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ABSTRACT

This paper advances a method to implement
the on-machine measurement (OMM) with the

touch-trigger probe, also called switching probes.

Some of the advantages and disadvantages for
touch-trigger probe are discussed. However, the
touch-trigger probe errors exist and become one
of the major errors for the measurement
accuracy. Major factors that influence the probe
measurement have been analyzed. The basic
technique of probe measurement error modeling
with artificial neural network was researched,
and also the probe measurement error
compensation with 3-layered back-propagation
artificial neural network was presented. At last
in the experimental system composed of DIXI
50 machining center, Fanuc 16i control system,

1. Introduction

Today there are tow measurement methods
for conventional manufacturing process
according to the way whether the machining
process and inspection process are done on the
same equipment [1]. One is offline measurement
that part inspection is done with stand-alone
measurement instruments such as coordinate
measuring machines (CMM), which are
generally located at a separate room apart from a
machine center [2]. And the other is online
measurement, also called on-machine
measurement (OMM), that machining process
and inspection process are both on machine
center.

The offline measurement method by CMM
is the most popular now. Many research works
are done about measurement by CMM [2-4].
However this increases the overall
manufacturing cost and time to obtain the final
product, and the bottleneck phenomenon may be
caused by the product stagnation due to the time
lag between the machining and inspection
process. In addition it is hard to measure the
complex, large-sized parts [2]. Furthermore, it

Blum CNC P82.046 probe and PC, valid the
correlated techniques. In addition, the
connection and communication between the
machining center equipped with probe system
and the computer have been introduced. The
experiment indicated that, using the touch-
trigger probe makes on-machine measurement
more automatic and efficient. And by using the
back-propagation neural network for error
compensation make on-machine measurement
more precise.

KEY WORDS: On-machine measurement,
Error compensation, Touch-trigger probe,
Machining center

inevitably reduces the measurement precision
due to the secondary fixture error when transfer
the workpiece from machine center to CMM.

To overcome these problems, the
methodology of OMM is now widely accepted.
As for OMM, it also has two types. One is in-
process gauging, and the other is in-cycle
gauging[5]. In-process gauging means
machining and gauging at the same time. The in-
cycle gauging means gauging is done only
before or after the machining process, however
the workpiece will not be disassembled from
fixture. In this paper in-cycle gauging will be
mainly discussed.

An on-machine measurement (OMM)
system as illustrated in Fig. 1 is implemented
using a commercial touch probe (CNC P82.046
probe, Blum inc), also called switching probes.
There are some advantages to use touch probe in
an OMM system. First a touch probe is a
relatively inexpensive and easy-to-use. In a
machine center, the motion of a probe treated as

* Corresponding author, Xiaoming Qian, Email:drgian76@hotmail.com



a cutting tool, is controlled by G code or macro
program. After the machining process is finished,
the touch probe replaced with a cutting tool
starts the measurement in the normal direction to
the machined surface. Second as an accessory of
certain machine center the probe is easy to
integrated with CNC controller system. The
probe system is composed of optical module

communication is used to transmit the
measurement program to the CNC controller
and receive the measured data for further
analysis using a personal computer. So OMM
system with touch probe can reduce the

probe (OMP) and optical machine interface
(OMI). OMP, located between the probe head
and the shank, receives machine control signals
and transmits probe signals. Communication
between the probe and the OMI is done via the
optical transmission system. RS-232 serial

production time and cost, can be widely used for
automating and speeding part processing,
eliminate errors caused by secondary fixture.

spindle

Infrared receiver

<<(K/< (T o

‘ RS-232
CNC Controller|
< easurement data
Workpiece
v
h— Servo : Error Compasation Workbench
Measurement NC

System

IS

Fig. 1 An on-machine measurement (OMM) system structure

However for high-accuracy applications
with touch probe, it measures parts along the
machine tool axes, the measured data inevitably
include the probing errors originated from the
structure of a touch probe, and the positioning
errors originated from the inaccurate axis motion
of a machine tool. There are largely systematic
errors influence the accuracy, such as pre-travel
variation in different probing directions, stylus
length, diameter, measuring speed, trigger force,
etc. [6-7]. These errors should be eliminated
from the measured data to obtain the true
machining error.

This paper advances a method to implement
the on-machine measurement (OMM) with the
touch-trigger probe. The basic technique of

probe measurement error modeling with
artificial neural network was researched, and
also the probe measurement error compensation
with 3-layered back-propagation neural network
was presented. At last in the experimental
system composed of DIXI 50 machining center,
Fanuc 16i control system, Blum CNC P82.046
probe and PC, valid the correlated techniques. In
addition, the connection and communication
between the machining center equipped with
probe system and the computer have been
introduced. The experiment indicated that, using
the touch-trigger probe makes on-machine
measurement more automatic and efficient. And
by using the back-propagation neural network
for error compensation make on-machine
measurement more precise.

Operating environment

A

Probe structure

h 4

Probe Errors

< Probe work mode

/'

Probe movement

Eiy

Workpiece to be measured

Fig.2 The probe error model
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2. The major errors that influence the
probe precision

A generalized probe error model is
discussed in paper [8], in which the influencing
factors of probe are group into the following
four categories: impact force, probe rigidity,
stylus rigidity and operating environment.
Besides these factors we also find there some
other factors, such as the probe movement, the
structure of probe, the work mode of probe. So
the probe error model can be rearranged as Fig.2.

In Fig.2, there are five categories that
consist of several factors respectively. Operating
environment includes the environment
temperature and machining temperature. Probe
structure includes probe rigidity, stylus rigidity,
stylus ball’s radius, stylus length and single
emitting angle. Probe movement includes

feedrate, direction of probe to approach
workpiece and impact force. Workpiece to be
measured includes the shape, material of
workpiece. Probe work mode includes
measurement path and the number of point to
measurement.

Each factor could impact the measurement
precision more or less. For example, we know
that high probe approach speed results in bigger
forces transmitted through the probe system and
so a bigger distortion of the stylus. As far as
feedrate of probe concerned, as show in Fig.3, at
the measuring time, the measuring axis should
move with constant federate (Fig.3 (a)).
Measuring when the machine is acceleration
(Fig.3 (b)) or deceleration (Fig.3 (c)) can decline
the repeatability or result in measurement error.
And so calibration and tool measurement should
be done with the same federate.

3. Error compensation with back-

propagation neural network

All the factors mentioned above may
influence measurement precision, it’s hard to set
up a model to analyze how much each factor the
combination of each factor contribute to errors.

Y

T,
Measurement data

Fig.3 The error factor lgf probe’s feedrate

> t >
(¢

One practical method of formulating such a
complicated model is to use back-propagation
artificial neural networks (BP-ANN). It has been
found useful in high precision measurement, and
is particularly suitable for probe error modeling
because of the complexity involved.

Woll

Actual data

O

Input layer

Hidden layer

Output layer

Fig.4 BP-ANN model for error compensation

A 3-layered BP-ANN mode for probe error
compensation is depicted in Fig. 4. The neurons
in the input layer represent the measurement data,
and in the output layer the actual data. The
essential of ANN is using the training samples
(measurement data), to train the BP-ANN, to get
the best parameters, so as to map measurement
data to actual data. The best parameters are
stored in the BP-ANN in the form of weights,
which represent the tight degree of different
layer, as w;;; means the tight degree between
input layer’s first neuron and hidden layer’s first
neuron, and w,;; means the tight degree between

hidden layer’s first neuron and output layer’s
first neuron. T, is the threshold of first neuron.

As measuring, the probe touch certain point
of a workpiece in the machining center, and get
the position of this point, that is measurement
data. However, due to the existence of probe
errors, this measurement data is incorrect, and
there are several methods to get the correct data.
So we need train enough measurement data
using BP-ANN to map them to correct data. It’s
important to get the neurons in hidden layer



because the input and output layer are already
known. But it’s hard to get the neurons in hidden
layer, the only way to get them is to train, test
and adjust. When test the model, new points
should be used instead of the samples.

The choice of samples is arbitrary and is
better to cover the whole workpiece. Once the
model has been trained and tested, it can be

implemented either on-line or off-line to
compensate for probe errors.
4. Case study

The on-machine measurement (OMM)

system structure is shown in Fig.1. The system
hardware is composed of DIXI 50 machining
center, Fanuc 16i control system, Blum CNC
P82.046 probe, micrometer, standardized ring
gauge and PC. The probe styli is made of steel
and carbon with ¢Smm, length 50mm. The
diameter  of  standardized ring  gauge

isp70+0.0012 mm.

In this case, by wusing high precise
micrometer, the standardized ring gauge is put
on the MC, whose center is consistent with the
center of spindle, as shown in Fig.5. Then make
this center point as origin of workpiece

coordinate system, so each point in the
standardized ring gauge in the direction of +X, -
X, +Y, -Y can be pinpointed by calculating, also
called theory points. These points can be treated
as points in output layer. And the points
measured by probe are points in input layer, also
called actual points. By this way, the margin
between actual points and theory points
expresses the error of the whole on-machine
measurement system. In addition, the points in
the direction of +X, -X, +Y, -Y are symmetry, so
we only measure the points in the direction of
+X. Tablel shows the training sample data.

Fie.5 standardized ring cauge

Tablel The training sample data in +X

actual points theory points actual points theory points

X Y + X Y +X N +X Y
1 [ 0.0000 | 10.0012 | 0.0000 | 10.0000 | 11 10.0009 | 0.0000 | 10.0000 0.0000
2 | 1.5650 | 9.8792 [ 1.5636 | 9.8770 12 9.8754 | -1.5588 | 9.8782 -1.5557
3.11.3:0899 1295133 1881088 75.9. 5111 i3 9.5104 | -3.0789 | 9.5135 -3.0811
4 ] 45302 | 89140 1452785 89111 14 89118 | -4.5287 | 8.9148 -4.5307
5 | 5.8723 | 8.0961 | 5.8753 | 8.0920 15 8.0939 | -5.8667 | 8.0967 -5.8688
6 | 7.0712 | 7.0698 | 7.0683 | 7.0739 16 7.0768 | -7.0653 | 7.0795 -7.0626
7 | 8.0839 | 5.8788 | 8.0874 | 5.8817 17 5.8847 | -8.0859 | 5.888l -8.0827
8 | 89035 | 4.5416 | 8.9075 | 4.5449 18 4.5501 | -8.9060 | 4.5519 -8.9039
9 [ 9.5101 | 3.0927 | 9.5086 | 3.0962 19 3.1065 | -9.5033 | 3.1038 -9.5061
10 | 9.8719 | 1.5695 | 9.8758 | 1.5714 20 1.5815 | -9.8721 | 1.5793 -9.8745

There are tow neurons in input layer
express +X and y of actual points, and two
neurons in output layer express +X and y of
theory points. Then Using BP-ANN to train the
sample data and the net learn from training. The
weight of BP-ANN, including weight between
input and hidden layer and weight between
hidden and output layer, may use a random
number between -1 to 1. The weight and

{w(n +1) =w(n)+ flx,

threshold is not a constant, the change rule is
defined like formula (1). Here, S means

learning speed used to adjust learning
convergence speed. To quicken convergence,

P could exceed 1, otherwise less than 1. And
Ux, stands for the difference between input

X,,, and x, . In this case the value of /3 is 0.75

and 1.33.

(H

T(n+)=T(n)+p

The maximal training time is 10000, and
sum-squared error (SSE) is 0.001. The key

problem lies in the exact quantity of hidden
layer’s neurons. We first use one neuron in



hidden layer to train the net. In the training
process, when in the set time and the SSE is less
than 0.001, we think the training process
finished and save the weight, threshold and
quantity of hidden layer’s neurons in a text file.
And this process is so called error compensation.

Afterward, measure another data to test the net
that has been trained. If the result can’t be
accepted, then the BP-ANN will be trained again,
otherwise it’s a good training. Table 2 lists the
test result.

Table2 The error compensation data in +X

actual points theory points compensation points

+X X +X W i Y
1.1 12:0744. | 97853 | 2078021917817 {112.0753 9.7848
2 | 4.0681 | 9.1404 | 4.0654 | 9.1363 | 4.0670 9.1399
3 | 7.4312 | 6.6987 | 7.4285 | 6.6946 | 7.4301 6.6978
4 | 8.6608 | 5.0103 | 8.6575 | 5.0047 | 8.6589 5.0091
5 | 9.9407 | 1.0562 | 9.9444 | 1.0529 | 9.9428 1.0560
6 | 9.9499 | -1.0321 | 9.9461 | -1.0366 | 9.9477 -1.0331
7 | 8.6623 | -4.9951 | 8.6657 | -4.9905 | 8.6632 -4.9939
8 | 7.4431 | -6.6865 | 7.4395 | -6.6823 | 7.4411 -6.6852
9 [ 4.0838 | -9.1244 | 4.0804 | -9.1297 | 4.0819 -9.1261
10 | 2.0976 | -9.7740 | 2.0941 | -9.7782 | 2.0957 -9.7753

In this case, we all get 120 sample points in
four directions, including 80 data for training
and 40 data for test. All these 120 sample points
are sent to the PC from machine center by
RS232, and could be stored in the database for
later net training and testing. The transfer marco
in FANUC control system is POPEN and
PCLOS which are originally used to send data to
a series printer. And we write a program to
watch the series port and get data once the data
is sent from machine center.

5. Conclusion

A method using the back-propagation
artificial neural network (BP-ANN) for error
compensation has been advanced after analyzing
the major errors that influence the probe
precision. An on-line measurement system with
Blum CNC P82.046 touch trigger probe has also

6. Acknowledgement

Thanks for prof. Ye wenhua, he gave me
such a chance to complete the research. And also
thanks for the China Electronics Technology

References

[1] Chen song Dong, Chuck Zhang. Reducing
the Dynamic Errors of Coordinate Measuring
Machines. Journal of Mechanical Design
DECEMBER 2003, Vol. 125: 830-839

[2] S.H. Kim, D.H. Kim, On-the-machine

measurement system, J. Kor.Soc. Precis. Eng.
18 (6) (2001) 9-18.

[3] J.P. Choi, S.J. Lee, Quick assessment of
positioning errors of a machine tool using a
cube array artifact and a touch probe, in:

The method mentioned above can also be
used to handle the direction of —X, +Y, -Y, and
is similar with +X. Due to the structure of the
probe, and the characteristic of machine center,
the error in direction Z that is the spindle, can be
ignored compared the error in other directions.
So in this case we didn’t consider the error of
direction Z. The data listed in table2 show that
the method for error compensation of touch-
trigger probes is effective, and direction +X is
better trained than direction Y.

been introduced. From a case mentioned above,
it validates the measurement system with touch
trigger probe and the method using BP-ANN for
error compensation. In addition, the method can
be used off-line, only if there is a file in which
all the data has correct format that could be read
by the measurement system.

Group Corporation NO.14th Research Institute.
They provided the MC and probe, all the tests I
did are under their help.

Proceedings of the Conference on Positioning
Technology, Korea, 2002, pp. 230-234.

[4] Adam Wo zniak, Marek Dobosz. Influence
of measured objects parameters on CMM
touch trigger probe accuracy of probing.
Precision Engineering 29 (2005) 290-297

[5] J.P. Choi, B.K. Minb, S.J. Lee. Reduction
of machining errors of a three-axis machine
tool by on-machine measurement and error
compensation system. Journal of Materials
Processing Technology 155-156 (2004) 2056-
2064



™

[6] Butler, C. "An investigation into the
performance of probes on coordinate
measuring machines," Ind Metrology, 1991,2,
59-70

[7] Marek Dobosz , Adam Wojdzniak CMM
touch trigger probes testing using a reference
axisPrecision Engineering 29 (2005) 281-289
[8] Q. Yang, C. Butler, P. Baird. Error
compensation of touch trigger probes.
Measurement Vol. 18, No. 1, pp. 47 57, 1996



3 R A Rl 2
0865 1 MRS R A P Vol. 8 No.1
2006 49 H Journal of Nanjing University of Aeronautics & Astronautics Social Sciences Sep. 2006

Higher Education Research

TR REHEIRSRE

AR, R
(BISARZE AR AL L FBE, VI35 B 210016)

il BN RBRFERFAT LT R AR AR R F ik, ARG A6
R SR, ERFEBRTRASA KGN IEEA R ML A NBFANGSE, A2 ERERS
R, mERGFER ERRAEAETRERFAG IRTRES OIS,

KER Al — ;4L S TRER
FEZES:6642.0  TEKARIZE:A

— BT IRERNE

“PlE—LT REEMIR IR L A%
WH—TTBREEER, CEEZEUTFRESF. %
RV BEER YR ESRENSE
&, IFFESLEERE b S LA BT B AT HE AL e
EHBEARNAE SR BN ITREA S LRAT
HATEE . NPT LR H LR — R A 2l
BEH EA R, B RE S 357, SCRRAE ISR
eSS A

HATRER 4™ B S UM B R BRI , i &0
RAYE— MR At LB bR, HEZIR
BEFAEMANES , WHZIRR R T Em IR,
A SRR A A O B “ 15 B AL 0 L o
BWHRSLRREFL” NI RERAF L%, U
BRRaE R RIRTRE S A TR SCBRAE /1 0 B 89, &Y
R AA RIREE B OB R, AL
BRSNS BFETEURHELRHATTHE
MSCER, B 1 EEARBEHHBUEK. F—-HER
BARKNER . 70% 45 S48 LA M M5 L, 4
DRAR AT RERR PR 3 B AR 1 5 JB& A 5 1oL A , 71 A

Y Fs H #5 :2006-08-26

XEHS :1671 —2129(2006)01 -0085 -03

TELOREH ST RRANEEMNA, £, 58
FEX A LRI TR ER o ML — bR T3
HENRER, DAE¥ LA A WEMACSHFH
P&, XHA BEEENTEEFRZAMER . Fa,
BTV RER TG IRE, R¥4
RO PR A ER-G B, BT AR B R £ T B 57
FEMAFEOMEARREFESY, MHE4A
& B FE N A — AL 7™ G kA AT RE S R HLEE —
AL s B Ty , AR P 2R R A A R BAT LA
BRI, IR R RARE E SIS

“PLE—{L” Hk

S

IR SHREF

YL RSkt
Hit 5k

B e — e R
o TAREY KiE), e $g ), Bk

TEEE I BT (1976 - ) , B ILH TP  FIAAME MK KRBT, 1§+, ERFFI 1 0 B st 5

ﬁo



o~
X

FMEMEMRKEERESREMR) - BEEEWR E R

PHEERE P RATEA D TIRE” F0 Frik X, ek
A9 SR, R R, e 4 T . R e F 42 4L
A — AL AR BB & S SRR , (2 A e
FEATTRENESS, MM, 8805
ROLE — b b7 B RN E AT

CURBEHFARE T ENKE

Pl — AL ROV TR & A 3hik %k Py 4
AR AR EIR, B— 1540 BRORE, BAE
BHTEMARN . FRENLSFARSLED,
HESQGETHEEZERMENSHAMAETSES
MBI ELE T B3I UM 5838 18
PRI FARB SRS ALY . T, & EREE
Higth, XGRS R ERERIE, WEEAHN
L& M —ERE SN A ST AERE
WMEAEEA HRBT RSB AR SRR Y
MESEHD, AFRBER KB RET¥E
XA REAIFZ HIR R B L E AR R LR
Bife BTLAE SEM B WA B RELE 2 4 675 4F
HEEROVE— AR ERRENES, H
REE FATE £ 19588 1) TR SEBIR 1L 24 Al fr 2
RV AT LAFE A A 3 68 LA B A 5 A, g st
AL — LB AR IEH T A B 9% HE

[l B A< PR B M At R B T A URAR 0 2 4
5, BIVARYE A BT T T 24 A SE RSB X e A iR R
ASCRRRL AT OL, 4 S R R AR S B S A 1
BTk SR S LB T IR K AR 5 2
A Xt B EE SR YR B4 B A 0 S P , I R 2 A X 24 R
PLEREXBAARKT . BEE—LLRYTIE
WH ,EA A T REHEE ML IR E LR,

LAUBEZNE  RRERELFRE

HEREHFHNALHL, RAT /AR
RS, T BR¥ IR, AN 4 Ak TR
BIRIF . BAFEEXNEXE W ERAMRRET,
b4 SE 2K A TR IRELR, g TE
G IERANAR, FERMETLTEN, RE
SIS AR K T — MR, BRAITAA
RERH, NBFEFRER AT RETH
AR E EfE. fRHRSE R Bl R P PLC
HAE REER B LU TIFZRAE BESHE
JFHEER, SIFZRBEER. FrUEEPRITAN
A LERHBEAT R, 3 IR X 2 M R AL
S, BN SSEWERMAREMSFAER
—WJE , BRI T U, iR T# IR H

86

TSI P T 2 1 TR T 4047
Fr RIS EATH 77 R R E WA, RS
W AR, AT TR H i, e
R o, AL BB T R
A B SYRE) 3 5M GO I, (R AIE2E A A B A
RG],
HANRATAEYHRBLE — b R G 7 93
IR BT T VR BB RO A A
LIRTASE S E 2, AR SRR T
B TR, 4R U 3083 P 2 A7 X —
FAEBAKIH T RAFTEN, LUt FRERO AL 2%
28 AGIREE HOR SRR A/D H4 I S S A 0 S
75 M 5y B AR I AT A , 62
PR ok R P SRR v 278 T A AR
2. RO ERE A SIS
T Lot — A TR A SRR MR, TR
2B F SRS TREAMEA A EARBE
¥R BRIRDIEE , 7T A 4 A X SR B TRAR ML
PRI, A BB — A, B A A AR L
A, RHIZ— R, BB — A, X T Rl
TR KRR EE N, RS SRR
T TR RS e . — 7 T AT B A R4 2
AT ST TR (0%, 5 A TR IR R . 55—
75 AT LA 2 A T OB SRS TSR
HAWMR. FRBEE FEAHENEERE |
WP SLRRGEFE" A LR, BEALE |
AR T AT E b e RAG Ttk B SLMREES
ELRRE R EDUEREFEHLRE
5" W ELRHENRT REABTRE RS |
R TR,
RIS i SE IR, T A A AR
A MRS, RS EEARI RO HA |
Bo Hn, RATEESHR TR 2R
T BARTHUB TSR 0 I 58, ROl B L |
02 YRS , TR FIAT AF BB B T O FF BT
R M, Tk TSR mET |
PID # i SRR R AL, (2 M F i s, |
i F BRI TR s R T 4R, T
VA 38 X O R, T LSS S e R
iR I
3 ERBAEREETA, AMLENHTS |
BN |
A BRGNS A E ST RIS, B
DAEHE TIWIHR S SRR, EARARE
X HEWBER, MRS ARAN R, BT




%52 M

BB R - Pl — L IR B LR SRR

b ARGARTR, A T LR & A%
1 EECHLUETT DA B & Fh A% % K Bh I B oo
EFEILNER, FHTAGHE. EE“EEL
HEG LR R ESLBRET L BT H
AR , A DR S T 2R, S EEE SN S
TSR — oo, InfA IR R 4 K shoo it
BEE PLC %, BHMET 2N LR ARG ER IR
MBI EE., FERELRR. 7ELRBEZE
ZHET B4t 10 BReT RS “ Pl — L R VIR
BIEAALR” “HHE—EHLE” R“PLC 5
EAHLEEELR”

BN ARG R ERMELRBR, FAENI XYL —
BILRGA TERAIAR, i, ARTXS PLC 28
MBSMARSEREREA L A AEREEMN
BT PLC.ZER 28 AR Tt BT THRE BEL R
WE%, EZITLERREWER R, FEMNRT
% P TR R TSI T I 254 MRS I X 5 f 4%
B EHEBRMER ALREF B RERITHIXELA
XEM,

F it —EFaFA B, ERBEE T, B
HY— N EEARBI R =BIMNEEED N —
4 ARBEHAFREMEI LR, BIHT—HATHEE
ATERIPLE— L R G, B0 %45 BT PLES
5 RESEHT S S RPATES . FEFRAIIE

PR L T AP R PF P LA iR
o XHHISCRIE AR KIS T 242 12 S D68 A
Fzhtt,

= VREMEFEREZERR

ML — LR E N BR BRIV R
o BEON H IR 2005 FRMFHFERR—FX.
EEVHFERBEARBENARELIRTHZE
WMo FIRZALE ARG, [ T PR — 4
PR et flERAE THRAT #, NAK LB R
MEHE TR B — AT LT LR BRI S &R
4, Ba A G R ERF I — KRGS HERLR, T
ZEAERBRARARGIR.

BEHK:

(11X, 9H T, % QIFEE SERIELH ). FERSH
F,2005(23) :28 -30.

(218 SO H “ 5 BT 0 B R R BT I SR RGHF
R"HARBE#RER]. BEEAZ A KK, 2005.

[3]kER. Pli—Eb R EH [ M]. Jb 3 TR ik, 2004
i £

(4] BRE 2. AR BISERsh ¥4 T MBURTE()]. FERSHHE,
2005(1) :35 -36. N

Research and Practice of Teaching Mechatronics

QIAN Xiao-ming; LOU Pei-huang
( College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing

Jiangsu 210016 , China)

Abstract: The teaching of mechatronics on the one hand must enhance the overall design theory and method of

mechatronics system, especially the integration of mechanics and electrics. On the other hand, several perfect engi-

neering cases must be used throughout the whole course to impress the students. Besides, paying attention to class-

room education, on — the — spot teaching, experiments and engineering design must be emphasized to train the a-

bility of technological creation and the ability of engineering practice.

Key words: mechatronics; ability of technological creation; engineering practice
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Realizing control system of freeze-drying machine and optimising on technical

parameters

Qian Xiaoming and Lou Peihuang
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016,
Jiangsu, China, E-mail.drgiam76@ hotmail. com)

Abstract: Vacuum freeze-drying is a technical that make a material dehydrate in low temperature and low pressure, and it has many
merits. A control system is designed and developed based on a certain freeze-drying machine. According to the test result, by the
method of quadratic orthogonal experiment, the key parameters including time, temperature and vacuum degree of freeze-drying are an-
alysed and optimised. The test proves the optimised parameters valid.

Key words: freeze-drying, control system, technical parameters, optimise
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Table 1  Experimental parameters level and ralue.
SHKF WE(T)  HAE(Pa)  EEI(H)
# -50 0 25
8 -60 1 30
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Table 2 Experimental data.

ERFS  WBE(C) HAEBE(Pa) BE(h)  PrREEE
1 -50 2 25 2
2 -50 0 30 3
3 -50 1 35 4
4 -60 1 25 4
3 -60 2 30 3
6 -60 2 35 5
7 -70 0 25 4
8 -70 1 30 5
9 -70 2 35 3
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