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Abstract
Observer for estimation of the downhole flowrate and pressure with a passive identifier for
estimation of friction and density.

1 Model
Consider the following dynamical system
Vi .
Po Do = Ppdp — Prird (1a)
Ba
Vo . -
Pog-be = —PoVa + Ppird = Pcle (1b)
Mg = pp—pc—Falalq— Faq+ Apghit (1c)

where the downhole pressure is given as
Dbit = Pe + MaG + Foq + pghyit,
P = B, (e 1)

...densities p,, £ p(pp)s Ppir = p (Pvit), are given according the linearized equation of state as

p(p) = po+ %Op (2)

1.1 Design model

For observer design vi use the simplified model
Va

—=p, = q,—q 3a
Bd p p ( )
Mg = pp—pc— (Fa+ Fo)lglg+ Apghu, (3b)
with the downhole pressure at the bit given by

Poit = MG+ pe + Foq + poghyic- (4)

...approximated by
Doit = Pe + Faq + paghuit-



2 Observer

System
f £ q+ lppp
é = Q+ lpﬁp
1 Ba
= —[pp—pc— (Fa+ Fa)lgl g+ Apgh] + l—Fap — 1pq
M Vi
1 Ba
= v (Pp —pe) = 04f (@) + 0,9 (h) + lpvdqz? —lpq,
where
fl@) = ldlq
P a F,+ F,
q M 9
h
n & 92
g(h) %
0, = Ap.
Let an estimate of ¢ be given by
: 1 3 pra A Ba .
§ = M (pp - pC) - eqf (Q) + apg (h) + lpvdqp - lpq
g = &— lpppa
Note that the estimation error :
g=q—q=¢
is governed by
i = ¢
= _qu( ‘ngg( )‘lpq

)
0 (@) + 0,9 (h >—zp4)
=0, [f (0) = (@] - f()+9pg()—lpd
= 0, f (@)~ [(@)] - Li+8 o),
52 |V ye |l (9)
"‘H a0 =[oh)
By using the Mean value theorem, the error dynamics can be written as

L - - ~T
Gg=—-k(t)g—1,4+0 o,

where

dq

G€[min(q,q),max(q,q)]

(12)



2.1 Passive identifier

It is straightforward to show that the error ¢ is strictly passive from input 6 to output oq:
d (1, ~T
— | =q = —(L+EW)G@P+0 ¢q
dt<2q> (lp+ k()G +0 ¢q

~T
_lp(f +6 ¢q.

g td /1 , t
= S 1. -
/06 bq > /0 e (2q(7) )dT-i—lp/O G dr

1 t t
{—6(7)2} +l,,/ G2dr.
2 0 0

Since the system is strictly passive, the passive adaptation law

IN

b=—0=T¢(Gh)q (13)

would make the resulting error system strictly passive, thus ensuring that ¢ converges to zero. The
estimation error § = q¢ — ¢ is not directly known,
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G=—k(t)6-1,0+0"eq | g
y=0q

o | =

Figure 1: Negative feedback connection of the strictly passive g—system and the passive identifier
I'/s.

however, we have from (3a) that

. B Ba
Pp = v, dp % q
|
g = q Ep
Py
which gives
~ Va . R
Q=@ =5 P4 (14)
d

The passive identifier can thus implemented as

b = T'o(dhn)
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Remark 1 The integral of ¢ (t) p, (t) is implementable if p, (t) is known:

t p(t)
[ o Zar=[ sewan
0

p(0)

The parameter estimate is thus given by

00 [ o)1) ()~ 2L () ar

Ba

2.2 Identifier driven by filtered estimation error

We want the identifier to be driven by the low-pass filtered estimation error

1
qf - TfS + 167
and modify the identifier according to
0 = -To(3.h)iy
1
= Te@h i
= TOh) g 0
. s
—T'¢ (g, h) Pl

(17)

which is causal, thus implementable. The identifier can be implemented in state-space form as

é = T (4,h) i <xf - BKZPP>

Tf
. 1 n Vi n N
Ty = ——=T — —-q,
f T f Tf/dep p —4q
more transparently written as

6 = -T¢(d.h)i

rp = —qrt+tap—4g

. 1 < Va >

aF = —\Tf— 7% DPp |-

f Tf f Bd p

The time-derivative satisfies

(18)

(19)

(23)
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Figure 2: The negative feedback connection of the augmented ¢—system and the passive identifier
T'/s.

B e kP18
*lp‘jj% + lpqqf
< L@ L@+ i+ 0 $d
— 1, P+ @ —diy) +0 $a (24)

Using the inequality zy < %:1:2 + %yQ (completion of squares), we can write

ds N N . ~T
— < —lp (¢ + 47 — ddy) + 0 &q
Ly /5 gy =T
< 75” (@+3q7)+6 ¢q. (25)

Hence, we have established the (g, Gy)-system is strictly passive from 0 to @q. The stability of the
complete (q~, as, é)fsystem is established by the Lyapunov function

.. = 1. l,Tr
V(q,qf,t?) = 5q2+p—quc+

l-T__ .=
3 50 r—e, (26)

which the derivative satisfies

. ~T

14 —(p+ k)@ +6 &g
_lp‘j?” + lpqqf
~8'r 19

f%” (@+@)+0" <¢>q — rlé) (27)

IN

HHH



Consider the error dynamics

o - ~ ~T
g = —“kt)§—1,G+6 ¢
S S e
qr = quf qu

0 = -To¢(q.h)dr

Investigate the stability of the complete ((j, qs, é) —system using the function
~ 1 l 1= ~ -
4 (d, as, 0) =P+ 2L a + ~6'T6-qc7.
2 2 2
The derivative satisfies
. ~T
Vo= —(, k@)@ +8 ¢
~lp@; + 1p3ds
~T ~ - ~
—0" $d; + ' Thiy
- (—k ()G — 1yd+ éT¢) c’o
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T
~5 (+ @)+ 0 6
~T - - -
—0 gy + Gc'T'pgy

- (—k ()G — Lyd + équ) 7o

#HHH
T = —a1T1 + ¢z
Ty = —¢u3
$-3 = —as3r3+ 1.
References



