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Modeling the cutting force in wood sawing with different radial clearance

angles based on a response surface methodology

LI Weiguang, ZHANG Zhankuan
(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: Wood sawing is a closed cutting process. The side edges are involved in wood sawing and the influ-
ence of the radial clearance angle becomes particularly important. To explore the influences of the side edges
on the cutting force in the wood sawing and quantify it, this study with Pinus sylvestris (pinus) and Fraxinus
mandshurica (ash) as samples, used the four factors three levels of BBD test Design in the modeling response
surface methodology for a cutting force experiment that was carried out with a single sawtooth having different
radial clearance angles. The multiple response surface regression model of a cutting force was established by
considering the effects of radial clearance angles, cutting thickness, moisture content, and rake angle. Results
using the response surface methodology showed that the multiple regression mathematical model of the cutting
force had a high accuracy and reliability (R* = 0.92 and R* = 0.94). The radial clearance angle had a certain
impact on the cutting force in wood closed cutting. Also with an increase in radial clearance angle, the cutting
force decreased slowly. Overall for both kinds of wood, cutting thickness had an extremely important impact on
cutting force, followed by the rake angle, then wood moisture content, and finally the radial clearance angle.
[Ch, 5 fig. 2 tab. 12 ref. ]

Key words: wood science and technology; wood sawing; cutting force; radial clearance angle; response surface

methodology; model

S ST AR DY HI R S B s R UTH 1 45 IR S UTHI D Z B 56 & o ST D I R s,

ke H 7. 2017-04-28; &bl H ). 2017-09-18

ST : EK A ARG B B3 H (31270605)

EE A 06, BIBEMESE 0L, Wb, WA DI S 7] ABF5E . E-mail: liwg@caf.ac.cn, 38 {5 fF 7 :
skdme, PO, ML, MLAESI, AFRGR TS E&MR . E-mail: zhangzk@caf.ac.cn



BISEH I ARG AE T I L TR AN T SR A R A B9 B DT I A Y 525

EYMA 852 e BT J2F ORMRERE . Wi 480k o BT s 3 | 0P o 58 ) R 3 OR M 25 18 . i o) 24K
SN B HER b, N T WL 13 MORA N BRI LR, R BLUTHI ) SRR R . WY B R W R
W B VR A W B ) A S RAF ORGP . MARCHAL 452 7% ) BRI £% . J1 - Ae i . DTHI & 1w
JEE L VIR I RS BORMYIN A 0ES, 1 S5Y0H) J1 % VIAR G . CRISTOVAO 4 %'JFHDHiﬁmxfrﬁ
VERESL T 2 B M AR B VT R, 36 T M ARRE S KR BRI T Il ) T L
SRS o T AR R BT O IR A IR BT D R R B VI ) 5 VIR T B A
ﬂﬂﬁﬂ&ﬂﬁ%i& SRR ZIE PR AAT T XS B YTHI s B s i R 1 ) B F2 7]
VBT AR B VT D B, E 2R TN IT VR . AR RIS R SCOIH) AR DT i 9T 4R
JHASTT 2005 AN SR A A % DI 0 B2 AT — i 2 5, DRI, 7 25 800 70 Z MO T HI ) 520 . i
IO TR AP e — TRl RS S 6 2% A 3000 AR ARy 1, T R R M A e P K Ak PR R G TR s b Y
G 245 B2 U5 % (box-behnken design, BBD) 2R I 22 5077 & 400 & DA 2R MR (6L 2 W) (9 pRBROG 22, 2 —Fb
BT UK — B s Z AR B TRk, B D, S5 R R SR AR
YRR ez Tk xR 7) D 1= SN B N1 e S R S O R 7 | DT D e oA O v o B T
AEN I Z o0 A YT D Bee iRl Bt — 2 se e AM I VI e, 18 AR TITHAE ™,

1 MHE 7 *

1.1 IH#MHEIIER
111 M ARPIRFEEBOK A Fravinus mandshurica, %) ﬁﬂ(ij\j 12%, ST % EH 0.65 g-cm™;
FEFH Pinus sylvestris, ¥IMHE/KZFEN 14%, ST HBEHN 048 g-em™, HUCRFIM A 1942 ) AR 1 B 70 mm x
25 mm x 50 mm (K xFExm ) AR, B SRR RIS KR — B, B 2 MORB b 34T R iR
B, MEKFRT 80%LUG, ¥ ARM A 3 A -Fh, Zr5lTH, BT B 3 AR SR K4 5
H(19£1)%, (1221)%F1(5£1)%, 0 V

112 7 Al Ad IRRIBEEA SR, 840 13 <ony
Sk AE RIS S YOOX . 4 i ph 5 R (R 5T T H A R W ?‘ﬁ
THlE, WWASHIE PR, BRI ER £ %
B, DVHIIE0E Hy 2.6 mm, HESERE N 18 mm, FAK S k
15.0°, DS f A’y 3.0°, HREHEE S 0.4 mm., - e
1.2 KEFHE 1.8 mm S'
VI S250 4 HURCE I T e (NC-13251P, o i £ 145 MR T R
R B ) T B 1 b~
PIH); 4 (5 9257A, Hi+: KISTLER 23 w)) 52 377 4=
A, 2 ATHOR B OB 5 5806, -k KISTLER 4 #l) i @émfiiﬁimiii;i@

KIFF R IEAG S, mif5 520 Hr i (B RA2300, H A&

NEC 28 7] )il IR A7 B AL BB AT 0 M o B0 DIEIE B2 2 15.00 me-min™, YJHI J7 18] 2 5% U i A 16] Y1)
Hll o K B 04 B [ E 7R bl R R R SR b, il B4 Z dymiz s, SCHURRIVIENRERE, R
BR A 1.0 x 10* Hz, 048 A7 Jo s & il jJ%”Z%%EfFﬁEEEEEﬁ%{E?FWJ{EZIEﬂ IRFR. B 2A W& A
IRAR S S DD g i A5 AR S B0 5 () Origin 9.0 B X £ B A9 A A4 U1 I B BE B4 g e (L 0 47 22 33 50
WA, EIR 20 MG TG, HEIE 2B, BOERNE BIEEE =95%, ¥ &G RibRE g Rk T I E
SHESHEZ R, DOFSEE R, 8 3 k-EE T IIFBCFHE,

i Ffl Design Expert HF (4 8.0.5b, A= ;=7 Stat-Ease, Inc.), R MMEZE=/KF(F P04
BT (BBD), LAFERA (L), VIHIEEE (h), &K (Cw), Aif (y)BES A28, LIVTEI 5 (F) R
AR5, BEFEUTEI ) i 52 R R JF S r I RS o AE s i A 29 Yok, #1075 RE A EZ R
(DI 250 gkt f 1.5°, DIEIEEFZ0.12 mm, AR &K 12%, PIEIEE 10.00 m-min™), FIRAG K
iR,



526

LN /N NI S

2018 46 H 20 H

0.6 3 #r X 45 0.6
A B
0.4 0.4 F
E 02 B E 02 -
= =
0 1 0r
— VIHI Jy s 2%
—0.2 + —0.2 \ Y
—— Ul
_0.4 1 1 | | 1 ] _0.4 1 | | 1 1 |
0.9 1.0 1.1 1.2 1.3 1.4 1.5 0.9 1.0 1.1 1.2 1.3 1.4 1.5
t/s t/s
B2 Wl AR 5
Figure 2 Processing and analysis for cutting force signals
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Table 2 Analysis of variance for quadric regression model
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Figure 3 Observed and predicted cutting force
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Figure 4  Relationship between cutting force on radial clearance angle and rake angle
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Figure 5 Relationship between cutting force on moisture content and cutting thickness
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