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ABSTRACT

In recent years, it has been expected that conventional parts used in industrial robots can be replaced with 3D printed
materials to reduce weight and improve performance. However, it is not easy to produce large parts in one piece using a
3D printer. This is due to the problem of thermal shrinkage and the fact that the size of the part depends on the bed size of
the 3D printer. Therefore, it would be highly versatile if small parts could be joined easily and without loss of strength to
form large parts. We proposed a new joining method by mating and bonding square pyramidal concavo-convex parts, and
evaluated its strength by three-point bending tests. As a result, strength of about 140% was obtained compared to bulk
materials of the same size. Comparisons were also made with different shapes and materials to demonstrate the

effectiveness of the proposed joining method.
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1. #E

4R, 3D 7V U D RKITFE L. 3D 7V X2, BE 2 5 BRmasiE 7 (fused filament fabrication,
FFF) (fused deposition modeling, FDM), J:i&/Ei% (stereolithography, SLA), #EHESE (material jetting), & Al
MEHE (binder jetting) 72 &, BEx e HFANFET H[1]. EEMEEZHERT 2 HITE LT, L—V -k
(selective laser melting, SLM), L —H —kEfE{E (selective laser sintering, SLS), 75 1 £ — AIARIE (electron beam
melting, EBM) 72 E2381F BN 5[2][3]. SNHDOH T, FFF IXEGATHME T « F A 2 "B 2 g - TAmh L, ##
LHLTCEREZITY) FRNTHD. MEIORENRES T, 2 AT =<V AZHENTNDZ LD, BIE
KBIASFIHASNTNDHFATHS. 3D 7V » MEITE, TEROM TR CITEE L 2o 7o IR %, HI
DT Z ERSEGITERTE D LW FHEEFFD. X612, FTEDALEICEE TE M EFChILL, HHT
HMBIORITHIBR 2N E WO FR b L. 20, HAPLCKETOHNMIZE EE6T, BMEE, BEH
PEE, MiZERHEER Y, BV CISHBEATWSM4]. B, EEAuRy FO&RMhE 3D 7Y v
FMAEFCRE L, BEIEEMERIEEZRND Z LIRS TS,

LinL, BRy N7 =L EORBEA 3D 7Y U 2 T—RIERT 5 2 LIEAES TIERW. 20 Ho—
2L LT, 3D 7Y ¥ OVEEMEBICZEMMRHNN S5 Z LR T ons. EEERAEILRT HITIERED
3D YV B EHERTLHER—EOTHY, 6 BHED —7 VB Z O EHFHZN 3D 7Y &2 [51%,
BEhrRE e Ry 87— &M LBt 3D 7'V U Z VAT A6)72 EBRESI N TS, L LI
OOIEB ITEMEEEZ D, KOEEAN—ARKETH L, AT 22— —13RoNns. Fiz,
L b A_XTAO 3D TN AT HIRSNTWD R, EEOLARHRIND Z LR, EFmI B+
R TE RN EOMENRH Y, WHMEICRIT DB B 5.

* Corresponding author

Email: endo.g.aa@m.titech.ac.jp

Received 19 June 2024; Revised 2 October 2024; Accepted 21 October 2024
Available online 1 November 2024


http://additive-manufacturing.or.jp/

N. Kanai et al. The Japan Additive Manufacturing Society (2024) paper24005

BT, KAULIZHEOEEME T T2 LW L H 5. — M2 3D 7Y 2137 01— K7 47— Rl
ERALTEY, MHEHOMESCHHSNBIEOE=4 U > 7 M ThI TORW[8]. ZD7=h, HDHJE TR
AU RIMGDSR DB B A 5 2, B CEENR RIS/ 5 i fetEnNm <, e flih o gz b K&
BERIFT. T, BUGRICE D0 R0FUCHE S SHEOTNR G, EEMNRKE L RDICHON THEE TE 20
ML 72 5.

INHOEmNG, NS A ERICHES L, RELHER Lok SRS AR CE L, vy Myl
BRSO T, WRRVISHANATRE L 72 5. BBSCEVRIEMERIIR OREA BN & LT, THFER ZHED TV D HIEICE
EHEPPEG (Friction Stir Welding, FSW) 23 %. FSW L, [E& 10~20 mm f2E ORI T B (Y —/) % &l
5 SH e S DR & BEfih S, FAET D BEEEVE R L CREA 1T O Hifli TH H[9][10]. FSW OFIf L LT,
WINAN 2 3L & TR FE L2 EEEG T 5720, BRSKRMBOBEZIHEI TEDZEnETFbhb. £,
BREMBIOBE L ARETH S, L L FSW IZIZW O OEGFEET 5. £, S OMMERH A LET
HY, VIEEAIZ FRENWZ ERERINTWS. £, F—METH-TH, BV HIESCEASMNE (L
B oRERERE, %0 HE, YV— O LARER L) ICLVEAWENRELEASNS. 20D, KiER
PO ERET 5o DITITRI TR S V UNTRRETH Y, Z OFFTITRERH & & 23030
4. SEATARETIE, JEE 5mm O PLA 3 — k&5 RIC FSW 2 W =842 Thbi, T EORESEE R L Owk
0 REE DT DG DETHIERBRAEM SN [11]. L LR S, mWEAEBENE b D o
FRE SN TEY, MR THEAIRIZI0%EEICEE D Z ERERIN TV A.

AWFZED BENE, EIRENOSEWILAMEZ AT 2H - 2B BEE2RE L, 3 ST REBRIC & % WA 4@
CCEDOHIEERTZETHD. A THRET IO, vy N7 —aCIHISRIETHAICE
WEBERTH Y, MEZITEEE LTV 5.

2. BRETIEERE

SEHRET HO1E, WASERR MM ORE - #EEIZ K585 THD[12]. Fig. | 4 A, Fig.2 # AR
BB & RS, STEITE 20 mm, & & 20 mm, A AEGEDN D IEEERAE TAY 16 mm, ZEEFIRAIT18 mm X 18 mm
T, FEETESIL 48 mm, THAMNE.0°THDH. A AT 2 EIL T XY R THER L%, BSEAITHESL,
BERMNERT — TNV EERZTHR I, AAFERE AL, AATRS 64mm THY, Z-X J7m)
TERT 5. FAHME A A OSSO 141320 mm X 20 mm X 80 mm & 72 % (Fig. 3).

Fig. 1 Convex part Fig. 2 Concave part Fig. 3 After joining

ZORRIZEST-HBIFLL T TH SH.

C BEA AN T E T ISR U CRIREZR IR Y E TH D
HFICK U Tl b 9WBRA O L, #EICH L TCHTR G TH S (Fig. 4). Lo T, HMERFHRICE
DOFEFEHTHEST HOIFR BTV, RICBZG MBS ATEICH L CERE ThIUE, BRNERT L LB
ZAF RN, BBEAROZENTELEEZLND (Fig.5). £-C, 3D 7V v OB RN 0I5 &
FEE LD LOICHEST2O08BIEN, ZIEFHAICES LEZWEWS BEFETS. LoT, 20
Mz &> TRDICEGT 20N REEEE R T2
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J crack crack

Fig. 4 Parallel cracks Fig. 5 Vertical cracks

c BEAEAIDNELD R

AR E A AHOIRIZED TR E, AAHEMH LA Z & T, BRBICH—ICHEERZBITZENTES.

- EFELARHTH D

k2 72 DO O ENEE SND 7280, KRB FEIE L RN EREFE L.

c RHIE D OF— A > ML

MEEE COmRAE T Lt 3 DOEMFE w32, MERICTLE, REMEYVOE—X b (RALY) X715
| NEL D B2 OND. AEETHIITZDOEIIZ K& TED.

—

FATHIZE & LT, i AMkFEORELE 3D 7V > MICGH LEEAEMER SN TV H[13]. Ln
L, BTRIEOF AN K> THREICKERENEL, R THOMEIAMED 25%RE Tl 2 Z & 23 s
NTWa., Z0OXH, AMOMFLEAEZOEEID 7V MHIISHALE Y &5 L, MIBENKE
ML 72D, AMOEE, Wbwwd THAF ) ICX > TEWEEME EBENEIINDL2, 3D 7V > M T
MELOIHERL T U > MEEDORFUC LY, IR EACHIMARAE L, HFEPIFELS 2o 3 Icime L2
ZENBREND. TOTDAKRGHILTRET DAL, 1CROARMFFNOELRELGE OO, BELARE
LE=FETHY, SN ONURmWIIEEA a2 203 EET, 3D 7'V & MR ORMEE TG
FUTBWT, (EROBAIEL TR DI HI-RBEAETHDLEBZE LTS,

3. HEREH

AR U-sEE, T2 U lh U v Al#ESRIE T v U8R (POTICON NTL34M, KZ{L5) TH5H.
NTL34M (%, /A A _X—2D PARBIE (T4 v U8R ([CFZ Bl U U LRHEDS 20wo%lid & ST 5. it
BN EEREMEICEN TRV, EERIC b ao A FEEE[14]0MEHITe Ry MISIEOBEPHIR & 5.
POTICON 7 4 7 * > | (LA POTICON & W9) @ 2023 4 12 A B TOWME[16]% Table 1 1273, 3D 7'V
VX1 G-ZERO (7' —T L7 #1#), 2 F A 4 7 b PrusaSlicer PRUSARESEARCH #H#Y) % Hvy, &
1T Table 2 D@ Y ThH 5.

Table 1 Physical properties of POTICON Table 2 Laminating parameters
Physical properties Value Parameters Name / Value
Tensile strength [MPa] 100 Nozzle diameter [mm] 04
Tensile modulus [GPa] 5.9 Extrusion width [mm] 0.42
Bending strength [MPa] 167 Nozzle temperature [°C] 260
Elasticity modulus [GPa] 6.3 Pitch [mm] 0.1
Specific density [g/cm3] 1.27 Number of shells 3

Glass transition temperature [°C] 60 Infill [%] / Shape 100 / Linear
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ERFENE, EFAMEZENE CGEELZL D% XY i\ (Fig. 6), EFHHETTCERELEZLDE Z2-X
J718 (Fig. 7) LRSS, Fig. 6,7 ORANIREE FHZ2 /R LT\ 5.

A 4

Fig. 6 Build direction (X-Y) Fig. 7 Build direction (Z-X)

3D 7Y X2 TERSNEWEITER SN EOEESETH
D, FEIIEEMERLEOEEICL > THAESLTWS. HE

Wi, BRHEIR Lo A HA85<, BB L FATHOME ' e
X LCESRIECh D, ZOTD RIS, BIEAIICH L TR ///////

EIZHIT N84 (Fig.6) OJFHR, @I > CTHITF S
N55%46 Fig7) L0 bR 7ed. ZHUTZ, BN 2 X
NVEBIET AR, X-Y FRICER U CHREN ER S 729, X-

Indenter

Y TEFLEBEOL N Z-X L0 HF g, 22X TEFL - Fulerum
eIl T 22 7256, BEREm TREE AR L, R 2 3
T5. Fig. 8 Three-point bending test

B TIEE, A— 7T 7 (BEREFTRL : AGX-20kNVD) % H\\ 7= 3 S RBcdh 5. 1SO 178:2010 &
BT L, SORMIEREAY 64 mm, BRBGEHE 2 mm, JETOPE Smm EFRE L. B OFRICETHKD
KoL, RBADNENDETOOTHEMPISNZRE L. HEBROMT% Fig. 8 IZR-T. I LI
B % 3 ARMERR L, #hiFiRE & PR LR Ez2 Ei Lz,

4. HBRER

4.1 BREZIESELBEDLE

R LUTHESEOFENEZ T 720, LLFO@~A)DOEASTIR T Z1T-72. 728, LIRS (), (d)D
A FIEL, H2EORLIELD LA (FAERIT 2 0EIL T XY THER L%, BEAITESEL, 60
WET =7 NV EBERZTDH IO, ARTEMRE - H#4E) ThD. BEANIT RRAM =R X O REEEH (&
AL A 4B EPOOIN) % Uz,

(a) TERT HHELIE (5B 2 HizlR)

(b) LTI L Dk

EFHANCEHM 2 MES 556, kb B TR CICE A/ TH D, Fig 9~11 17T X518, |
Z1I8mm BLON10 mm D2 FIEDOHN UL EZE T 25 mm CTEE L, EEAAMEHAETICACIAAICL -
THEAZIT- 2. BEFME, BRAL - DAL ELICZX HE L., 2L, RUO XD RELOER X-
Y FETIERETH 72D TH D, FRCAFIE THER Lo NI BT, YR — M X 2 RIEHEEDOIKT
MPETHY, RUALRIEICEL 723 2 ERMR SNz, ZORDBENRBEEHIEL LT, AL
X Z-X FMTERT LI ENRETHD EHWTL, ZOHMTER LR OFHMEZ1T> 7
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Fig. 9 Joining with screws (¢p18) Fig. 10 Joining with screws (¢10) Fig. 11 After joining (Screw)

(c) Mt X285
Fig.12~14 D X 5 72 SRR 18, Z2HHEE S 2% 48 mm O MHEERARTBIL OHRE - B I L 2 BEETH

\ . ‘
Fig. 12 Convex part (Cone) Fig. 13 Concave part (Cone) Fig. 14 After joining (Cone)

(d) UM X5 8A

Fig. 15~17 \ZRT & 5 7, BANO LEOMMNHSORE « HEEICL2BEIETH D, REHEBAOO LIE
SHAFROE 1318 mm X 18 mm, ZEEEE S (X 48mm THH.

S
Fig. 15 Convex part Fig. 16 Concave part Fig. 17 After joining
(Pyramid) (Pyramid) (Pyramid)

iRt g & U CIIRD), (o), ()2 IR LB W TR 5. ETRIRGb) O CEAE, Bz ET M
ICHEATHBRICR L N THY, BSIBESNLIERETHL I LD, RIFRICEBWTIRET 285G
BEEDOWEZBE LT, TOEBMMEZRTZENEETHDL EBXRE L. BREIZOWTE, 52 fHicilk
R0, BELHEAE BPiR@) LHER L TRETED Y OF— X MIXHT 2HEMERN & FRIS
D72, FEWHNERT 2 BIT D720, LaL, #dno A LR E ORI L - TE, MHEEROK
ANHEHINLDGELHDLEBEZONLTD, TOMRELZFHIT HEENH D &R L. BR@IE, Ik
()DL A Rl E DV IZ 45 RS E72 b DT, A (A AHIRA) OAEBEENRE D720, i
TREDK TR THEEIND. LL, TOMEEZRTZETHRRE@QOEMELZBRATE S 252, BRAD
FEBGE RIS TRE LTz,

@~(d)D, 3 FETREROERE Fig. 18~21 1273, XH D Bulk Z-X 1%, FHE 100% T Z-X [ZiEF LT
20 mm X 20 mm x 80 mmiABE A TH Y, Bulk X-Y IZFRIFAFTX-Y ICER LD THD. Lk, £t
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FHUEABR 7 (X-Y), HEMERBRA(Z-X) LRSS, 728, AGmSCTHEAT D 78 LI, FRHEFE 100% T
BELEZRABEOZEEZETLDOET S,

120 120
Bulk Z-X Bulk Z-X
Bulk X-Y Bulk X-Y
100y Proposed joining ;/ 100 Screw (¢18) ,;/
Screw (910)

®

=
*®
=

Bending stress [MPa]
£

Bending stress [MPa]
2

40 407
20 20t
ol . J
0 6 - 0 1 2 3 4 5 6 7
Strain [%] Strain [%]
Fig. 18 Results of Fig. 19 Results of
three-point bending test ((a) Proposed joining) three-point bending test ((b) Screw)
120 120
Bulk Z-X Bulk Z-X
e o
] = -
[0 (0]
= = s0f
g g
2 2
20}
o el
6 7 6 7
Strain [%)] Strain [%]
Fig. 20 Results of Fig. 21 Results of
three-point bending test ((c) Cone) three-point bending test ((d) Pyramid)

H IR & 6 KO RO R 4 Table 3 (283, HIIFHMER E [GPa] 1, IG/1-OvF BRI R 5
MEFEROME &L L TERIND. FRBROIEI-OFTHMBENZBNT, RRIGTE 100%E Lzl XD 15%
5 65%DOHPHZE L, ZOMEE 26 LICHEEITo72. 7ok, HIFISN 65% T ¢ — &k L, B
BRI UTRER, MEERIIRD N oTz. £, R URBRAICH LT 65%F TOATM & Bz 3 [k D
BLIZEZA, WTFNORITTHRE—DISN-OF BB ELNT. ZAbORERNG, SRIORERTHW
iy M oD B R D X BB TR 5 D T L SRR S LTz

Table 3 Summary of results (Comparison of shapes)

Shape Bending strength [MPa] ~ Bending modulus [GPa]
Standard specimen (Z-X) 38.9 1.60
Standard specimen (X-Y) 99.0 1.95
(a) Proposed joining 54.1 1.19
(b) Screw (¢18) 39.1 1.14
(b) Screw (¢10) 26.0 0.973
(c) Cone 48.7 1.27

(d) Pyramid 52.0 1.35
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TR % OFRER & Fig. 22 127

lIIII
(a) Proposed (b) Screw (b) Screw  (c) Cone (d) Pyramid

joining (¢10) (¢18)

Fig. 22 Specimen after three-point bending test

INBDRERNG, UTOZENFTRD.

« £9(b)Screw TIE, BRULHA L LWEWAMBRINTZ. 2T, BREUBILOHRENE HIT Z-X HR T
FEnTBY, P+ 2ENHE CTRE Tho7m-bEEZBND. KIZ, (d)Pyramid TiX, A A
WO BRI NEEICRBAENAE T, —5IERT L7z, Z3uL, Sy TS EFRNRBAE L2 ENFEIKT
bHEHRINS. S HIT, (a)Proposed joining 35 &L OY(c) Cone IZFBWTIE, A RAEOLDBEE L, F AHHITFE
FLI-EEThotz. ZOHIZHOWTIIHBIRT 5.

s RCICEDHREICRNT, 18D NI HEE N BN L BRIz, 2, ¢1004a U Tl
EATR A R OEFENAIRE L, BALDOWRITETICHEFNEL O ThHL EEZEZLND. 12, B
L OEE %Wﬁ%?é & C, HAERER T (Z-X) & Lhig U CHEIT B RITH 29%IK T35 b 0o, HhiF5EE
WZEA L TiE HEORRDEOLND Z PR SN,

°%$Lk%ﬁ%%%wé’&? FEHERER T (Z-X) 2% LTI 139%, FEHERER T (X-Y)IZxt LTI 54.6% D
HUTHENS DN D Z LRS-, 7ol #FiPERE, KRBT (Z- X2k LT 74.4%, HEAERER T (X-
YNWZxF LT 61.0% ThH-o7z.

cBARy N7 — AR EORFHMICEWVEMEZEET DB, MiflORE - S Lo THEAEEITY &, FHE
D73V 7 & bl U C PSR O T I8 S, Lo, sFssEEIcB L i, v 8% Z-X Fh)
(ZHEIE L7236 L REU EOR RIS OND 2 LR I .

< R (), (d) &, R@DOINT RIS N R ED S THHEZ BT 5.

Bl LT, HRELERRIZ VEEPNTZE L& S BRaD UM Ghi A) 12, #5h B 2 Ro720 13D E 9 &
INHFATHZEEEZD. WBMADY U TREE, SiibtBOYY VREE L L, E,<EgtT5. ZOHE
M OWE kT — A 2 ME, $Bi A i B TRENOWIHE —IKE—A Y M, EFNENDOY L T EEE
ELTHIEZMZ - TRD D, ZOWHE _IRE—A L MIFROXTHEZ HND.

I=1+]I} (1)
2T, LATER A OWIE ZIRE— A 2 N, I B OZMWETH IKRE— A N TH D, IHIE, YU
n=Eg/E, &V TIRD L D IZEH-EIND.

I =n-I (2)
F2, B A DTS, B B I H TS AR ENE NG, 0, kT D L,
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Op = —— 3)

Op = MfB 'g_z 4)
LD MIZHITE— A U b, v,y 3RO O FRSIEN S OHHEECH D, (3), @)LV, HIrEH D
HEECK ST D20, > 05 TH D72, < VEMPNLDIECE S (L B OfF, &) 1K LT, #Hih A 2
FIZHEL TR BIFHIN 125D, RIS VKL m S 2xDMUATR L35 &, Wil IRE— A FMyyeqal®

; :(a_“_x_“>+@.£:(1_ﬁ)x_“+a_‘* )
quad =\ 12 12) " E, 12 E,J 12 " 12
NHROOND. o, < VKL EREZEZxOM, MHABROEIDBxOOLE LT D E, ZRENOW Ik
T—=A Y Megeter Irnombus |
a*  x* Ep x* Ex\ x*  a*
Icircle:(E_a>+E_j'a:(1_E_j)a+E (6)
- :(a_‘*_x_‘*>+5x_“=(1_%)x_“+a_“ )
rhombus =\ 12 48) " E, 48 E,] 48 ' 12

LD, EfEp, dlXEBTH D120, G LV NIXITIKFEL, x3alliliO<IEEREL D, TRb LR
EHLRELRDZENRDD. Lo, AT DENB OWH —IRE— A b EibRKE BB IIR D i
ThdEEAD. ZOBZH A RIOHEEITICHTIIL, A 1TARE, M BIITAREHTHY, Wim
TRE—AV M ERRICTEDRRQ@PREIEEEZDOND. Lo T, S EEOMIFMI 2Rk K& TS
(21X, WEAWTE COFAFOWIH —IRE— A M3 RbRE 2D X OITEF AT T L.

T, AR THWIZER@A), (), ()0, BMIFHERTOWEEZE25. BiR@IE, 4 AMO—lxy0q =
11.25 [mm] T, x2y00/12 = 1335 [mm*]| TH > 7. JEIR(0)IE, A AFE B x e = 11.25 [mm] Tx, . /64 =
250.3 [mm*], ()X, A AT LAY nompus = 13-25 [mm] Tatyompus /48 = 642.1 [mm*] TH - 7=.
FIRDOBxE e/ 64 < Xnombus/48 < Xguaa/12TH Y, (5)~(7) & D BISDNTTR (@) DWiE —IRE— A > FBRRE
Kb, ZOXIRHEBND, BR@QOBITEBINRLREL 2ot BZOLND.

42 HHEZTISE/-BFDLE

4.1 EiDEBRTIE, #EHTZ POTICON ZiH LTV, HbEWHTRES 245 51077 4.1 Sl L DA,
MO EFCH B IIREET 5728, ABS R ENTH D Z-ULTLAT (zortrax £E#Y)[17], Onyx (Markforged £1:54)[18]
THRBRAIT o7z, BT O NESCER FIILE 2 fiCitdi L7z b D LR TH 573, Z-ULTRAT (21, Mk
= Ui 2 B & LTEAITEREE A (B A XA 48 CA-243) Z VT 5.

ZIENDOMEL ORI % Tabled (&, FRERAER % Fig. 23, 24, Table 6 IZ77.

Table 4 Physical properties of Z-ULTLAT and Onyx

Physical properties Z-ULTRAT Onyx
Tensile strength [MPa] 32.0 37
Tensile modulus [GPa] - 24
Bending strength [MPa] 54.00 71

Bending modulus [GPa] 1.85 3.0
Specific density [g/cm?3] 1.179 1.2

Glass transition temperature [°C] 106.40
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=2}
=
=
=

Bulk Z-X (Z-ULTRAT) Bulk Z-X (Onyx)
Bulk X-Y (Z-ULTRAT) 70 Bulk X-Y (Onyx)
o 501 Propsed joining sl o Propsed joining
&40y I\ Z 50
g \ £
£30 s40 ~
%t %r 30 4 ~ -~
<207 N = 7V
z & 30} 7
10 v - 4
0 ;— L L g L 0 L L L )
0 5 10 15 0 2 4 6 8 10
Strain [%] Strain [%]
Fig. 23 Results of Fig. 24 Results of
three-point bending test (Z-ULTRAT) three-point bending test (Onyx)
Table 6 Summary of results (Comparison of materials)
Material Shape Bending strength [MPa]
Standard specimen (Z-X) 26.7
Z-ULTRAT Standard specimen (X-Y) 46.0
Proposed joining 223
Standard specimen (Z-X) 38.1
Onyx Standard specimen (X-Y) 73.5
Proposed joining 41.2
Standard specimen (Z-X) 38.9
POTICON Standard specimen (X-Y) 99.0
Proposed joining 54.1

fE & LT, Onyx X POTICON & 535 X ZREROMA N AL HAL722%, Z-ULTRAT CIEEMERER T (Z-X) & v
RWENTIRE Tho72. ZOFHBE LT, Z-ULTRAT OAREZR 585K %2 W= 2 &0, oM BHT T
MEHZILWMEICTH D Z ENEZ LN, MEHNZ X 2HHZHMEICT 51213 L0 Z2< OMEFCRBR 21T O &%
ENHD.

43 BFBEFEH DL YXELERYDES

INETORBRTIE, RBAOFEEREL 100%I12 L TEF L2, a3 A MREEOHENG, ERIZITFEE
EHLELTERTHZENEW. £i2, uRy N7 —ASBICEAT S 2 2B EE, RBRAFOY A X2 K
L LEAFBRFERTEY. £oT, K0 FEHBRFFTEDIT LT D 2 > THKREZTT ).
A. 20 mm x 20 mm x 160 mm#RBk J~ (Fig. 25)
CHIFEERBRA ORI Z 2B LD TH D, WEGTMIT XY T, FEERIL37% (FREBIR : =AF) 12
RE LT,

B. fB%E L7#A1E (Fig. 26)

FAR, AAOWRAEHZFE2HOLONE 40 mm THOMIEL, A - HEEITELZ LY, A LFRUHECT
L. 2 LRI, AT 2 AENC LT XY THEBLTHEEL, A AT Z-X TEE LTS, Prusa
Slicer [E, — D> DEREN CTHRIEHRZZL S D Z ENARETH D (Fig. 27,28). A (920020 mm X 20 mm X
80 mm) DAFIER 100%|Z58E L, EOMOETIL 37% FRERIR : =AF) TEEEITo 7.
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37% P100% i 37%

4
I\I|l||l|||‘\1|l‘IA “ I\Jllulllpllnl
a0 50 su ‘70 80 50 |00 nu lzn 130 140 |50 ms—no
|

i g
I [ i l iy

Fig. 26 Proposed joining
(infill 100% at joints only)

Fig. 27 Inner structure (Convex part) Fig. 28 Inner structure (Concave part)
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Table 7 Summary of results (practical conditions)
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Mass [kg] Bending strength [MPa] Specific strength [KN - m/kg]
A. Specimen 0.0422 36.7 27.8
B. Proposed joining 0.0625 423 21.7
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