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ABSTRACT

Considering the critical i mportance of joints for the succ
well as their complex geometry combined with the need for
constitute an attemadditveeamphué¢actani hgt Wi thin this conte
experiment al setup for the testing of joints of deployable
manufacturing is proposed.

Tl predsiepnntoma thesis focuses on the optimized design and tF

joints, addressing, among other aspects, to a significant
eccentricity between bars tmaetrdeckaracthesi 2eapi eagi ¢ s aj aoniom te
coef fective design. To further enhance this design, the st
friendly and economically viable material wdresigarried out
flxi bility of the joint, so as to meet the requirements of
To investigate the behavior of the joint, two similar geom
parallel, a thorough study of the characteristics of the a
el ement numeri cal meadaln, ciadc lpu dipreg tiitess and governing yield
yield criterion for éweisscer ipbriinngt eadn ipsqdtyrodepriace, tmlastyeeard @il si vel y
manufactured polylactic aci,dhePHA)OOQORrAOYBONLDd] of htefabniwas
selected due to its simplicity.

The numerical results were compared with the corresponding
the experimental setup developed in the | aboratory, which
scaled joint and enabiés bebdavnoesi nhgaerms of maxi mum | oad
Nonlinear geometric and materi al analyses (GMNA) were perf
the joint and the characteristics of t hestaidfdfinredasslandnanuf a
equi librium paths. The comparison between numeri cal and ex
although further i mprovements are required to reduce the o

gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3






DA HHGG DB KGKEG COKHIK .G .oooviviiciiiie e e 1
11 0 K 3 0.0 it et eee et ereee e, 1
1.2 DO HUGGDAK3KG NgoogngKG..0969GOKHKG. .. 2
1.3 Dgdzg Kol 3ggg D HGGDZK3n3 Ngo0.995.0.603%..0906.056 0K H”M 3
14 §dz20 GgogGgggO KOGgHDA GO Dz HGGDZAK.3.0.3...00.0.9.B0OKHIN 3
141 328 0000 UelUPRAUED. ... ceeeeeeeeiees e 8
142 KeUo o RT &l U dUaLRUAE . LUOERUSU. . e 11
143 Ke U6 ¢ RT @l OE...e0IL.A.0E. . eieeeiees e 11
144 GUIT U RGE 061 Ee 0U...e.0000..06.80. e o, 13
ODZ GDAY) HHGGDZ K d 0o g n gOgtg g GOK.HIN.Z...ccovveveee. 15
2.1 0 K 3 0.0 iiiiiiciiieies ettt ettt eueaen e areaeas 15
211 §EAEUDS E O E-DBIBEBAMR.L.....c.ooveiicieeiis eeeeeeeeeeeeeeeeeeerees e 16
212 dzEau OE 10 ¢ 0 O0 eFidedEBatd. .. £07.00.00... .. 16
22 Dgdzg g Ko i®PHEG 3 D LGGDZ K3 N3 ..0g.0.9.GOK KN 3....... 17
2.2.1 Core-and-pin JOINES ...cccviiiiieiiiiieccc et e aeeeee e ——— 17
2.2.2 SINGIE-FINJOINIS .iviiiiiiiiiicc s e res terere e ——— 19
2.2.3 DOUDBIE-FiN JOINES ...vviiiiiiiiiiiiiiiieieicieiees aeeee e erereeaaaaaaaaaaaaaaaaaaeas 20
HO 0 QPZZIz0 DDDD QB DB CGDHU. ...t e 23
S R 11 =1 N1 OO 23

32 DHKDZKQIOQ39gdg pdzQGQOG

DDD Hul.g.0.9.Q4.0.QDH....DT KD

33 3KoDBKO3G0QO3ggg pdz0OGOG DDD HIi.g.0.9.946.0.QDH....D]. KD
34 DKgog Kugdz3DZi QG DDD Hili g.0.9.04.0.0DF .DZ.K.DZ..... 25
341 gUUBEE &0 UG.UDI.OARO e e, 25
3411 GEOF UUDERTEIA L. ...ccccivies ceeeeeeeeeeeeeeeeeene e 25
3412 OQEuUT Ul UO G¢ Ol nael.Eedd. . .ol0gl.EO..... 25

3413 GEOUOEe Ou O gGET U...01.00UsIL.Ee £..00221 O
342 3ERUT Ol OAEE @0...00.0083.0A80. . e, 27
3421 DA OGUBYT OGY &l U...0.UEd.6.AL. 00U ., 27
3422 Gol UUOUEE O .. I.ERUL.EAN.Ob.coooiiciiiies e 28
35 KD® dzdzDD Kj n g Kdzo On.3..GCHZU.QON. 3 e 28

gdzg U303 0 QQ DazDLDZDHNGQ Qgo

DKodzg 3930 0QQ JoKdZKH3QGQ ODBGn3



36 3KUDg DD OQOgggildzguQG DKodzg 39 §.0.00.5..9.0D0 Ko L&KG3ggns3

36.1 NEGE U®@ R &0E & KHDigit® Image Correlation) ..........c.ccceeeeveeennne. .32
362 gEG@EUBO U0 ¢ Ustldin @adgeR.O.EOQ..olovvvevereees e 33
363 3EE 0T (0 E UBXIENGIBMOIEN ...c.cvovieieceeccieieiist eeteneeseeeee e ssesenenee e 34
37 K gliindiQ 30pg300n3 Pgdzg.Q9.00d20.6.0.0.00.%. e 35
371 DABEABUGY @URBsUO ¢ O.a.0.UdRI.UULELQU.aBEeOU
372 0 ET @ UG UL.6.0.1.00.. e e, 37
373 O ET @ .2 L.6 . EQu i et e, 39
374 §OEET @ 8 .Y .EQu i oeeeeeeeeeeeee e 40
375 §0éEY O ELAULEDEOD. .. et e, 42
38 Qdzo §Qdzog KOQudzg GOG g 30 GDY.dzDDDAU..P.g dzg.0Q.G.Q.dz45
381 KOET OA e0EUE.0.4.00...0EUDd0DO0 e e, 45
382 OO EUDO EO Hill FOIGI0 Q.Z0.......ccooiiiiies eeeeeeeeeeeeeeeee v 46
383 gl UG Od £ &0 E U Hashi®(Blaskin DardageCriterion)......................... 52
39 099009 Gog KQIHDAGCQG. .ieiiiieeeeeeiees e, 56
4 GPKJogGROPEHBKNIZIKY @PE CGDZE..ooovveeeeeeeees e, 59
41 GPKYIOogGIDZE ..QDB.GDH....... covoeeeeeeeeeeeeeeeees e 59
42 GKN3Kgdzog g .ODZB.GDH ... oot e 63
5 DXK o dzg 3 g §ooo0KzK HUZ QBB G DZU.....cocvvveeeececies e 65
51 0DZIo Q0 GpPKYyogG3DH DKo dzg.3.9.6.0.0Q06G..5.0.9.0.9.]..065
52 GgDOHPKog DXKodzg 39 6.0.006G...0.0.8.9 8.J..0G e e, 66
52.1 dz&a 0 OE UL.OBI.EL.8.0.0.. oooeoeeciiiiiis v 69
522 pUT DAUGET QE...e.ORL.AUD (s e 69
523 GUED® 6T UEQ..0.LAL.RL.... e e 70
524 GAGE ¢UEDUT UUELGO. . .UEADULED e e, 70
525 GO OT UUU.GROEL.Quiiiiie oo oo 73
5.3 DK dzQ U dZAGDEID 3 Q.81 ecoeiieiiiciies eeeeeeteece e eee e rretetete s 73
531 KEUUQRUOGE .80 8.000 i coooeeeeeeeeeeceeeeeee eeeeeeeereeee e 73
532 GURT OUD 6 U...B01 8000 cooeeeceeeececeeeeees eveeeeeeereneneennans 75
54 DAz0 g 39 099 g.0.dzg.0.0.Guviies oot e 78
541 adAU01 U éUUUABUU’..QC) ..... G.00.00. @1 RL 78
5411 NoGEUe@d ao6AUdEAL..LUedEAVL0Q. .......... 78
5412 NEGEUéU 1V EAJALT.UUDBD. . e 79
542 a0 AUT U eUUUABUGZO.. 0600010487 £0RI.............. 80
5421 gEGe@EU@dUO0 T OUUNDIG.ELED. LU Q4. 80
5422 01 UT O8.0.5.21.Euociciciies ceeeeeeeeeeeeeeeeeeeeees e, 82

goDHN3ggo00Q KdzigGog ¢gDH GgKug3DH 3. GgKig3sBHS.-DOHR



55 DK odzg 393009 gDDHKIKGI.G.0.9 cciiiviieiiiiieiiiees e, 82
551 § O ET @0 aninl.A.RI...7 s et e, 82
552 O ET @0 emm.A.RI..0. 00 e e 87

gdzo U309 g QR AZK HUZ QBB G DEU. ..o e, 91

6.1 gdzo U303 00Q0Q DalzDEDZ DD N GQ DK 0.dzg.59.4.0.0Q06..0.081dg9] OG

62 KoGginidQ HOoOn3 GgDZ gdz.U3.Q049.0.QDZ. 3.D2%.9.K.0.DB82
6.2.1 dz£&a 0 OE UT.0OBT.EL.8.06.. ieeececeeeeies e, 92
622 PUT UDAUET QE...ORIL.AUOD oo e 92
623 GOEGUEAGUUUU Ue U6.¢.RI.21.00. 601.4.00..... .93

6.3 §o g Odzo § DDDDH KK dLYGSIPFIIDD DK QGevrviriiiiiries e 96
631 EUEOEUOY OEDOE. .JUI.0T oo e, 96
632 DA UBUGAT @l U..0UQERUA U..covoooieeeeeeceeeee v 96

6321 DAOUdBUGT &l U G GIDERRU.L.U...0.ALOH .ccve.... 96
6.3.2.2 DzU¢UoUu|aéTU 0 G3E.RU.4.0..0.A8.00....... 100

6.4 GHZ DAz g OKG GHIZUQOK.G ... coooieieeeieecceeeees e 102

6.5 DZZQ G3 DA K.DZ.L.N.Buioiiiiiiies oo eeees ettt 103

6.6 KDD GDD Q 0 DAHZG.0.CQ.Guiiiiiis ettt e 105

67 KogD&G g3g0HGOG Ogo 3KUDZFH.DLG. KDD.O.HGQG..... 105

6.8 30Q10dzg 330 @Kg50 HIGEdp A 3 09 GOBBUK 0.DFH....cocvcvvvvcees v 106

681 goE&T EUEe £

1 01 Ul Ame UEaRD....¢.££R0.6.0...7... 107

6.9 g DO DDDD DAKdpg@ DP KG g dzo U3 09 o O.DZAU...3.DZ.4.K.§.DFU115

GHIZ DK dZQ G 3.8..0.Geeciiiiiiiiiiiiis e ee eeeer e 117
71 GHZ DK dZQ G.3.Q.0:.0 i ooeiiiiiiis ettt retee e . 117
7.2 DazDh g GKo G liog DXKdzgo g Kdznh GK.G.§.0.0.G.Q...0.DAL...3DF § Ko DU
GO GO O DA UZQuih.0.Qviiieiiiiiies et ie e, 119

Dzx dzg dzg Q pg: K HdzK G @ 3 0 G DZ dzDDBag dzg 3 K g dziD¥lzo g O dzo DA

§ 0 g dzdzDHDLG 3 K Gy ¢ (i DAzo U HBHAB

125

gdzg U303 0 QQ DazDLDZDHNGQ Qgo

DKodzg 3930 0QQ JoKdZKH3QGQ ODBGn3






\

H
O
(SN
<
O\
@
O
O]
PaX
(N[
P
@
O
©Q
(@)
©Q
@
O
P
<
=
@

@)

Co

—_

C
D
Ce
C
Ce

Co

D
Ce
(@7

S me C
(@)
—_

C C
D
>

(@Z
N p—

O
c —* —
Co D ™ I>»CeS O O

o c B e o

D

o
« Cc 8
Bmc oo o

—
& 7 O

—? Cc [T
o o O

e co
mc CmcCC Ce
—tCo ¥ O Co

—)

O O Co Co O

Cc O
O™ C
Cce C C
,
co PP

(2
o o > O T
eﬁ
S

> -

—";

o Cy S S Ce
® P Co D I:'Fl‘ o

Qe Coe CoCc—*
T o c & o o

C mrcC
o E&om& om
—) o~ T,

® S C
)

Cc— o
X FH‘ mQ O
& =
C =
— [Tp 6¢

\

ccors Or OO @
OmcCccCC o

c I:H‘ Cc o O
_ C« Oﬁ —? O) m»

C §3 (@]
o &

=
m: C —*

poy

- TR o B M v
- M <!

(TS O O O

C & "PF"\ m o — — ™ O O,

cooee o mc M
> O

C — m Ce O) m: [T O)
O

Cc—*
P R el e )

S 0o T O
)

O Qe com—/o
ccC

O Co M

m

O CcO O S Co —* Co
CGCG Cwv o™ C O

OO0 OO0 ™
- o m

s B
m QO C X
S n

Ce
w
D
O) Co

D

Cc¢ Co o
mm © Cd— Co

D ©Q © C( C Co Co ¢
m Cc
m»
G
O Co
O
R=a
O
m»
(@Z
()
C
C

< =

- O
(@)}

(e

< C

0 7

O m

o C
O C«
(@)

Co e
D
(o=

Ce ™
Cc —*
< C O
>
Co
o~
-
(@
T [T
Co T
Co O
Co

«
)

Ce

(@} O O T
Cc Co Cc

- O
—t Cc Cc
O TG
o m m
- ®» ®» O
C %\ %\
-0 OO
O C C
Co Co Co $\
o O O O)
C SB\ %\

o OO

8

C Ce

O
& O o
C O

CCCm

> e e

m» (@I« s g
cm PP

©Q O W«
o ™o

cc Co - —
=2

C

3/
Co
Ce
o S
Cc
m Cc
[\
m»
ms C¢
o O

Co

C

¢

ey X

D

C Cc So

cCoo TT|TE on coomTca
o

™ ® O
(@)

B B =
OO0 C
e}

O o
Co <
o
C
o O
(@)}
D

D
Co
(@)

C
X

CCCI T
C

- =
<
D™

VO

(9
<

(O}

C

c
Cecm —*

—_
)
m 4

S > e Cc Cc &
f T Co —*
Co O
i > Co
(@7 O) (ex)

m ©
o

C o4 Co
m — <
c o

o
Cc
m > C

Co Cc
o O o
\ ?B\ o O Co Co ™

—_

> O Ce

o

o Co \

- m X

Co
m: ™

,C: m
“mr O Co

" > o =

)

N

(@)
Coe

RO ¢5060

m
—_—
Ce
—_—
» O
N m D
m
—_
D
C
c ™ x

Cc ™
o
— Fl_ﬁ)
O
>
Co
[SN

(ex)

(e=
(@}
O ©

C Co D

- o

o™ I:'ﬁ‘
(@)

> [Tp

C M

o O

>
Co
(@]
>
C Co
< D
(=
O) Ce
E=2
o
(@7
(@7
o
_™
a»
(@Z

gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3



@ C
cCCO o o

M O Ce o
— O’

M S« & &

O o

—)

C >» G

(@)

([@%

Cy Co

m C Cc~
o <

o = Co
Co M C¢

C C o

Co Co &( (02

_ C O

- o
e~

=D D
m C &
Co ™ C«

CcCcC M

m ™

¢
Gk

—)

O) Ce

=

— @ O ?B\ (@} =
@
e)

Qo m

Co

- &\ m» -
C Co

o O M "
C Ce

pull

O Co Co [TD
C M M O
O~ =

C m >
Q)

O C Cy <
Co & O FH\ pull

ocg ®» — &
<
OBl SO

O m:mo

Cc ?B\
- ™
m CcC C

(@

Cc D

@\

Cc—0OoC
o QO

(@]

(e
o

C O m m me

<

©x

Co O —7 co

o o
e C
Co C«

N

@
@

—

QO
X«

Ce

o
S — oy T

o N e S
(@4

Ce Oﬁ >)
m — —

C( Co &
c oo

S O G

O © Co C¢
[« N el

O M O Ce

O Cc

O Co

O @

O C«

C
Co

C T/ Co - Co
(@))

—;

(o))

f—"

o
G e

- m
ooCe Ccoome g

m Ce

—)

=

O o

Co Co
= m C

(@Z

m O

© O Co o

S O o —
o O e

o000
) C(

=g
Co Oy

pvNed

Ce

()

s
—] \

m»

C e

— o

Ce Cc M O
Co ?3\ Co Cc ™

- e o
— Fﬁ‘ CcCm >

O » o o

—
(e}

Co D

C » Cc

(@

- m

M S Cy O
f— p— p— —

Cc Co &

C
— ay

o > O G
— C¢ — %\ C(
p— - —

Oi —? (@)

o ¥ o O
B Cc—Fo

C
— p—

=

o —~o
m™ A, -~

—_ Cy = — O¢ Ce — = e oj

C)'e' ([@Z LN e m X~

—_ O —4 — m»
= M m Ce

c OO 7 =«
— QG > O

OCcc™
c M co e}

cC® co O
Co & ™

& Cc O Cc —*

< M —m
o

m RNC =) —3 8‘
Co & — o —
o Co — &\ —_
OCo o™

Co

¢ Co ?B‘ ™
(@)

(e Ce

8 S coo
> < o Ce —
(@%

CIm Co & &
O & O Cc ™
— O S > ¢

E=a ’©4 (@)
o Co

(@)}
o
Co
X
C
(@%
p—

- — m Cc O
=2

C( Co FH‘ m e Fﬁ\-e- ™ Cc [T S

Co Co CC®

- o
enlq
Co — ™ Cc O

—

e U6 20 ‘|‘
0 U“T

‘6) Co
> <

—
QP o

—

(S COR O

U¢EUO&¢OIUEO uoo
AUdBR U¢u el U1

- = o>

m i
c¢ Co =
C &

Ce ﬁ
Cc &2

intermediate

hinge point ,

_______
<4 “upper end point
, Tupper chord
““transverse bisector line
_/ lower end point

/’} “~lower chord

.- _.'
&
\ & /
A ‘,:.:I /
i\ = /
el
“ T
N\ [
— - .
\ /; ——unit lines
.

“~intersection point of the unit lines

T00GY T U RORYE@B2EUDERVSO6

GgoDDHN39gdo0Q KdzZigGog (DA GgKug3DH 3. GgKug3BREHS -



..v

O
pe)
ey
X

\ m
moo®d»e
’ o7 - Nala

(@F

i N m ™ Cc Co
o -

?B\ Co Cc S ™
o Om &M

= m < My

gdzg U303 0 QQ DazDLDZDHNGQ Qgo

DKodzg 3930 0QQ JoKdZKH3QGQ ODBGn3



Grid Types

Three-way

GROUL-8& JEAUUTE ¢1 &£AT U000 0 UQGe@El VDOEN)] eUv006& 01 G ORI

B - Translational units

rY

A = Polar units

2]
S
0
L
<
O
-
©
0]
)
0
a4

GRouU-&t DDl EeA£ eUE T UUUGOdDEE A GUOERUsU (®u@|UlsA03o O UEAUUT

goDHN3ggo00Q KdzigGog ¢gDH GgKug3DH 3. GgKig3sBHS.-DOHR



gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3






¢ 203

- - S AR =
B = T g
06 0%

SR AN S

\},ﬁrﬁ N SATY NS

[Roov,er2s017]

gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3



I
\
N
\
<
<

14 §dz0GdogGgggQ KIPPHDAOBX 3N3 Qg4g
gU U0T U6UUBsU ROUTEU, E ¢0oUOUODO UO6 06¢0OI OAEGUEeOU GROU
UGUdY OA® UEO UODEGUEAIUUUESO UVeUUORGEO GUOT euUUUGeUVos UL
pd0al @7 UUU UoRO E &I TUEYE UBAUUEeOU uoeild m&®@I,0 OE U6
euauU00. DABAITEI U, E Ul £ZAeE AEU AaEGOETUO ¢oUeUEea&d el
e £UE ¢ 06 UOEUBARAI UUUE T U UE ROQGGE ¢Uo6GOUYUTRT evlUUGE
UpOGo6T UdYT Ol OAE&OUT, TU TU0UUGUVUOEOD). eUE TU UoUT URDEGE]D
Q UTEOPOBECE UBEGUEAGUUUED UVUeUUORAED GU eUUUGUAOGUVUED -
OGel E, eUénd UU UPUEUOUIT UI U UOT EeA£ GUOERUBU T ¢0O00U0T 1
euluGUoOGwO @ eOl UA a0 UsUUT, TUEQT OT UUG ADEY GUUEe £ U
UsUb UOT Uosu¢O, UU &0TU0UU GoGEenl evUUGUBOGAT T ¢OBOUI
POl U AdDEAOBUUUBU, uUEUb6eOl UT OTUW® .UET A UGE UpOeUuU Al Ul
Hip £0 RO6T GUO UGEI OA2O AEU UeUUORGE U¢ps Uu$O6
KeUUORGE U¢pUo6@UsUO GUO ¢UUusO
9 KAeUesadUUUUE O Ui O¢T EGTUO aUO 6UEO UO OEeudlUO
T gd0UEUUsUUE ¢dOUUOET UGsU UO6 UVUAGOBO, TUUULGOBA 61 E
T QO eUUUGeVow UVUeUo6¢al DUUE RO &1 U UIEUsO @ 16AU0 T UAA
9 GGA TUUU eUUA UET UeUUoRGE Ugl UE uUGedOl O TU UEOD®dE®
OpUT Ueesil EGE UEO UEUUEeUGsUOD
T 3004£ UET Ol Oél J0RGE UQUEUUSUUE UoOGo6T UBY Ol UAEGE e
UET U¢ut U E ROODUE.
KeUUOROE QU ¢00CeUeOdENT & E 1V O1 AU ¢UBUARAQGO
T ETVEO60AsU UT 0O RaG0oO6 GUBUARAGO 1906 O U1 O¢pl EGT OO
9 DEeUlI ¥ RODUE ¢o00evUUBelsUGYT @1 EO T O1 £AUUO
T g¢OegeUsaE URT o61Eéail GUOT suEO RGOO.
9 KeUUOREGE T U0OYT OT RV @ RT Ui UdUEY £URT, UU O¢9pOsU GUE 06
g6l UdY Ol OAOUT UUE aUOT RaoO UEO eUlUGeUV6@O0.
141 3&eOu@@UOR
QLSAMar-geaAddi Mavef adt wWiOddT 0 07 &I ETE UEO UBEGUEANUU
UpEUD & OT UUO UET eUUUGBeUVU6d T UAAI RI uOl Eéeal GQUOERUgRI
RUEORT UeUE&d . UgAUBAWAOT Ve 0BT UUU RUTETOUUBO6 eutUO6O0,
eUE U61 UUODUEUUO T UaEedd oUBUARAGO 8URODUSUUE UDUE 1 ¢ O0dC
evlUlaevo6ql DAUSAI T ET U, E UURI OI OAsU U¢UeUUsl OE UEO ¢
00T duPpoOWGE2dO61T T UAUI OU0OBE UbsUT ET U

goDHN3ggo00Q KdzigGog ¢gDH GgKug3DH 3. GgKig3sBHS.-DOHR



DA HHGGDZA K3KG Qg gaGQRHKG 9

)

°
>

Cc Cc <
m — <

Ce
Ce
—_—
C
m
C

[

wm
&
Cc
D
(@%
— O
(@)
:

o Co
L mi Co Co

- Co Co
()

m o @ C O

(@} g" - O
m S
e

m — <
3 = O

— oK >
SYRUEE-Y
e

>0 7 W
[t
gs [eZn)
C
—_— é! o —
& @ &
"e( . C O
[}
c @
?d\ Co C¢ C¢ e
Ccor Cc
Y > ¢
Cc M
Cc Co [T
o S
c Cc >

- C> >
o
m —* X O FFI‘

—_ o
mocbt como
m»

D
o el
> =
D
&

—] m-

o [T
- —

m M C <«

CcCco O
- O

m <z
— = T (@4

m C m
C ®» O C¢

(@)}
80 O

; — S o

o oo o

(o i O N =
(@)

O ®_» Co

O Co M © [T > D [T I:FI‘
a»
—_—) —) = O;

o N o
RO 700 o
Co
)

> M C
O &

Co S I C

m © = m
cCm

QD
@]
[= e =eY

Cc¢ Co
=N ez
O O m C¢

e O 7w C

oo [Th ¢ 6§

m: O M [T

—_ >

= T Cem
Co 8¢
=)

m &
(@)

(@ e)

—_
C Cc O
=)
O m >
|« [mn]

4

>~ e C OCo O

e O Co
& T Me G 7 o =
D

& O ® o>
< C

> B
g C

y Co M 2 m m Co O
& °

%\ C C Ce OI
» O Ore C
o =
Cc O
m: C Cc [ ©f
o
Com QO & e
—_
)]
M
& O /™ o
B Cm g m
Q @ C o
[p))
&2 M =
c Co D
— [T C¢
B
—_

Approach a)

o)
<
3]
@
o)
A
a
a
<

gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3



7 &l E

UedOGo60s 006 mmOo URD E
iU ‘L&Aé&jwiém@mcnaeqn‘oo

- =9DJ'

goDHN3ggo0OQ KdzigGog gDH GgKug3DH 3. GgKiug3RHSZ.-DOHR



142 KeUo6¢oRT &8 ®BUEI UOE |
DE ¢UBUAUYT UT UO oﬁéaméoaéﬁ@auﬁmo@ami@qu@UEo »O6 ¢oO&éodT
UET ¢UdUTUVUUBEeg YTOTUUI OQOsEGE eUE aUIUEGUOOOsEGE UEO
PO UAT UUOY OEgeEe Ul m(‘)éE‘i @0 T U 0EUG 0.0 EgHU ut‘beE@L’fiLmu”a@l V)To
UOeE} &0 eUE UITUI UGUEO uEBUPEGUOEeEeU UDUE UxGGUOEDO aUdal
U0t EegOd uo6teUitpUO eUE RUTEIOU aAdc060. DZRoul 06 eU0UUC
35 ®&RO 37 1T UeUA eUE UO-1GBhEen 0Or 006 U060 @QUUI 15
&7
 e— -
S s —_— A
| f/?/?\?\?\?\z |
‘:t‘-).}-_{ e ———
== R T i ——a—— —
: m.-.—.—._.--’l.l‘,\ )
) THYD YD YD TSR T w ("
at’t’-.——‘—.‘.’..--l A
143 Keée U6 ¢ RT aii Gt
DE éul a0OE OGRUUEAGUEe Ul mi bramA&Wl R U@ ningE UGW®EGRED B0
OU U¢pOUUT &7 UUU URT uOeéeEV ol UeUUORGEODO, OE 0O0¢p0sU0O =uUl
AEU UET U¢sUUBTE UO6 UPEEdYEUOU UrDbdOng¢OpEe ODUdEEDI
Ol ud eVl UdbEeOU eOpl 06 ¢6001T U 0GU0U TU GRETUUEGUUs O ¢l
Ol EEOVUEUWO GUODUUEAEegw UVeUUORAEED, 70 UpOUaI UGTU UO ¢ A
0O AUEUOI Eeaed AdUT 1 20 61 EeOU,-1 &imAEDUleg®@ WA o6 DAIEDI. E é
RoulT OO0 ¢UOBUARAQGO AEU eA&U0 eutad &o.Al eEeUl TU0U0UT 0O 24 ¢

BRI BB £ I 3
e

KEeéBUgo6 ¢ Beeliolp Ri &l @@ en | 202 3]

gdzg U304 0 QQ DazDLDZDHNGQ Ogo DKodzg39gdoQQ JoKdZKH3IOQOGQ ODBGn3



N
1O
¢

(@)}
—_

_c

m»

Co O M ?& és Ce
Co —

el ale K-l w=
°

C s
“comc™c

—]

& m
o9 o

m=—c c€

Co— o CcCO P
o e
> O Fﬁ‘ Ce
cCcey m P oo
Ce
SR
m X C C o © o

O O
- Cc O Cc Iy
Ce
—_ = Q —
<« O (@7
O
[
C O O o
N m‘ [m: @: td C
Co

C o
m Co
Co
(@)

Co (O
Ce
Co

P~ e o
C

o

e el

oeo

OU U1 ApUs67TEO, evead O GRUWEUGI OO U0UO

3 WO GEYADA €&y E eUiell 4609 a0 UspIns

O o6l Ol Eeu aAd00 K60 ¢dRADWENEI6IUBT UE 2

» OC Ug 0O du 132 oAauO60O eUE 40 euiaol
alu 120

~N D e Co

o

M
o g(
(@ g
O o

e
=+
oS

o> C
C

m»

m

[

&
s
k=2

e

(@]

()
<

O/

(@)

goDHN3ggo0OQ KdzigGog gDH GgKug3DH 3. GgKiug3RHSZ.-DOHR



Dz HKGGD

13

—

=
B
~
(0]
e
(@
&
—_y Co

m»

u OPELT B

LLE.UI)LRO‘J Ee. U (ha UWEITO,3 U6 L”J

D
(=]

Co
O m
Co

(@} ?B\ S T O
O C Do
—
Co ™ &\
Ce oo B

(eZh=d Fﬁ‘ -
0 <

(@]

oo OrC ™
O) m» Ce m Cc O Cc

o ©

>

me
o ®

- cc (@)
o
X Co
—
-
o =°

I Ci Sy S D Co Co O
§’

c— B oram—
o oM™oc— g cm o

O

my-
e cnocm

Co® O/ M & Co 7 ¥ @
Co O

m Co C

™ o C o

C e

OJ C

o m

[SHe)

.fD) e ©

C

C(

¢ U6 §cudih| 128002 3]

REaliEReod & (D0 1T U 14U

E

PN

[O)

N

o

(e

(@)

, - & M Cc
 C

o

|aeIE G

O
> O
Q.

m»

4
)
<
\

D
> | -
C m

cy M
=
> &
& O

& O
Cex®

m S s

(@7 &
Fﬁ‘ B
=]
O E: cCc O

oY
& = — O
e

o P oe

m: o &°
—

)
—_
—
- B
Co
C
—
—_ &

h-)
Co C«
(@)
C
& ™
C o
(@F
(@)
(@F
e
C

gdzg U303 0 QQ DazDLDZDHNGQ Qgo

DKodzg 3930 0QQ JoKdZKH3QGQ ODBGn3






¥ Co N

o Q

c @
— M Cc O

~
-

Co Q-

Co~ Co Cc& Co U
e mo mo o B
& Co>» CO

D™

¢

N
OO
« O
(@} (N<
©Q G
N,
rOI"bI

O

&
¢ E

()

)

O

N

P

(N[

=

(N[

Z

©

Ne]

O

[(®]

=

(e}

=7

P
<
-/

CcOor e cc B
e
¢
C O ¥
mccoc J
e
OO Cy S Mh Co
—_
[
— Co [TD
C Ce
OO @ Co &
B
m Cc O
_—
G C
Cy Ccm»

- T ©
o —

oM O o

oS O =t Co Mh C
[ex}

oD D™

= &

; el =
G Mm C
m m: QO C @

m
O
=2

Cc Cc O

O) Co = Cy Co
o m
_™ Co
C
o’
(]
&2
m
Qs
ey
)
—
el
e
1<
ﬁ)
&
=4
e
C
=

Q; D
o S C ™ e Cd /™ O

o O mp FH‘ <mC O

_ O

5 O @™ — @ & C [T

o T mm O

Co 8‘
Co

o
o
(2
¢
(@)
C
o C ™ @ O Q) Cd Ce
D

C e
Co
cC O
— =
CC T
Co [TD
e EB
Co =@
8 O
—

ab)
C O
o O

—_
X ™

—_ O’
C O

(SN
Co Q»
(@] @o

(e}
—

Q
a»
G mC O

m —

¢
- o

C G Cc™
fad
e 8\

—? C Cc C
o m
m» N

Co

- m
o
C
< O

Co (N
CC Cc Co Co
m ©
[ S I:'Fl‘
Ce O M X

Cc C Co ¢
) C’ Co

=
¢
m ©
B
O) C

Co

— =

® o

S B

g

X

oo ™

*
C
mr < CCco o

e
7 m Ce —*
- C O
> Co [Th

o o 0

C
o Co ™ m»
h —)
= Qs D

Q»

pull
O s C o
M = o

(@} o o =
Mmoo o
o Co C¢ C¢

mec O o oo

he)
C

D = oo m

Cc¢ Co
Ce & < Cec [T
—_ Co
(@)
—_s Co

m) —)  —)
) ™ ™
Co oo C¢ . Co o

-
o o @
cc =
— o

X

—_
m» — — Co >) C C

o M 8\ ﬁT) Ce a;\ (et}
CoCc—™ Bt or co ™
Co — Cy Cc 7 Co ¢

2 ; &4 o o
mR o & o Dmc
m o m < —m o

O m: o
[enlq

O >
SN
o TC

(@)

gdzo U303 0QQ DazDLDBDHNGO Qgo DKodzg39doQ0Q §oKdKH3ZI QGO QDB Gn 3

Co
X
Cc
(ex)
O
m»
™
B
O
el
(@)
e
m
(@}
Co
Cc
C
C

<
m»
B
O
(@%
(@)
O



16 QKUigg@oDz

K R-Drilled Bars
up 06 UET

E
euiao. DdU
U

[(e]4
m»

m Co M
o ©
o

N N

Ctﬁﬁ

?Co'e' Py
g Oy <« E; C O
o
(=
s
3
S
Q

, O o ;U)

4

—_ m-
N -

)

- = M [
Cc Cc ™
4 @0 ° S

U7l 2a060.

[«
ety O)
8. S
e
g o
(@)
Eng
O O)
&
£
m
C
m/
<=
-
o
%/

e e oo N
Ce
(@)

oo™ O P

CcCc» p O

—_ o
o m o
(e — h\ EB\ Oi o

=
Co 2 O ©

m»

(@)
< C
o
b

Co

U DA AGWIERAD &G RT ebd GO 6 GeBUR E 0 B2 WY evzadra,e 12023

At 7 0 O-6inned Bars
, UOUEUUBUUE E UO¢Oea&UEGE OI
U ARAT UUUE T U 21U ¢ou0G2U0U0O0
£ UUl.ﬂfi)mLﬁﬁﬁLACé‘lCBlaIICIEl & B g0 elyRIl
O ¢1 UOT & eUE|U uUE |¢OOOUT
1

i
UEO

O
(=4
:

o

C
Co &
3

]
T

~Co_
)
4

™ Co =/ I]HO)

m 98\ [\ )
e C O /e
C &«
m»
- Co
m S Co
—_ C( m
—_
ﬁ — AV

O &
™/ M.

N

m: o

&

O) CC Cy Co So [TV Of
i N 1 i e ST O )
e O cC me

= mp O

™ &

(@)
O ™

JoDDHDMN3gdoOQ KdzigGog gDH GGgKug3DA 3. GgKig3RHS.-DOHR



ODA GDH DA HGGDAK3IN% Ngoogndgni OgdgGOKHNM3 17
DE uUUO UbU0Os UUGOE aUTUUGEOD T ¢Od00OUT TU ROEGET OpOEEEROI
URE 70U UET SGUEDOBOPIOGEAOGO00D (o6l &agelO UTUUsol RAIED (
GEO U6l Of e 20 fAENDIMRIEEDD BOE UT ¢ Od0OUT T U ROEGET D¢ OEER2OUIT
bawlls U inbadsGUET ¢UOdoUEGEIURRI , GO0RT A RIEGET @@ OEOQUT
barsUI T £ Ugl UE Ui gaOof UnpbegHp.aT OUEe Oy eUE 1T U
22 Dgdzg § Ko 0 3Qp&BdEn D LGGDZAK3n3 Oggg GOKHN
2.2.1 Core-and-pin joints
DE G061 Ceefa@®BOU OUUT OUT UUE U¢u &I U eVl UdEeéen GUOERUBO, [
eVl ET o000 UsUU Vo6&l ¢o0sGT U, a0 eAL2U ¢UOBOURGE GoY ¢UA:
pood1 U, AR U060 0906060 9UOEGUD&GOI UUE OE o AauoOE,
GoAeUROBT BUOPODO eul a06 #RUE ROEGET O¢pGE®Me VaU&EUVUCEOBRABGE U
UEO ¢Ba®ab®BE GUagsi i E, AUAOT 0O ¢06 UGOuUEeiT DUE UET Ug
KEéQ-BW»DﬂoUGOé&&‘iﬁél”lcﬁﬂ-&en-ﬂi fP@®real c§rzee®@PoUcaaul U1 E GU2AE
dEGSlathO PEDAGEBEri g, 2014]
geOi 06eal UUO UET 6UEU 1 OAEé @oia@g i @ ppdeEECESD (BT B O6E W U ¢ (
a0l UERT &1 E AURT UUbdsU UO63pUOBOEDPRSUU mmﬁuEuDi{aOErzEEéo (
pUsdGuT UTE aU&eAE UEO ¢oEGsi UO GUE GUagll E. GO Ul UgeUlGE
GUET eUUUGeUVU6y eUE aoRI £ UV GA EauUl ¢“0a|@|000 UG U/&e U
T U6RGE URT UeeU0T UbOUQGURIT (eUEE @) H) oa Upl ObsERiGcD A O e ET EV
gdzg U303 000 DazDHGEDBDHNGQ Qgo DKodzg39gdo00 §oKdzKH3IQGQ QDB Gh3



18 QKUigg@oDz

(@}
R4
(@7
(@)
el
C
—)

)
%
>

(e
&
2
(=Y
S

m S = o ey

o oo Q) €

92 Ce

oo ®cC o o
it
<

> Q‘ Ce

- g( e
Ccm

— =
S &

& O ™ QftC ™ &

Coco [T S O

O M B o« —*
—

i UEO,

e U1 Ud b UE U Usan Ratl
AeOl 1 EY &l U uU
V]
v}

(@)
m
o;
R4
° O
NN
r & o
C
—* ﬁf) %‘ ([ex)

[~ =Yoo IRE=
o > -
=4 [T M

"o c O
m O O O — (@}

Co Co Co C¢ M
c: = O M

& — e b o

QO FB‘U ?B‘ (o))

O © S8 —
e oS o
8 o Orccm ™
(e}

s o
(=7

S ™

& @ jox 28 =X
O

C° —_s —)

(SN
CcCoor

EbOUUEe £ ¢OI
U0b

(=)

D
O)

o

& o O
o =
Co [Th &«
([ex)

m»

—_

Cc

Co

(@F
™ S [Tp
m —?

Q
a O)
Ce
>0 ™ O
C &
™ g
o X
O O ™

Co
(@)
Q ©

Come =
Co Co
® MR

Co ™ O)
C C

) Co Co
m o %\
O) &\ Co
m o O
O >

Ce Fﬁ‘ O
G C o

C ~ X
Ce
Cy &
D

i}

8 ;
o O~ 8
Co
(@)
)
¢

cC O &
S Co > Co
m e [mh
Co C
_Q Ce
o O

e

Cc™ @™ Or Cc>» O Co
(@] N

FH‘ Co [N O Co

Co Co N Ce
G O m
m: =

— =)
o

\ — m¢ —)  —)
o DO M
) C &«
= m: m — ?B‘
m -
m: © QO

h-Y
Co
pui

p]
C
Co
>
C
C
e
m»
D
o
Ce

oo
™
C

)

-
M

< O

O

Co Co

© C

Co C
m

o
O Co

© Co
[Z
m»
C
C
O
(@))
m»
[}
s

C &
(@

o
O C«

m»
D
Ce
m»
M
D
Ce
(et

m»
—_
o Co
m»

m —
— (.D)

I O

e C> > © >

O

Co

X

c o
—_ = M ¢

=

Cc

ot

C

X

—_

Co

(@)

s

&

Co

Co Co ¢
C C

C e @
D

& O @
- m G
me

Co I M

KEeRuWAdoUuUgAYT UUU a0l UEG U O pcOobrdai-geil Uk (D B alligEldD eougpi GadQbEd Eatl UT EO
[P&r evzadrac,el2020]

goDHN3ggo0OQ KdzigGog DA GgKiug3DH 3. GgKiug3RHS.-DHR



ODA GDAH DX HGGDAK:NE Ngoodndni OagdgGOKHN % 19

2.2.2 Single -Fin joints
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2.2.3 Double -Fin joints
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Experimental research program - tensile tests.

Deseription of specimens Orientation of the filament Build orientation Direction of loading Cross-gection plane Determined parameters Mustrative figure

T.LF 0 Flat 1 23 Eyr, fin v

T2E a0 On the edge 2 3-1 Eyp, fars tng /
= .

TAU 90 Upright 3 1-2 Ear, far b1z

TXF 45 Flat in plane 1-2 Exr,
Grzr (indirectly)

* with respect to the load/normal stress direction.
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Experimental research program - compressive tests.

Description of specimens  Orientation of the filament Build orientation  Divection of loading  Cross-section plane  Determined parameters  [lustrative figure

CLF 0 Flat 1 23 B fic

Cau 90 Upright 3 1-2 Esg, fac

* with respect to the load/normal stress direction.
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Description of specimens

(hientation of the filament Build orientation

Direction of normal stress

Crosg-section plane

Determined parameters  Hlustrative figure

B1F

B3U

0 Flat 1
a0 On the edge 2
a0 Upright 3

2-3

o
Ezg, fr5
Esg, far -

* with respect to the normal stress direction.
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Nominal Specimen Dimensions

d;, = 19mm[0.75in]
d, = 3.8mm[0.15 in.]
h = as required

L = 76 mm[3.0in]

r = 1.3 mm [0.05 in.]
w = 11.4 mm [0.45in.]

<
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Experimental research program — shear tests.

T0 00 ¢«

UEAUT EGEOD

Description of specimens Orientation of the filament Build orientation Plane of loading Cross-section plane Determined parameters Mustrative figure

5.12F 45 Flat 1-2 23 Guzs, fizs

523E 45 On the edge 23 31 Gz, foss

531U i) Upright 3-1 1-2 Gae, fas

* with respect to the principal tensile stress dicection.
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MakerBot| MakerBot |  MakerBotiM
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1. Anisotropic Yield Stress Ratio R§™" = ¥8 g=P, 459, 900
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Experimental Values
¥
2. Anisotropic Yield Stress Ratio
Pr T 1
Ry (8, F, G, H, N) = Fsin*® + Geos'0 + Hcos®28 + 2Nsin®fcos*9
Prediction Values
3. Cost function
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4. Anisotropic Parameters (F,G,H,N,L=M=1)
5. Plastic Coefficients
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Anpoupyia CAD povtedou
(3D Design)

L 4

Ewoaywyry oto Slicer &
Tepayiopoc (slicing)

+ Layer height

+ MNozzle, Bed Temperature
+ |nfill Ratio

+  Printing Speed

L 4

Anpoupyia G-code
(Paths, Kwnozsig, Temperature)

k J

Mpostolpacia EKTumwTA
(EAeyx0C TOTOBETNONG TTACKOLG
EKTUTILIONG KO KEDOAAC,
BEpuavan)

L 4

ExtUTTWwon
{Zrzpeomoinan, Woin)

k J

Adaipson povighou amo tnv
TAdka (Bed)

L 4

Post-processing

+  Adalpeon Mpoowpwvne otnpEnc
+ Nelavon povrehou
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Polar SLE
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h = 30 mm L= 1.5 mm
1
—
2 8 b = 30 mm
220 mm Beam Section
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