 14 7{etsliCt.

Sheet lamination (TR BA): gF2 T HEZ TE FO|, & TEFX & MEO| XZOHE A0t
| u] HFAL

o
8¢ Cg ARETXMAALR-2Z |t

Directed energy deposition (&T&2AD):
Mo 2fo|XMLt EctAnt 22 2 7t

(1) Stereolothography [Vat photopolymerization] (2) Digital light processing [Vat
photopolymerization]

(3) Multi-jet modeling (MJM) [Material jetting] 4) Fused deposition modeling [Material extrusion]

(5) Electron beam melting [Powder bed fusion] (6) Selective laser sintering [Powder bed fusion]

7) Selective heat sintering [Powder bed fusion] (8) Direct metal laser sintering [Powder bed fusion]

9) Powder bed and inkjet head printing [Binder | (10) Plaster-based 3D printing [Binder jetting]
jetting]

(11) Laminated object manufacturing [Sheet | (12) Ultrasonic consolidation [Sheet lamination]
lamination]

(13) Laser metal deposition [Directed energy
deposition]
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7. Generative Shape Design O Of2f 7|50 CHsf Metn & 7tx 2ol X838 ZnE 24
MastA 2.

Disassemble: {2 7i2| sub-elements 2 O|F0{%l surface L} curve & 238let 2 &)

-8 Geometrical Setl

Curve.d

Curve.5

~ Curveb

23) 23)

thar point 1

Hg © Me &
o = =S T

9. 22 Component, Product, Part & M/d3tC}.

Component | AL CtZ2 Product Lt Part 52 Sl ZCZE =g = QUOL, HEo| mid=z

MBI S et (2 F)
Product ©| 29 Ct2 Product L} Part 58 3l9iet2 o2 metsh 4 u, Wzo| LU= HE5H0{0}
shoh (2 &)

Part o] 22 MZ2 Part& F7totn, Exo| Ltz XFstojof oot (2 )
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10. Sub-assembly &
Sub-product Lf &

ik
ol
=
k)
ol
ot
G
oz

11.

£ |ide Curve Joint]
i—@ Body (Red)
T‘@ Guide (Green)
T‘@ Holder (Yellow)
*—

ol Slider (Blue)

Constraints

I"ﬁipplications
"'I\f echanisms
Mechanism.l, DOF=0

Joints

Rigid.1 (Red,Green)
T‘@ Revolute.? (Yellow,Red)
t@ Prisrnatic.3 (Blue,Yellow)

-‘(Lfa‘ Slde Curved (Blue,Green)
Commands

@g Cormnmand.l (Revolute.2,Angle)

Fize Part { Red )
Y 25 (Red)

Laws

Speeds-Accelerations

Rigid, Revolute, Prismatic, Slide Curve, Fix joints (2} 2 &)
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