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Optimization of turning technology for removing out-layer of bamboo culm
with Box-Behnken Design-response surface methodology
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Abstract: [Objective] The out-layer of bamboo culm has adverse effects on bamboo’s subsequent processing.
It is essential to optimize the technology to ensure product quality. [Method] The single factor experiment was
applied to determine the optimum conditions of turning parameters in turning technology for removing out-layer
of bamboo culm. Using the effect of removing bamboo green of bamboo culm as the dependent variable, Box-
Behnken Design experiment was adopted to examine the effects of turning parameters including bamboo tube
rotation speed, feed rate and cylinder pressure. Experimental data were analyzed using Design Expert 12
software, multivariate quadratic regression equation mathematical model between dependent variable and
independent variables was established to determine the optimum technical parameters. [Result] When the
bamboo tube rotation speed was 60 rmin ', the feed rate was 0.25 m*min ™', and the cylinder pressure was 0.20
MPa; there was a maximum effect of removing bamboo green of 66.97%.The above-mentioned process

conditions were used to carry out the actual verification, and the obtained effect of removing bamboo green was
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65.36%. The error with the theoretical prediction value was —2.37%. [Conclusion] The model was reasonable
and could be used for the prediction of actual effect of removing bamboo green. [Ch, 5 fig. 6 tab. 13 ref.]
Key words: Phyllostachys edulis; turning technology; bamboo culm out-layer removing; Box-Behnken Design-

response surface methodology; effect of removing bamboo green
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Figure 1 Turing machine of removing bamboo green and turning tool
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Figure 2 Surface of flat bamboo sample before and after image

F1 MEHRENBERRIKEER
Table 1 Single factor experimental result of bamboo roration speed
min') g EIEEmm EHE%

32 2 0.47 38.29
40 6 0.53 42.94
48 6 0.61 49.33
56 10 0.73 56.62
64 10 0.91 64.48
72 16 1.09 80.29
Pl . LA EUE 4035 memin'; AL F1°80.20 MPa

x2 #HHEEEHARRKEER
Table 2 Single factor experimental result of bamboo feed speed

LI AR

(mmin’) g, EHIEEMm L
0.25 8 0.81 64.17
0.30 4 0.75 60.43
0.35 6 0.72 5591
0.40 4 0.67 52.19
0.45 8 0.60 50.11
0.50 6 0.54 45.87

EHT: YRI5 S0 r-min' s SHLHJ1290.20 MPa

®3 REENHBERRKBER

Table 3  Single factor experimental result of bamboo pressure

AL J1/MPa

WeF/%  KHFEEmMm  KEE%
0.05 0 0.22 23.11
0.10 2 0.45 35.19
0.15 4 0.58 40.02
0.20 8 0.71 58.82
0.25 14 0.92 68.88
0.30 18 1.12 83.29

P PTG 350 romin'; $EZSHEF40.35 me min!
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O) Mtk B3, A2 HI (BC) Al IR (B*) M i, Table 4 Factors and levels of BBD test

F, HAamest EFERR AR E . KIERE 7 EES

FREYWNBRE, ARREHN 656, BHIREH Py A/ (v min™) FE45 R B/(m- min™) AT /1 C/MPa
-2.96. CHIRECN 12.60, AIfFHEREXSLFER 1 40 0.25 0.10
EMBIF Ny . C>4>B, BVGLIES > O % 030 o
ﬁ>ﬁéﬁﬁ§o 1 60 0.35 0.20

*5 NuE BBD iR iZIT RER

Table 5 Design and results of BBD test

S VT et s LR Skt KEE i Py et 8 HEEE Skt KEE
Al(rmin™) B/(m*min™") C/MPa Y/% Al(rmin™) B/(m*min™") C/MPa Y/%
1 50 0.30 0.15 40.36 10 50 0.30 0.15 39.63
2 50 0.30 0.15 40.33 11 40 0.35 0.15 33.02
3 40 0.25 0.15 38.81 12 50 0.25 0.10 31.56
4 60 0.35 0.15 44.39 13 50 0.30 0.15 41.08
5 50 0.35 0.20 51.65 14 50 0.35 0.10 30.47
6 60 0.30 0.20 60.34 15 40 0.30 0.10 21.25
7 60 0.25 0.15 52.49 16 50 0.25 0.20 60.39
8 60 0.30 0.10 35.99 17 50 0.30 0.15 41.88
9 40 0.30 0.20 47.66

Fo MEEFEBEFTESN

Table 6 Variance analysis of regression model

FEAHT R A F P FrESHI SR A F P
TR 1720.66 9 23245  <<0.000 1** A 0.50 1 0.60 0.463 1
P A 344.14 1 41841  <0.000 1** B 14.64 1 17.80 0.003 9*
LGB 70.33 1 85.51  <<0.000 1** c 4.19 1 5.09 0.058 7
KELETIC 1269.32 1 154328  <0.000 1** 5% 5.76 7
AB 133 1 1.62 0.243 5 AT 2.83 3 1.29 0.3919
AC 1.06 1 1.29 02935 gl s 2.92 4
BC 14.63 1 17.79 0.003 9% BB 172642 16

Y. WIERRIR=0.996 7, R*,=0.9924, R2=0.971 1, ZERZMCy=2.17; **P<0.000 1, ERMEE,; *FRP<0.05, EFHEBH
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Figure 3 Contour and response surface plots of Y=f(4, B)
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Figure 4 Contour and response surface plots of Y=f(4, C)
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Figure 5 Contour and response surface plots of Y=f(B, C)
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