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Research and Development Hardware System

for EMF Signal Converter

Abstract

The electromagnetic flow meter (EMF) is an effective instrument in measuring

flows, which is one of the most important process variables for measurement -and

control in industries. With rapid development of the state economy, the demand for

EMF has been growing rapidly in recent years. But foreign manufacturers in the

mieasurement field have occupied domestic market; what is more, the technology of
their products is strictly confidential. With the background of all the above, an EMF
with téchnique intellectual property right of China was developed, and it could handle

the very important problem of measuring the solid-liquid flows on line, such as pulp and

paper, at the same time with low cost and high precision. The main works in the thesis

are as follows;

1.

The development of EMF in the world was summarized. After studying the
excitation technique at present, Using the latest chip technique the thesis
provided a whole low cost system of EMF signal converter with AC excitation,
which was composed of special purpose chip, microprocessor, analog and
digital circuit.

A hardware structure was provided after analyzing the performance of the
hardware system. And seven function modules were designed, including
analog signal processor, the interface between analog and digital,
microprocessor control module, special purpose chip, input and output
module, the interface of display module, power module and system structure
design etc.

The system was designed with a special kemel handling complex logic with
teal time performance, and was encrypted. At the same time, combined with
the analog signal process circuit and microprocessor, the system succeeds in
filtering the AC noise under complex electromagnetism conditions. The
system was designed based on Two Process structure of VHDL language. It
has good inheriting, high expansibility, and it would make ASIC with low cost
after more functions perfected.

The thesis implemented the conversion of signal in milli-voltage and
elimination of in-phase noise combining traditional amplifier with
programmable amplifier. At the same time, the limitation in conductance of
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liquid is released.

5. An EMF signal converter is successfully developed for the sample, and
passed not only the simulation test but also the real flow calibration .
Compared with other EMF, it did well in measuring the impurity liquid with
below 2% relative error and rapid response. It is much better than other EMF
on the market with some performance specifications.

Key words: electromagnetic flow meter, AC excitation, ASIC, MCU, cross
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LT B AR ML B R AEGAEE, TR R IR SRt S B
RS R LRMAE (ALE), [EREmREAT R |

ms&%ﬁﬂm&ﬁ

WE ISR, (RN EL, AN EMRAANZ TR, FERSRREN
EEMEBRERMLRRN BRS, AR oM BrnaS BARSHERLER,
[ i 4 A SR % P S e M PR 2 A LM A5 B BBl (8 A & (U B AR
ﬂ%éﬂ%ﬂﬁ%%ﬁﬁnﬁﬁ&mDﬁxmBﬁ\ﬁﬂ%@%%ﬁﬁm$ﬁﬁ
¥l 2 ME W B At ( DOT MATRIC LCD MODULE ).
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RECISTER s e, ZoDRess
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i BUFF ER
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INTERRLIPT, SERIAL FORT,
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J— CLANTER
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FoEn
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Fig. 3.16 Block diagram of MCS-51

BOHE, H 8 £5RE, =4 mHI%. T 5 M0 RN BIREHE, BT
ABIRRES, MAFEREY T4 B 3.17 R7HRERNEBER™, Tl
HD44780, HD44100 LA PR A4 K. AD4410 24 B BRF R R (Bl 16
S | AT HDA4100, 16 4 X 2 FTRSSRE I 1 4 HDA4100)
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FALKFA L FERL

BIFTLHATHETHBRBERS ARt

HD44780
(KS0066)
E

———— = R/W
—— RS

— = VEE
—— = VDD
= GND

LCD

COM1

COM16 . i
@E@U SEGHNES SEGADN

B 3.17 FRERK REER
Fig. 3.17 Block diagram of char module

FHE 32 BAERGEME

Table 3.2 Selection of registers function

RS R/W # .

0 0 E4EFEARNGA

0 1 f-br S AT LAl B AR iR Y
1 0 HIEFFEROREA

i 1 BORFFREN

FEUARAR N1, R IETERAT N ERAE, SR R AR TR S EEOR, B
SRR, RS N0,

= 33 BEE
Table 3.3 Instructions
B4 B 4 B U] HAT A B8
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBt DBO FCP=250K
HZ
% FIL L L L L L L L L H #EEECHE 1. 64ms
B m L L L L L L L L H X|3#DDRaMHehbA® Binnl| 1. 64ns
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FARFRE S L

%3 FRARBTT T4 B £ Rkt

WA

L.

L L L L L L HID BB BT F R E R AR T | 40us
" B ] &)
BRFFL L L L L L H DC BEEBRFXD), BEFXQ), B | 40us
£ #H FRRLIF R (B)
B f L L L L L HS/C RLX B g B, FIRRSE DDRAY 40us
HE
hEEWE®E L L L L H DL NF X BEROEEAH 0L, BRTHRL), BF | 40us
' ' K (F)
CGRAM |L L L H - ACG W CORAM 3hit, ¥ B /e CORAM #4830 4% | 40us
MR F btk g
DDRAM |L L H ADD % DDRAM Hhkk, % 5 /5 DDRAM 3R 4838 | 40us
Mg babe T d
EHEEIL H BF AC BT 5L (BF) 4B 4 54 7F I 78 ]0AT | Ous
(BF) & i HEaL AR
Hh
H % ®H L HHE S 4R B CG 2, DDRAM 40us
CG/DD RAM Tadd=6ns
L R SR i CG 2 ODRAK 40us
CG/DD RAM . Tadd=6ns
/b LEEFR :RETR DDRAM . B REUHE R AT ARG
S LB CGRAM: PR RR RN FIFEER
S/C 1 BRBLL, 0 MR ACr FAT DD Al CORAM Mkl #hik| s
R/ LEB, 0 A% W ]
DL L:84F 0:4 6z Fose Bifep
1:24T. 0:1 4T HITOHZ
1:5%10,0: 5X7 H s X
BF  L:pIfRIRE, O BRI 250/270=
37 us
RS HAEBER
RN E/H

LCM 53t S mE D mE 3. 18, K AT89S52 i P2. 7 #4I LCM & 7 8ik
55 (RS), FMAEZESELESHERFEERERIESES ®R/W) , &
BRAENEESHOERBNEIESEEEME. SA88 R AIFIT LONE .




RARFALEERL # 3 FOBAFIESHAEAY A AR

- — e —————————

4 I

A | .
. i

[

B 3.18 LCM S b B gm0
Fig. 3.18 Interface between LCM and MCU

334 BEMAERAET

BET ST, DEDRENFABREY. GRERLET— 60
BB S RS, RO BRI, BT R
BOREf S BAS, P PTITOL R SR, B A R ALR AR NS
IR L M R AT AR, AXRAEE. THIRBER 1/0
DRI — AR, B EAMENIS, RRRBETARAISNTX AL,
ERH R T ARRRE, TR R R B TATTRY n REIFIEH n,
B 447, 4 FUFAISR ERRREOT LA 4X4=16 . HHTUEBTFIXE
STERBRSN, WLTE /0 O%. B 319 % ax4 FFIREE N0 HRER,
8 4 1/0 %Ak 4 £ATEM 4 7%, HEREATRNIILTAL, WK
TEALMF A BT ARAIE b, TR — N IEE sy ML, ERE
BT, AL TRATRE. HNATERE TSR, RFENTIE 1/0
NUEET, RESTFRNETREEABIE A H. BERET, TEHE
BEGTRE, BHRET, FAEONE NIRRT, MHEARETE,
AT RS . ETER. KA — VIR ERAER Y, RAERER
FRIRS, ELABET, HUMSRFESF @HEED, HR4e%h 1,

NHEBWERESR, HERAMREFIITHNR A LERELERFY, &1
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b KM Fain L 3 F@ AT IE TR B R R it
BAWIRT T — S, BT 1/0 R NEIRRMNITE 1/0 DA K HE
AR S RMES ., LAFSIME 3.19. ALE R ARULEE, FAFiEY
. E¥R /0K, BHESRAEREHLINER, ¥R /0 nEdERLE
St BRI B EEME. RGN /09 FRIFE FEE k.

C RO

+5V

i M 4
ME Qo B
LY
a2
o o

03 [
wAge ——— 5y B

& 3.19 BEmAR
Fig. 3.19 Keyboard circuit

3.3.5 A/D 85 LR

LA BT EHNR, B, WOBKRE. FESI A/D B M
WS, HET AD BERBHERSHFRRS, DHETRANEE. ¥ANH.
Am%%mwMMm‘wmmﬂﬂm%o%Eﬂ%ﬁﬁﬁmﬁﬁﬁﬁ,%umﬁ
512 AT A/D $E 438, ADSTAA B 12 LB YORIEEL A/D $eial. BHYEBR A
FEBUE Y Y 26us (12 8630, HHEHEE 0.05% BT HANAEZSHHENE
B, BT B35S &g B 8 Rrak 16 (ridibsmet AR, WIS M IS & I
%,E%ECWS&ﬁLﬁﬁ.ﬂﬁﬁ@ﬁEk,Hﬂﬁﬁ%tﬁ@WﬁEﬁﬁ%
S, WAMEAEERET®, KEERsIMLT.

AC: FEFLHh

DC: #FHb

CS: Frip(Es, KBTHEMK

CE: HiTfE, BEPHN

R/IC: ERHES, WHVEEE, KETHR

12/8: BEMIESE, BRT 2 AEEREAR, KR ENE— R 8

fr, EBRBH4 PAAHE.
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R RFMLFEHEL B3 E0AETRTHAEESRE LRI

M NEE BRI, 712/ RO, BRI 8 ARE
M, TR 4 A, P4 BONE, 4G, ER/C HIEMES
F, ERTRD 12 RS, TR S M.

STS: THEREHEE, BRERTEENSE, BRTRTHIEE,

S RO B, TSBU A S 10V ~+10V %58, B{FETLmE
3.20

12V

VL vee
R4 CE

| RT DB11
R — A0 D810 o R B

— e <?:j
y BIPOFF DB? [~
DB6
REFOUT pes |
o4 [ N
REF N PBY —— HoiE Sk A4 i
pez f-— (T
) 2viN pBt

J—1 o DBO
G—1 Be

i o B

Do Qo
o7 a7
LE

VEE

|

-2V

B 3.20 ADS74A H O REE
Fig. 3.20 AD574A interface circuit

3.4 EFRWSHEIT

3.4.1 BB (CPLD) EiE

CPLD (HZATHRBEEAE B—FRAEEENTHE 1/0 5w R
RIS, RREAKTHE. RHFERENKS METKEAREERN
The, MATSIHLE 2Rt PR ThRE. 4 CPLD A FRRAK R RE, FEHH
gatisk, FRATIIE RGTGRE. M B RGHH A. CPLD AR HIED,
LU R A A B — AN MR, SEILR A MU RIGZhEE. B, SKEUR AL

A, 778, 8255 ZohEE: BEENME. MERYRBTOEAFIIER
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bk 3+ F 4R X %3 ¥ oA IS SR B £ Gt
WS BRIhBE . SEIMARNARLMREYE, HRE T RN R ERE.
Xilinx 7MY XCO500 R RIS EEBIFR —KRIER. B ARTHE
BEEM, NEHLE, TESSHATL. FHIT. WHE /0 £TMTHEN
REEL. B EERAE:
1. Bt e ZENTE TSI Z 5] pio-pin BERS Sns: RGN R EREEEE
&%) 100MHz.
2. HEEEK: Xilink 2 78 XC9500 RFI T HREEFMHERLE
% 36~288 NE BT, ARARLTA 800~6400 4.
3 5V FELR R AR T LAZWAR 10000 K.
4. HEBAHEEBUERED:
5. A~ F R TEE T REEFEN:
6. W RS A iR AR /.
Xilinx [f) XC9500 BRFI T fmiziBIR 8 0F 0 LRI AR IR, 3. 4 FT5L.

F#% 3.4 Xilinx XC9500t F 7 21
Table 3.4 Components of Xilinx XC9500t

I H  [XC9s36 |XC9572 [KC95108 XCUSI44 (XCOS2I6 |XCOSBS
wamA b6 2 fog |4 e %8
TAEA 00 [le00 400 5200|800 [6400
EHCHA B6 7 08 44 P15 288
fPDins 5 5 s s o o
Sums | ps s s s 60 |0
(CO/ns 4.0 45 - 45 45 160 60
oNTMEz 100 s 25 ;s i [
SYSTEMMHZ|i00 33 [833 33 o7 es

P fr=16 (iR TR, fm-ggf\%\ﬁm%mmz

3.42 F R E TS R IE ORIt

CEHG AT ERME 3. 21 B35 E 1/0, MR, REEL. kb

Hrk. §RE 1/0 BIESRS TR EIOREAE IS RERA TR IR
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A K FEF LR # 3 T OBAEITE T HR SR R T

W B DT A R L MR S s MR RDI R bk B R
RTERUE B B S, AR A/D B MR, LOL. BRELYRR 1/0. MIRBHIK
VLA B A2 R SRR B BRI R, SRR TR
KAt L R R, R R R B R B S 0-20mA B
. HABPRHI B 8253 BT AU RIKHILL .

6 P B TR, T 3. 22, FUEDHEMRERNEE . BUR M. Ml
BIAE (ALE) 575 ) AREERN T,

—l  FRIORK | wasmam J
—-| Bt G H AD. LCM. 10 [
o |
i
:
-
: L»’ SRMIER | bR |
| A

B 321 FRGASHIGE
Fig. 3.21 Function diagram of ASIC

A1S Als
SR o BN s
i i
B ALE AE - 10;
ﬁ o7 or H .
- el : 0
5o ' Do R

B 3.22 FHBFEORT
Fig. 3.22 Design of ASIC interface
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'
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B REEH? —  ThEEIE Y

Wb R

l

TR

B 3.23 TFHH AR
Fig. 3.23 Design flow of ASIC

343 ERBRARITRE

REFE VHDL B 3 B, SR B A TR k. SRR ETEA T
REARGAGERES, O ERTRESBEIATAL, BREZREATSE
Bk, XA R A T A E R A, TR, Rt
R, T FLAYUSALAT CPLD SJE/B BB ROREHL, FIRHHEIN T B3 MOEERIAR fh . R
F VLD 15 B MR ORI 3. 23 FTR, R SCHEAT RO HES A, BT
RIS, BT RS ERE, RIBH, TSR ER RIL) BB, /5
B, BEAGATAMNIENER, FRISHE.
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FAL KM P g3 ELmATH SR £ 35 R Bl dey
344 ERARERITRTIER

SRR VEDL RAEAIEZS: O B R BRI A e X CLUERR
pack), ENSEMERES (LB uwpack), TEF (RAERERILID,
pack & upack 5 mcore BT EIBIKE, FEOEE LAMNREE. WA
BRI Y. W EOIRR R X AR . ERFERS EEARE
BRESIN. HRAELHEMMT:

library ieee;
use ieee.std logic_1164.all;
use ieee.std logic_arith.all;

use ieee.std_logic_unsigned.all;

package pack is

end record ;

1

component mcore is

port
clk : in std_logic ;
data : inout std logic_vector(7 downto 0) ;
inputs : in in_type ;
outputs : out out_type

- 48 .



A K a4 P B3 AT AR BB A kit

)
end component ;

end package ;

unpack XS T 2E 55 HkEZD.
library ieee;

use ieee.std logic_1164.all;

use ieee. std logic_arith.all;
use ieee.std logic_unsigned.all;

use work. pack.all ;

entity unpack is

port
—————— S RS
)

end unpack ;
architecture struct of unpack is

signal inputs : in_type ;

signal outputs : out_tvpe ;

u : mcore port map{clk=> clk, data=>data, inputs=>inputs,

outputs=> outputs) ;

end struct ;

mcore i{*%m-
I 14



E%k#ﬁ&#ﬁﬁir %3*@&%&%@%%&%&#%%&#

library ieece;

use ieee.std logic 1164.all;
use ieee.std logic_arith.all;
use ieee. std_logic_unsigned. all;

use work. pack. all ;

entity mcore is
port{
clk : in std logic ;
data : inout std logic_vector(7 downto 0) ;
inputs : in in_type ;
outputs : out out_type
)

end mcore ;
architecture rtl of mcore is

type regs_type is record

end record ;
signal r,rin : regs_ type ;

begin
comb : process{r, inputs, data)

e 270 P IE S

end process ;

régs p?ocess(clk) —————— [ 25 i e B A7 HE TR

050-



R R F A R B3 & QAR T IHE S AR B & 4Rt

begin

if (clk’ event and clk="1') then
r <= rin ;

end if ;

end process :

end rtl ;

RGN RERER A VEDL OB SEIINIG 3. 24, BANKr. FRIRRBkP A
BRI, BT SRS RAM R RS T LMY, Rl A
i Modelsim {FELANSLIH AN, RGBS LIE A 16kHz, o CP %
Rk, FP R B Ak, CLKO A&k, Huhb Al AR g Ny,
CEPROM, WR, RD HFZ7EM, ZEHERHMM, HEATTHHERAZE— B

KTAERFRRIE, JRAERAESENRECRES, £ ELH S
—SEREIIRK A, —BRIE CPURSAT NG, i — AR BB,

EEPRDM

-

;

%

p—=
?ssszi
P L

3.24 BRISHTRELIRTE
Fig. 3.24 Waveform of ASIC realized function
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Rk FMELPiin T FI3FGEHAT A THRBEN AR

3.5 EEHMBERTRANHERMNRT

fF T HEHAHTHBMARLEFEITTRXEF SRA SR, LA 4-20us 75
(o, AR IR E R T AT HE, TR B AN S RA AR, X T 4-20ma
EEAMMEERE, EHHESRRMERRR, USIT SMUNRE, #
ARG BAYEREBE(R S .

R AT ECR B BB EAET F RN SR E RN R EY.
H 556 I 4 AL ST e AR B LR AR 5 ROSR 4, 1 R XE L% MOSFET P # A B R Y
B, YRFHLAE, BRAMEX, RERENND. Bk HEE 3
B ESMARERE, REREARA, LU-TREMHARY, KEXE
g IR B HOR IR Bk b AR

0-20mA
R gy

T A
—

FVES:

IVE

B 3.25 Ml R
Fig. 3.25 Principle of current output
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B 326 RBEREHHEKE
Fig. 3.26 Circuit of power system

3.6 RIERZEIT

B 3.26 BIERLGRY £ 12VDC, +5VDC, FHREHRE (AC), HIRMBH/E,
Hei+12vDC RAERZHEES, HilERREARPMRHREL, Ridy
BEMBEETROER, BEEMNERIRELAGERFT =518, BRRED
RS A% (ARG, RUE BRI (R AE) MadtEihig., XHNANY
o “SUEMEER, FInSmIBES 78xx RIITTRH 1. A HiEH i R
5V, 6V, OV, 12V (rMiliFefE. =MEMRERHER+ITE. A, RE
MERERPELEXRSENER R T, BRLELHENS REER
TR BEERG LR, fll, WERERAMAGRALRHAS, B
TR IE . U R, D RAREERY . REARRHSFAYREHIE,
RS H ORI B, +5VDC SRR S RO A IS AR, DL AR R A
SieT S E . MBI R R B A — e BB A R R A B
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Fdb Kk FA L S 4ab L # 3 R R EIHE SR B AR A skt
3.7 BHEFBRRRAZEMRZIT

B A MBA S HAE THIYOEE B B T, REEEOE UM
A, HERFERUER T AFBRARIBRPEEGNA, 4 MK AR E.
Bk, THREMEEARR AR TANERZRY, WHRETROTERS,
HPEEE.

LM

PR AR RRT R ROR M. R e | A B B T A iR
FHk, BUAT AR TR AT RE R R A, B, ERBRANRT,
B AR S EEY, ORERMAEE BB AR AR B T M
MABRH%, HERAMNEIR, MAETH PSR, ERE TR
B RRY

2. MR
R R ME TR M AR, SEEERE SRR EARE. B

by 6 WA S b L B () FRL R S O B R BT AR i, A E P T
s ok AL 2 A S L T B 4 9 0 £ B L B S S R TR B (e BB AR & A
RrRR B B R v R R S A B, B R RO A RHE A R A
A5fE, MF {52 EHLER M T LR AR N 280 R TR R R B R A
BT PR AR 2UAR O3 R

3. B ‘
RS S AR TFImE—F S, ATRIERS AR THARS

B O PR BT T 4R Sk . BB SEE SR AR AL
IR BATMBIER . (BB B M RTRAT, HIEE e
ERESTFRESHAESBOBTE, TRSE ARG SHRARTRES
M RAST, B MM, R TR R SR ST AR A R
M, (SR RBIRT P RA T £ ROFRICEEEE, A8 TR NIEEER.
1. FH -
B R 3 2 SRR TR B R TSR L R R BB A SR TR R AR

%ﬁ%@%%%ﬁ%ﬁﬁﬁ&#ﬁﬁﬁﬁ-u%¢$%ﬁ%&%@ﬁwmﬁeﬁ
R UHAEST T BAFREIRER, THABETRNTRABREERS. &
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RALK B+ EEH L # 3 FBCATIHE S HR BB R R
BUEREWEHEMINEHER. BkFREMBIEMTIRNEERAR, FLFL
R, DATERITER. BAERNAENET, SHBEFNRUBRR. F5%
BRASEARRER, ARESNEZERARRAS. LSRR MEE
500kHz—30MHz G FFI . FAAFRMEIFTEAE, 8% AT 30MHz, JTTEH
. HEERAE. |

FE R B 5 S 4 e 8RB RURR F I A2 eh, N DA 78 205 18 R R FL B AR A
CALRE TR B Ak 0BG, K REMNGHE, ST B R AR
B, BRESLE, RFalh i,

BT RATE BB R RGBT R R R T B A, M E AR
KB RGBT HITI B
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BaE AR S RRBNTE

4.1 KBESF

LIRS SRR R Y. SRR 4.1 iR BRIEE
B TR, MENRER 1/3000, TUHKHAKKAERMAR. 5
RATPAZE S B R B MK RN B EERE, MBRER. NP khiE Ly
HHEERN ©25m; MEEENER:

TRTIRIERIR)

HA R RA

WARCK )

_—"_Zé_%_ BEOHRES

EAKRE KP250-A-1( 2 K)

B 4.1 TRHHE

Fig. 4.1 Device for calibration

« 56 ¢



bk FH L FEi T FAF OB IMISHRBHED
42 TREFBRHLRSLER

4.2.1 SRR (ES IR

AR R RELR RS RS T

1. AR

1) . BBERE AR, FASAMK, E BRI,

2) AE MR, B HE B4, WEIEHHRR, HMERE B
i, 12588 B K. WMBRYGE EEN7 A, NI EMTT, GHRAE A
fir, [ZE% A K.

3 . B ECET BT R BRI (P2 B, WIZOEIHEGRRES, R
®WE Bfr, mAHSB#HK.

4) W ERRARD, S BorRk AR .

6) ¥ “HA” AL NIHEEATHEET.

2. FRE%

D) . EEE B AL, WA BHEK, FIRFFATER

2) FEVI R, B CEE” B, WELHERGHE, RERE A
fr, WZAE A K. MBEWE “EZ” B4, NAEHHAIH, HHEEE B
i, &% BHEK.

3) . MUBkrh 3 BB TE A MO EE (P2 B, MEEH-SORTE,
WE Afr, AR A HK.

4) FEVIUL RS, SR BRI .

5) 3% CEAL” HM. RHERAT T REE.

422 KEHER
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bk FH L FEi T FAF OB IMISHRBHED
42 TREFBRHLRSLER

4.2.1 SRR (ES IR

AR R RELR RS RS T

1. AR

1) . BBERE AR, FASAMK, E BRI,

2) AE MR, B HE B4, WEIEHHRR, HMERE B
i, 12588 B K. WMBRYGE EEN7 A, NI EMTT, GHRAE A
fir, [ZE% A K.

3 . B ECET BT R BRI (P2 B, WIZOEIHEGRRES, R
®WE Bfr, mAHSB#HK.

4) W ERRARD, S BorRk AR .

6) ¥ “HA” AL NIHEEATHEET.

2. FRE%

D) . EEE B AL, WA BHEK, FIRFFATER

2) FEVI R, B CEE” B, WELHERGHE, RERE A
fr, WZAE A K. MBEWE “EZ” B4, NAEHHAIH, HHEEE B
i, &% BHEK.

3) . MUBkrh 3 BB TE A MO EE (P2 B, MEEH-SORTE,
WE Afr, AR A HK.

4) FEVIUL RS, SR BRI .

5) 3% CEAL” HM. RHERAT T REE.
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ALK FMEFLRL FAaFLHMATHESTHASNER

e 41 RERER KR

Table 4.1 Experiment before signal calibrated
TR i SRER RIESR WRE

98%  5.9m’/h 57.8kg 50kg -13.49%
80%  4.8m¥h  56.15kg 50kg -10.95%
72% 43m’h  56.75kg 50kg -11.89%
62% 3.7m’h 56.9kg 50kg -12.13%
55% 3.3m’h 57.1kg 50kg -12.43%
47% 2.8m’h 56.85kg 50kg -12.05%
28% 1.7m*%h  56.05kg 50kg -10.79%
20% 1.2m°/h 56.6kg 50kg -11.66%

RYCPHIREH-12.11%, BRERKTHMFHRRELUE, MELSRWERS 4.2

liivat
& 42 REREREE.

Table 4.2 Experiment after signal calibrated

IiF b EHES RWER RE

96%  6.7m’/h 51.5kg S0kg 291%
79%  5.5m’h 49.45kg 50kg 1.11%
70%  4.9m’h 48.85kg 50kg 2.35%
56%  3.9m’/h 49.7kg 50kg 0.60%
44%  3.1m’fh 49.25kg 50kg 1.52%
30%  2.1m‘h 48.45kg  50kg 3.2%

14% 1.0m*h 49.95kg 50kg 0.10%

ARG EETHRENR 1. 6843%.

2. BREABRLR

T LRAGRFERTHITAREABALR, TRERMFTFARE 4.3
F#tt 43 BERERBRLH

Table 4.3 Experiment of cubage method in pure water
TR E EIRER RUEE BE
89% 6.2m%h 100.1515 98.012 -2.14%

¢« SR o



# b K AR A5 B A haAE M EHARG LY
43% 3.0m¥h  100.3205 99 88 -0.44%

29% 2.0m’/h 100.716 100.145 -0.57%

RETYRE -1, 05%.

3. BREBALR

EWKENBRS SRR LR RUFER 4.4 Jir:
FH 44 BREBNTR

Table 4.4 Experiment of cubage method in water mix

TR W SGEE  RNER  RE

51% 3.6m’h  99.9805 101.968 1.99%
50% 35m*h 99.9875 99.88 -0.11%
31% 22m*h  100.6895 104.375 3.66%
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