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An Altering-Frequency Adjustable Speed System
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Abstract ; In this article we derive the necessary conditions which ensure synchronous rotation be-
tween the main shaft and forming roll in spinning process according to the features of one-forming of
spinning machine without spinning chuck In ordet to overcome the shortages of hydraulic system, an
adjustable speed system which consists of va.r1able— frequency power and squirrel-cage motor is pro-
posed- Because the dynamic features of ad]ustable—speed AC drive system are extremely complicated

and the load torque of motor changes in a w1de range during spinning process, adjustment of classical

control system is much difficult. Thus a parameter sclf-adjustable fuzzy controller using a single chip

computer is designed. The principle of parameter self-adjustment and the roles of proportional con-
gtants are analyzed. The step responses of the fuzzy controller and PID controller with different loads
- are given. After a number of experiments, the system has successfully been used in a one—formmg

spinning machine ®0). 8m without spinning chuck. It is proved by theory and practice that the design is

“correct and the system is simple, reliable and inexpensive.
Key words; machine without spinning chuck; cold spinning; variable frequency power; fuzzy

controller

1 " Introduction

As the technique of cool spinning is better than that of hot compressmn, there is a tendency

Jusing cool spinning techmque to replace hot compression technique in making head of contain-

. Since 1980 one-forming spinning machine without spinning chuck has been rapidly devel—

oped We began to study it in 1982, as a major project of China. Since then, the prototype of

k},stinning machine without spinning chuck with ©0. 8m and the industrial prototype of one with
,"<I>2. 4m have been appraised. Comparing with other ones in structure and performance, these
: 0ve1 ones have a lot of advantages. v

. In order to overcome the shortages of hydraulic system, an ad justable-speed AC drive system
,23'3 used, which ensures synchronous rotation between the main shaft and forming roll. - This drive
i%tem has suocessfully been used in the one-forming cold spinning machine ‘without spinning

thuck with 0. 8m.
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2 Control of Synchronous Rotation Between the Main Shaft and Forming Ro)
2.1 Structure and Principle of Spinning Machine )

2.1.1 Structure

The spinning machine mainly consists of followihg parts as

shown in Fig. 1.

1) Frame. In which all other parts are fixed.
2) Compressing cylinder; By which the blank work piece is

oppressed on the main shaft during spinning process.

3) Cylinder for longitudinal motion of spinner by which a

suitable force is applied to the blank work piece during spinning

Fig. 1 Spinning machine

process. :

4) Cylinder for transversal motion of spinner; With which the spinner moves along the
transversal direction.

5) Cylinder for transversal motion of forming roll; With which the forming roll moves g
long the transversal direction.

6) Rotator of forming roll; It makes the forming roll rotate and drive work piece to realjze
spinning process.

7) Regulator of moving radius of forming roll; With different radiu_s we can obtain differ-
ent size head.

8) Rotator of main shaft. It makes the main shaft rotate and drive work piece to realize
spinning process. ‘
2.1.2 Operation Principle

One—forming of the cool-spinning without spinning chuck is derived from with die. In fact,
if we use the forming roll which is synchronous with the main shaft to replace the die, we obtain
a spinning machine without spinning chuck. The rotation center of circular blank work piece is
located between the tray of main shaft and compressing cylinder. The workpiece is rotated with
the main shaft. The forming roll is used as an inner support, and the spinning roll applies a suit-
able force from outside. At the beginning, the spinning roll moves along a circle according to the
requirement of shape of the machined head. The motion of the spinning roll must be synchronous
with that of forming roll. The workpiece gradually becomes drum-shape. Theni stop the forming’
" roll, and let the spinning roll rotate around the outside of the forming roll. Until the edge of th
drum-shaped workpiece becomes a right angle, thus we obtain the head.
2.2 Synchronous Rotation between Main Shaft and Forming Roll

There are many motive parts in a spinning machine without spinning chuck. Motion of the
different parts should be well coordinated, especially the éynchronous rotation between main shaft
and forming roll must be kept all the time. The synchronous problem is highly important and W
should pay close attention to it. '

The key to steady spinning is to keep the line velocity of spinning point in a constant durin
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ing process. When spir;ning point moves from the center to the edge of the workpiece, if the
v elocity of the spinning point is constant », then the rotation speed #, of main shaft should be

oeds pecause the distance r; from engagement point to the main shaft becomes large (see
u i ,

1 = v/2nr,. )
. ,I:;ie<rotatlon speed of forming roll must be coordinated with that
in shaft._ Let the distance from engagement point to the forming

of P4
i be 70 them e
"ﬁz_.‘= v/27r, . 2
Only in case of 2, and np hieet_ing equations (1) and (2) respec- Fig. 2 Spinning proceses

dvelys the line velocity at engage\ment point is equal and the synchronous condition can be

achle"ed When the engagement point moves, the dlstance from the point to forming roll 7,

‘hanges and thus the rotation speed =, changes as well. As the forming roll is not parallel to the
main shaft and it has a drum shape, it is difficult.to measure r; and control the synchronous sys-
em. In fact, the change of r; is not very large, it 1s reasonalbe to use a squirrel motor to drxve
me forming roll directly. But the r; changes a lot. We use an altering frequency adjustable speed
: system which consists of a varialbe-frequency power and squnrrel -cage induction motor to drive
d main shaft. Rotation speed of main shaft depends on the distance r, which is available from
; me micro-corhputer. Rotation speed of main shaft is also controlled by an additional power to
' mpensate speed mismatch. The speed mismatch is caused by the change of r;. It is well known
, that, when the main shaft and forming roll act on each onther, in order to overcome the defor-
mation resistance of workpiece, there is a force acting on the engagement point. The force causes
the rotation of workpiece. Deformation power is shared by the main shaft and the forming roll.
the r, becomes small during spinning process, then the line velocity at the engagement point of
ihg forming roll is smaller than that of the main shaft. In this case, the faster main shaft shares
larger power. At the same time, the rotation speed of faster main shaft has to be reduced with a
power adapter to coordinate with the rotation speed of forming roll; or otherwise, the rotation
Speed of main shaft has to be increased.

3 Control System

31 The Drive System

The whole system consists of a spinning
i Calculater
- chine, a asynchronous AC motor, a vari- forryand P
ble-frequence power, a detect  unit and a Main Shaft
o ) , Intel 8031
trol unit as shown in Fig. 3. system || Convener ""(:) =] Spinning

Single-chip microcomputer computes the
Forring Roli

 lotay;
“ation speed of main shaft based on the de- Power Machine
t Source ___—.@_,

t;cted value of r,. The computer also samples
€ load power values at the moment, then Fig. 3 System block diagram
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Voy 1‘0; —_—

modifies the rotation speed through calculation, finally sends the results to the variable;ﬁecu

powWer., Output frequency of variable-frequency power is regulated and so is done the Totay,
Atig,

speed of the AC motor to ensure synchronous operation between the main shaft and thie forn; :
‘lﬂgf :
roll. :

%, 9 Parameter Self-Adjustable Fuzzy Controller

1t i difficult to reguiate a classical control system. The reasons are; 1) The dynamic Char
acteristic of a adjustable-speed AC drive system is extremely complicated; 2) During Singjy, '
process the moment of motor changes in a wide range with the radius of workpiece, for an exam.
ple, for a spinning machine without spinning chuck of ®0. 8m, it changes from 25% to 100 9
In this case, a fuzzy controlier has to be used. As a matter of fact, comparing with PID reguly.
tor, a fuzzy controller exists a series of advantages; It has a faster vesponse and a smaller Overs
shoots it is insensible to changes of various parameters, i. e it exists a- strong robust Charagtg, -
which can overcome the effécts caused by nolinear factors. In order to increase the accuracy of: :
the fuzzy controller; error and its quantizing grades must be increased, but at the same time, the:
content of check table expands rapidly. ,
3. % The Roles of Proportional Constants &y, ky and %3 and Ifs Self-Adjustment

‘Proportional constants

g .
- : : v -——m——w/‘i — C gy V'
Ey, kg and ks of a fuzzy con- . 5 "J; Look _:,:,j ks beend Object ¥
~ up Tabtle
. : a/d . R
troller have a strong effect 4 ke I&“ -
. - b
on the performance of the Tarameter

) i = Self- Adjustable
system (see Fig. 4). Let the

input-output rélatioﬁship'of Transformer
object be : ' k Fig. 4 Fuzzy control block diagram
| - gy = flv@], | L ®
"B = intle(b ], )
and o v EC () = int[ec(adkz ], ‘ (5)'1
then the inétanta,nedus control output € of the controller depends dn E(n) and BC(n):
C@) = [B@) X BC()] « . | (6
Consequently , the output of the controlier is ‘ '
V(n) = @[hZ(e( ey X ec(ks) o R+ Ugds (N
then Y (@) = (V)] = f{@[k32<e(i>k1 X ec(idks) o B+ Ul (®

It is known from the equauon (8) that, Y(n) not only relates with B and EC before sampling:

moment #7, but also with %, kz and k; is not linear. In fact it is a nolinear relation in three di-

mensions (e, ec and ;v)e :
~In this application .

The E variable is' quantized into 14 points, the FC variable is quantized into 13 points and
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; Jariable iS quantized into 15 points (see appendix). The fuzzy relation B is a matrix of di-
;ons 14X 12 15, it is requires 2. 7k storage locationst. ‘

'The control system is implemented using a single- chip- microcomputer. The control action
results from evaluating the rules is deterministic. So, for the same process state, E and EC

pich
s case s the same control action will always be made, unless the control rules are altered.

,«e coﬂtwl policy can be implemented directly by evaluating the rules at each sampling interval
h

¢ this is not computationaily efficientt?], A considerable saving in on-line computer time can ve
U

pived py extracting the control action from a preéomputed lookup table {see Table 1), which
e

. i 182 elements in this case. Such a decision table directly relates the controller output, C(n);

‘ sith the inputs £(s) and EC(a) and is precalcuiated from the control rules (see Table 2) before
iy : :

¢ controller is run.
’ Table 1 Decision Table

change in error, &

§ —5 —4 —3 —2 —1 0 41 +2 43 +4 +5 +6
6 7 & 7 & 7 7 1 4 4 2 0 0 0
5. § 6 6 6 6 6 6 i 4 2 0.0 O
4 7 e 7 & 7 7 7 38 3 2 0 0 0
s s & 6 6 6 6 6 3 2 0 —i —I —1
wior  —2 4 4 4 5 4 4 4 1 0 0 -1 —1. -1
e 4 4 4 4 5 4 4 1 0 0 0 -3 —Z —1
o 4 4 4 5 1 1 0 —1 —1 —1 —4 —A —4
Lo 4 4 4 5 1 L 0 -1 -1 -1 —4 —d —4
+1 2z 2 2 2 0o 0 —t —4 —4 =3 —4 —4 —4
+2 1 1 1 —2 —3 —3 —4 —4 —4 -3 —4 —4 —4
43 o o 0 o —3 —3 —8 —6 - —6 —6 —6 —86
44 0 0 0 —2 —4 =7 —7 =7 =7 —6 =7 - —7
+5 0 0 0 —2 —4 —6 —8 —6 =6 -5 —6 —6 —6
16 0 o0 0 —2 —4 —7 —7 =7 =7 —& =7 -6 —7
; output C
Table 2 Control Rules
change of error

NB NM NS 0 PS PM PB
NB PB PB PB P8~ .PM 0 0

NM PB PR~ PB PB PM - 0
_ NS PM - PM PM PM 6 . .NS NS
wrior NO PM PM Fs 0 NS NM NM
PO PM PM P3 0 NS NM NM
PS . B8 PS 0 NM MM NM NM
PM 0 0 NM NB NB NB NB
PB 0 0 NM ‘NB - NB NB NB

Experimental results have shown that when #; increases, steady accuracy .increases, rise
i _ '
e of the system’s step response decrease and oversoot becomes large, when k; decreases; speed

Ad overshoot increase, or otherwise, the errcr sensitivity of controller at the given value increas-
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es and overshoot becomes small, when k; is large, rise time is small but overshoot is larg,

Obviously, a set of constant &, k; and ks does not meet the requirement of the Spinniy,

<

chine. Therefore a parameter self-adjustable fuzzy controller based on a single—chip~m,-cr0c°
puter is developed The fuzzy controller works well at any operation point, because a se|s_ ada
tion control is introduced in a general fuzzy computation, which may modify . the pammeters,C
'k, and k3 with change of radius r;. That is

k2, =0.75, k=15, k=1, if 0 < r <2505

b,=1.1, k=0.9, k=1, if250<<r <<400.
4 Experiments of the Control System

4. 1 Simulation Experiment

Con;idering the real operation condition of the spinning machine without spinning Chuck; .
control system has been undergone a number of test in' static and dynamic characteristics i our -
laboratory. We did it using fuzzy control computation and PID control computation respectively‘
The step responses of different loads are shown in Fig. 5(a), 5(b), 5(¢) and 5(d). The experj.
mental set-up consists of an AC motor (1kW),a DC ge;lerator as a load (0. 7kW) and a vay.
able-frequency power (3. 5kW). '

———— — -
0 2 t(s) 0 2 t(s) 0 2 t(s) 0 2 t(s)
(a) Fuzzy control (b) PID control (¢) Fuzzy control (d) PID control
(toad 60%%) (icad 60%) (load 100%%) (load 100%)

Fig.' 5 The step responses of different loads
4.2 Industrial Experiment
After a series of simulation experiments, the control system was tested on a spinning ma-
chine without spinning chuck in 1989 and the result was better than expected.

1) Rotation speed regulation of main shaft met technological

requirements. The motor rotational speed n; of main shaft versus 1 8]:; (rpm)
distance from engagement point to main shaft », is show in Fig.
-8.
2) It has a high drive efficiency. For manufacturing a same - n
head of container the power of motor to drive main shaft is c;nly 200 400 (mn)
2. 2kW, if a hydraulic system is used the power of motor will be Fig. 6 Ny versus 1

5kW. In fact, the motor average power to drive main shaft and forming roll (mcludes the loss f
variable-frequency power) is 2. 16kW , whereas the average power of hydraulic system is a8 high
as 7. 8kW.

Since May 1990, the control system has being manufactured in batches.
5 Conclusions

The conclusins are;

1) A novel altermg»frequency adjustable speed system is used in a spinning machine Wlm
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Cing chuck. The performance is better than that of hydraulic one, the efficiency is high, the
?Pf ing Process is stable and the quality of products is good.

L ﬂz) When the mathematical model of tested object is unknown, a fuzzy COntrol using com-
of can well control the tested object. It has a high adaptability and robust performance as the
amet"’rs of object change.

3) Itis convenient for site test to realize fuzzy control with single chip computer and control

 ghles and it is of benefit to system stability to combine parameter self-adjustment of proportional

: nswnts kl’ kz and ka.
4) The adjustable-speed AC drive technique and the controller mentioned above are in com-

o0 uses expansionary, simple, reliable and easy to ‘maintain. They can be used in other ma-

 pines if the control programming is changed.
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Appendix
~+" The E (speed error) variables are quantized into 14 points ranging from maximum negative error through ze-
‘perror to maximum positive error. The zero error is further divided into negative zero error (NO-just below the

et point) and positive zero error (PO- just above the set point). The subjective fuzzy sets definning these values

e,
' Table As
6| —5|—4|—3|—2|—1|—0f|+0]+1|+2|+8|+4]|+5]|+6
B | ofo|ofoflo|ofo|of[o]|o]or|od|os|Lo
pMm o |ofofo|o|o]o]|o]|ooz|loz|{ro]or]oz
ps |oflofof[ o] oo o]o3|osg|rojlos|oi]| o]0
Po |o|ofof|of o] o] o] |rolosjot|o|o]|o]fo
No o oo o ot|osl1t|o]ofofo|o|o]o
Ns [0 o |o1fos|rofosfa3] oo oo o]o]|o
N |o.2]07|nolo7]|oz2l oo olo]o|ofo]o]o
N8 [1.0]o8({o4for{ oo fofofofofofofo]o

( The EC (change in speed error) variables are similarly quantized without the further division of the zero state
13 boints). The subjective definitions are;
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Table Az

6| —5]—4]—3|—2|—1] 0 |+1 +2{+3]|+4

o8 lolololo]olofo]o]oljorjodjosiio
om lololololofo]ol]ojozjoz|rojo7]oy
ps 1 olololoflololologjrojorjoz

o Lolololo]|o]os|{1of0s

NS | 0] 0

0.2107]1070.9] 0 0

NM 0.210.7}{1.0]07]02} 0 0 0

clo|lole
clelole
oclole|le
clololol e
clole|ele

NB l1.0l0.8/0.4702) 01} 0| O 0

The C (control output) variables is quantized into 15 points ranging from a change of —7 steps througy 0."0
47 steps ‘(15 points). The subjective definitions are: .

Table As
— 7] _6l—5|—4|—3|—2|—t] 0 |+1|+2|+3|+4 +5| 46| 47
PB olololojojolojojo]}o0ojo0 0.1/0.4{0.8}| 1.0 -
PM olojolololo|o]ojojozjorz 1.6]0.710.21 o
s lolololo]ol]ofojodjrojos]jod o.1] 0] oo
0 o lololofo] olozltojoz] 0| 0}0 ol olo
NS ol ofolo1lo4]08j1.0]04] 0| O} O ololo]o
NM o lo.2lo7]|10lo7]{o2l oo o]0} 0} 0, 0f 0|0
5 ltoloslo4]lot|o|o|o|ojojojojo]o 0ol0
In this work the Table 2 is of the form
If E and BC then C
and the value of C is determined by evaluating .
¢ = (B » Re) A\ (BC * Rec). - , (a)
Where Re is the fuzzy relation then written as .
Be= (B, XC) N (Bo XC)V =R VRV V R, ==28,
and results will be
1.0 6.9 0.7 0.2 0.2 0.2 o 0 o .0 0 0
0.8 0.8 0.7 0.7 0.7 0.2 0 0 0 0
L0 0.9 0.7 1.0 0.7 0.2 0.2 0.2 0.2.02 0.2 0.2 0.2 0.2 0.2
0.7 0.7 0.7 0.7 0.7 0.7 0.5 0.7 0.7 07 07 0.7 0.7 0.7 0.7
L0 0.9 0.7 0.2 07 1.0 0.5 0.7 1.0 0.7 0.7 10 0.7 0.9 1.0
0.8 0.8 0.7 0.3 0.7 0.8 0.5 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.8
Re— 1.0 0.9 0.7 0.8 0.7 1.0 0.5 1.0 1.0 0.7 0.7 Lo 0.7 0.9 10
1.0 0.9 0.7 1O 0.7 1.0 0.5 1.0 .0 0.7 0.7 0.8 0.7 0.9 LOR
0.8 0.8 0.7 0.8 0.7 0.8 0.5 0.8 0.8 0.7 0.3 0.7 0.7 0.8 08
Lo 0.9 07 1.0 0.7 1.0 0.5 0.7 1.0 07 0.2 0.2 0.7 0.9 1.0
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0.7 0.7 0.7 0.7 0.7. 0.7 0.5 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.2 0.2 0.2 0.2 0.2.0.2 0.2 0.2 0.2 0.2-07 10 0.7 0.9 1.0
0 0 0 0 0 0 0 0 0 0.2 0.7 0.7 0.7 0.8 0.8
0 0 0 0 0 0 0 0 0 0.2 0.2 0.2 0.7 0.9 1.0
. qve £922Y relation Rec is written as N
Re°=(E01X01)V(ECzXCz)V"‘=R1VRzV"'VRn, m =31,
Jféults will be ‘
1.0 0.9 0.7 0.2 0.2 0.2 0.2 0.1
0.8 0.8 0.7 0.7 0.7 0.7 0.5 0.1
1.0 0.9 0.7 1.0 0.7 1.0 0.5 0.1 0.2 0.7 1.0 0.7 0.9 1.0
0.7 0.7 0.7 0.7 0.7 0.7 0.5 0.1 ’0.2 0.7. 0.7 0.7 0.7 0.7
1.0 0.9 0.7 1.0 0.7 .0 0.5 0.3 0.3 0.3 0.7 1.0 0.7 0.9 1.0
0.8 0.8 0.7 0.8 0.7 0.8 0.5 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.8
L0 0.9 0.7 1.0 0.7 1.0 0.5 1.0 1.0 0.7 0.7 1.0 0.7 0.9 1.0
0.8 0.8 0.7 0.8 0.7 0.8 0.5 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.8
.0 0.9 0.7 1.0 0.7 0.3 0.3 0.7 1.0 0.7 0.7 1.0 0.7 0.9 1.0
07 07 0.7 0.7 0.7 0.2 0.2 0.7 0.7 0.7 0.7 070707 0.7
1.0 0.9 0.7 1.0 .0. 7 0.2 0.2 0.7 1.0 0.7 0.7 L0 0.7 0.9 1.0
0.8 0.8 0.7 0.8 0.7 0.2 0.2 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8
1.0 0.1 0.7 1.0 0.7 O.Z 0.2 0.2 0.2 0.2 0.2 0.2 0.7 0.9 1.0

0.2 0.7 1.0 0.7 0.9 1.0
0.2 0.7 0.8 0.7 0.8 0.8

o o o @

Using Table A;, Table Az, Table As, Table 2, we calculate equation (a;) , taking as the final result the deci-
sion table (see Table 1) ‘ ' ' ‘ : '

A AP
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