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Connection characteristics and parameter optimization of plastic-wood insert joint
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Abstract: [Objective] The insert connection mode between plastic and wood is a common joint form in
plastic chair furniture. Optimal design of joint parameters can effectively improve joint strength, thus
enhancing the reliability of products. [Method] PP plastic and beech jointed by round tenon was put
forward as an example, the wall thickness of plastic part, inserting length and interference fit were selected
as the observing factors, and the tensile strength and bending strength were taken as evaluation indexes. A
three-factor and three-level Box-Behnken response surface design method was used to establish a
mathematical model between joint strength and matching parameters. The significance and interaction of
each factor were analyzed by analysis of variance, and the optimal assembling and matching parameters of
the joint were obtained by solving the regression equation. On this basis, the comparative analysis of the
withdrawal forces of joints was carried out between three different assembly forms interference assembly,
gluing assembly and wood screw assembly. [Result] The results showed that the three design factors had
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significant effects on the tensile strength of the joints, but only the wall thickness of plastic parts and the
depth of insertion had significant effects on the bending strength of the joints, and had nothing to do with the
interference fit. The optimum matching parameters of 40 mm round tenon-wood joints were as follows: the
wall thickness of plastic parts was 3.2 mm, the depth of joints was 50 mm, and the interference fit was
0.14 mm. Under this condition, the ultimate withdrawal force and the load of bending of joints were 2 139.3 N
and 1 306.4 N. In addition, the withdrawal force of the joints with three different assembly methods was as
follows: the interference assembly (type I joint) was 966.5 N < the glued assembly (type II joint) was
1 251.4 N < the wood screw connected assembly (type I1I joint) was 1 607.6 N. [Conclusion] The matching
parameters of the plastic-wood insert joint can be optimized by the response surface method to obtain the
best mechanical properties. In practical application, it is easy to obtain the maximum joint strength when the
design factors are close to the upper limit in the design domain. In addition, the use of wood screws can
greatly increase the tensile strength of the joints.
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Tab. 1 Experiment factor levels

7KF Level

[X & Factor
-1 0 1

BEJE Wall thickness of plastic parts (/)/mm 2.4 2.8 3.2
Bty K ¥ Inserting length (d)/mm 30 40 50

F A & Interference fit (f)/mm 0.05 0.10 0.15
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Fig. 2 Loading mode of anti-pulling strength experiment
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Fig.3 Loading mode of bending strength experiment
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Tab. 2 Experiment design and results of response surface method

PR 5 AT
i 2 ﬁil%‘HﬁF B ) %.ﬁ{é}ﬁ Pio £ B Withdrawal force/N Bending load/N

No. Wall thickness of plastic  Inserting length  Interference fit N ) . -

parts (f)/mm (d)/mm (f)/mm S E TR E IGE TR
Experiment value  Prediction value  Experiment value Prediction value

1 0 0 0 765.7 846.0 1 046.1 1 066.0
2 0 0 0 851.2 846.0 1 065.7 1 066.0
3 0 -1 -1 186.6 214.0 743.6 757.8
4 0 1 -1 445.0 419.0 12132 1221.7
5 0 -1 1 1075.1 1101.2 829.8 821.3
6 1 -1 0 447.5 459.1 874.6 868.6
7 1 1 0 992.6 1 057.6 1305.9 1305.6
8 0 1 1 1677.8 1 650.5 1211.9 1197.7
9 -1 0 1 629.8 668.7 935.6 943.8
10 0 0 0 921.1 846.0 1 086.3 1 066.0
11 1 0 -1 258.9 220.0 1138.2 1130.0
12 -1 1 0 237.2 225.6 1076.7 1082.7
13 1 0 1 1.826.5 1788.9 1110.6 1125.1
14 -1 -1 0 134.8 69.8 679.2 679.5
15 -1 0 -1 81.3 118.9 914.0 899.5
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Fig. 4 Effects of plastic parts strength on joint strength
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Tab.3 ANOVA of tensile strength

77 YR Variance source SEJ7#1 Sum of squares  df  #3J7 Mean square F P 3 1% Significance
F2 Model 4.006 x 10° 9 4451 x 10° 7534 <0.000 1 ok
IRLEEEF Wall thickness of plastic parts (7) 7.457 x 10° 1 7.457 x 10° 12621  <0.000 1 ok
B4 K ¥ Inserting length (d) 2.845 x 10° 1 2.845 x 10° 48.15 0.001 0 *x
fid & & Interference fit (f) 2.244 x 10° 1 2.244 x 10° 379.88  <0.000 1 i
td 48 995.82 1 48 995.82 8.29 0.034 6 o
i 2.596 x 10° 1 2.596 x 10° 43.95 0.001 2 **
df 29 635.62 1 29 635.62 5.02 0.0752 —
£ 2.691 x 10° 1 2.691 x 10° 45.55 0.001 1 *
& 55 849.57 1 55 849.57 9.45 0.027 6 o
f 55963.15 1 55963.15 9.47 0.027 5 o
5% 7 Residual 29 541.45 5 5908.29
AU Lack of fit 17 426.31 3 5808.77 0.96 0.546 9
4% 7= Pure error 12 115.14 2 6057.57
SR Cor total 4.036 x 10° 14

AL =0.992 7; RIERLA L = 0.979 55 TIILA BE = 0.924 2; f5ME L = 27.391: B 7 REL = 10.95%. “*** FRAEH W3, o RoR 3
LR . Notes: R =0.992 7; Adj R* = 0.979 5; Pred R> = 0.924 2; Adeq precision = 27.391; C.V. = 10.95%. “***” means very significant; “**”

means significant; “—” means non-significant.
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Fig. 5 Response surface of design factors and withdrawal force
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Fig. 6 Destroy type of plastic-wood insert joint in
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x4 MEREAESN
Tab.4 ANOVA of bending strength

J7 25 KIR Variance source SFJ7F Sum of squares  df 3475 Mean square F P %M Significance
i Model 4.544 x 10° 9 50 485.3 127.02  <0.000 1 ok
Y kM4EE JE Wall thickness of plastic parts () 84 830.8 1 84 830.8 213.44  <0.000 1 ke
B4 K ¥ Inserting length (d) 3.53 x10° 1 3.53x10° 888.19  <0.000 1 ok
fii. & & Interference fit (/) 778.15 1 778.15 1.96 0.220 6 —
td 285.61 1 285.61 0.72 0.4353 —
I 605.16 1 605.16 1.52 0.272 1 —
df 1914.06 1 1914.06 4.82 0.079 6 —
£ 2 994.69 1 2 994.69 7.53 0.040 6 ok
& 10 550.21 1 10 550.21 26.54 0.003 6 ok
f 619.61 1 619.61 1.56 0.267 1 —
#% % Residual 1987.23 5 397.45
AL Lack of fit 1179.05 3 393.02 0.97 0.543 0
47 % Pure error 808.19 2 404.09
S Cor total 1.564 x 10° 14

A AT = 0.995 6; BLIELABE = 0.987 8; I AFE = 0.954 7; [ LE = 38.462; B R B = 1.96% . “**+ FoRAEH B 3F; o+ RoR 35«
FRAEF . Notes: R* = 0.995 6; Adj R? = 0.987 8; Pred R* = 0.954 7; Adeq precision = 38.462; C.V.= 1.96%. “***” means very significant; “**”

means significant; “—” means non-significant.
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Effects of wall thickness and inserting length on bending load
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Effects of wall thickness and interference fit on bending load
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Fig. 7 Response surface of design factors and bending load

F IR KSR ARITAR A, AR AR 25 R iR ik
{EL, $55 53 ol AR A 1R AT U aA o FE AN e 25 5 B2 3K
5, BARIG A Rk 5 Fon. RIS R EoR: VI
ZHCTI SR SR P4k 717 846.0 N, fiAk J #& &
F2 1393 N, k%N 152.9%, FMME AN 2 051.2N,
500 AR H0s W06 80T 1A% BR 25 il 4 e
9 1066.1 N, H4k J5 42 = 3 13064 N, it %K
22.5%, FUAE v 1 268.3 N, [[ #5568 3k & 4%
T o B AT DAIE BR 2 A AL 3o R A4 Ak T 8 2 v ff ]

S

24 RIGERITLES R

X 3 T AN [ 25 fiC 8 R ) B AR 4 B2 T AT AL
PARLE, WI0 45 Rl 8 Fow, FIPiik J K /MEIR
R T BT A9 996.5 N < TT RS 45 1 251.4 N < TITASHY
& 1607.6 No %FEE AT A4S 50 11 855 s~ 3 ik
T B 55K T 25.6%, 2975 254.9 N ALY 45,
5T T EE T 2 UK T 61.3%, 29759 611.1 N;
RS AP Piik 7T L T ALY 25K T 28.4%, 4
N 356.2 No 3X it B A5 THI % JI R 22 e AR 22 1) 2R i
75 AR B B2 i TR AR AR Y S PIR 7, ek



144 b = ok X

¥k ERIE

£S5 MUAREER

Tab. 5 Schemes and results of optimization

Bt 424 Matching parameter/mm

BUH Ttem YRR mark R Wi B

: Wall thickness of Insen;g leigth Interference fit forceN  Dending load/N
plastic part (#)/mm (d)/mm (H/mm

WI4H{H Initial value 2.8 40 0.10 846.0 1066.1

AL TNE Prediction value of optimization 32 50 0.15 2051.2 12683

HeALR I A Experiment value of optimization 32 50 0.15 21393 1306.4

2 U 24 H A TR RO AR S .

Kl 9 9 A [A] 28 B R AE HT R 56 b O B T
g4l e o |9 TR Sk IR 3 1 o 9
2 1251.4N ML A B B BIA R, T 2R i s
S0l 9esw AR EAT BT IR IR TR LT
e RIS RE . 11N 5 B R PR R S A
;0‘5 BB TR, BT BIOKXAM BB E N, KM%
ﬁ THI R 1 J22 300 2 i B2 S e R T 90k, DR e SRR 5
TR JZ B 5 e AR o TS p 2 BRI A IR
15 T type A T type M#EY 10 type 22 1) 38 1l AR B A A B R B A, B A AR e i 15

A5 5255 Joint type

B8 Priklias jxfth

Fig. 8 Comparison of anti-pulling experiment results
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I type interference fit
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I type gluing

TE B ARBR 22 AL 7 A 7 R AR v, AT 5 BH
PEIR) JR AR, Qi 1 i AR 22 308 U T LA Rt
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¢ MALARIR 22

Il type wood screw
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Fig. 9 Destroy types of different joints
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3 ANVTHR R BT s Uik o B A 3 R, TR
o N 2 WM RE JE S e A K IR AN R R R
M, Hid AR R, AL R RN 1 SRR
Pk FI M 846.0 N #2552 139.3 N, HudE %N 152.9%,
P PR A A 1066.1 N #2751 1306.4 N, gk
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WA b R B 5 3R A9 B K3 & i B, T 1 AU
PS5 P S A X A, A T A2 B DR A 1 5
FERIBR ] o X bt 45 F R B« 7E 17 S 145 TV )
LA NR 22 B s A RO R T s B BT IR SR



P11

FRZIES: BRI SR SR R SR 145

AHIE T2 MBC & 2 B 7 17 =l s 2 -
ARAFAZ T 00 77 2 VERES (HRZIA 45 44 71 9 5 1) A
RICHIRZ, IF HA TR Z A2 AR T AR HAL R
R o RTFIZ 1 S MERERIBIT FTIE T LB R L
ANTT R TT 2 AN [RIRA R EE] 38 068 9 2 55 B2 7 A= FA S5
SRR A $ 5 T Y RO ABE A FSE R 42 < T 1 AL e o
TR AR . AL, SRR TSR B TR
(CAE) BAAGER |32 AR ISR e % e T RE S5 4
PR 1] RS, AN 23 AR 22 R His B A
SRR BT ok, X e S E A DR R
BT 7 10 o

& % x o

[ 1] Vassiliou V, Barboutis I. Bending strength of furniture corner
joints constructed with insert fittings[J]. Forestry and Wood
Technology, 2009, 67: 268—274.

[2] Derikvand M, Ebrahimi G. Strength performance of mortise and
loose-tenon furniture joints under uniaxial bending moment[J].
Journal of Forestry Research, 2014, 25(2): 483—486.

[ 3] Veysi J, Ghanbar E, Mohsen B. A study of the effects of height
and thickness of tenon made out of beech and hornbeam on
bending strength of mortise and tenon joint[J]. Iranian Journal of
Wood & Paper Science Research, 2010, 25(1): 128—137.

(4] Zi, REE, KT, RARLARTE D EAMEREIIRC A R 6
Fr#T 3], AM Lk, 2016, 30(4): 29-32.

Li M, Wu Z H, Zhang J L. Tolerance and fit of rectangular
mortise and tenon in modern hongmu furniture production[J].
China Wood Industry, 2016, 30(4): 29-32.

(5] WM, XISc4, PMERR, S5 R ACH R SR HE R R e AL AL BT
0], M2 Tk, 2014, 41(6): 31-33.

Chen X Y, Liu W J, Sun D L, et al. Optimization of double dowel
of catalpa wood components joint performance[J]. China Forest
Products Industry, 2014, 41(6): 31-33.

(6] ®ihtttig, BT, BRI &AL & 2 5ARM B R ] A
LR K, 2007(2): 57-59.

Zhong S L, Guan H Y. Relationship between optimal value of
interference fit and wood density in oval tenon joint[J]. China

Forestry Science and Technology, 2007(2): 57—59.

(7] RATH, KM, 5 ot, & R SR FIME G Pk o i ma
FIRIEHE T [I]. A7 Tlk, 2014, 41(3): 20-23.
Song Y C, Zhu L H, Ma Z, et al. Study on tensile strength
influence factors for round tenon joint of catalpa wood
furniture [J]. China Forest Products Industry, 2014, 41(3): 20-23.

(8] #ASCHI, AXE, RETC. — Rl A R & 5 i a7 i [T]. b
FMOLRF54R, 2017, 39(4): 101-107.
Hu W G, Bai J, Guan H Y. Investigation on a method of
increasing mortise and tenon joint strength of a fast growing
wood[J]. Journal of Beijing Forestry University, 2017, 39(4):
101-107.

(9] BRTA5, XU, KA 2 SR AR AR R 45 K T 24Ky g 27 8 2 FA
2 (], = Tk, 2017, 44(10): 21-26.
Chen Y S, Liu N. Study on mechanical strength of eucalyptus
multi-layer boards interlocking structure T-shaped specimens [J].
China Forest Products Industry, 2017, 44(10): 21-26.

[10] Z=55 K, 5kFF 4, WRALKE. 175 bt 5 HOR [ MR 4 5 9 R 1) B
FELI]. VAL R SE 244, 2011, 31(6): 74-T77.
LiJ Q, Zhang Q S, Chen L H. Study on joint intensity of wood
tenon of laminated bamboo furniture[J]. Journal of Southwest
Forestry University, 2011, 31(6): 74-77.

L1 BISCH, ¢ AR Te. F T BER R R IO M B & 9 s LR ot 7 L.
Molk TR 4R, 2017, 2(4): 158—-162.
Hu W G, Guan H Y. Investigation on withdrawl force of mortise
and tenon joint based on friction properties(J]. Journal of
Forestry Engineering, 2017, 2(4): 158—162.

(12] REIC. BARK B GENTh: IEARFK AL 1], KX
A, 2007(6): 50-59.
Guan H Y. Lecture on modern furniture structure (lecture 6): non-
wood furniture structure [J]. Furniture, 2007(6): 50-59.

(13] EIE, KETT. I T 00 S ) SRR A XA £ e AL B v i
Fe (1], ¥R Tk, 2019, 47(1): 69-73.
Wang A Z, Guan H Y. Study on the optimization of flat plastic
chair component based on the response surface methodology [J].

China Plastic Industry, 2019, 47(1): 69-73.
(wiE%E % 43
THERE RIAR)


http://dx.doi.org/10.1007/s11676-014-0479-5
http://dx.doi.org/10.3969/j.issn.1001-8654.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5299.2014.06.008
http://dx.doi.org/10.3969/j.issn.1000-8101.2007.02.018
http://dx.doi.org/10.3969/j.issn.1000-8101.2007.02.018
http://dx.doi.org/10.3969/j.issn.1001-5299.2014.03.006
http://dx.doi.org/10.3969/j.issn.2095-1914.2011.06.018
http://dx.doi.org/10.3969/j.issn.1005-5770.2019.01.015
http://dx.doi.org/10.1007/s11676-014-0479-5
http://dx.doi.org/10.3969/j.issn.1001-8654.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5299.2014.06.008
http://dx.doi.org/10.3969/j.issn.1000-8101.2007.02.018
http://dx.doi.org/10.3969/j.issn.1000-8101.2007.02.018
http://dx.doi.org/10.3969/j.issn.1001-5299.2014.03.006
http://dx.doi.org/10.3969/j.issn.2095-1914.2011.06.018
http://dx.doi.org/10.3969/j.issn.1005-5770.2019.01.015

