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Abstract: To establish a propagation velocity model of stress wave in longitudinal section, standing trees of dif-
ferent species were selected as samples to study their stress wave velocity pattern for different angles in the
longitudinal section of wood. Using a theoretical analysis, the velocity model of stress waves in the longitudinal
section of wood was built. Then within the Zhejiang A & F University Botanical Gardens, a total of 40 test
samples from four species of trees was selected. The experimental ArborSonic 3D stress wave imaging system
was used with a comparative analysis of the results to determine the stress wave propagation velocity. Analysis
of the model included fitting an equation to a healthy sample and a regression analysis. Results showed that the
propagation velocity between any two points in the same section increases with increasing direction angle. And
the propagation velocity between any two points in different longitudinal sections is related to the angle between
the longitudinal section and the diameter section. Healthy sample test data were fitted to: v (6,a)/vy = ka* + 1
(0 < k£ < 1) where k was dependent on the size of angle a between the longitudinal section and the radial
section of the tree under test. In the established regression model the R* > 0.93 indicated that the model had a
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high goodness of fit. For different species, due to different internal characteristics, stress wave velocities also
differed. The propagation law of stress wave in longitudinal section is related to the direction angle 6 and o. 6
determines the velocity, and « determines the velocity change, which means the size of the quadratic coefficient
k of the fitting equation. For the longitudinal section of healthy trees, 6 and a and v (6,a)/v, satisfied the geo-
metric relationships: (6, @) = 1 + {[v)=(=0.20% + 1)v] / v} -6~ Overall, detection results of different species
showed the validity of the model which could have important practical applications for nondestructive testing of
wood. [Ch, 5 fig. 5 tab. 17 ref.]

Key words: wood science and technology; stress wave; a longitudinal section; propagation velocity; non-de-

structive testing

JO7 P A A 0 S P TGS A I 7 3k 22 3K LA, AR ST AR SN PN S R B R A R TR O )2
8 5 1 O T AR B AR AR IR B0 A 980 AN SR A H AR RN, AR T AR I B AR ) K S )
AR PR AT IC Ry 2o [ A AN IR DG AE 5 S B4R rh L IV 0 B 1) — 4 A 4 LA S, ROSS 47
WA B SRPER R B 50 R v FOR TR B p A OC,  ml 2ol 00k 107 77 960 A% 4 i J3E K 1 8
RSSO A A SRR PR AR A 70 B e B A TR B — AR BRSBTS, S AT R B g T A A R
R AR AR 0 > I T A A B A IS 4 1 i S JEE 5 2 PSRN R I, R AR AR A R 2R Pinus
koraiensis A L e A% Ak 3 FEE 5 7K R 0 I B E T v B T R S . Oy B R N B R AE AR
TEAGAG I N U AT AT, XUDEAREE I AT 100 ) B e B AR rp ) A R LA, I st Sr 17 o ) e A
MR R, R B GERER R R, J5 1 A 60 5 AL D5 1) T BE v ANAR A1 E L o HOAE 2 IR O BN vf
vp==0.260%+1, 551 bRAE R A B RE R W) 5 5 O ) A 0 55 0 ) AR A R o 22 () A 2 (] I A 41
R, R RRGR T 0.95, DTN A B g 95 A% 7 o JEE AL 2R A 52 A A AR A2 Wi o i 7 0 90 TG 45 A
TR A W 5 SRR AR R GER AW 5E 35, AL IR W I B 242 Picea aspoerata 55 SR IEHT i 5 I _E 1
FUR, N9 A A A 04506 0 45043 PA) #9107 JH R 22 6 v 1 A AR B AR i A4 LA O T 5 1, TERE AR L
] b AL S UL I A TR ST o AT 58 LA, 3 A AR AN [8] s BE AR AT L A9 Al U D DDA AT, s BEE
B, A X AN [ Sy B AR ) AL i R L AN [RIB A AR A A R G IE L g A R A
TR0 PR 28 TS . AT R o % S A AT %) 107 0 A% 47 Je B A Y 25 4 4TI X 7 g 0 A O\ T L 9 1%
RSO AR S AT, DA Dy R B2 1) = 4 AR B AR S A 0 BRI A A

1 MARERARPRE L EEEZL T RE LR EEA

A B v 23 () 4 R A e AR S A, T 00 L RE Y A R e K R A BE v )2 e U 2 4
Bk, SR 10°~30°38 M, X & AR 25 ) Sk R A o RIS AT SR, AR A X b 4%
] S AT LRI AL O IE S 45 Il S, BIAE 3 /M AH B B A BORE 4, BEsciRm . BEach) m RSN, S
S S [A) ) B T 27 BT o AR 83X b b R B A SRR B S s

PSRRI, AR 52 377 18] AT BE -5 AR KIRIE A AR ST ) AS[R] i 7 2225 FE AR b R S0 Y 7K
ZRETI . 1921 45, HANKINSON 76 K i gn 45 B g 5L alt BB gs i 7 R MR At o B A5, B HANK-
INSON 42

foi oo * fooo I (frgrsin®O+foon cos?0) . (1)
KD 0 FEMIII7 10 5 ARG IS 5 foo IARBERISHUESREE 5 fro FARBMASHT LR IE 5 fooo N
AR RESHT R . A HANKINSON 723 20 RT DAHE S 1 0 ) P AL 4 ol B2, A% 46 T3 ) 5 AR B3 5 ) T
MR 60, WA

v(0)=v,*v, /(v,*sin’0+0v,* cos?0) . (2)
A 2) e v KRR LRI 1] (189 07 S P L, v, o R RS 8] 1Y 7 7 e s i o 28 5K (2) 7] e 78
H

v(0)v=v, [(v)-sin’B+v,* cos?0) . (3)
L y=v ()., # 0=90°, NWH y=v/v,; #7 6=0°, W y=1, £ 6=0°4b 1] —Fr 28 ¥ e A0 (3) 153



928 TN 3 N = o= R 2017 410 H 20 H

y=1+[ (v)—v,)/v,] -6, 4)
DIKRALLAH 5 38 i 5 5 5230 20 A 1 R0 bA A0 7 2 45 ] S P, RS9 1 0 0 30 5 A v e £ 22 ) 7 50y
KEFR, RN P v 5P I A o ZHRYBFR TR TTRINT
v(a)=vg-cos’aV/ [ 1+E; [Eg-tan‘a+2 - Gy /Eg-tan’a ] (5)
X v(@), ve, Er, Ev, Guo 73 iRERHEI IS Ty o WAL EE | A2 05 | AR ) s vE i . 1)
) AP BT UIRLR . 4 fla)=o(@) fog, AT7G:
fla)=cos’a\Vg(a) . (6)
K (6)H: g(a)=\/[1+ET/En'tan“a+2'0m/Ela'tanza]; i = (6) n] 4l f0)=1, f'(0)=0, f"(0)=-2(1-
Grr [Ex) o 24 0=0 I, 3 22 50 97 bR b B Iy — A K T 2T M — DRI A, LR E T
Tt

v(a) isfla) =-(1-Gy [Ep)a+1, (0<Gw /Ex<<1), (7)

A2 (7) AT AR AR R A AL R L v (@) on 5 o IR ZGE Uy I, HKT a=0

XS FR o T E T30 3 e AE AT b A% 5 10 3 32 I 2% B T[] AR AN T e A R/, BRI R 2 RE Y

VL 3 9 A 47 R B A SC Ry 5 el £ O FNGAER T IE A o, AR AR (8 G 1] 4L 48 R BT o1, A58 1) 0L 0 A% R U v,

R )ME(6)T1FH: v(0, a)=v v, /(v*sin®0+v,+ cos’0)=v; vg(=0.207+1) /[v*sin*0+vx(=0.2a’+1)  cos™0 ] ,

4 (6, )=v (6, a)lv,, BI;

F6, a)=1+{[v;~vx(-0.2a+1) | /v}}- 6, (8)

PRI MR WY, TRV JE A o [ E RO O0S . W57 01 A1 0 1 g B3 3 R A [ 3 B G (BT AR —

w2, FRATHE N (8) A Ay it B AR A b Bz g i AE BT b i AL R BB AL, K7 m A 0 8 U «,

k=[v=0x(=0.202=1) ] fv, WITTH 2R (8) Ak Ry y=1+ka®, HH AT L. I 3 D AENER T b 00 4% 45 3 3 i 28 14
BWHMIZA, o IUNIGES kRN, Bldksg 3 Ui 20T 10N, 3K ER R g

2 M T

21 #MM5iEE

AL AR MK 2= W) FEl B2 % Cinnamomum camphora, 4% Populus alba, %MWk Liriodendron chi-
nensis, Ky Cedrus deodara %5 4 DR MAFEA . I3 Ry 2 ER4r . — SR AT X 1K 1% S AR I 1
JIWEAE N TR A AGRE AL ;. IR a0 b = W (et e B Ao 5 ke o 3505 7 22 T %) 07 ) D6 A 40 T 38 2 5, A el
B AL v B T AL 49 T Xy A2 4k . S92 55358 F ArborSonic 3D A TS A I AL (69 24 F Fakopp 2] ), 4%
ar & 12 L s S FHLA R AT, BEAE I i &% > % I 285 [B] 9 1. 7 3 A% 49 I [) S 3 3, O 2E B 2D
0BT )22 A5 AR T i 4 o
22 ZXWHERAR

VeI e 15 S AR BEAS T A BB RO AR A IL 40 £k, R R RROWAF L RBEAR AR . BAR, ik
S AT BN AR B P (B 1A), 6 4>, [R A% 845 T BE 10 em- AN MR 1~12 515 ks
5 s S/ N P 1 R = AT U= IR @ G K [ s N B NN =TT E =B Wb S i L B SV N

1»\/«7 1 =y /4-7
2 = 0 - g 2 mp - {
3 mp = O 3 mp = O
4 = e 10 4 = e 10
5 wh - |1 5 wh - |1
6 = - 12 6 = - 12
N | Y
A B C

A1l HFUNERAABODEERESHTE

Figure 1 Cross-section and the number of test samples
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Figure 2 Cedrus deodara containing defects detected stress wave propagation velocity at different longitudinal cross sections
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Figure 3 Stress wave propagation velocity trend longitudinal section of different trees
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Table 1 The regression model between v (6, o)/vy and 6 in healthy tree radial longitudinal section
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Table 2 Each longitudinal cross-section regression model of Cinnamomum camphora
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Table 3 Regression models of different species on each longitudinal section

TR A R AR (0) A Ty R G kH R?
0 y=0.253x%+0.987 0.24 0.935
i paf 15 y=0.4312%+0.988 0.43 0.934
30 ¥=0.49312+0.983 0.48 0.958
0 y=0.3812%+0.986 0.37 0.932
RS0 15 y=0.446x7+0.989 0.44 0.932
30 y=0.5212%+1.014 0.52 0.936
0 y=0.256x"+1.013 0.25 0.941
St 15 y=0.389x%+0.946 0.38 0.933

30 y=0.513x+0.976 0.50 0.945




B34ABHSH TRAREAE o I ) P AR A A ] 2 AR T 14 4 38 2 A8 22 931

33 MAREBEIZMEAEZAR

e AR YT T f o 15O — D NERIAT, AL G AT B E AL OL T, B 6 MLk A B, I
BT 1~6 5, AR HE AR R 0 B2 e sl b 7 S0 i 4 Y ) BER AT, BT DA A O
IRIE Ry 1 B A S B A B R B A ) 520 o 6 B R AR SE U, R T R AR 4 FR

R4 ARABEHET o0, a)/ 0. 50, a KR

Table 4  Relationship between v (6, a)/v, and 6, o under different forces
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Table 5 Relationship between v (6, a)/v, and 6, « at different heights
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Figure 4  Cedrus deodara dimensional stress wave with defects in different longitudinal section showing diagram
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