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Fig.1 Detection device of wheat straw moisture content meter
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Fig.2 General frame of moisture meter’s hardware system

=

+5VZ
RV3
—

: g
JS' JE R3
1CL8038 |6 +5V
R1 ,_§—_SWEEP + D ADJIE A
L FM BIAS  D_ADI2

RV2Z - LIS ADJI 0 oo
SQUARE-Y- R4

1 g
S_ADI2 3
- SINEF———_ 13+
[] RVI 10lcAP |, TRIANGLE[—- 1

2]
AD8032(1)

1.2.1  FRICA M B AL 22 o, 3%

1) BHPTA I 7 vk

KISV R 58 R BERE = 16 E Bl P AR
KRBT, o & R il 3 s, K 3 nifg

Z,=RUx/Uo (1)

X, Ze WINPT, kQ;s Uy g B RS U I h
55, Vi Uo NIBHIRRBMHKILHE, Vi RN
TR, kQ.

1ESZ A WU E 5
L Zy R

f'y—

E u()

v

e Zy AEBAST; R A BB wx AR 55 u, Rl R
Note: Zy is impedance to be measured; R is feedback resistance; wuy is
excited AC signal, and u, is output voltage.

B3 a5t
Fig.3 Auto-balancing bridge method

FE C A0 PR R RIIE 5% A WS 5 U x 1
UL R, S O R R R R U,
AR EMBLBT Zy AR

2) IESZINE T R A L%

VAR BU S 5 A AE 2% ICL8038 Wil (5%l
SRR, BOTREE 4 FoR. IEZEE S
1 ICL8038 f5 i1 2 (SINE) #rt, LMk e v
FEIRAEI 0.22 fi5. b T H&m ek naae s,
P ADSO32(1) ALkt — iRk RS o an i
21 1.1V, SFN 104 kHz [FIE5ZAS RIS 5 w0

F T $ '

A2 9 o oo 3 RE
ALLO A1 o1
svisy ella0 102
ﬂl 3 lyo o312
16 lvpp 104
7 \VEE 1/O5|>-
8 lvss /062
6 INH Vo714 ca,
L CDA0S B 5y )I
4 ; ° x, . ADS36A . _
—— = ) * L1ov —%—X‘(K} W@—% P2V
~ADs0320 Y Al HSZ% |
e - U, Lg% COM% +—iI
= IjBI Iout:]

TEFLBnE 5 R A L

L — U e e S R D L AL — FLUUR e LB

B 4 FRIA N B AL 2T W, 34

Fig.4 Detection and processing circuit on impedance

3) HL- H R 4 J R R D) 4 L i
FH 9L - FE e 2 480 HL i P s SO A AD8032(2)

e RSESCATOR L e, B BTA% s 2 TRV IR DRH LT Zye
B I SO K SO A\ i o S A5t ph Ay



48 Rk TR AR

2013 4F

fUIF % CD4051B F st FH (R7~R11) 41k, H
MR g (B 4) o e 3B BT vE
M, W& T SMNMUEER, 254 0.16~0.8, 0.8~
4. 4~20. 20~100 FI 100~300 kQ.

4) AT Y- LI B LI

ADSO032(2)i i LI EAE T uoy AET
JEEEANHE, TR DR A U F AR S e B ok B R A
T AW HH ADS36A 58 BAC I A EL I 1) e (1]
4) . % AD536A Jafint [ WBHBT Zy 224k B H
& Uz
1.2.2  EA#40 BRI 5%

A SCR B s 3 T T YA R 1 2 R
FE o T IR R AL FE L B A0 ] 5 BT

|
R
!
.jo +5V
3
R +
. 1 2 i
SIGNAL[— — _~KE5532
NCi—3- —
POWER -G
s g et
AL v Y

A5 JRARBL T b5
Fig.5 Detection and processing circuit of pressure

i 5 i
U,=-UR, | Ry (2

A, R W AR S I b iR, kQs Ry I 5t
P, kQ; Us WL R LIRSS, V;
Up Nia ORI B R, Ve

X (20 ATEN, Y U MCBTHLRE R LA,
R Up 5K LSS B P UE Ry AFAE— X}
N IRZR, M0 FA% B (1) BB X5 BT AR 32 1
NAAE— KR B, W EHHEE Up
sl nT AT 42 s R ) s BT 7 2 0 s 75 kT
LM AT ) AR B
1.2.3 REAN &%

P R SR R A R, HAR DA B
HH EE FE A B B 1 T mr T ek . SR DS18B20 ¥
TH L A L i P 6 s

——P>+5V
RI13
p3.212 3
vec
oD
AT89S52 = DSI18B20

A6 REAW R

Fig.6 Temperature detection circuit

1.2.4 A/D 43w 3%
A/D Bt i R 2 E T 2 5] 42721 12 A7 T

K HLE IR YOE T S e ds TLC2543. A/D %
el 7 fros. B, B R A\ i ANTOS
ANTL 5 5l 3e N BEPURS I R s A6 D0 75 21 1) T
i ER= U, F1 Up, HIEH A 0~+5V,

VA
e—Llan0 vec2
o—% ANIl  EOC g L pi0
—=—{ANR2 CLOCKH2 |
AN INPUT|— PL.1
—2—{ANI oUTPUTIS 3
7] ANIS _CS|—3 P1.2
——{ANI6  REF+(—3 .
S jaN7  REF-H3 P13
ToANIS  ANIIO—= s
GND  ANIOL P14
TLC2543 =
— AT89552

A7 A/DiE#EiL

Fig.7 A/D conversion circuit

1.2.5 HApis B B ek

B HLIE 26 [ ATMEL A 5] 2E 7711 8 £ fakdas
2% AT89S52, dh#RMIAE A 11.0592 MHz. 4 AL
PR 2 ARG A R T OB RN B K R i
B R RO BoR4s LCD12864

] 8 S A ST T 1) /N ZEAE T 7K R A IS At
FEL 6 S S R

B8 iitay s AAEAT SR EA MR B3 S BN F T &
Fig.8 Diagram of developed wheat straw moisture meter’s
hardware system and measurement

2 AR R G R

R I ASCHAE 2R e I e v R AR AL 1 BT
e WAFRGEEASE TR BRI SR
A/D B P RENy s BRI TR WU s TR
(RN (/3 V7| SR QDN G = 87 7 A B s

TP SRR G TG SR % 1 R
IR AT B SETH IBOR ATIR AL TREF 58 O
Al R g LCD12864 AR . AR5 HEAT Hc Bt
i, EATIhREREAL N, WEE AL s U TR
PATREE M ThfE; A3, WMPAT BRI 12
Fe, SERONBRBUE SHIREE. ZJn, ik A/D
o7 FEFP SEMBHHUAE 5 1 345 5 19 A/D Bt



523 1

FRICNNAE: AU BHLHTIR (/N ZEREAT 5 A S A A B v 49

[F, R ERE TR, LR EE SR
. i, BAEBMEYUE. EIEREEE,
AR AR PR RS AR .
iR PR, CKBAPUE . RO BRI
KFAHE/RT LCD L.

3 BKFEMEEABET S0

3.1 RIERAY

TRE AL BL N W e B X 5 ZR IR S5 /2 itk
979" FEFF o K ISR JC HUFE 1)/ 2 R R BY i K
(30+£3)mm HIECHF, AR iREe e .
3.2 RWAHE

71 105 °C IR SRAE HHET 10~15 g [ Jlh
FEFTREN 3 4y, HZEmEEES. 3 MR A KR
TP YIEAE A RERT M UR & K% g Ui, A
FEFF I EETE L5 KRN 10.4%. 1§ 7] MP31001 7Y
B R CREEE 0.1 g, BIgESEFIE- PR
FRATD FREC— & S RS FERE i e T kA4S,
T8 3ok 1) B AT D 2 S N2 B 1 K I =R o
T IE S IKRAE 10%~20% I FEATFES o AE7 N2 2
TIPSR A E R, DK 35 A . Bl
SRR R BB G 5T 2 CRIAE =T 2~4d,
DI 7K 73 AR ARG FTAE SR . ok T ORAIE K 43 43
51, RERESIFES 3~5 W WIHT, RAMT
TR R RE S SR /KR o IRIE R il 1 52 i I
BKE N 104%. 12.5%. 15.2%. 17.6%H1 19.6%.
BN EKRE N IR 8 3 4, DU 3RS 3 4
AN AR

DN I 3 B — 5 UK R 1 — A RS AT AR AR
IORE S, BN — 2 TP, il RN LE
MR R RE AR i () T, AR A A T A 1 A
THEAE S AR S ARG, AR A 28 1,
JIN 2CH i E . YRR R 2 C AL
i, AR, ORI E T YHG-400BS Aic 4l
AMER T A (LRI R IT 280 D, IR IT
RV 7K S I 2 W T L o A M AN RS AE AR
HLy, PRIUEHLRG R A% 28 R T AL s 55t il
FES el . e TIRA IR E N 5°C, e
VR EIEEAE 5°CZY 3 min I, I EZIREE R RE 5L K
PHPTIE . AR5, MIREE TERAR IR 104 15,
20. 25. 30. 35 f140°C. MEEET 15CHR, M
—/MNMEEFHR BN — MR R FE 7~9 min,
MR KT 1SCRE, 2 12~15 mine 45 i
PR S B WoEE )G, K 3~5 min DUORIEFE
AR A RIE 2, ARG DS BEPUE . BN S KR
FIEEANELE R E A 3 9k, 3 YR &~ (e A g il

AR

2 1R SCBE R (B B0 DR
AEASTRI K AR SRR IE T (BT
R AREKE, FREEMRE T/ NERBITNERE

Table 1 Obtained impedance values of wheat straw samples
at different moisture contents, temperatures and bulk densities
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753 594 59.1 589 58.1 56.8 52.7 46.5 382
10.4 80.6 593 59.0 588 579 57.1 549 482 402
852 575 563 54.6 528 51.1 48.1 429 344
762 533 531 527 525 502 438 38.0 26.7
12.5 83.0 552 549 546 53.0 509 474 374 21.7
873 558 555 553 545 513 422 354 252
78.1 427 425 422 383 299 209 112 6.0
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1013 101 99 95 69 53 43 23 17
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Wheat straw moisture meter based on alterative
current impedance method

Guo Wenchuan, Yang Jun, Liu Chi, Zhu Xinhua
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Wheat straw is a main kind of straws in China. Since it contains a large amount of fiber, wheat straw is
used to make paper and produce particleboards in different densities. Moreover, high energy content in wheat
straw provides an opportunity to convert straw’s heat energy to electric power. Since the unit price of wheat straw
is based on weight and straw decays when kept in a high moisture state, moisture content is listed as a main
criterion in wheat straw consuming market. It is also an important factor in straw’s application. Therefore,
moisture content detection is very important during wheat straw marketing, storing and processing. Since the
traditional oven drying method has the major disadvantages for long time measurement and unsuitable for on-site
detection in collection fields, developing the new kinds of wheat straw moisture meters with advantages of
convenience, rapid measurement and high precision is needed in wheat straw industry. In this study, based on
alterative current (AC) impedance method, a straw moisture meter, which can detect impedance, temperature and
pressure, was designed with an 8-bit single-chip microcomputer as controller. Experiment was conducted at five
moisture content levels from 10.4% to 19.7% at wet basis, temperature range from 5 to 40°C at 5°C interval, and
three bulk density levels (75.3~101.3 kg/m’) at each moisture content to study the effect of moisture content,
temperature and bulk density on impedance. A cubic equation on impedance as functions of moisture content,
temperature and bulk density was established. The significance effect of each variable on the regressed equation
was analyzed. The results indicate that bulk density has no significant effect on the equation at the significance
level of 0.05. Therefore, a cubic equation of impedance with two variables of moisture content and temperature
was regressed. The test results showed that the regressed cubic model with two variables can describe the
relationship between impedance and moisture content and temperature exactly. Based on the obtained impedance
and temperature, Newton iteration algorithm was used to calculate the moisture content of wheat straw. The
experiment indicated that the absolute error between calculated moisture content with the developed straw
moisture meter and actual value obtained by drying method was within -2.0%-0.9%, and the response time for
predicting moisture content was within 3 s. The study can provide a reference for developing convenient and rapid
moisture meters of wheat straw.

Key words: straw, moisture, temperature, single-chip microcomputer, impedance, bulk density
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