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Abstract

One relay control implementation to the
servo control systepm s contrived mainly for
the high power electric or electro hydraulic
type drve system. Proposed SERME control is
relay emulated software scheme accounting
a relay producing maximum torque in both
direction In the Insufficlent bandwidth control
system. Possiblility Is proposed mathematicatly

prior to emperical work out.

1. Introduction

This  a follow-up work to 'The electric and
electro-hydraulic type high power drive" (Ahn
1995).  Some
probllems

encounted
drive
deveiopment eifther by electric or by hydraulic

of  practically

during high power system
measure are full utliization of power, minimum
time confrol. consistent precision control, etc.
Relay control has been applied diversely. and
particulady used In  case of insufficient
bandwidth for precislon position control In the
But not much has been done in the

with

past.
control
implementation.
multiplys root of magnitute of eror) method

servo system relay

Proposed SERME (sign error

(Landers 1983) s aiming to control the high

power drive system especially under

consideration for military purpose. Experimental
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work Is on the way and ensued later. Biemson
deveioped a equation for a gain decision in
the position servo control loop. Case studies
have been done for the motor controi and
electro-hydraulic valve control of the same
in (Ahn 1984). SERME is
mathematically deveioped and gain substitue

parameters given

Is shown instead of a simplified posttion and
feedback with
Blernson’s equation connectlon. Discussion s

velocity system together
glven with regard to the SERME effectiveness

on the state of the art technology.

2. Satuation (Biernson)

When slewing It Is reasonable to argue that
for minimum time control the system must be
saturated throughout. The velocity of the load
would then be like In Fig.1.
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Fig.1. Minimum Time Control Profile
A simple double Integration yields the error
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sufficlent and for this to be true

V t Qsm
as in Fig.2. — 54 or > AL — (8
Lsot @ Pt ®

Conslder now the following simpiified position servo

The resistance associated with the amnature

. . of an electric motor including its power
—@J‘%«@m——w}—{jf

8
‘J amplifier output stage is between 1.02 and

“L J 10Q2.
f V=% 50V, then
Fig.2. Simplified Conceptual Sero-loop Toat < R = 1 = 50A = e )
0 _ we, @ This si not necessarly so. 100A might be a
e" S better estimate of Ia. In the hydraulic case. a
and two stage electro-hydraulic valve may have
B8 _ _wcy/S _ wcy the following parameters (at 1000 Ibf/in?
e lrwc,/S S+ “
cr @y Tablel. Valve Parameters
0 weywce wc freq.Rem. |Phase/lag| Mtemal | Compresed
— = ~ 5 How Rate Welight
e  S(Srwc,) S © w3 €O | Leoteoe [OuvoRme | i
if wc, Is |grge & X 10°S) 50 50.125 0.6 0.08 275
320 % 10* 0 50.125 0.8 0.09 275
(20)
— i 500% 10* & 50.125 Al 0.1 2.75
ER @0
H \\\ B 60 x10* 50 50.125 K] 0.17 2.75
E HE (40)
E ~ \\\ 107 (60) 50 40.50 .8 0.17 2.75
“‘5\\ ’ 1.6x10° 45 25.50 4 0.52 15
e ks w (100)
’ © ‘\ LT veteesey 26%10° 20 15.40 s % %
N (160
—
P = 1000 lby/in® = 6.895x10° N/m?
Q _ 80x10®*  26x10?
Fig.3. Attenuation Diagram P T 6.895x10° 6.895x% 10°
3 2
i, a2 6 M m?
B=we, e=we,le-0)wc,(wee-8) —- () = 11.6x10 3771 x10° ( 5 N) a0
Therefore,

For motor cases, consier now motor data.

8 change sign when e=6/wc If wc, is

large Table2. Motor Parometers
Compromec O
Ay teckage |Jw
And therefore, v oy | ps | iiorsoct Vo::ne Reference Dato
g max 1 g me 2 0 max (7) Motor Disploce-
= — ofr wg = —————r — ment
wc 2 0 mox 8 mox ! 0.035 o.002 ! 25x%10* 10 20x10°
m’rod
. Comoresed Vol
Acceleration limits  resut from cumrent or 22 0.04 0.006 15 Ton 100 1o B.4x 10°
pressure fimits while velocity limits result from s s oot v m
voltage or flow limits. Then it Is easy enough Molor hertia
7.6 0.1 [sRe 7.3 51 00002 - D.O026
to calculate the required gain wc. Kom'’

Losses are then 0.035~0.1 in"min’'/psl  or

<Example>
xame 0.01386 x 10'°~0.0396 x 107° m®/N sec  — (11)

Futher calculction shows that wc,>wc s
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Valve losses 0.036~0.36 in’min'/psl or
1.4256% 1072~ 1.4256x 10" m®/N sec — (12)

Total losses are then about 2.5x10% 1o

18.2x 10" m®%N sec

Therefore,
11.6x 10" to 377.1x10™ m®/N sec Is usuaily
> 4x25%x10"% to 4x18.2x10”°m*/Nsec ~ (14)

But in neither case is this criterion necessarily

met.

3. SERME
f we have insufficient bandwidth In the

inner loop. then. a solution considered In the

past involves a relay which produces
maximum torque In  either direction. The
equation of motlon under torque limited
conditions are
T,
o = —o= (15)
J
500 = =72t 4 C, a6
0“—T—"‘—"-’—‘——i+CT+C an
o V] 2 1 2
Where C, is the velocity with which the

system enters the torque limited reglon.
the Let the

voltage on the relay operating coil for error

Consider now relay system.
be K, ; let the voltage on the relay operating
coll for unit C/P shaoft velocity be K, The net

voltage on the relay operating coill is then

Ki©e - KS6o — (18)
The torque s then glven by
T = -TmaSgn(Kie-KzS 6 o)
= T SON(KI 6 0+KeS 0 5) = 9

* Posttive emor must produce negative torque
Where e = -8, note 4, assumed zero.
The torque change over condltion Is then

L$3
—s50
Ko °

A case of particular Interest Is that (in which

Kifo = -KaSGo OF 0o = - — (20)

the magnitude of the initial displacement s
set so that torque is reversed when the O/P

shaft has moved exactly half way) we go
from maximum acceleration to maximum
deceleration just af the comect time to bring
the load to a stop just where we want it.

Let this value be 6 a.

Tmnx
Then, 0”:T§ti_ 64,
Where C;=—~6; and C;=0 ———— (21)
When,
= b _9: _ Tam &
0,—-2,wehave 2 =73 Z—Bd
(22)
Therefore,
T ’ 7]
04=—-~—;—“—lz or t= T — (23)
And therefore,
Towe ,_ Tow [ 0 _ [ OaTows
Soo= T T TV T T
— ()
K, Ky | 0,7 ax
But, 0.,——Kl S6, e 7 — (25)
Therefore,
s Ko [ 04T yuy
2 _ K] ] (26)
And therefore,
029 KZ 2 Tmu
T = (e @n
Lastly,
4(K")2Tmnx
By= = 28
F Y (28)
For a particular value of 04 we can
obviously choose Ki: and K; so that this
condltion Is satisfled. But the required values
of K, and K; will wvary for different
disturbances. We would lke this condition,

which s the condition for constant response
disturbance, satisfied
disturbance amplitude. This can be done If

to to be for any

the value of the velocity feedback gain K; is

varled automatically so that the relay
changes over exactly at
8

e=—=tVé, (29)
Now

07T o T
509=E__:__ and od=4"_]£2’.!" Tome  _ (30

J K, J
Eliminating 6 4. we have
K: T
03 ed g B2 Lew
(S4,) T 4-7{?— 7 31



Therefore,

KZ
K22=T'T]%m(sea)2 — @2
And,
K=t 5rl (0, when 0,=50, — &)

K, must remain positive so that the veloclty
feedback
have taken the postive root. We previously
had

remains negative. Therefore, we

T=—Touxsen(K,e—~Kys6,) — (34)
Therefore, T=—"T nusg{K;e —K;sw,)
K
— Teson(Kie= 57 10,1 0)
35

(his s exactly the fomula In the Zanker
papern)

The equation of the change over line Is then

e=—2—7L~m~ {wel w, oOr
9,=——2—7!: [ wol @o — (36)

In the days when V stood for velocity this
was called V mod V for obvious reason. #
was also regarded as difficult to produce a
3@ Tmadlwo, SO
root of each of the bracketed

velocity feedback gain of
the square
quantities was considered. le.

KJ
VR 57w —— @D
This quontity changes sign whenever the
original one does. We say then
T=—Tausen(sgn(e)y [ el —w, TYJ‘_ﬂ) — (38)

Where again we have camed through the
the
square root. This system Is called SERME - Sign

sign of the varlable when possessing

Error X Root of Magnitude of Error
For change over

sen(e)V [ e =VT7!:

T
wo=sgn(e)¥ [el =\) 2 j'"“ — (39)
wi= el ZT;" :see for V mod V. — (40)

4. Connection between Biemson and SERME
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Fig.4. Simplified Position and Velocity
Feedback System
Consider 6 =K.(Kse-0). We switch to

maximum deceleration when Kge=¢ . Biemson
says that Ks=2a/6 or e=g?%2a. This Is the
switching line. But this Is the switching line for
SERME, and to obtain SERME we say

0=V2ae or 0= 2]}'"“ san(e)V Tel

We then have

T el ! [Z 7par
‘——14)—‘—- sen(T D =5 |

Fig.5. Servo Control System with Relay implementation

5. Objections to SERME

Thls method evolved when electrical systems
didn‘t use control of fileld current of electric
servo motors : Le. there was no ‘back emf’
loop. There was therefore direct control of the

motor torque.

POZ
2xa

I,=LtZ Kulol, =K1y

T= "~ 2xa

(41

Electronic devices of those doys(tubes) could not
deal with armature currents.

But armoture controlled electric motor, ond flow
controlled hydraulic motars are effectively velocity
controlled devices. Moximum voltage or flow will
not necessarily produce maximum torque becouse
speed build up will tend to reduce the torque. it
might be argued that if we use significant forque
feedback then on Input signal will control torque
rather than velocity. From a linear point of view



this Is certainly so.

Consider the electrical case using armature

current to the same

thing).

feedback(which amounts

Fig.6. Current Feedback Servo Control System

For simpiicity, the time constant of the power
amplifier Is Ignored

T=J % 4B w=K,I — @2
and V=LE 4RI+ K0 — )
V=Ke—K;I) — )
Require the transfer function for T/e
Therefore,
K,(e—K,I)zL—‘a;—{ +RI+ Ko — ()
And.
Knw=K,e—~{K,K,+LS+R)]I (46)

Also,

Un S+Bw=Knl or w=Kn g — (4D

Therefore,
%JE:K,e—(K,KﬁLSaLR)I — (48)
And
[Ki+ (KK + LS+ RYJS+BII
=(JmS+BIK,e — (49)
Steady state glves
(Ka+ KK B+ RB)I= B.K,e -— (50)
Therefore, Bk
O RLT (KK + R D. D)
Let K.Ki be large
D =

Therefore, e controls T.

But this Is based on linearity. Suppose the SERME
system swiiches e hard over one way, Then os w

nses. Kmw will begin to cause | or T to reduce. This
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is the original objection to SERME. However, It
might be argued that the K loop tends to counter
this. Certainly V will tend to rise if | drops ond e
remains constant (as it wil). But f V was also
saturated It could not rise further. Nevertheless this
Is @ way to produce a SERME control in either the
fiow controlled hydraulic or armature controlied

electric system.

6. Discussion

A SERME control Is discussed especially In
relation to the fiow controlled hydraulic or
armature controlied  electric  system. in highly

demaned trend of maoximum power utilization. this
control wouid be another substitue for the control
sheme though not very well proved through the
Further

emplrical work result wil be presented Including

elabrate  experiment. analytical  and

sallent features resulted from hardware

advancement. None the less this control, hopely
and surely, is one way of solution.
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