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Design Methods for Frictional and Bearing Joints
Between 3D-Printed Parts and Metal Parts
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Fig. 1 Fastening method using screw
(a) Friction joint, (b) Bearing joint,
(c) Bearing joint using thin-walled pipe
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Fig. 2 Beari"ng strength test of 3D;printed parts
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Fig. 3 Result of Bearing strength test
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Fig. 4 Appearance of specimen after test
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Fig. 5 Evaluation of wall thickness for thin-walled

pipe for proposed bearing joint
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Fig. 6 Specirhen used for evaluating appropriat
thickness of thin-walled metal pipe
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Table 1 Result of deformation and maximum
compressive stress for thin-walled pipe

Wall thickness 0.2 1.0 20
[mm]
Deformation 092 0.24 0.26
[mm]
Maximum stress
IMPa] 1605 341 142
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' Fig. 7 Deformation in a 0.2 mm thick-walled pipe
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Table 2 Inner and outer diameter of thin-walled metal
pipe when applying T-series fastening torque
for typical screw sizes

Size of screw M3 M4 M5 M6

Fastening torque

[Nm] 0.63 1.5 3.0 5.2

Inner diameter

30 40 5.0 6.0
[mm]

Outer diameter

4.3 5.7 7.2 8.6
[mm]

SO (mm), did4 e R A & 6 O N2 (mm)
ZoRT. ZOE XKAEOEERIERN MR A
U ARKNERIS %% 1 O 3ITHICRT. 22 T4
B BT A P 550 S DB 1L SUS304 TH 0, 5EmM
X 520 MPa, F&IRIRE 1L 205 MPa TH 5 7. %
D74 JE B A & O WE D 2.0 mm OBE
IEHMEZETE, EA 1.0 mm OBSITMEELET, W
JED 0.2 mm OEITRER R TRERERNAEL
TWD EHERINS.

ZoZEnD, FFTROICLVEEDMHT VY E
FHELT, ALOHFOMTICI AT 5 EHM DK
KA RO S, F L TR X 0 4 iy Py 1540
S ORI RE 2R & U C, @Y M S 0ME
A7 % L) Ic&RmRER MRS O NEE OMEE
WETDH. 20X I LTt 24 e R gy [ 7550
rh A IRE L, WYk O MV 2 K DR AT
VAZENTEDHEERD., LTEEN-T, < HAVDG
A M3 S M6 DRCIZBWT, fidfHT rry
Z T RANODMEE L, SUS304 Fod P HEH %
FWT, R MEESICRERRAE Ul X5 kiR
THEE (AR 206 MPa & 725 K9 I5%

E) , 28T XD el o M fEERG 2 LT
FEET i nweEZx N 5.

4 £

i

AWFFETIE, 3D 7Y o b B b A R L
XL CHIRET 2 FiEE LT, MRV B R TE 2
FREG & AR E G 2 OISR A IR

L, A2 EAICaHE L TREHEZRR LTZ.

3D 7'V v MR AL CEEEA A T 858,
7SIV K ORREER it D FREE O O b v T
fifET 22 &0, R LOKEOTRIZEMIZAE T S
M EZ TR EORERLETHDHZ NS
Mol LML S, 20X ) xt®id £l
LA TYS, 3D 77U v MBS A2 L0
O T D EME &2 K 2 D128, EBELD s SR
WZED, BUNCKRET D Z ENTERWEERH Y
5%, —FHFTe&BEGERAM RS E AW XSS
Zi AT 254, @YWk o4 R R I fE
Hmlic kv CLokdrHTicL v E T3 ER N2 X
ZOND T ERMR L. & BICHERERORE DT
MV ZIZxt L, 4@ B P P 1R bn O W IR 0 388

EITEER L, RENZRRTIZOWTORIRIFIRD
iz LTz,
SEIORFEHE, S IBMER L WiifE T R DRE
R HND. 2D, §H - B 7240 MEH
THERMEDOTT, KLzl L, 8D 7V > bl
BRSO FHEEZ BET HLERH D &5
5. I BT, ERRER MR 2 A SRR
HIZBWT, AEDR U7 A P& O Wi ik o
BEIRIIMITICE SV DR LN TR Y, £
WCEVRAET 2 ERH D EEZD.

HitE

ZORRNE, NEDO ([ENZHFFEBRZEE N HT = %L
X— o PEEHINRE BN OXRFEER
(JPNP14004) OfERGELNTZHDOTT. £/, K
Fgeix, JST ARSI E BRI L~ 1 7T &
JPMJSP2180 DXtk F 7=t DT

S & Xk
1) Endo, G., Rivollier, J., Barberan, P,

Tsukamoto, Y., Kanai, N., Aruga, T., and

Hodoshima, R. : Comparison of Three-Points

Bending Tests On Short Fiber-reinforced

Materials Manufactured by a 3D Printer, 5

43 BIAA B AR v FFERFEEE S, 1P1-07
(2025) .

2) FHEZ, WoEE, Sk, BT
ARy N EERE AT O ILETR IS W T
JEIR I B3 2 BRI SE, AR5 Sk
Al (M - #iEE %) , 70, 3, pp. 333-345.
(2014).

3) Endo, G., Tsukamoto, Y., Nabae, H., and
Takaki, T. : Proposal of a Fastening Method
for Deformable Plastic Parts and Rigid Metal
Parts, 2023 IEEE/SICE International
Symposium on System Integration (SII),
pp.1-6 (2023).

4)  BRIkEE, BAKK, HETHme, @R, =
FEY : IEHEGIC IV EE SN -BIERA RS
Zo R LHTIES) - O3 25, % 25 [HEE
HABHIHER S AT DA VT T L= a3 U
P S, 2E5-01 (2024) .

5) BAIKK, #ITwme, AEE, =X X
JEEEAIZ L0 EE SN T-BHER A R DR o
M ff A %F 32 He LS - O9 A ek, 2
43 WIAAR B AR v FFERFEEH S, 1P1-04

(2025) .

6)  HHEYES : ]WH ML ANV RT w7,
Accessed on 24. 09. 2025, URL :
https://www.tohnichi.co.jp/download_services.

7)  Kabuku Connect : SUS304, Accessed on
24.09.2025, URL :
https://www.kabuku.io/guide/metal/stainless/s
us304/



