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Online detection system for dynamic modulus of bamboo and wood panels
ZHAO Wei, ZHENG Qiang, XU Feng* , LIU Yunfei”

( College of Information Science and Technology, Nanjing Forestry University, Nanjing 210037, China)

Abstract ; As raw materials, bamboo and wood panels are widely used in the production of furniture, flooring, and engi-
neering decoration. Among them, the elastic modulus and shear modulus are important mechanical property indexes, and
elastic modulus is a physical quantity that reflects the deformation capacity of materials under load, while shear modulus
is a physical quantity that reflects the ability of materials to withstand shear strain. The traditional static method for
measuring elastic modulus and shear modulus has drawbacks of long measurement time, tedious measurement process,
strict requirements on the dimensional specifications of the specimens, and destructive. Dynamic method is suitable for
production process detection because of its short measurement time and no damage to materials. At present, the dynamic
testing method has become an important means and development direction for the examination of panels’ modulus. The
impact stress wave method is a dynamic nondestructive testing method with the advantages of simple operation and easy
testing, which can be used for the determination of elastic modulus and shear modulus of panels. This study developed
an online detection system for measuring the dynamic elastic modulus and shear modulus of bamboo and wood panels
based on field programmable gate array (FPGA). The system used the full-bridge resistance strain sensor to pick up the
impulse response signal of the panels, amplified the signal through the conditioning circuit, and built a programmable
on-chip system with the NIOS II soft core processor as the core through the customized A/D module, JTAG, PLL,
FIFO and other IP cores inside the FPGA chip. Through the design to complete the analog-to-digital conversion, spec-
trum transformation, first-order modulus acquisition and modulus calculation and other functions, finally realized the dy-
namic elastic modulus and shear modulus of bamboo and wood panels online real-time detection. For the convenience of
users and the realization of its interactive functions, the system used QT to develop a visual operation interface to realize
the functions of signal acquisition, spectrum analysis, first-order mode extraction and modulus calculation, and it took
only a few seconds to execute a test. In order to verify the feasibility of the measurement scheme, it was compared with
the separation stiffness method test, and the average error of its elastic modulus was 1.46%, and the average error of
shear modulus was 4.18%. The system has the advantages of fast processing, flexible application and strong stability,
which can meet the demand for real-time detection in the production process.

Keywords : bamboo-wood panel; online detection; elastic modulus; shear modulus; FPGA
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Table 1 Test values of elastic modulus

and shear modulus of specimens

R WMRSE, BB ST, shASRTUIRR
¥ mmxmmxmm (kgem™) MPa MPa

1-1 1011x109x11 712 9 082.30 359.28

12 1011x109x11 712 9 213.60 353.04

21 900x109x11 712 9 047.40 331.23

22 900x109x11 712 8 874.50 336.60

3.1 1022x120x15 671 9 899.90 560.17

32 1022x120x15 671 10 245.00 573.83

4-1  900x120x15 671 10 160.00 537.91

42 900x120x15 671 10 141.00 545.15
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Table 2 Test values and relative errors of specimens

_ PRPEA By
as Eﬁ/ widiik £ AERIELE MR/ ik G SENEL G xR
FH{E/MPa - {E/MPa % F-H{H/ MPa X/ MPa %
1 11 9 147.95 9332.21 1.97 356.16 329.62 7.45
2 11 8 960.95 9 199.06 2.59 333.92 320.97 3.88
3 15 10 072.45 10 057.97 0.14 567.00 538.43 5.04
4 15 10 150.50 10 034.23 1.15 541.53 539.80 0.32

I 2 AT LI Y, BObA AE 20 i 2R e I A5 1 25
ST R 9 A5 Y 5L R A X R 25 A
0.14% ~2.59% , 1R 25 0 1.46% ; 55 VI & 1 AH
SHRFEETE 0.32% ~7.45% , -3 2K 4.18% , ik
USRI, PAAN 5 00 e 4 SR A — B W T AR
KA LPRFF R .

5 # #

BT TR SRR fE LA I R 4, iR
R TCARAEI AT AR A T2 Pk REAR A3 10T A I K
T % HRE M

1) R H FPGA FF & AR FE AL A4 BT & 45, 1
R4 G i AR A R g, R T
fEEE R 5 TR, R R BT
PEAE T NIRRT

2) w7 i B PR | T S A,
FAAVE DR AR A oh 2545 i () [ b e, o ml FH AT AR
B A Bl 25 P A R B DA F (3

3) 50 W E AR e A, N b s I % ik
DUAS (0 PR B | BT DA - A G R 25 53 1
1.46% 1 4.18% , i & T A A SLPRTE K



531

BEES 5 AT AR B S EUEE LR I R 5 155

B3 3K ( References )

[ 1] %R, S, keR, 55 M HEDREP A EARTE QLRGSR
A % B R AP A N P R T [T Ml TR AR,
2018, 3(6): 56-61. DOIL. 10.13360/].1issn.2096 - 1359.2018.
06.009.

LENG C H, YI M, ZHANG L, et al. Application of wood proper-
ties rapid assessment technology in prediction of wood density and
modulus of elastic of standing tree of Machilus pauhiol [ J].
Journal of Forestry Engineering, 2018, 3(6) ; 56-61.

WA, RN, Eabk, 55 7= 02 v MRS SR PR 2)
G ERE [ T]. WAL AREBEE M, 2017, 32(3): 211~
215. DOI; 10.3969/].issn.1001-7461.2017.03.39.

TIAN Z P, WANG Z H, WANG J L, et al. Classification in mo-
dulus of elasticity and mechanical properties of larch lumber in
Mohe[ J]. Journal of Northwest Forestry University, 2017, 32
(3): 211-215.

AIRA J R, ARRIAGA F, INIGUEZ-GONZALEZ G. Determination

of the elastic constants of Scots pine ( Pinus sylvestris L.) wood by

[2

[

[3

[

means of compression tests [ J ]. Biosystems Engineering, 2014,
126 12-22. DOI; 10.1016/].biosystemseng.2014.07.008.
eI, RO, TRSEEE. MR S AR e R A I B A BT ST Y
KELT]. Ml AUS AR T4, 2005, 33(3): 8-11. DOIL:
10.3969/].issn.2095-2953.2005.03.002.

PANG H F, ZHAO H, ZHANG M L. A study on the development

of numerically controlled testing equipment of plank elastic modu-

[4

[

lus[ J]. Forestry Machinery & Woodworking Equipment, 2005,

33(3): 8-11.
[ 5] BB, %82 BOMBERRIFFERT]. T FORIC
Fil, 2011, 30(1); 1-4. DOI; 10.3969/j.issn.1000-6567.2011.
01.001.
WANG S M, JIANG S X. Timber acoustic vibration properties of-
Moso bamboo[ J]. Journal of Bamboo Research, 2011, 30(1):
1-4.
KK, MR, FRIR, 55, RSN R 32545 IR A
TIRLEL [ T]. SR, 2011, 31(3): 1-3. DOI; 10.3969/
j.issn.1005-4642.2011.03.001.
YUGX, LINY F, SUJ, et al. Simultaneous measurement of dy-
namic Young modulus and shear modulus using vibration method
[J]. Physics Experimentation, 2011, 31(3); 1-3.
[ 7] FEWF, ®rsr, FRE 350 MR I AU GE Ak i A
FE0)]. TR, 2016 (8): 21-23. DOI: 10.3969/j. issn.
1000-0771.2016.08.06.
WANG Q, HAN L L, WANG T R. Research on intelligent im-
provement of dynamic Young’s modulus measuring instrument|[ J].
Measurement Technique, 2016(8) : 21-23.
HODOUSEK M, DIAS A M P G, MARTINS C, et al

Comparison of non-destructive methods based on natural

[6

[—

I8

[

frequency for determining the modulus of elasticity of Cupressus
lusitanica and Populus X canadensis[ J]. BioResources, 2016, 12
(1):270-282. DOI; 10.15376/biores.12.1.270-282.

[ 9] KANNAR A, CSIHA C. Comparative analysis of static and dy-
namicmoe of pannénia poplar timber from different plantations
[J]. Wood Research, 2021, 66(2) : 195-202. DOI. 10.37763/
wr.1336-4561/66.2.195202.

[10] 44, ZE. BT Nios I BB Y& BRI R S BT 5 9230
[J]. ARHETHA, 2020, 43(10) ; 59-62. DOI; 10.16652/
j.issn.1004-373x.2020.10.015.

FU Y, LI C. Design and implementation of audio playing system
based on Nios Il soft core [ J]. Modern Electronics Technique,
2020, 43(10) : 59-62.

[11] ASTM. Standard test method for dynamic Young’s modulus, shear
modulus, and Poisson’s ratio by impulse excitation of vibration:
ASTM E1876[ S]. ASTM, 2015.

[12] 5kA, R, BB, SR Qsys SLILIY I M BRG],

BACH FH AR, 2021, 44(10) : 15-18. DOI; 10.16652/].issn.

1004-373x.2021.10.004.

ZHANG L, ZHOU Y Y, HUANG X H. Time management system

realized by Qsys[ J]. Modern Electronics Technique, 2021, 44

(10) . 15-18.

SHALIEE, RS, BT S R o A SRR I

BELI]. ATk R 22 4, 2017, 35(3) : 422-427. DOI;

10.3969/j.1ssn.1000-2758.2017.03.010.

DIWU Q Q, ZHANG W W. Measurement of distributed displace-

ment for elastic body based on strain gauges[ J]. Journal of North-

western Polytechnical University, 2017, 35(3) . 422-427.

[14] =5, FFF8L, Wik, 55, FTIFTAEIEA FFT Podisik[ 1],

Rlegdi AR5 THE, 2008, 8(16) : 4709-4714. DOI; 10.3969/j.

issn.1671-1815.2008.16.072.

YUAN Q, GUO Z Q, YAO Q, et al. Highly effective FFT algo-

rithm based on parallel techniques[J]. Science Technology and

Engineering, 2008, 8(16) : 4709-4714.

XRE , HR M, BUA. 25T QIVE B FEE N TRl

[J]. BACH FHAR, 2013, 36(20): 110-112. DOIL: 10.

16652/j.1ssn.1004-373x.2013.20.028.

LIU Y H, CHOU W S, DONG M J. QT/E-based handheld moni-

tor for serial communication with lower computers[ J]. Modern E-

lectronics Technique, 2013, 36(20); 110-112.

[16] TRAT, TP, . 23 Wl Bk N A A AR = b
ARBEFOIBHE AR IE )], AR S TR, 2012,
34(8S2): 177-180.

WEI P X, WANG Q Z, ZHOU D G. Shear modulus’s measure-

ment of laminated veneer lumber from poplar through separating

(13

[

[15

[

rigidity[ J]. Journal of Civil, Architectural & Environmental En-
gineering, 2012, 34(S2). 177-180.

(FTHEHmE W)



