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Vibration Characteristics of Boxthorn (Lycium chinense Mill) Branch
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Abstract

Modulus of elasticity, modulus of rigidity, damping ratio, and natural frequency of
three varieties of boxthorn (Lycium chinense Mill) (Cheongyang #2, Cheongyang gugija,
and Cheongyang native) branches were analyzed. Modulus of elasticity and modulus of
rigidity of the boxthorn branch was determined using standard formula after simple
beam bending and torsion test, respectively, using an universal testing machine.
Damping ratio and natural frequency of branches were determined using a system
consisted of an accelerometer, a PC equipped with A/D converter, and a software for
data analysis. Relationship between the elastic modulus and branch diameter in overall
varieties and branch types showed a good correlation (r = -0.81). There was, however,
no correlation between torsional rigidity and branch diameter. The internal damping
results were highly variable and the overall range of the damping ratio of the boxthorn
branch was 0.014 — 0.087, which indicated that the branch was a lightly damped
structure. The natural frequency of the boxthorn branch was in the range of 89 — 363
rad/s for the overall varieties and branch types. A good correlation (r = 0.82) existed
between the natural frequency and branch diameter in overall varieties and branch type.
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A NFELL 249 EATH Ao st YFE Hon AFAY AFAESF
2 253 (vibration mode)oll A&FE WA 7 T QA5 @AAF, FAALF,
a8la ¥]F3 Folgt 8 4 9li1(Ghate and Rohrbach, 1975), }E4] £871& et

d QoA 7HAY By AFHEFE 7|EoR 39 F87)9 AFFE Mdsie A,

edA, geld 5 FHHEN S84 Yk AFL 08¢ Al HAH +2g A
Wang(1965) %3] 33 AFYI A% AEFE AS £3/9 AFF2 ddse 3
3l

(resonance)@del FHE ol&dtd AIYE

Yung(1975)2 £8]2 W HEFo AFHAFTFd vzd ZAz
7S of SeE dirt g Aol R A= 7HA] AAANA g FEE dto] B
H7F & o]Foixcia HRES

H2 771 szl lﬂ]ﬂ% AT 712 AF2M F71% 7kA " EEle] 540
2

:L

e ATAAY 9], 1999), AE SAol B 1A uhel YHE(NFY 9, 2000), 7
R duish #9 LR BE SHAAE, 2000 Fol BE ATSL wadu Y

AT e FE ol &g FHAUY 7iAgd Y A A ¢ Fag FE7]9
&

AF5E B4 2 24808 P14 Y Af A55 S vAE T4 EFE
A M 2 A 54 2ASUoH RH BHEL ol 8stel 7717 AHH Y
A% AFFE EABAL,
As R Y
B 4PN F71H Y RYAG, g Hgm FAAF, ARAEF, NF, @

B A ALge FAAMRE 2000 0] FFTIIAANGFAA A A P FAH,
FETA R HE2E: AZA FF e AHEST AlRE 88 T FEATI |t
gy E71(FA, 1244, 2 2202)E A Fa9s 107148 HHAsA L, 8L AR
g g4z FA9 A AAF AEs F 18 - 20 cmE ADI F IHX|of mjgd

Qo gg Avlslth 2E dye ARE AAE F HF A oS 4H AL
W, ARe F¥ YA Ha §Jr3]'7] Sls Zejo] A 7ol (Polyethylene bag)l $ol
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(1) &A1

T712F 7FA 9 g Al B4 O¥ 13 o] AFoY 4F ArE ASY £ Y=
A7) (force gauge)(Mecmesin, Model AFG50N)E Universal Testing Machine(UTM)
of Aarstol AAletlar, ool ad A 1Gig)E A 7Y AL AAF F 4

()& ol &8t &AL E Ak (Ghate and Rohrbach, 1975).

Fig. 1 Photograph of the bending test apparatus for boxthorn branch.
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where E = modulus of elasticity (N/m?)

P = applied load at center (N)

L = distance between the supports (m)
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Y. = center deflection (m)

[ = area moment of inertia of the beam cross-
i 14
section (m") (= =d*).
64

d = average diameter of branch (m)
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(2) A4 A+ (Modulus of Rigidity)
T71A 7tA el ¥lE¥  ZFA(torsional rigidity)S 298 29 o] )3 L2 Ao

10mme) F7He #H(chuck)ol #2He A Zi(jig)g AFsle] MERS NP & T 4
(2)& ol gslo] E7|ap shR|9 BA A <SS AAber o},
6=t 2

@

where G = modulus of rigidity (N/m?
T = applied torque (N-m)
L = distance between the stationary points on the sample

and the point of the application of the torque (m)

-295~



Fig. 2 Photograph of torsional rigidity test apparatus for the boxthorn branch.

¢ = angle of twist (radian)
J = (n/32)d* = polar moment of inertia of the sample cross-
section.
d = diameter of the sample (m).
= A A8 A= 10 mm FA9 AAAY GFojE B Yo T H,
g 2 F& M8k 11]*43}919}% UTMZ Al 1 Hoigdet. 28 2014 ZI:LQ
LEHS & o Hol LAH U3, 9%FL Aol 20mme] EFrE Fo woldy
2l 2 HE 2HAA Fol ﬂ%ﬂ?‘f}%/ﬂ Ed 2 Hol FAM A HES 33 ®
g EEo Avle] A4 aig] Aol Ao]EE dAS] UTME AR~ & =(Cross
H]

head)7} 1% oz 3 ol FadA Age] HEHS 7EeF stolon, o go g

EE 4L AVlY oleAYE MY FAV(AY 29 AVl $F5)E ol &t WMYE
EAT F ¥l aigsts AEE dodtadian) 02 A F EY AL AN
st ARE FF Fhe Hol g AlZ wW F2jek A7) Atolo]l AAE Y = A
o2 TS WA o AeolM AHAEF FAGHAM nH AR, nEY 7
& Fg9 AAU8mm)F #MA o BAE ol&at] ArsiATh. A FH Alolg zHA
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= 170mmol A%k Al29] dol(L)e 5/ Heo] EYPFX Alolg] dolE &£A4T %

2 Adolg A (29 LE AT

NEg Hol DHAAS W EJY AAE Felo] uRH] Yt AoY dAnee
o wpeten £ o) FUA Aol¥ @Y P
Il

R EY9 AelEo] oR&

X

(3) 74 v](Damping Ratio)
7712 ZkAlel ) HBE A FXe a8 37 go] AREHAAY, 129
Accelerometer (Charge capacity = 1.93 pC/G) (Model VP~02S, IMV Corporation),
Charge amplifier (Radebeul, Model M67-1), A/D Converter (PCLD, Model PCLD -
780) ¥ PC(Pentium II 350MHz, Ram 120MHz)& T4 5 oiglt}.

Hle ¢ FHNEL ol8dto] /XY 7tE AE Azte] WE WMYE L3 F 4
T #4a(logarithmic decrement)BAIE of#f A (3)& o] &8t (2™ 4 HF=) AAs
St} (Doebelin, 1990).

Fig. 3 Photograph of the apparatus for the damping ratio test for the boxthorn
branch.
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Fig. 4 Graphical illustration used for the calculation of damping ratio of the
boxthorn branch in Equation (3).

;~— (3)

27

where { = damping ratio {(dimensionless)

1, x 1 2
O=—In"t = ~—L = logarithmic decrement

n x, n /1_52

initial amplitude of vibration (m)

il

X1

x, = amplitude of vibration n cycles later (m)

n = n number of cycle

A ()R (1-¢) 21.02 749 & Aol 53], ¢ <012 W WS Asd e g
(Doebelin, -1990).
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gt Az g F& st Alg7)t wetdHg FHE o]REE &9on, A8 o
& FolEe HolZE o]gsle] 71&EA(Accelerometer)E =
E MEEAN} ey Mg v& FAUFg otz 347 F oE o
o] HAEEE P on, ¢ &7k PC7 FEE0 Ago 7% IEL AR EES
A

sGgem 248 A& PCol 7157 FAA AYHEE U0

T

_—

(4) 2+ A%F4 (Natural frequency)
7712 7k Y A AFF (o) 2 (3olM 77 Zn|E oty A (4)d] oyt
o} 39 H(Doebelin, 1990).

__
toT1-¢?

where T = period.

w (4)

A (@M F7UDe EUEd vehd 5 F719] shE wejo] wWighs Algste] F
s

(5) ¥Wl5 % (Specific weight)
T71AF ZHA 9 HF e EEEE sHAe A4y REAE A T oy wH @ A
2 Adsdo. 771 X e AFe spHe #2717 n=
F B2 A4E UA" Hollo] Aenag A% T AR ALE9Y. =3,

A 3l
Y w153l Aol BNa7) 98] BEUAEA Duncan) & A Gt

A oot A FT P 7

(¢]

(6) ¥T& (Moisture Content)

Age e 32 AERIN(FERHE, Model 0560)0] L£58 105TE X 6tHA
2N T AE: AY T Al FAe 27]) A8 FAS vnse AgrFEes
&(Moisture content based on original weight) AlAFM (A1 (5))ol] o)ato] E 2 4

=
2 oAAe g5ee Sqedn,
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mc% =(G,, —0OD,, )x100 + OD,, (5)
where mc% = % Moisture content
G... = Green weight of wood

0D, = Oven dry weight of wood

3. 4% 2 24
e A%
a9 55 AR50 FAol g AN FU aFHe) BA @ GF RojFi
on ¥ AyolNe eAsE 29 50 Juhg 79 Lo Age ol&ad 9
Wah 4 (1)2 ol gshed Aara.

Bending force (N)

o deet®

0 2 4 3 8 10 12

Time (sec)

Fig. 5 An example of the relationship between bending force and time of a primary

branch of Cheongyang #2.
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gAFe Aot Qi Aoz dewon], 392E Y w1 FFTIAY A

FAHE 2el7t gle Aoz e

E AgoAM A" 7oA 71A9] &A= Ghate 9 Rohrbach (1975)7F EA13k
EFug 79 A AS Ho nla vlwd 2 gH6.7310° N/mHE Jelllm 9o
o, #u2 FAHA FH¢Y SdA4ASE 54310°N/m?ez YelY 9th(Inman, 1996).
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Fig. 6 Experimentally determined elastic modulus of Cheongyang #2 variety as a
function of the branch diameter.
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Fig. 7 Experimentally determined elastic modulus of Cheongyang gugija variety as a
function of branch diameter.
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Fig. 8 Experimentally determined elastic modulus of Cheongyang native variety as a
function of branch diameter.
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Fig. 9 Experimentally determined elastic modulus of all varieties combined as a function
of branch diameter.
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Table 1 Regression equation for the modulus of elasticity as a function of branch diameter.

. No. of Coefficient of . . "
Variety . Equation of regression line
samples correlation
Cheongyang #2 27 -0.64 E = 5x10% 41
Cheongyang guguija 20 -0.72 E = 7x10% 0243
Cheongyang native 26 -0.95 E = 8x10% 3!
Combined 73 -0.81 E = 5x (%0265

* E = Modulus of elasticity (N/m?). d = Diameter of specimen (mm).

v, A4 AS (Modulus of rigidity)
7712 ZhAlY] B Y AL 2% 108 Zol EF Z kX9 TR glo] AAl AlZA
dutdo s 7hxe] #717F FUEtEA Aol gaste ATGBAL, -0.63)L ey
Stal lof 7hxe] H7i9 FA Alole] BAES BAGUE

i QAR HolE7F WAl 2X

AL 7t gle Aoz daE
=
)

FTE T M vEE AAE AR F7] Alele ARAFE FY2E, HET)
2, FFAA e 22 -0.66, -0.01,-0.950.8 e, AR "] AL spxe #Zr)e
dAAbelol s WE Aol fle Ao yeidn w3 HdAHe AQsines EZ o
& A FRE MY #7019 B4 Abeldle ME 4w B2 A9 gle Ao ye
W Th

TR ARG A 5 AL 7hA #7716l whet 749 AA(bark)elt 1]
o Alpitch)e] A71dE Wart gl WA 74X #7171 AWM BE A Alolo 9

= YF(wood) FEE Frtelo]l B AFE Fbete v HEY AXoE 4B =
G VRO AZzA stolo] 2Fa] UEhE dA o AlEED o)g 2o @A
< 7989 A¢9 vl%a A YEdtH(Ghate and Rohrbach, 1975). 3%, 77]2471x]
of AAAFE GE ZE3 wms) E o GhateQJr Rohrbach (1975)7} #43% 2Fu) g
7FA1 e A AG(4.047 3 10° N/m*) 9} v]$=8h g2 Jeulz 9l

2 112 "A FF dolM FFTrIAe AT SRS #Zr)eke] @A dE wo
T eH, & 2& F3Y AAAF £ dFHYESDuncan) 2342 Jehya ¢lov
g2z et A Alelols o)zt e Aoz byt
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Fig. 10 Experimentally determined modulus of rigidity of all varieties of boxthorn
combined as a function of branch diameter.
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Fig. 11 Experimentally determined modulus of rigidity of Cheongyang gugija variety as a
function of branch diameter harvested at Aug 18, 2000.

Table 2 Mean and standard deviation of the modulus of rigidity of the boxthorn branch.

Variety Sl:rz'p;);s Mean (N/m?) Stand?ﬁ/i%v iation gll?ou:lpciir; .
Cheongyang #2 30 6.66 3 10° 2.113 10 A
Cheongyang gugija 28 7.48310° 2.153 108 A B
Cheongyang native 30 553310 2.883 10° B
All combined 88 6.533 10° 2.52310°

* Means with the same letter are not significantly different.
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t}. 7419 (Damping ratio)

a9 125 F7IAIRN Y ZAAFE SAHN] A4 FUIA XY AFE AE ARE 3
FE ZYUEAC detd 3 & RT3y da, a8 132 FAANE AAY @ Arse
7HA1 2] F71Atolel BHAIE el Q.

IR

o otpeyy . ab4sm7

Fig. 12 An example of history of the acceleration of the boxthorn branch displayed on the
PC monitor.

B AP A FAAMES] FF D HAY FFHE A digk oA X9 #F7)9
#H] Abolo] FaALE diAllde A9 fle AeE vewgd (FBRAS = -0.12). A
8970 Alg5el HF FHH= 0.035011 BEFHAE 0.016224 QA BEXxXsn 9= RO
2 yeiwth g8 gy HAGe 7247 0.087% 0.0142 JEgow Zaju)e) W
7k 0.01 - 0.02¢= oF 10%, 0.02 - 0.0391= < 34%, 0.03 - 0.04¢= 31%, 0.04 -
0.0591& 10%, 0.050]4d0l+= 15%7F viebwoh webs, 2712 dojel A8 AAS 1£7)3
7FA AAE ok FHe AARTHI Ue ALE JEpgoen, 7712 sk 9 @y &L n
A A AFgee A Aolrt gl Aoz dddd, X3, F7)A 4X9 Ao ¥
37F o § AsHAl Jetted ole F71AF R xR shx 9 woke] Wy} ook
&to] Uetve ddo g fas gl

™
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Fig. 13 Damping ratio of all varieties combined as a function of branch diameter.

2. A+ 2% 5 (Natural Frequency)
T712 AR #7219 AFAFETY BAE A EF EF iy oz 1&X ¢ 23X =
ZEA el #2017 FAAWMA ARIAFFrt Fotste @48 dEHo 3H, 4 EFA
FA Y AFAErE A9 #7719 A dBAL glo] +HA
o2 e 3, 10709 Fx, 147 ¥ 2xpxe] HE 854 =
vhe} o] zh FFolA AFAETFIE A, 134, 234 oz 2 ghe JEvich
O% 145 FFolY 7HA 9 REE mstAge AA o2 A9 AH AESF

A #7109 BAE WERL dom(FaaA = 0.82), Ytz sixe #7)7t Fol

=

Table 3. Experimentally determined average natural frequency of the boxthron

branch.
Variety Branch Avg. dia. (mm) Std.  Natural freq. (rad/s) Std.

Primarv 6.76 0.465 360.77 78.320

Cheongyang #2  ~ First 3.92 0.511 217.72 47.066
SRR Second 245 ... 0249 . 89.41 ... 22.006

Primary 7.68 0.806 363.59 76.818

Cheongyang gugija First 5.92 0.839 264.24 40.321
R Second 436 . 0539 ... 23384 32243

Primary 9.73 1.199 349.56 69.897

Cheongyang native First 4.43 0.514 217.98 60.109

Second 2.92 0.287 123.28 24.388
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Fig. 14 Experimentally determined natural frequency of all boxthornn varieties
combined as the function of boxthron branch diameter.
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A ET JA F7rsks d4e vEdd. B3 F3E 1A A9 AR s

SNK T3 W9 HlAE(a=5%) A% Aol7l gl Aoz vy

&
rr

v}, B]F % (Specific weight)
58 3070 F71A 7hxIe] FFE I vFHH BEEAE B 49 Yepld v
o H9e HYI2E:, FYTA, HY 1-13221.0, 9264.1-2290.6,
3764.7-12729.0 N/m’2 Jehon], B4F B4 A3 £F 7] u)3e xo]7) e AL
B oUEbs . FGr1ae] vlge]l b A HgATr b ¢e Aoz yEelw

Table 4. Statistics of the specific weight (N/m®) of the boxthorn branch.

Variety sli?r;p(ii Min Max Mean Std g?olﬁlpiirgl*
Cheongyang #2 30 9272.1 13221.0 11067.8 1191.4 B
Cheongyang gugija 30 9264.1 2290.6 13177.9 3552.2 A
Cheongyang native 30 3764.7 12729.0 9206.4 2428.7 C

* Means with the same letter are not significantly different.

v}, 4 & (Moisture content)

T2 A ERE Gra

2 YRt

flo
}]_I,
o]
2,

dETNA, Hd2s, BN 22t 45%, 47%, 43%
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4. 8% 2 48

2 ATNNE AR AN AF) 9L vAE 24 54 F @4, WEY
FAAF, B 2 PR AN ARAEE Sl vse] FETAANGRONA A
1 Qe HY2E, FYTAA, FGANE FAETOR Musie] G B A7

NE
o AEe LosY vhed 2u.

L 7713 74A ) ggrdlee 25 9 7hA 280 TE Qlo] skAel #7017 248 w4
S 2Aas9a, 7Fx2 #7)7F 2.03 ~ 11.66 mm 2 o) BAAEE 2.01x10% 4.97x10°
N/m?olQl3, AA g HF adAFsE A8 HF Aol 4.76 mm¥ o 2.39x10°

2. F71A 71A9] vEY AL ddtzow sxle Fr) WEE & oy} glloen AA)
FAAE 88/ 1A HA Y HE BAATE 6.53x10° N/m? o] 2t}

\4

3. F71A 7HAe] bl W E 0.014 ~ 0.087 & F71&A AAY A FgHgE o) ze
Ro g yvetstovt, 1 Wsglel Zo] 493 AsHAl e

4. #7712 7FA Y AFRFFE A F217F 574 wel Eotsle AL By od,
FHATE 0.828 JEbg. F71A A AR EF ¥YE EF E XY 79
3ol &F 89 ~ 363 rad/se.® EFY:

Hm g

?_
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