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Abstract Q
L

A device of measuring micro-force was designed, w an me the maximum
loadingcapacityof the insect’s leg which can slide on \Aﬁg aceNJ he device consists of
two parts of micro-force measurement and feed ntrolamicrofforce measurement
accuracy is 0.1uN, micro-analytical balance was Chgsén to ac sh this function; The

smallest linear feed motion speed is Imm/min, Servo rpo%wa chosen as the actuator,
the servo control system consists of the S3 and dri ircuit, etc, fuzzy PID control
cti

algorithm has been adopted to achievetﬁ% on. Micro analytical balance and servo
control system communicate with the ¢ viag.g
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1. Introduction @ s\\'Q\

Water striders, itOes and qther insects can slide freely in the water, whose superior
loading capacity h’% n th ICattention and become one of the hot topics researched
by scientists gheering techhieians in the world [1-3]. Jiang et al., [4] deemed that this
is realized @e -hy icity resulting from special micro/nano structure of water
strider’s leg, hey m the maximal loadingcapacity of which water strider’s single
hind leg pierces the surface, equal to 15 times of its body weight. Wu et al., [5]

body weight. Bu ro force measuring equipment not introduced in detailin paper [4-5], at
present, it hasgbeen‘reported that a kind of the instrumentused to measure the loading capacity
of the ins I‘%h('i‘rng on water surface.
This designed a kind of the micro force measuring device, which can measure
Ic% pacity of the insectssliding on water surface.The range of the measurement
m

measured the ma‘xi@k dingcapacity of mosquitoes’ single hind leg equal to 23 times of its

i ent is 1-5000uN, the precision is 0.1uN, the feed speed controlling insect downward is
1 min.

2. Overall Design

The overall structure of the micro force measuring device is shown in Figure 1, the micro
force measuring element can measure loading capacity value of the insects on water surface,
which can communicate with the microcomputer through RS-232C serial port, the measured
data is analyzed and processed by upper computer. Servo control system receives the upper
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microcomputer instruction, controlling the insects move downward. Lead screw nut pair can
turn rotation movement of the ac servo motor into linear motion in the direction of up and
down, nut and slider fixed together with screws, which makes linear movement along the
guide rail. Guide rail can reduce the oscillation amplitude of the slider movement process,
which can guarantee the stability of the insects moving downward in the test. Scale is made of
steel material, which fixed with the slider together with screws. The insect is fixed on the
scale with double-sided tape when the experiment is conducted.
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Figure 1. Micro Forc a uring& e Structure Diagram
3. Micro Force MeasuriﬂgLement' 6

Micro force measurin@xent ado cro analytical balance (A&D Company, GH -

252)its precision is 0,1 t the pagitiofi of balance should be solid, lest cause vibrations.
In order to avoid dﬁ% ce and its precision of the balance, which should stay away
from heat sourceﬁ\ nditioni nd”'the equipment producedmagnetic field. Photos of the
balance as s invFigure

Figure 2. Photo of the Microanalytical Balance
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Before using balance, adjust the levelerfirst of all, to keep balance. The main function keys
of balance are as follows. ON/OFF—on or off balance, CAL—use the built-in weight
calibration balance, RE-ZERO—get rid of tare weight, make balance shows zero.

The balance (GH-252 Type) is communication equipment with DEC data type, which can
connect with the microcomputer through RS-232C interface. The balance can transmitted
weighing data to the micro computer through WinCT software, which has two kinds of
communication methods of Rscom and Rskey. Through Rskey communication method, the
weighing data can be continuous or interval data input to the Excel of the computer, then
Excel software analysis of weighing data, showed the total number, mean, standard error, the
maximum and the minimum, etc through figure and table. Through Rskey communication
method, computer can also send instructions to balance, control the operation of the balance

4. Control System of Feed Movement

Over the years, because of the rapid development of microelectronics (te ogy and
control theory and technology,control system of AC servo o has bee ing rapidly.
Speed control performance of AC servo motor is superl e om sadvantagesof
DC servo motor. O
4.1. PMSMMathematical Model

The measuring device applied of permane et syn% us ac servo motor (PMSM),
which has a simple structure, small volumé eff|C|e h power factor, small moment
of inertia, strong overload capaC|ty PMSM is widely used in the field
of automation control. The paper SM a tive component, which can converts
the electrical signal from upper ¢ r |nt0 uIa displacement or angular velocity of the
motor shaft.

The direction of the fundamental wav tlc field of permanent magnet is d axis, and g
axis is electrical angle a@cmg 90° g the direction of rotation. Counterclockwise
direction is the posmv ion dg%ls voltage balance equation is

(1)
@ + pL wer
The magnetic torq on of PMSM is

Tem @ (Ld L )d q
Mechanm@tion equationof PMSM is
+BW,, +Jdw,, /dt 3)

@ equation (2)(3), uq I, is voltage and current of the motor shaft, R is resistance of the
stator, L, is inductance of the armature, P is differential operator, e, is the rotor angular

frequency, T, is the load torque, p, is motor logarithmic, B is coefficient of friction, @,

is rotor angular velocity, J is rotational inertia of the motor, v, is permanent magnet of
constant flux.
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When applied method of control SPWMcurrent to solve coupling scheme of the

approximate linear, the current vector and the rotor magnetic field vector is about 90°.
143=0,

U, =Ri, +L P+ow, 4
U, =L, pi, (5
Ton = P i, = Kii, (6)
o =U, /L, —Ri, /L —ow /L, (D
w,/dt=Kii,/I-T /I -Bew,/I ®
In the equation (6), K, is the torque coefficient. To make the control goal is mG@ar,

the equation(7), (8)are transformed into state space form. | and @,, was selected?ve state
variables, get the dynamic mathematical model of PMSM as follows

dlq/dt ~ Rs/Lq 1//](/Lq ()
(dwm/dtHKt/J ~B/J éﬁ ’

The structure diagram of the motor simplified mo obtam\ own in Figure 3.
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4.2. Contro@em H
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lower computer i
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System Block Diagram

em is two level of structure, upper computer is a microcomputer,
otor control system, which is made up of Samsung S3C2410 and
can complete the corresponding task by receiving the instructions of
and collected the speed signal in the process, hardware composition of servo
s shown in Figure 4.

ion of servo control system is to control the motor speed. Speed sensor can
d al the motor speed, and transmits the signalto servo control system, adjust the
r@peed through comparing target speed and actual speed, until output speed can meet the
requirements of speed. The magnetic coupling has the ability to suppress noise and prevent
the strong electromagnetic interference.
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Figure 4. Hardware Structure of Se o Contr @

4.3. Fuzzy PID Controller
The traditional PID controller is a widely used m |ts alg eas is

U =K,e®+K, [ e(t)dt+K O~ . S
e®)=r(t)—c(t) (11 \

In the equation (10),(11), e(t)ls [ nal 0 ntroller u(t) is output signal of the
controller, r(t) is target input ntro (t is feedback signal of control object,

K, isproportionality coeff|C|e m ller, K, isintegral gain coefficientofthe

controller, K, is differ ain coe f the controller.
Self-tuning para &s fi the traditional PID, which can not adjust online

parameters o " and Kd , ontrol effect is not very ideal. Combining fuzzy control
|

and tradltlon ) contr aper design a fuzzy controller[6], which can use the current
control deviatiOGn, consi the change of dynamic characteristics in control process, in
view of practical ex e of the specific process, according to the control requirement

or objective functio ough the fuzzy rules reasoning, realizing self-tuning online PID
parameters of KN, *K; and K, .The structure of fuzzy controller as shown in Figure 5.

o~ ec
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Kp| Ky K4

A 4 A A

traditional PID| U PMSM C

controller > driver circuit[ >

Figure 5. The Structure of Fuzzy-PID Controller
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In the fuzzy PID control system, rotatespeed deviation (e) and change rate deviation

(ec)were selected as the input language variable, K, K; and K, were selected as the

output language variable, all each language variables are selected trigonometric function or
Gaussian functionas membership function. 7fuzzy subset were taken in changing domain of
input and output language variable, which is respectively {NB NM NS Z PS PM PB},which
can quantize as {-3, -2, -1, 0, 1, 2, 3}[7].Membership function and changing domain of

K, K;andKjis shown in Figure 6.

Degree of membership
o
I

o

Degree of membership

Degree of membership

o
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Fig@ Kp,Q’&Kd Membership Curve
*

Fuzzy control is to find eduzzy relationship between rotate speed deviation (e),
change rate fdeviation (ec) three parameters of PID( K, , K; and K; ).Through

continuous testifigspeed (evjation(e) and change rate deviation (ec), K, , K; andK are

modified online acc to the principle of fuzzy control, until the requirements of different
e and ec have @veet, so that the controlled object has a good dynamic and static

performance[8].Considering the role of K, , K; and K, in different time and the

elationship between each other, PID parameter were have been
rding to the engineering design personnel's technical knowledge and practical

operat xperience, through repeated experiments, obtain fuzzy control rule table of K,
K; Ky, as shown in Table 1.

Through adopt gravity method, the inverse blur inverse fuzzy processing is conducted,
AK,, AK; andAK; were obtained, placed in equation(12), calculation and fix the current

K K, andK,, complete the PID parameter online self-tuning.

p ’
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K, =K, +AK,
K, K,I+ AK. 12
K, =K, +AK,
Table 1. K, K;and K; Fuzzy Control Rules
K, K,
NB NM NS z0 PS PB PM
. K,
PBNB, PBNB, PMNM, PM,NM, PS NS zo zo
NB PS NS NB NB ?Ps
PBNB, PBNB, PMNM,  PSNS, PS NS z0, 20 $,20
NM PS NS NB NM
PBNB, PMN,  PM,NS, PS NS NS PS
NS Z0 NS NM Q z0
PM\N, PMN,  PSNS, zon S,p 0( NM,PM,
Z0 Z0 NS NS Z0
PSNS, PSNS,  Z0,ZO, , NM,PM,  NB,PB,
PS Z0 Z0 Z0 Z0 z0
I\MPM NM,PB,  NB,PB,

PS,ZzO0, Z0O,Z0O, NS,PS,’\

PM PB NS PS g P§ PS PB

70,20, 70,20, N N % NM,PM, NB,PB, NB,PB,

PB PB PM P PS PS PS
0\6

4.4Feed Speed Measurement}é Q

Using the torque sp éo sor (CX& nd related equipmentas measuring equipment,

which is connecte mput RS-232C, the time response of speed have been
e exp under the condition of the zero speed, Input is the
00 r/minr @ eed, data collected were made curve, as shown in Figure
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Figure 7. The Time Response of Speed Curve of Rotate Speed
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Seen from Figure 5, response time is less than 80ms for 500 r/minrotate speed, response
speed of the system is faster. The motor rotate speedpasses through reducer and lead screw
nut pair, feed speedis Imm/min.

5. Conclusion

(1) This design is based on the actual demand of scientific experiments, which can
measure loading capacityof theinsects sliding on water surface.

(2) The range of the force measuring device is 1-5000uN, precision is 0.1uN, the measured
data can be analyzed and processed by the upper microcomputer.

(3) Through fuzzy controller,linear feed speed controlling the insects down ward is about 1
mm/min. ,
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