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Advances in Rotational Friction Welding Technology for
Engineered Wood (Bamboo)
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Abstract: Rotational friction welding technology, as a bonding method that does not require chemical adhesives, has
gradually become an important research direction in wood (bamhoo) processing. This paper systematically reviews the
reaction mechanisms of the welding process and key factors influencing weld strength. It analyzes the applicability of ro-
tary friction welding in engineered wood products, concluding that this technology not only effectively enhances joint me-
chanical properties but also offers advantages such as reduced carbon emissions and improved material recyclability. It
demonstrates promising application potential in engineered wood products like laminated dowel-jointed wood and glued
laminated beams. Due to higher lignin content, bamboo also holds potential advantages in this technology, but still faces
industrialization challenges such as high silica content and a narrow process window. It analyzes existing challenges in ro-
tational friction welding applications, such as equipment unsuitability for industrial production and incomplete process
parameter optimization. Recommendations include advancing the specialization and automation of rotational friction
welding equipment, systematically optimizing welding performance and control parameters, and deepening research and
industrial application of bamboo welding technology.
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Fig. 1 Flowchart of rotational friction welding technology
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Fig. 2 Schematic diagram of mechanism in wood rotational friction welding process
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Tab. 1 Comparison of experimental results for different species combinations and diameter ratio in literature

EMRFH AR FLiZEE MU E LR SE Wk
substrate species dowel species diameter ratio mechanical properties experimental results references
VAR /N AR /N v
iy s 125 LS 1217 kKN [20]
red pine red pine pullout resistance
Al FEH ik iEE
yellow birch sugar maple 1.26 withdrawal strength (6.8202) MPa (23]
by S A DY A TR -1}
ZERARE WL 112 N7 6.127 kKN (24]
spruce-pine-fir beech shear resistance
AL HAA - A 3 B
ZEMA Y 5P 1.20 w1 3530 kN (251
spruce-pine-fir beech shear resistance
523 I\ RN
PEANE/A 141 hh&‘j} 2,508 kKN
larch pullout resistance
A FraEe
B =42 o LR 1.856 kN
european spruce A pullout resistance
birch (261
B H >
B 1.33 LR 2345 kN
larch pullout resistance
I = A2 s
B =1 133 ALk 0.998 kN
european spruce pullout resistance
126 s (9.2+10) MPa
tensile strength
B A 131 AR (3.7+11) MPa [27]
sugar maple sugar maple tensile strength
1.35 R (4.0 0.8) MPa

tensile strength
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Tab. 2 Comparison of the performance of welded dowel
joints between sunflower oil-treated and untreated

SR IRIFR/%
strength conserved

PISLyERrS

treatment method

BRI /KN
maximum bending load

| OS L NG
non-oiled dowels 0.98 55.4
T AR A B

oiled dowels 108 766
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KRN SRR 1275 ST K MR fE o F I 3 AR
i Pk 72 8 5 R 1 I TR L A (R 1 T iR P O Ak
HLFETE41. 8% F173. 4%, [ 4 Y HLF T FUBR (scan-
ning electron microscope , SEM ) FA1#i T/ , AL 41 I8
PSR A R SRS | o3 B AE SRS Th e Ak B2
TER T EESLBERE R R KB RIRE SN
JREAEINBELT, BE IR T RS 6

RERMAM PR RAREY, S EFE A
FAEH AL, HATESEAR Tl 2SO B R A
JREAL TR o fFAR S 75 BB AR R AR
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e RSPRE M 512 R . BIE ZBA IR
G, Bes BRI R REL I RIA TR AR 3 178 N,
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A. ZZF 10 min; B. Z 720 min; C. 23 30 min; D. E#IFEE.
TS F. B ERE
A. boiling 10 min; B. boiling 20 min; C. boiling 30 min; D. direct
coating; E. untreated control ; F. post-welding coating
3 FRAKEAMNRETFEED
Fig. 3 Dry welding strength of different

experimental group'*”!
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Tab. 3 Effect of rosin treatment on water resistance of
rotational friction welded joints

VR IE A A /d RO ATHRIK /N AL B LRI IR F1/N
days immersed tensile strength, tensile strength,
in water untreated pretreated

0 1239 3178

1 1678 2568

10 1269 2276

142 1305 1863

N B R AR BEHR = AR BTN K PEAD 32 M g — 24
e s ot 2 T AR EIRE N
0. 1 mol/L Y] CuCl, ¥& ¥ HHiR T b B 5 ik A T8 82, vl (T
FiREPiRitERE . VLHE FEJET CuCLERR B R H
LT YE RN 2 R A TR KRR L, AR [ 2%
T 3 O RER SRR, It £ X5 F SR T B 2 s
YR, o R4S A AR . BIRE 0.1 mol/L
CuCl /B IR R AL FE J | el BE R e L Uik
TERT . TERERENR 3 s £ A EAH bR
K4 695 N, AR IR 68. 3%, A AFECER SR
FRERIR A BT VAL RE R B MR RE . X b3
IR 2O A R ERA 4 TR R T N A BG4S
REREWE, REMEIRE R G LA4ER
By B AR R R R BOG N, i — 2P 8 T 4R
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Fig. 4 SEM scanning images on the surface of wood dowel welding interface'*”’
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dry tensile strength
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oxidation sulfonation with zinc acetate coating
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Fig. 5 The dry tensile strength of poplar rotational

friction welding"*’
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3.4 IEHERE

R ET 5 B O [E R ORA I, B I W E TR
1 000~2 500 r/min, & JLENAE 1 000, 1 5002 500 1/
min®, ESFARMAE T, RELEGTEES, F
. (B 5 B2 E M IR BT, #2539 1 500 t/min
ARG RAEDURRE . AW, il G2 S8R R
FEER B, 5 IEARF RS BRI E = R, ROz FE
RIERZSRIE . L H T, = 2 4 000~4 500 r/min B, $%
SLEGHRI ST AT PR 2R 20 1. 5 kNDOL o S F I R [ vE A T
SRMMAK IR, 12 BB SR E PR A A
B, B R IR R R AT — B FR(K A 900 t/min,
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Tab. 4 Comparison of pre-processing methods and performance improvements in literature
R3] 2K 7Y ‘ B TL v 4 E PE i} .
PRI P IR R PISEREn VT RE EAMBEE e
additive . performance applicable
material treated component treatment method h . references
type improvement material types
3 o . . . . IS E, w e
AT RS Y120 mm B 10 min P25 0 KR4
. . . . water resistance [29]
Sunflower oil Beech wood dowels 120 mm immersion for 10 min . longer dowels
and welding depth
5 ~ inz&& Vo B
AR AT '1'0 30 min & & . T{Tﬁ?ifi
boiling for 10-30 min tensile strength
natural L
additives ‘ . ) E
i R ARG FRB IR REFFHZE R (30]
Tung oil Wood camphor dowel coating before welding surface cracking joining components
for furniture
FIEEERE i 7K1
coating after welding water resistance
s . 0.1 mol/L CuCl &&= 30 mi NP PN
CuCL W AR L mol/L CuClL BRSO mIn AR
. . immersion in 0.1 mol/L CuCl . . o . [34]
CuCl; solution Birch dowel . . 2 tensile properties  building materials
=271k solution for 30 min
chemical
additives G EUBARERE A ETR AREEM  BIRTEMTHEILN, EE10X FBRRE STEERSAM
Zinc acetate Poplar,mongolian pine, sprayed into pre-drilled holes, dry/wet tensile high air-dry density [35]
composite Gurjan substrate 10 cycles strength wood
3.5 WBAERE 3.6 BWARE

BT HOTER IR S IR B R M R 1 Sk s e

LB R R R R R AR il A AN 20°

REESEL, B O R [ 1 RE AR TS B e i O %
ko EF LEHRRSE R NERBIR AR AR
Gy, R A I i AR (IR EE N 4~7 m/s?) AT3R
R RESLERE . TEHT BRI s, BT
o AR R B e Him sl B AGUE , SR A TEUE 17 AR 38 S T
BEBUSRAEROR o BRI, 7ESERRRLF v, R A 1
HIREEEA IR, Al sk A BRI AR B s £y A SRR 5
A B kg RGeSy, W E v & e BLEE B
Tl AR, DAE BN TR] A S 2A = o s RO AR B

25 mm

25 mm
25 mm

I R B TR 55 B 2 T 107/ 0° B 8 E 4 A 5%
fF, WIE 6. BiRHEA— 7T H =B RS E IR AT, 7
— 3T AR R ER L T AR AS U B A R
PR SRR BBURE I E R L R
NES 5 SPF HE b B e BRI R BOA R XFEE T 457,90
FA135° =Fidil AFERI A ERE I 7, 4553k,
135 $8 AT R AE AR BN , ST IEAE A 2 W0 SR 1
JEE AW PRy 28 R S AR BRI e e 1 457 AU 32
eI 73 TR0, SRR R .

25mm |

25 mm

(a) I AFO°

(a) at 0° insertion angle

(b) fE AFA10°

(b) at 10° insertion angle

6 FREARAERGHTREE"

(c) i AFf120°

(c) at 20° insertion angle

Fig. 6 Schematic diagram of components at different insertion angles'”’
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Fig. 7 Schematic diagram of components at different insertion angles'*”’
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Etrig 27K (dowel laminated timber, DLT) &2 —
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5 Jie e EEHE IR R B R 5 1A DLT B il 3 o, i P 4 ikt
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R 1% T2 RESE DLT P2 IR G s , L1 AN
ETHCR Al i — B R T SR SR AT At . 7E2 hidh
KO AR o, BT Z LA R R o A % 5L
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Fig. 8 Two wood pieces joined by zigzag pattern of welded dowels'**!
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quet ZE TN HERE BRI R R HI & T AR A
FORUEARGE T Y r 2 e LSRG = 7 B o
LRI, SEGRG/RBIHEL, ek BRI R R
TER IR ARTARRTINI FEE 75 T 48 230 ) BE A A e B [T ) 70
JEARHE & (8] B J2 [RIRE X 8% 2 30N | S il o L
TR EEESENNIE. H/REDL90°HE EE AR, 714
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I MTE RSB A EEORE , H AT E R
WGIN FI M N, 0 T RS NI TERE M R IRER
REEFARFNE WU IE RE R AR T ERA T TR
i) BR T AER AR B RLAT , e BE IR IR ROR
i S T B RRSE M SR & v, FIRNAR B2
Mo 4 mxd m KRB, SIEER 216 mm, 5
PSSR AT 225 mm KRR o HEFRAE £ IRIZ
BT AR SR FIRE AR 1 AR SBR[, e pk
W RS BEAAE P B BT EE 2 Y 5 A0 B2 T T 149, WLIEI 9 #1I
K100 B I a5 SRR, AR ORI ALFS S AR 3h i AL
1106 & KRG BRI o FEBLELA b, R SR 5T vl
— B R AR AR W IO BE PRI T O PR RERAE 5T
DASE B AR AT AT A0 E [ 5T 25 i A (%
AZ o AR SCHR e e FEAR IR RN B T T [A] A2
il A A PE AR 5

RUE el BE B R RORAE TARAR = i B e B
R BH SR ENOER T LS G ¥R
Bt MRS T3 T B EERF S BRI Z o R SRERX —
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Fig. 9 Photo of floor at the beginning of its construction!*!

SR RE DL N <l iR e 3 FhE R 7T 2N 8 T AR 10 ARIREESRESNT
(B 1), FFmat e m i 7 7 e s Fig. 10 Photo of floor being completed and
WA L e 28 WD BRI et AR A BT A FR e, 3 itz ready for testing'*”
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Tab. 5 The application of rotational welding technology in different engineered wood products

TR mER

EM R AR . BARE/() MU E MK LER EE 2SN
. . engineered wood . . X . .
substrate species dowel species insertion angle mechanical properties experimental results references
products type
tengiﬂsﬁi th 0.77 MPa
L L E R EARHEEAR g
. . . . 53 [43]
Commercial beech ~ Commercial beech  dowel laminated timber PRI
’ . 4.20 kN/mm
tensile stiffness
=g
flexi?: Z%rjegn th 24 MPa
BIRETH EH ZER &
) . 60 [45]
Irish spruce Commercial beech glulam beam .
TERIE
. 0.56 kN/mm
flexural stiffness
90 fm’%t 3.94 MPa
=4 AR WED shear stress
Spruce Commercial beech double-layer beam L
1Y
45 P 538 MPa
shear stress
BAHR 1552 kKN
maximum load
=k LhE REER abEES
Spruce Commercial beech suspended wood floor 0 static deflection 302 mm (48]
RENHH R
il 13.73 Hz

vibration frequency
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BRI RERT EE IR 6, SRS |, &8 IRAR1E
$5 9 TRRAAS PR LR A 28075 Th A I e 2, T /R B 2
LI A S AR R WA TR EEATSE fr b 5
HEEMS . 2 MR ER )T rh e R 5 EE
A BT3P BRI, (B e e AR 1 BE A5 2GR N
TR R A, B RN 5. IXRIFZ

ARAEFR I TAEARM (ML RE I i T3 75 T B A
BALE FIRSE R R AMEE 5 N E T B R
8710 AR TAEATR AR ZEREIAUE ARG 7
s PR EARN S TZE, PR T
FE] ST RIE R

(a) AFHITEEIGHA

(a) wood dowel push-in

b) AT AR i

(b) wooé dowel rotational welding

(c) &)@
(c) metal bolt

11 3FMERSXEEREHETIE

Fig. 11 Cross-sections of components made with three connection methods

[49]

F6 3MERAXMIEANMIEREIIEL

Tab. 6 Comparative mechanical properties of engineered wood with three connection methods'*!

EMRFH peEsutl IE{E T #Hi/kN HIEARIE /(KN - mm™) JE BRTA 3/ kN IR
substrate species connection type peak load initial stiffness yield load ductility
NEEETHA
wood dowel push-in 16 14 13 5

TAEARR-HZ VNGE) e 14 9 13 3
spruce-pine-fir wood dowel rotational welding

SRR B 5 88 1

metal bolt

£i bRA, SRR A /R E R E AAEEL, e
P IR R EE R R L TS BT e o A0k %A
RE BRI THR FRE R B E AT 7E
FAHEF PR AR ERIHNE , DR EREH
RIBRBEHTHISORIE

5 IHMEREMANRSNIEREE

51 IR ZHRFIVK

W5 4= BRORAA 75 SR A SR 3 -5 AR 9 T ) 2 sk
D W B O AR Y B ER AR TEFRIE 7T
MRAGRFARM B R T AY R, iz AT
PR AR AR AR AR LR 2 ]
FRMR G IR B o [ B PTMR B R AR

641. 16 J5 hm? , FEEERPTMRE AR 4 5 =43 2 — 5%,
DRIt TR AT RS T RAR G AR B T IO e s PR A A 42
T2 AMYBE 9 TARRARNT Sl vty Sh v i P ) ek ¢
FCRAR , WA B FHR BT BRI IR

AR ORI % 1) E N S F T B AR 4R
I 5HR . AR TFARM IR gt A TR BB, 77
MIRFERF 7T H 0 TR IRR N B, T ERAETIE
AR S B T 228 . Hu S g iRiG &
MEBENHT AR REESMEIERTZ., 4508%
B AT -RE &I S R -S54 4 MPa,
AT DL R R BAT AL B B R Tl A fruE . KkigTHE
St RSE R T MR R G A B, BT
MEIEREA] LIRS 5. 9~7. 2 MPa BUIR & 58S, 1A 5] T %
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BHRREER . AN EET R BITL IS
B L EZH, RIVER KT ARBhRE TR a2
MR FUB 6 8 A SRR 2R, He b fiRahiE K2 A2 i e
B3 R JIR . TSR (RIS AR R BN
FRETRN T IETH SRR B T
Fel BE R Y Al TR DU IR AL . AT RIS 28
T ek BB E R LIRS R E & T ALK
(PVAC) 75 WL AT RET, IR BT R h AR A
SENTH AR HER TR T AR , 52 e R B ER AR 5
BB R e R R PR A RS & RN, 55 B A

X% W58 T FLH IR & 5REE . 1R BT e R
BT Z2Z28H LRt R iz L e SRR R .
SN E VG icY i R E S b N TE T I E = K Ey e
FBIE 7/10( £ 1. 43) B, R BT FRAE ALY, ik
GG — B AL BT e e R R R AL B A T
SR HBRIRHAE I TS KE 12% fLIRE T/
10553 1 270 r/min i AHE 600 mm/min, {1
TR IRRETT S EIPURIIR TR 49. 3% 1H
FCHRH BT Se ke R PR AR 12 5 T Y PR SR R O AT L
W&k,

F7 BNEHEERERERSIREERFERL

Tab. 7 Comparison of linear friction welding and rotational welding of moso bamboo

Bed e

SRR TZ22H%m IR type of wEER EE BN
welding type influence of process parameters welding mechanism bonding force role of temperature references
eI ARR/NHET 8 - IRAN R R IR
SRR 71 R HERT A BRI ARIR SR, IS 4T 3 HUAEE R 1 BACEEEA A
linear friction in descending order of influence:vi — interlacing of vascular bundles into a fin — mechanical softening of [56-57]
welding bration amplitude, welding pressure, ger-like weave, inhibiting fiber cracking interlocking parenchyma cells
welding time
= ¥ —ET' 7. ““é #E 2 I} N PR 8] =

et B . RREREHSBRS ‘*‘i\ﬂc@% A, TR w2Ra J@‘:@Zwﬁ?'ﬁ

) - LR BE . FEYER
rotational friction ) . . . . bonding . [58-59]

. diameter ratio high mass fraction content, softening and . molten lignin and
welding properties

encapsulating fibers to form a welded layer

hemicellulose

52 MHSAMEBRITANERSH

RGN S5ARM F @A R HERM R H
FERENE EFEREER. HE, MRS
EARMAEARR, At BA RO EIREREE , mfT
PR 4 SRR 254, R 2 A8 1) B Ze D, S B I
FERAR ELIEIR R, M 5 18 B TP RO £
U T R R TR A RO S AL S 4540 . HAES
B AR FE AR B i v A 2 o DR AR P AR AL,
SEE ST E . T A B A SR

HEE R

vascular bundles

AR 5 T

welded interface

JHEEE A )
parenchymal cells

HL %200 500 pm

(a) JRE AT F IR B A R0 e 4%

(a) welded end-grain butt joints of moso bamboo

HEAN A o £ BT i ThD X R SR R AR, IR A
YR RAEERE A P A R R TR R, R
TS 7, A B0 B A i U 7E v s T R R 12 AN
R A SRR [ R 45, I A5 28 R T S o 2T 4 £
AR R BT R . R IR ECSLEBEIR
SREFEH, WK 12, AN, VT R AR AR

MATH BIAT o8 % IR A 30% , B E &
R AN 5], 5 R MR X R B S 58T N B
ba=

RAH 4

7 .Y
&+ inserted vascu

HL %600

(b) K2 1 2 PR YR R B

(b) bent vascular bundles resulting from welding process

100 pm

B12 EMEENEREELNHERTRAFRARS

Fig. 12 Finger-like interwoven microscopic morphology of end-grain butt welded joints in moso bamboo!¢"!
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BESI , A7 44 B A0 BRARFALE (2.5 M SR P A
BITHIRZR BRI N 25% , H i i T — e I
Ml FEEEB R e R R 2 IR A BT IR
P AR i B AL S R0, B0 T SRR A
B T R SR IR A R o AR TR SN E
WEAETR, BRAFE AP SRERITR XSy
FEQEIME AR AR . SRR, A JoUORL 2 B A5R
T B R AL, SN UARE) , S BUR R R A 22D,

TR IR RIT N S RMEFEERE R
FE 2% e O 2 R N AT, SR AR AT A A TGEH TE U IR

(a) C41: fLA21k10/7
(a) group C: diameter ratio 10/7

SR IR REL AR AR, PR R T, SR R
AIFE2 s NHRE T2 300 CLL L, B 5 RETT 84 52 LB e
PEPRTB T B, X 5 /KA BEF AR 122 () T A2 T il 2
FAML. HFLAREE T 1077 B, SRREIGELE ATHA 350~360 °C,
JRER Y RS b H AR, SR SR A et 5], R
HELEH TR 5. 5 FLAR et K (i 10/6) | 5w i
FEIE 350 “CHFEEE M [ R S BUR Y B RS ik
1 BRI A TR RS B g st/ N, s Bk
SREST K13,

(b) DA: FL421K10/6
(b) group D: diameter ratio 10/6

B13 FREABLTITHERELNENRRII L™

Fig. 13 Macroscopic morphology of bamboo dowel welded joints with different diameter ratios'”’

53 MHMEERERAERSAERI
REMHEZ R RS 6E (5 e
KA 2 BN AT IMR R RE TR i 7y
Bk 9. 63%, EEELRTINRE AL ARIEITH K
VEEELR L AR, FE B TR R TURA o X SR R R AE
e R A rh = ™ B IR B T EL S0 A = R
H A= E xS e B R Y & i R Rk %t 5
ARMMEL, A 1R A T ES BRI R B IR %
AR T S 1 B 18 EL AL L TG R B B8 (1. 2~1. 4) L 1
it e A FLE ELEE AR AE 1. 40~1. 43, M4 LR/ T
140, BRI RS BT BE B R A s S 1L
FERT 1. 43 1, BERIIAN R, 5 it X AR 2R o
BIBRERET o WA TR R A SRt e TR
P e 1 430 o/min S BB ERRAL , /R R

AT fif 52 2 500 r/min"™" o [F] B, BIAG SEAG 28 1 7 4 DA
R TAAEA = RIFS E TEESK . e IR R & 2N
BRI AR, BRZ RIS RS | R 7y
R R RS ST HIN B

6 FHiESEIN

AR DAl B sh ek gefe Az =t ig e
L PRI N — M e R SR B B RO R L, MY
T & TR KA 58 B0 M i R R R A SR O SRR,
FEFR LRI = A 5 Wi K 8 73 G5 A8 L P v F B et T e
B IR e F R R B ARAR O OSCHR I R 2R A
R4,

1) e EE TR AR B AR 5 EE TR RV R M T TR R R 5 3R
RAEBFE AL RS RATE ML, 5 e R~ A 2 R AR
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