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APPENDIX D
“DRILL COLLARS WITH NO STABILIZER PRESENT

Moment Convention

e
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SIGN CONVENTION FOR
FORCES APPLIED TO THE DRILL STRING

The side force at the bit. This vector will be
considered to be the reaction force of the formation
against the bit. It will be positive when pointed
in the positive Y direction. For example, if

Ho > 0, as computed by the model, the bit will be
exerting an upward force against the formation at
X=0,Y = 0, which results in an increase in hole

inclination as drilling proceeds.

The weight on bit. This force vector will be con-
sidered to be the reaction force of the formation
on the bit. It will always be positive and pointing

in the +X direction.

The side force at the stabilizer. This force will be
considered the reaction force of the formation on the
stabilizer. It will have a positive sign when pointing
in a negative Y direction. This means the computed
value for H; is positive when the stabilizer exerts a

force on the low side of the hole.

The moment applied in the clock-wise manner will be

considered positive.
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d2y

ZMi‘ = EI v
Moments
+ WY
X
+ f(g - X) p sin(a) d&
0
X
+ j(n - Y) p cos(a) d&
0
Summing Moments:
2 X i
- B g_x}{ = WY + HoX +f(€ - X)p sin(a) + (n - Y)p cos(e)dg  (D-1)
0

Taking the derivative of (1) w/r to X

3 X
dy dy a[ - X i +(n - Y d D-2
- EI @__ =Wt Ho * ,{)(E )p sin(a)+(n )p cos(a) ‘é] ( )

X

Using Leibniz's Rule to take the derivative of the integral
X
Let part i = JE(E - X)p sin(o)dg

X
Let part ii = f(n - Y)p cos(a)dg
0

For part i

X X
8['};(5 - X)p sin(a)d‘c:] =[)—pX sin(a)
oX

(D-3)




For part ii

= X
3[£§n - Y)P cos(a)d%]= j;— Y'P cos(a)dE = -Y'PX cos(a) (D-4)

0X

Substituting (D-3) and (D-4) into (D-2)

WY' - Ho - PX sin(a) - Y'PX cos(a)

!
td
—

|

Il

- BI Y'" + Y'[-w + PX cos@xﬂ - Hy - PX sin(a)

EI Y"' + Y'[W - PX cos(a)] Ho + PX sin(a) (D-5)
Dropping PX cos(a), (assume negligible effect)

_EI Y"' + Y'W = Hy + PX sin(a) ‘ (D-6)

Dimensionless Conversions

Three quantities must be converted into dimensionless form,

they are X, Y, h.

Y .. X _ .. H_ (D-62)
M, Yoou, XM, - h
C
L _ . dc=Cd
M. 2 M, ©
'=QY_ g.'z- d_x=M 'd_y=g;z}—
y dX * dx ’ dX 2 5 gx - dxX M,

1 dY 1

"X M



y" d(dy/dx) - d(dg[ dx) dX
dx

dy M
d(ng{dx) _ oS m) _

dX

4%y
2

3
==

no_ d2y M2
G M

sz M3

y..,=d(d2 y/d%) _ M—,) . dX
dX dx

nv=daY MZ2 . M =d3Y M3
y dx~3 2 dX Ml

Dividing (D-6) by EI P sin(a)

' Y'w Ho X

P sin(a) T EI D sin(a) EI P sin(a) ' EI

M,

e -
Y = M3 y HO = M3 h

M,
Yl'= —_ 1

2 y
X = M,x
Ml et 1 Ml w _ Mah X
eV Pemey T Y = ET D st 1 M
M n(o) M, EI P sin(a) EI P sin(o) EI
}_.-I_l_y.,. W F MY w2 _ M, M, h W X W M2
M2 P sin(a) 1 EI P sin(a) EI P sin(a) EI

(D-7)

(D-8)



From (D-8)

_ EI P sin(o . _ EI
M, = w2 (@) M, = W

-

EI P sin(a
M,M, = sinfe)

EI P sin(a w EI .
M, = W ( )'\/EI =W/7T P sin(a)

Substituting into M,, M, , M, into (D-8)

yn1+y' = h + x (D—Q)

" Solution to the Differential Equation

Equation (D-9) may be broken down such that there is an

homogenous, linear constant coefficient portion as follows:

let h + x = F(x)
y''+y' =0

and the non-homogenous term is
h + x

The solution to the homogenous:
let y'''=M% ; y'=M
M (M*+ 1) =0
M.= 0 root (1)
M= +] root (2)

M.= -] root (3)



Vo= ©» eMX + e2X[C,cos(bx)+ C3; sin(bx)]

where a = 0-; b =1
¥o = C1 + [Czcos(x)+ Cssin(x)]
The particular solution
From (D-9) | F(x) = h + X
The uec = x ; the uc set is {x, 1}
0x),

Since the complimentary solution already has 1 as a term (c,e

the uc set is multiplied by x which yields {x?,x}

The particular function is:

y"p = 2C]
ynlp — 0
2C§x + C, =h+x
C = 1/2 ; C',=h
= 2
Yp 1/2x* + hx
The solution to (D-9)
y = Yp * Ve T C, + Cp cos(x)+ Czsin(x)+ 1/2x2% + hx (D-10)



NO STABILIZER PRESENT
(Slick String)

3

" Segment A

Rewriting (D-10)

y = C, + C, cos®)+ C; sin®+ 1/2 x? + hx

D-8

(D-11)

(D-12)

(D-13)

(D-14)

(D-15)

(D-10)



Using (D-11) x =0 yA =0

0 =Cp + C» C; = -C

Using (D-12) x =0 y"A =0

0 =

Now

C, + 1 C, =1 Cy = -1

vaA= -1 cos(x) + CaA sin(x) + hgx + x

Using (D-15) x =g y"a =20

0 =

~cos(2) - C;p sin(R) + 1

C,a sin(®) = [-cos(2)+ 1]

= [l-cos(2)]

Caa sin(®)

.Using (D-14) x = & V'a= 0

0=
Solving
ho

hg

f

- sin(%) + C4p cos(L) + hg + &

or ho
sin(2) - C3aA cos(l) -2
sin(f) - [1 - cos(2)] cot(L) - 2

Using (D-13) x =8 yap = Cqe

Cde = -1 + cos(21) + Csp sin(21) + 1/2%:%+ ho %

Putting (D-17) into (D-20)

Cdc

Cdc

= -1 + cos(2) + [1 - cos(2)] + 1/22% + hy 21

1/22% + hg 2

(D-16)

(D-17)

(D-18)

(D-19)

(D-20)

(D-21)



Rearranging (D-19)

ho = sin(R) -

cos(®) + cos®(8) _ o

sin(%)
[ho + ()] = EE&%ET [sin?(2) - cos(L) + cos?(2)]
[he + (2)] = 535?37 [1 - cos(8)]
After rearrangements
ho = tan &/2 - 2

(D-22)



10
20
30
S50
60
70
89

00
110
120
130
140
138

TR0
17@
18@
1980
209

230
249
239
250

279
~o

-l

296
360
3106
320
339

=40
330
360
379
289
390

~o0
416
420
430
449
450
~E0
470
489
499
200
219

20
339
540

CLS

INPUT "Dh(in)=";DH:DH=DH/1Z

INPUT "ODdc(in)=";0D:00=00/12

INPUT "IDdc(in)="7ID:ID=1D/12

INPUT "MW (ppg)=";M¥

INPUT "alfa(deg)=";AA:AD=AA

INPUT "FORMATION DIP gamma(deg)=";GA
INPUT "WOB(1009's 1b)=";W:W=Wx1002
INPUT "DRILL,ANISOTROPY INDEX a=";DAI
WU = 3.14139%((0D/2) "2~ (1D/2) "2) %488
C=(DH-0D) /2

SUML=@

AA=AD

P=WU% (1-MWU/55,4)

I1=3.14%(0D"4~1D"4) /64

PRINT "Dh (in) = “;DH&1Z2
PRINT "ODdc (in) = ";0D%12
PRINT "IDdc (in) = ", ID%12
PRINT "MW (ppg) = "MW
PRINT "ALPHA (deg) = "} AA
PRINT "GAMA (deg) = " GAMA
PRINT "FAI = "3FAl
PRINT "WOB (1b’s) = "1y

PRINT "I (ft"4)
PRINT P (lb's/ft)
INPUT" DO YOU WANT A HARD COPY 1-YES, 2-ND " HARD
IF (HARD=1) THEN GOSUB 1172

EI=4176%18"6%I

¥A=0

AX=RA+1

CO=W"2%C/ (ETXP¥SIN(AA/57.29))

@0sSuUB 336

LL=.1:LH=2, 31 L={LL+LH) /2

LV=L¥XTAN(L/2)-L"2/2

T=ABS ((CD-LV) /2)

IF T<.00001 THEN GOTO 420

IF LV»CD GOTO 3920

LL=LiL=(LL+LH) /2:GOTO 342

LH=L:L=(LL+LH)/2:G0T0 348

FOD=24TAN(L/2) -

FD=(SQR (E1) ¥PkSIN(AA/37.29)%XFDD) /7 (W"1.3)

Ba=37, 29%ATN (FD)

H=TAN(L/2)-L

HH=HXSQR (EI /W) kPXSIN (AA/57.29)

LLL=L%SGR (EI/W)

SUML=SUML+LLL

PF=LLL¥P*SIN(AA/57.29) /2

FI=57,29%ATN (HH/W) +AA

AANZ2=GA+57 . 29%ATN( (1-DAI)XTAN( (FI-GA) /37.29))
PRINT

CLS

PRINT Vememmm e e e e e e e "

PRINT "CLEARANCE (£t

PRINT "UNIT WEIGHT (1b

,—l\_'



55¢ PRINT "MOMENT OF INERTIA = ";I

56@ FRINT "STIFFNESS = ";EI

570 PRINT "ommmmmmedmm el e "
380 FRINT

590 PRINT "DIMENSIONLESS CLEARANCE = ";CD
60@ PRINT :
610 PRINT "TILT ANGLE, BETA = ";BA

62@ PRINT
£38 PRINT "SIDE FORCE AT THE BIT = ";HH
548 FRINT

£5@ PRINT "DISTANCE TO THE TANGENCY PDINT = ";LLL
660 PRINT

§7@ PRINT "PENDULIUM FORCE = *;PF

588 PRINT
598 PRINT "RESULTANT FORCE ANGLE = ";FI
780 PRINT

740 PRINT "NEV HOLE INCLINATION ANGLE, ITERATION # ";XX;" ALPHA = ";AANZ
726 PRIN

73¢ PRINT "TOTAL FOOTAGE DRILLED = “;SUML
749 DA=ABS (AA—AANE) ,
750 AA=AANZ

76@ IF (DA».1) THEN GOTO 369

77% LPRINT"EQUILIBRIUM ANGLE ALPHA "3 AA
789 LPRINT"FODTAGE DRILLED "y SUML
799 LPRINT"HO "1HH

800 LFRINT"# OF ITERATIONS = "R
812 INPUT "DO YOU YISH TO CONTINUE WITH ANOTER RUN 7 1-YES, @-NO"; DECH
220 IF (DECi=2) THENW GOTO 1i6@

830 PRINT

849 INPUT "WOULD YOU LIKE TD CHANGE ANY VYARIABLES 7 1-YES, @-NO";DECZ
856 IF (DEC2=6) GOTO 118

866 CLS

976 PRINT "CODE # VARIABLE"

"8EG PRINT Mem——=m e "

396 PRINT * 1  —--——- Dh
900 PRINT " 2 ---—- ADdc "
819 PRINT " 3 ----- Thae"
926 PRINT " 4 —-—-—- Welc"
939 PRINT " 5 - By
™40 PRINT " 6  --——- ALEHA"
95@ PRINT " 7 emm——— GAMA"Y
3950 PRINT " g8 W - woB"
97@ PRINT * 9  ——-—- e

9860 PRINT
~29@ PRINT "INPUT THE CORRESPONDING CODE FOR THE YARIABLES YOU WISH TO CHANGE, "
1060 PRINT "ENTER THEM ONE PER LINE ----ENTER @ WHEN FINISHED"
1@1@ INPUT "CODE # = ";CN
1020 IF (CN=@)THEN GOTO 11@

1839 IF (CN=1)THEN INPUT "Dh (in) = ";DH:DH=DH/12
1840 IF (CN=2) THEN INPUT "0ODdc (in) = ";0D:0D=0D/1Z
1838 IF (CN=3) THEN INPUT "IDdec (in) = ";ID:1D=ID/12
1@6@ IF (CN=4) THEN INPUT "Wdc (in) = ";WU
1870 IF (CN=3) THEN INPUT "MW (ppg) = "MW
D-12



) THEN INPUT “ALPHA (deg) = ":AA:AD=AA

1089 IF (CN=6

1890 IF (CN=7) THEN INPUT "GAMA (deg) = ";GA

4100 IF (CN=8) THEN INPUT "WOB (1@@@'S lbs) = ";W:W=1000%W
11140 IF (CN=9) THEN INPUT " h = ";DAl

1120 IF (CN<@)OR(CN»S) THEN GOTO 1148

1130 GOTO 1010

1140 PRINT "INPUT VALUE MUST BE BETWEEN @ AND 8 INCLUSIVE"
115¢ GOTO 1@1@

4160 END

1170 REM %okkk HARD COPY OF INPUT DATA Xkkkx

1180 LPRINT "Dh (in) = ";DH%ki2
1199 LPRINT "0ODdc (in) = ";00%1i2
1292 LPRINT "IDdc (im) = ";ID%4iZ2
1219 LPRINT "MW (ppa) = "MW
182@ LPRINT "GAMA (deaq) = '; GAMA
"239 LPRINT "ALPHA (deg) = ";ALPHA
1249 LPRINT "FAI = ";FAl
1259 LPRINT "W0B (lb’s) = "; ¥
1260 LPRINT "I (ft"4) = ";I
1278 LPRINT *P (1lb’s) = ";P
1286 RETURN
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APPENDIX E
ONE STABILIZER REAMER, CONTACT
POINT AND NO CONTACT POINT
CONSIDERED.

P Sin (-()

P Cos (=)

FIGURE X

E-1

Y

Moment Convention

(+*



N

Moments

IM; ="EIY" = [WY - HoX + Hy(X-2,) + M ]

X
+ ["1¢E - X)p sin(a) + (n - V) peos(a)]de (E-1)
0
+ WY
- HoX
+ Hy (X --231)
+ M,
+ (£ - X) p sin(a) d&

-+

(n - Y) p cos(a) d&

Taking the derivative of the summation of moments to w/r

X yields:

X
EI Y''' = WY' - Ho + H; + 3{ j;)[(E—X)psin(a)+(n-Y)pcos(oc)]dg} (E-2)

oX

part i (¢ - X)psin(a)

part ii = (n - Y)pcos(a)

Liebnietz Rule for differentiation of integrals is:

3 uala) _ du duo
_— F[x,(a)]ldx})= Flui,(a)] A Flug, ()] daca)

o0 uo(a)
u; (o)
+ Fo [x,(a)] dx (E-3)
Ug(a)
let £ = X [From formula (E-3)]

let X = ¢ E-2



let F(E, X) = (¢ - X)Psin(a) part i
let F(E, X) = (n - Y)Pcos(a) part ii
Fy(E, X) = - Psin(a) part i
Fx(g, X) = -Y' Pcos(a) part ii

For part i
(E-4)

-g'[jx(ﬁ - X)Psin(a) d§]= 0-0 +-IX- Psin(a) d§ = -px sin(a)
9x 0 0

For part ii

(E-5)
X X

-Q-[ f.(n— Y)Pcos(a)dg]= F(X,X)- 0 +j—— Y'Pcos(a)d = -YPXcos(a)
9x 0 0

. Substituting (E-4) and (E-5) into (E-2)
EI Y"'=W Y' + (Hy - Hy) - Y' P X cos(a)-PX sin(a)
EI Y''' + Y'[-W + PX cos(u)] = (H; - Hg)-PX sin(a)

EI Y"' - Y'[W - PX cos(a)] = (Hy - Hp)-PX sin(a)



NO CONTACT POINT
LONG STABILIZER

A
1
h
W
FIGURE XI
Segment A
yp = -1 + cos(x) + C,y sin(x) + 1/2x%+ hgx
B.CO
X=0 yp =0 produce same constants Cp, and Cp,as (E-6)
X=0 y'p = 0 deriﬁed in point stabilizef case (E-7)
C,a =-1;Chg=13 hy=hg

Segment B
X =2 vy = Cgstl (E-8)
X =2 YB © Cdc hB = (hy - ho) (E—'g)
X =14 yvig =0 produce same constants Cg1,CB2,CB3 (E-10)
X =2 v'g = 0 as derived in point stabilizer case (E—il)



Continuity Conditions

X=
5= V8= Cst, (E-12)
Y', =Y'g=0 (E-13)
Segment A

Determination of C,, , Hy

using (E-7) X = 235 Vp = Cst1 to determine Cg,p

Cst, = -1 ¢ cos(f1) + C,p sin(fy) + 1/28:2 + hg 22
[Cst. + 1 - cos(f1)- 1/2 21°-h, 2]
Csyp = 1 : (E-14)
sin(2,)
using (E-13) X =121; Y'p =0 %o determine hg
0 = sin(2;) + Cypcos(L1) + %1 + hg (E-15)
substituting (E-14) into (E-15)
. 2 —
0 = - sin(Ly)+ [Cst, + 1 - cos(f1)-1/2 2:°-hg zl%cos(£ﬁ+21+h0
sin(%,) :

= - sin(8;) + [Cgt, + 1 - cos(&y) - 1/2 2.2 1tan(21)-hgl1 +21+hg

sin(2,)-[Cgt,+1-cos(L1)-1/2 2:% Jtan(21)-21= holl- 2itan(21)]

- sin(%, )—[Cstl'l-l-COS(Q], )-1/2 2,2]cot(R1)-21 (E-16)
[1 - 2;c08(21)]




Segment B

C,g » C,g_and C,p are obtained from the boundry conditions at
the point of tangency.
X=14% ¥'p=y'4=0
a = (2 + hp)
G . 2
¥yp = C;p + C,g cos(x) + C,g sin(x) + 1/2 x* + hpx

0 = - [cos(R) + a sin(2)]sin(®) + [sin(R) - a cos(z)cos(ll)]+h3+21
= —cos(2)sin(fy)-a sin(z)sin(zl)+sin(2)cos(21)-a cos(2)cos(L)
+ h + 2,
0 = +sin(2-2:) - a cos(fL-2%1) + hg + 23
= + sin(2 - 21) - fcos(-21) + hB[l - cos(L-21)]+ 2,
hg = + sin(f[I‘&ocgsfgof(il;] 291+ L1

_ sin(f - 23) - cos(R = 84) + %, _
hg = [cos(Z = %) - 1T | (E-17)

X =12, ¥g=Csty

Cst = C1 + C,p cos(R1) +Cyp sin(21) + hgly + 1/2 2,%

[cos(R) + a sin(R)cos(R1)]+[sin(R) - a cos(L)sin(Ry)

+ hB (21 - L)

cos(g)cos(fy) + a sin(f)cos(L;) + sin(R) sin(21)

- a cos(®) sin(2) + h (L1 - %)
E-6



1

cos(f - 23) + a sin(¢ - £1) + hp(2y - %)

cost? - £1) + & sin(% - 21) + hg[f1- 2 - sin(& - 2;)

= -Cge +1-1/2 1D
=-M-1/2 22 + cos(& - )+ £sin(f -21)+hg[Li~- 2 -sin(2-21)]

= M+1/2 2%~ cos(® -21) - 4sin(% - 21) - hp[&-21 +sin(L -2D] (E-18)



CONTACT POINT
WITH LONG STABILIZER

—_—

<
A
g,
he
h,
3
FIGURE XII
Segment A

Long Stabilizer

0 < x < %¢

Boundry Conditions

X=0 ¥p =0 (bit is centered in the bore hole)

X=0 ¥'p =0 (no moment exists at the bit)

Continuity Conditions

X =12 ¥p=YB = Cqc

X = 20 Y'A = Y'B =0
From boundry condition (E-19, E-20) C; = -1 , C» =1

E-8

(E-19)

(E-20)

(E-21)

(E-22)



yA = -1 + cos(x) + CaA sin(x) + 1/2 x?% + hgy x

y'a = - sin(x) + C,, cos(x) + x + hg

using B.C. (E-21)
Cge = -1 + cos(2g) + Cyp sin(fe) + 1/2(%e%) + hg 2¢
C,p sin(2e) + ho f¢ = 1 + Cge - cos(Le) - 1/2 2¢° (E-23)
using (E-Z%)
C;p cos(fe) + ho = sin(2e) - %¢
ho = sin(&¢) - % - C,pa cos(L¢) (E-24)

- _substituting (E-24) into (E-23)

C,a sin(e) + [sin(Le) - 2¢ - Cyp cos(Led]le =1+ C4p - cos(2¢)-1/28¢

_ 1 + Cgc -cos(le) +1/2 25~ 8¢ sin(Le) (E-25)
[sin(f¢c) - ¢ cos(f¢)]

Csa

substituting (E-25) into (E-24)

- — 2— 3

hg = sin(xc)-zc-[l'*CdC cos(Re) - 1/202- L¢ Sln(“C’]cos(zc)
sin(%¢) - ¢ cos(Le)

hg = sin2(%e) - L cos(Le) sin(Re) - fc sin(&¢) + 8¢ cos(Le)



- c0s(%) - Cdc cos(f¢) -1/2 Lc2 cos(2s) + e sin(e)cos(Le) + cos?le
[sin(2¢) - 2o cOs(Lp)]

pu—

ho=1+1/28c% cos(8p) - cos(fe) - Cde cos(fe) - Lo sin(le)
o
[sin(%¢) - 2¢ cos(R¢)]

1 -2, sin(fe) + cos(Le)[1/2 22~ 1 - Cqyc]
[sin(fc) - 2¢ cos(Le)]

ho = (E-26)




CONTACT POINT
. Segment B

Long Stabilizer

Boundry Conditions

X =239 yB = Cdc (E—27)

X (E-28)

I
Y
<
UJ-

I
o

X = 21 yB = Yc = CStl (E-29)

X = 2 y'p=9'c =0 _ (E-30)
using (E-28) and (E-30)
0=- C,g sin(L¢) +C3B cos(8e) + (L¢ + hp) (E-31)
0=- C,c sin(&;) +C3B cos(21) + (2 + hp) (E-32)
multiply (E-32) by -sin(%.) and (E-31) by sin(21)
0=- C,B sin(%¢)sin(21) +C;3B cos(2e)sin(®y) + (L¢thp )sin(2y)
0=C,B sin(ﬁc)sin(ll}-csB cos(kl)sin(zc)-(21th)sin(£c)

0=C,p [—oos(lc)sin(ll)f—cos(zl)sin(zc)]4-sin(£1)(lc+ hp)

—(Qrfh) Sin(zc)

- C,plcos(8¢e)sin(2y) - cos(21)sin(e)] = sin(L1) (Lo +hp) sin(Lc) @i+ h

sin(®1) (e + hB) sin(fe)(Ra1+ hB)

-[cos(2c)sin(2,) - cos(®y)sin(Le)]
E-11

CgB=



sin(21)(2¢ + hp)-sin(Le) (2 + hp)
[cos(21)sin(L¢) - sin(L;y)cos(Le)]

C;B =

—

=Sin(2c)(21+hB)-Sin(ll)(zc‘*'h]q) (E-33)
sin(%1 - 2¢)

C;:B

multiply (E-32) by cos(f%¢) and (E-31) by cos(2:1)
0=- C,g sin(f¢)cos(21) +C,B cos(2c)cos(L1) + (Rcthplcos(Ly)  (E-34)

0=- C,p sin(f:1)cos(L¢) +C3B cos(%1)cos(e) + (L3thplcos(L¢e) (E-35)

subtracting (E-34) from (E-35)

0=C,glsin(21)cos(Le) - sin(fc)cos(21)] + (Rethp)cos(Ly)

- (21 + hp)cos(Le)

_ (2¢cthp)cos(L1) - (L1+hp)cos(Le)

C
*® Tsin(2¢)cos(21) - sin(L1)cos(e)]

_ (2c+hp)cos(L1) - (Rr+thp) cos(fe)
sin(2; + Rac)

_ (%3 + hp)cos(L¢) - (¢ + hp)cos(Li) (E-36)
sin(f1 - ¢)

C,p




To solve for h, and ClBin Segment B, boundry conditions, (E-27)(E-29)

are used:

—_—

Cgst; = C1+Cz cos(21)+Cs sin(21) +1/22;%+h £, (E-37a)

(E-37b)

-Cde -C, -C;, cos(e) -Cs sin(2¢) -1/28c-h L¢

Cst — Cdc =C, [cos(21) -cos(f¢)] +C3[sin(L;) - sin(Le)

+ 1/2(2:2 - 2c2) + h(&; - Le)

Cst-Cdc-1/2(212-zcz)==Cz'(cos(£1)-cos(zc)i-cs[sin(ll)-sin(ﬁc)

+h (21— %¢) | (E-38)

Expanding the terms in the numberator of the r.h.s. of equations

(E-37):
(E-38a)

g1c0s(2c)cos(21) +h cos(Re)cos(L1) - & cos@y-h cos?(2;)
sin(f1 - %¢)

" C,pleos(21)] =

(E-38b)
-23cos?(%e)-h co(Le)+he cos(Li)cos(Re)+h cos@ilcos(Le)
sin (%1 - %¢)

C,gl-cos(e)]=

(E-38c)
215in(2,)sin(L;)+h sin(2e)sin@)-(Le)sin®@-h sin®(%;)

C,glsin®v 1=

(E-384d)

- in 2 - in?2 i i +h sin sin(2
Cipl-sin(2e)1= 218in2(2c)-h sin?(2g)+8e sin(2;)sin(fe) sin(®y) (2e)

Adding similar terms in equation (E-38a,b,c,d) yields:
{E-38e)

-2c[cos2(L;)+sin?(21)]-h[cos?(L1)+ sin2(21)]1-h[cos?(Le)+sin?(L¢)]

—21[cos2()+sin2(2e) 1+21[cos(2e)cos(R1)+sin(Re)sin(La)]

E-14



Continuation of (E-38e)

+ 2h[cos(zc)cos(£1)+sin(£c)sin(21)]+£c[cos(21)cos(20)+sin(£ﬂsin(zc)

Simplifying (E-38e) and substituting back into Equation (E-38)
yields:
(E-39)
-(lc—2h+21)+C°S(21-2c)[21+2h+lc]==h(£1_2c)
Sin(ll - 20)

Cst-Cde-1/2(1%2c =

isolating h on the r.h.s. Qf (E-38)
[Cst—'Cdc—l/Z(z]_z—lc )] sin(£1—20)+(£c+21 Y-cos( 21—20) [ 21"‘20]

= h[(R1-%¢c)sin(R1~ L¢)+2cos(R1-L¢)-2]

solving for h:, which will be designated hg for the second segment
‘of the string.

hB=[Cst-Cdc—1/2(2f-lc Y1sin(g,-c)+(gete,)[1-cos(g,=2c)]
[2cos(f1-Lc)+(R1-2c)sin(2,1-2¢)-2]

(E-40)

multiplying (E-37a) by % and (E-37b) by 2:
Cst ¢=C1BLc+CyBle cos(+C;3;BLe sin@®@)+1/22:%c+hpl, L

- Cgcl1=C,B21~-C,B: cos(zc)—Calesin(Qc)-llzzczzl-hB21lc

adding the two equations above yields:

Cstle-Cdc?21=C1B(Lc-21)+C, [ % cos(21)-21 cos(Le)] (E-41)

+C3[Le Sin(21)-218in(2c)1+1/28:18c(21 = 2¢)

15
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solving for C;g

'C;B = Cde 21-Cgt 2c+C2[f¢ cos(L31)-2:c08(2c)]+Cs[e sin(2;)

-218in(Re) ] + 1/28:8c(21 - Qc)

(E-42)

To solve for % in Segments A and B, we use X = 8, Y'"p =Y

and solve for O.

- cos(%c)-C3p sin(e)=-C,B cos(Lc)-C3B sin(Le)

0 = (Cy4p - Cyplsin(e)+(1-C,B)cos(Le)

"B

(E-43)



THE INFLUENCE OF WOB

Dp - 12.25in. a = 25° ODge = 8.25in.  IDge = 2.5in.
WOB x 1000 Ho H, ¢ 8 2e He
20 -1488 4927 | 20.7 | 0.006 - -
30 -1476 4907 | 22.2 | 0.008 - -
40 ~1463 4887 | 22.9 | 0.009 - -
50 -1449 4869 | 23.3 | 0.011 - -
60 -1434 4850 | 23.6 | 0.012 - -
70 -1418 4834 | 23.8 | 0.013 - -
80 -1401 4818 | 24.0 | 0.015 - -
TABLE VI-E
THE INFLUENCE OF HOLE INCLINATION
Dy = 12.15 in. ODge = 8.75 in. IDge = 2.5 in. MW = 10 ppg.
WOB x 1000 = 60 D1 = 60 ft.
o Hg H, o 8 e He
5 -296 1151 4.72 | o0.002| - -
10 -589 2167 9.43 | 0.005| - -
15 -878 3113 14.2 | 0.007| - -
20 -1160 4006 18.9 | o0.010| - -
25 -1434 4850 23.6 | 0.012]| - -
30 -1697 5647 28.4 | 0.014]| - -
35 -1946 6394 33.1 | 0.016] - -

TABLE VII-E
E-17



THE INFLUENCE OF STABILIZER PLACEMENT

E-18

Dy = 12.25 in. o = 25° ODdc = 8.75 ID4e = 2.5
MW = 10 ppg. W x 1000 = 60
D: Ho H, ¢ B Le He
20 -501 3098 24.5 0.0004 - -
30 -747 3523 24.3 0.001 - -
40 -987 3955 24.1 0.003 - -
50 -1217 4396 23.9 0.006 - -
60 -1434 4850 23.6 0.012 - -
70 -1369 4859 23.7 0.471 0.947 727
80 -1178 4600 23.9 0.436 1.09 1848
TABLE VIII-E
THE INFLUENCE OF I
Dh = 12.25 in. o = 25° MW = 10 ppg. x 1000 = 60
D, = 60 ft.
.]-: Ho Hl ¢ B 2'(‘, HC
*10~ 2
8.25 x 2.25
1.091 -1493 5,043 | 28.6 0.019 - -
8.5 x 2.5
1.226 -1579 5,298 | 28.5 0.016 - -
8.75 x 2.5
1.378 -1696 5,647 | 28.4 0.014 - -
0.25 x 2.25
1f727 -1967 6,447 | 28.1 0.011 - -
9.5 x 2.25
1.919 | -2091 6,806 | 28.0 0.010 - -
10 x 2.5
2.358 -2318 7,434 | 27.8 0.007 - -
10.25x 2.75
2.599 -2417 7,689 | 27.7 0.007 - -
TABLE IX-E




Standard Data

DRILL COMPARISON

Dp = 12.25 MW = 10 ppg. WOB = 60,000
ODge = 8.75 Y = 25° h = 0.15
IDge = 2.50 o = 30°
Case 1 DI = 30 ft. (no contact point)
Case 2 DI = 90 ft. (contact point)
Case 3 DI =0 (slick string)
(A0<0.05) (Ac<0.10)
Equil. ‘fof niEquil. #of
Angle|Footage iter- Angle |Footage iter-
(o) |Drilled| Ho |ations (o) Drilled| Hgy ations
Case 1|21.7 1594 -655 19 21.9 1339 -662 16
Case 2|20.1 2898 -945 20 20.34 2309 -955 16
Case 3|20.2 814 -932 20 20.4 647 -943 16
TABLE X-E
E-19




10
20
20
50
50
7
“ap
100
110
120
130
140
50
160
176
180
190
260
210
220
236
240
250
260
270
280
296
306
310
320
330
340
350
360
370
380
390
100
110
426
430
440
150
469
476
480
499
509
~51p
520
530
546
556
560
-~

REM ONE STABILIZER

REM _

REM ZERQ CLEARANCE

REM

EEm CONTACT POINT BETWEEN BIT AND STABILIZER WILL BE CONSIDERED IF PRESENT
RE

REM THIS PROGRAM CALCULATES BETA, HO, Hi, HC, PHI, LC FOR A SPECIFIED

REM :
REM  DISTANCE TO THE STABILIZER, WOB, AND MOMENT OF INERTIA.
CLS

DEFDBL F,L,X,N

DIM V(450),YD(459),YDD(45@)

INPUT "DISTANCE TO STABILIZER 1 (ft) : ";Dil

INPUT "Dh=";DH:DH=DH/12

INPUT "ODdc(in)=";0D:00=0D/12

INPUT "IDdcfln)*"'ID ID=1D/12

INPUT "MW (ppal)=" ;MW

INPUT "Hole inclinztion ALFA(qu\’"'AA

INPUT "WOB(10@0 1b)=";W:W=1000%W¥

DET1=DH

REM BREARKIORERREEEX PRINT INPUT DATA HRRERRARKAKKRAIKAK
CLS

PRINT " Di (ft)= ":1D11
PRINT " Dh (in) = "1 DH%12
PRINT " 0ODdc (in) = *y0D%12
PRINT " IDdc (in) = "y ID*12
PRINT " 0ODst (in) = "3 DH%L2
PRINT " MW (ppa) = "y MY
PRINT " ALPHA (deg) = "1 AA
PRINT " WOB (lb’s) = "W

REM kfsksokatoikk® CALCULATE DIMENSIONLESS GQUANTITIES MEAKEAKKFKKAE
WU=3,14139%((0D/2) "2~ (ID/2) "2) %485
C=(DH-0D) /2
CSTi=(DH-DST1) /2
P=WU% (1-MW/E5, 4)
I=3.14%(0D"4-1ID"4)/64
PRINT "P (lb's/ft ) = 1P
PRINT "I (ft"4) = 11
PRINT :PRINT
EI=4176%10"6K]
Di=(DL{{%SAR(W/ET))
CO=(W"2%C)/ (EIXPXSIN(AA/57.29))
REMxk%k% DIMENSIONLESS CONVERSION FACTORS XAkEKIoRARk
MI=ET¥PXSIN(AA/37.29)/(¥"2)
M2=SHR(EI/W)
M3=SQR (EI/W)#PXSIN(AA/37.29)
REM SRERKKIEKEEKEKIIE KR KK LR KHR KA ARRRRE KKK KR BRKER ALK
CSTi=(W"2#CST1) / (EI*P¥SIN(AA/57.29))
INPUT “DO YOU WANT A HARD COPY, 1- YES, Z2-NO";HARD
(HARD=1) THEN GOSUB 337¢
PEM Kgksokdckk® SOLVES FOR DISTANCE TO TANGENCY POINT RRRRKKKHKEEN
L=D1i+, 01
POSi={
COUNT=2
ATERM= CD-CSTi{-1+.5%Di"2
H=(SIN(L-D1)-L%COS(L-D1)+D1)/(COS(L-D1)-1)
E-20



570
580
-~ 9590
600
510
620
530
640
-~ 650
BED
570
639
696
700
710
726
730
746
756
760
770
780
790
800
810
320
530
340
350
860
276
=
906
91@
320
330
QAGI
950
“360
376
380
390

1800
1210
1029
1936
1046
1050
1669

F=XTERM-,3%L"2+C0OS(L~- D1;+L#SIN(L D1)+HX (DL1~-L+SIN(L-D1))
IF F<@ THEN PDSi=2
DX=,1 -
ITER ={
LPR=L
L=LPR+DX
IF L>15 THEN 899
XTERM=CD-CST1{-1+,3%D1"2
H=(SIN(L-D1)-L*kCOS(L-D1)+D1i) 7 (COS(L~D1)~1)
F=XTERM-.5%L"2+COS(L-D4)+L¥SIN(L-D1)+HX(D1-L+SIN(L-D1))
IF F{@ THEN 7929
POS2=1{
GOTO 719
POS2=2
IF PO52<*POS1 THEN 740
LPR=L
GOTO 628
IF ITER=1 THEMN 790
IF ITER=2 THEN Bi@
IF ITER=3 THEN 832
IF ITER=4 THEN 836
IF ITER=3 THEN 879
Dx=.,81: ITER=2
GOTO 620
Dx=.0@01: ITER=3
GOTF0- 6209
DX=,0001: ITER=4
GOTO 529
DX=,00001: ITER=5
GOTO 629
LPR=L : POS{=P0OS2 : DX=.1 :ITER={ : COUNT=COUNT+{ : ROOT(COUNT)=LPR
GOTO 629
FOR 1=1 TO COUNT
FP§¥T "ROOT(";I;") = ";RO0T(I)
-n..'; .L
REM Sorioriorokikiky DETERMINATION OF BETA,PHI, HO, AND Hi $$fEEdslrst i
1=@
L=RO0T (1)
PRINT "L= ";L
I=I+2
DX=D1/1
IF(DX>,925) THEN GOTO 962
H=(SIN(L-D1)-L*COS(L-D1i)+4D1)/(COS(L-D1)-1)
HO=(SIN(D1)-(CST{+1-COS(D1)-.3%D1"2) %1 /TAN(D1)-D1)/(1~-Di%1/TAN(DL))
H{=HO-H
C3A=(CST1+1-CO5(D1)~,5%D1"2~-HO*¥D1) /SIN(D1)
Y (@)=(C3A+HOD) ¥SQR (W/E1) M1 /M2
BB=57,29%ATN(Y (8))
HOU=HO#M3: HiU=H1*M3
PHI = 57.29% (ATN((SQR(EI/W)kPXSIN(AA/S7.29)%H0) /¥) ) +A4



-

1270
1089
1099
1100
1119
1120
113@
1140
11350
1160
i17@
1139
1199
1200
1219
1220
1238
1249
1250
1266
12709
1280
1299
1309
1319
1326
1339
1346
1350
1369
1379
1380
1390
1400
1410
1420
1430
1440
1450
1469
147@
1488
1490
1500
1510
1529
1530
1549
1350
1560
157@

PRINT

gg?Ni************ DETERMINES IF POINT OF CONTACT IS PRESENT HKXKKKKKEKEKKKK
==1 : DR=,01:%=0

I=1+1

Y(I)==1+C0S(X) +C3AXSIN (X) +HOkX+, Sk¥ "2

¥=¥X+DX

IF (Y(I)>CD) OR (Y(I)=CD) THEN GOTO 2382

IF (X<D1{) THEN GOTO {11&

IF (HARD=1) THEN GOSUB 3799

INPUT"DO YOU WANT A HARD COPY OF Y, SLOPE, MOMENT Ve ¥, 1-YES, 2-NO";HC

PRINT"BETA (deq) = ;BB
PRINT"PHI (deg) = "1 PHI
PRINT"H® (1lb’'s) = "y HOAM3
NN=D1{/,@1

FOR I=6 TO NN

Y{I)=0

NEXT I

REM siokkkdokiks SOLVE FOR @ SLOPE POINT BETWEEN BIT AND TANGENCY ®kKREkEH
=@:P0S1=1:COUNT=@

F==SIN(X)+C3AXCOS (X) +X+H0

IF (F<@) THEN P0OSi{=2:D¥=.

ITER={

¥PR=X

¥=XPR+DX

F==5IN(X)+C3A%XCO5 (X)) +%+H0

IF -(F{@) THEN 136&

PO52={ .

GOTO {379

POsz2=2

IF (POS2<>POS1) THEN 14@9
APR=X

G070 1319

IF (ITER =1) THEN 1440

IF (ITER =2) THEN 1456

IF (ITER =3) THEN 1466

IF (ITER=4) THEN 1470

DX=,21:ITER=2:G0TO 1316

D¥=,2@1: ITER=3: GOTO (312

DX=,0001: ITER=4: GOTO 131@

SLP2=X:DX1=5LP2/3:DX2=(D1~5LFP@) /5

REMxkx*¥¥ DETERMINE VALUE OF Y, SLOPE, MOMENT FOR BIT TO @ SLOPE POINT"#¥¥
K=0:J=0

FOR J=@ TO 5

Y(J)=(=14+COS (X)+C3AKSIN (X)) +HOKX+, SK¥"2) M1
YD(J)=(=8IN(X)+C3AKCOS (¥)+HO+¥) ¥M1 /M2

YDD(J)=-EI#(-COS (¥X)~C3AKSIN(X)+1)KM1/ (M2"2)

X=X+DX1:LSJ=J

NEXT J

REM %x%%*k DETERMINE VALUES QOF Y, SLOPE, MOMENT FOR @ SLOPE TO STABL "#kkk#¥
X=SLP@+DX¥2: LSJ=L8J+! '

22
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1582 FOR K=iSJ TO 10

1590 Y (K)=(=1+COS(X)+C3AKSIN (X) +HOKZ+, 542" 2) kM1

- 1600 YD(K)=(-SIN(X)+C3A?LDS(¥)+HD+V)*M1/ME

™ 1610 YDD(K)=(-EI%(-COS(X)-C3AXSIN(X)+1))*M1/ (M2"2)

1628 R=X+DX2 _

16380 NEXT K f

164@ PRINT *° X ¥ SLOPE MOMENT "
1638 PRINT! ======= = = emec—e——— ssse—e———= Semmeses

™ 1666 DIMY=,000001
1676 FOR I=2 TO 5 .
1680 PRINT " ";DIMX;" vy (Iyrr "3 YDiI) g "1 YDD(I)
1699 DIMM=0IMX+DY1%kM2
1700 NEXT I
1716 DIMY=SLP@XMZ
{720 FOR I=6 TO 1@
173@ DIM¥=DIMX+DX2%kME :
1740 PRINT " “;DIM¥;" MY (I N TENE " YDD(T)
1750 NEXT I :
176@ IF (HC=1{) THEN GOSUB 3760 :
1770 REM sx%%#¥% DETERMINE Y, SLOPE, MOMENT FOR SEGMENT B "Hkkixx
™ 1780 C1B=CD-H¥L-,5#%L"2~1
1796 C2B=COS(L)}+{L+H)*SIN(L)
18906 C38=5IN(L)-(L+H)%COS(L)
1210 DX3=(L-D1)/12:X=D1
1829 FQR I= 11 TO 24
1830 Y (D) =(Ci{B+C2BXCOS (X) +CIBXSIN (¥) +HEX+, Sk¥ " 2) M1
™ 1249 YD(I)=(~-C2BXSIN(X)+C3B%COS () +H+X) kML /M2
185@ YDD(I)={-EI1%(~C2B%COS(¥)-C3B¥SIN(X)+4) 1 kML/ (M2"2)
1860 X=X+D¥X3
1870 NE¥XT 1
1580 PRINT
1890 DIMK=D1%M2
~ {966 PRINT:PRINT "SEGMENT B ":PRINT
1916 PRINT" ¥ Y SLOPE MOMENT ©
1929 PRINT"=m==== = —mmemmemee mmmmmmmee meememmeee u
193¢ FOR I=1i1 TO 21
1940 PRINT" ";DIMX;" YTy wayD(IY ;" "sYDD(I)
1950 DIMK=DIMY+DXT%M2
™ 1966 NEXT I
1970 IF (HC=1)THEN GOSUB 391@
198 INPUT "DO YOU WISH TO CONTINUE WITH ANOTHER RUN % {-YES, @-NO";DECH
199¢ IF (DEC1=@) THEN GOTO 3560
2000 PRINT
2010 INPUT "WOULD YOU LIKE TO CHANGE ANY YARIABLES 7 1-YES, @-NO";DEC2
~ 2620 IF (DEC2=0) GOTO 220
agig geg HREEKLRKERAKEARAKE DATA CHANGE SECTION Hkakack kKRR ARRK R AR K
2 L
250 PRINT "CODE # VARIABLE"
2060 PRINT "=—==== —ee—————

2679 PEINT * {1 = ===== Ch*
™ 2080 PRINT " 2  ==——- ODdc”
2099 PRINT * 3~ ==—-- IDdc”
2169 PRINT " 4 —===—- Wdc
2118 PRINT " 5§  =—===- My "



2120 PRINT ¥ & —~=w—-= ALPHA"
2130 PRINT " 7 =————- GAMA"
2142 PRINT " 8 _m——— wo"
2152 PRINT " 9 = ———e- Py
2160 PRINT " 1@ ———— Dzt"
2179 PRINT " 1{ ——— Dzti ®

2180 PRINT '
2199 PRINT "INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE, "

2266 PRINT "ENTER THEM ONE PER LINE ----ENTER @ WHEN FINISHED"
2219 INPUT "CODE # = ";CN

2220 IF [(CN=@)THEN GOTO 228

223@ IF (CN=1)THEM INPUT "Dh (in) = ";DH:DH=DH/12

2242 IF (CN=2) THEN INPUT "0Ddc (in) = ";0D:0D=0D/12

22539 IF (CN=3) THEN INPUT "IDdc {(in) = ";ID:ID=ID/12

2268 IF (CN=4) THEN INPUT "Wdc (in) = ";WU
227@ 1IF (CN=3) THEN INPUT "MW (ppg) = ";MW
]

)
228¢ IF (CN=6) THEN INPUT "ALPHA (deg) "1 AAAD=AA
2226 IF (CN=7) THEN INPUT "GAMA (deg) = ";GA
2302 IF (CN=8) THEN INPUT "WOB (1@80'5 lbs) = ";¥W:W=1226%Y
2318 IF (CN=3) THEN INPUT " h = ";DAI
2320 IF (CN=10@)THEN INPUT " ODst(in) = ";DST1{:D5T1=DST1/42
233@ IF (CN=11) THEN INPUT " Dsti(ft) = ";Di!

2349 IF (CN{@)DR(CNX>11) THEN GOTO 2368

2356 GOTQ 2216

2368 FRINT "INPUT VALUE MUST BE BETWEEN @ AND 14 INCLUSIVE®
2379 GATO 2219

2389 L=,01

2390 IF (HARD=1) THEN LPRINT"#ixid% CONTACT POINT BETWEEN BIT AND STABILIZER #%X
A"

2408 IF(HARD=1) THEN LPRINT:LPRINT

2416 PRINT “sdyaickss CONTACT POINT BETWEEN THE BIT AND STABILIZER RARERAERLER"
2429 GOSUB 298¢

243@ POSi={

2449 COUNT=@

245@ IF F<® THEN POS1=Z

2468 Dx=.1

247@ ITER =1

248@ LPR=L

2499 L=LPR+D¥

2309 IF (L»xD1) GOTO 27398

2519 GOSUB 2966

2320 IF F<@ THEM 253@

£33@ POs2={

23498 GOTO 2560

2535@ P0S2=2

2560 IF POSzZ<{»POS1 THEN 25%9@

2570 LPRE=L

2380 GOTO 2499

2399 IF ITER={ THEN 2666

2609 IF ITER=2 THEN 2686

2619 IF ITER=3 THEN 2760

2620 IF ITER=4 THEN GOTO 2726

2632 IF ITER=5 THEN GOTD 2744

2640 IF ITER=6 THEN GOTO 2766

2639 IF ITER=7 THEN 2732 E-24
2660 Dx=.81: ITER=2



2679
2689
™ 2690
2790
2716
2729
2736
- 2749
2759
27609
2776
278@
279¢
:ﬁ@@
™ z816
2829
2836
2846
=856
2866
"2876
2886
2896
2960
2910
292@
935
29&@
2954
2960
2976
2986
-~ 2994
3660
3e1i6
3620
3939
3044
"™36556
2066
3978
3086
3690
3169
™3119
3122
3136
3149
3136

GOTOD 2496
DX=.001: ITER=3
GOTO 24992 ”
DX=,0921 : ITER =
GOTO 2490
DA=,00681: ITER=5
GOTO 2490
Dx=.000001: ITER=6
GOTO 2498

DX=, 8@@0061: ITER=7
GOTO 24992

LFR=L : PO51=P052 : DX=.1 :ITER=1 : COUNT=COUNT+{ : ROOT(COUNT)=

FOR I=1 TO COUNT

PRINT "CONTACZT POINT = ";RO0T(1)

NEXT 1

REM #ixday DETERMINES HO, HC, HL, BETA, PHI #aikk#
L=R0ODT (1)

=0

N3A=(1+CD-COS (L) +, SKL"2-LRSIN(L) )/ (SIN(L)-L*COS (L))
HD=3IN{L)-L-N3A%COS(L)

YD (8)=(-5IN(X)+N3AKCOS (X)+X+HO) kM1 /M2
BB=57.29%ATN (YD (@) )

GOTO 3926

REM ook FUNCTION FOR CONTACT POINT BETWEEN BIT AND STABILIZER #oiiokk

NA=(1+CO-COS (L) +. S%L"2-L¥SIN(L)) /(5 IN(L) LKCOS (L))

NUMER=( (CST1~CD-, 5% (D4 2-L"2) YXSIN(D1-L)+(L+D1) %k (1-COS(D1-L)))

DENQM=(2%COS (D1-L)+(D1-L)*%SIN(D1-L)-2)

HB=NUMER /DENOM

x=0

N3B={ (D1+HB) #SIN(L) - (L+HB)*#SIN(D{}) ) /8IN(D1-L)
NZB=( (D1+HB)*COS (L) - (L+HB)#COS(D1) ) /(SIN(DL-L))
F=COS (L)% {{-N2B)+3IN(L)* (N34-N3B)

RETURN

A=0

NUMER={ {CST1-CD-. 3% (D1 2-L"2) )#SIN(Di-L)+(L+D1) % (1-COS(DL-L) })

DEN=(2%COS (Di{-L) +(DI-L)#5IN(Di-L)-2)

HB=NUMER /DEN

HC=HO-HB

PRINT "BETA (dea) = " BB
PHI=37.Z9%ATN( (SAR (EI /W) ¥PXSIN(AA/S57.29) %HD) /W) +AA

DMEHT"

3160

PRINT "PHI  (deq) = "1 PHI

PRINT "H&  (lb's) = " s HO%M3

PRINT "HC  (lb's) = " i HCHM3

IF_(HARD=1) THEN GOTD 3126

GOTO 3150

LPRINT * CONTACT POINT PRESENT AT ¥ = ";%/M{i:LPRINT:LPRINT

GOSUB 3700

REM ®%k#%k% DETERMINE Y, SLOPE, MOMENT FOR SEGMENT A skkwkx

PRINT" % ¥ SLOPE

PRINT*  =mmmmmem e e
E-25
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2176
3180
3199
3200
-~3210
38”@
32&@
32359
3269
~ 3279
3289
3290
3309
331@
33z2@
~ 3330
3340
335@
3360
2375
3339
~ 339@

3489
3418
3429
-~ 3430
3448
3458
3466
3472
3489
~ 3499
3508
2516
23526
3530
2546
- 3356
3565
3578
3589
3590
3669
-~ 3610
3620
3630
3649
3650
3660
-~ 3679
3680
3699
3709

Dxa=(L/3):1=0:%=8 . _

FOR Q=8 TG 5

Y(Q)=(=1+COS (X) +N3AXSIN (X)) +HO®E+, SKE"Z) ¥M1

YD(A)=( —=SIN(X)+N3AXCOS (X)+HO+X ) #M1 /M2

YOD (M) = (~EI1% (-G0S (X)-N3AKSIN(X)+1) ) #Mi/ (M2 2)

A=X+D*A

LSTH=X

NEXT 6

DIMR=6

FOR I= 6 70O 5

PRINT" "‘DIMF'" "iY (I eyD(I)s " "sYDD(I)
DIMA=DIMA+DXAKMZE

MEXT I

§RENT:PEINT

NZB=((D1+HB) #COS (L) - (L+HEY4COS (DL ) /BINIDL-L)

N3B= ((D1+HB)#SINILJ—(L+HB)#:INfDL})KSIHfDi L)
Ni=(CST1%L-CD%D1)+. WW(L 2XDi{-D1" 2L +NZBR (D1#CDS (L) -L*CO35(D1) )
N2=NZB* (D1kSIN(L)-LESIN(D1)) :

DEN=(L-D1)

NiB=(Ni{+NZ2) /DEN

DEB=(D1-L)/5

PRINT" MOMENT

PRINT" = —mmmm—mm—=  mmmmmmee= mmmee—eeee oo

I=6

YT = (NIB+NEBXCOS (X) +NIBRSIN () +HBkXT  SKX"2) #M1
YD(I)=(~NZE*¥SIN () +N3B*LCOS (=) +HB+X) KMl /M2

YDOD (1) =—ED# {-N2B%COS (¥) -NIBXSIN(X) +1)xM1/ (M2"2)
A=E+0¥B: I=1+1

IF (I412) GOTO 34z2@

\1\"
_.<
(4]
-
(i
0
m

DIMA=L*M2

FOR I= 6 TO {1

FRINT * DIMX " SR AR N YYDl "1¥DD(I)

DIMZ=DIMX+DABAMZ

NEXT I

INPUT "DD YOU WANT & HARD COPY OF VY, SLOPE, MOMENT Vs X; 1-YES,2-NO";CH

IF (CH=1) THEMN GOSUB 4@i@

GOSUB 4186

GOTO 19g8e

END

REM ####**%*?#4*# HARD COPY OF INPUT DATA RARRANMKERALLAAN

LPRINT " DI (ft) = “1D11

LPRINT " DH (in) = “;0OHRLZ2

LPRINT * ODdc (in) = ";DD*iE

LPRINT * IDdc {in) = “;ID%12

LFRINT " Dh (in) = “;DH%12

LPRINT " MW (ppg) = L

LPRINT " ALPHA (deg) = "1 AA

LPRINT " WOB (lb’s) = "W

LPRINT " P (lb’s/ft in fluid) = "y P

LPRINT " I (in"4) = R

LPRINT: LPRINT

RETURN

REM ¥kdoksokaoiorsokak HARD COPY OF HO, BETA, HC, PHI ®REERRREHAKANR
E-26



3710 LPRINT "BETA (deg) = ", BB
2720 LPRINT "HO (1b‘s) = " HO%M3
3739 LPRINT "HC (lb's) = "y HC*M3
374@ LPRINT "PHI (deg) = "yPHI

~3750 RETURN
3760 REM %kR#Hkkkssk HARD COPY SEGMENT A NO CONTACT POINT KKERKEXKKK¥AK
3779 LPRINT:LPRINT® SEGMENT A BIT TD STABILIZER "
3780 LPRINT" % Y SLOPE
MOMENT "
3792 LPRINT" S e T

3860 DIMA=,800001
38ie FOR K=2 TO 3
3822 LPRINT" "iDIME Y (K" “IYDOK) 3" "3 YDD (K)
3830 DIMX=DIMX+DX1kMZ
38468 NEXT K
~ 3850 DIMA=SLF@XMZ2
3860 FOR J=6 TO 1@
3879 DIME=DIMX+DXZ2H¥MZ2
3886 LPRINT" “3DIMH; " SRATS N YD(J) " "1¥YDD(J)
3896@ NEXT J
3906 RETURN
~3910 REM skkskiokicks HARD COPY OF SEGMENT B NO CONTACT PRESENT RHKIKKAKAANK
3920 LPRINT:LPRINT" SEGMENT B STABILIZER TO TANGENCY POINT °
3938 LPRINT® X Y SLDPE M
DMENT *
3249 LPPINT“ -----------------------
=~ 3958 DIHV DixM2
3968 FOR I=11 TO 2!
3970 LFPRINT" CyDIMAG " il YO L(I) ;" "3 YDD(I)
39582 DIMA=DIMX+DRAI¥MZ
3996 NEXT I
4062 RETURN
~ 4010 REM ¥kixkkxs HARD COPY OF SEGMENT A AND B CONTACT POINT PRESENT A#AKHRYE
4629 LPRINT:LPRINT
4630 LPRINT“SEGMENT A AND B (BIT TO STABILIZER) ":LPRINT
4846 DIMR=0
4659 LPRINT "
MOMENT "
~ 4868 LPRINT *  =e——e— memsee= mTEeees
4070 FOR J=0 TO 3
468@ LPRINT " "iDIMX;" 1Y ()" YD) " "
YDD (J)
4096 DIMA=DIMX+DXAXM2
~ 4108 NEXT J
4116 DIM¥=LxMzZ

4120 FOR I= 6 TO 11
4132 LPRINT * ";DIMX;" YD) “YD(I) ;" ")
YDD (1)
4149 DIMY=DIMX+DABH¥ME
™ 415@ NEXT I
4168 RETURN
4170 REM
4180 REM THIS SECTION CALCULATES THE DISTANCE TO TANGENCY CONTACT POINT PRESENT
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4196 FOR I= { TO COUNT

4209 ROOT(I)=0

4219 NEXT I

4229 PQOSi=1:1=Di+.01

423@ COUNT =0

424% NUMC=(COS(L-D{)+L#5IN(L-D1}-.3%L"2-(C8T1-.3%D1"2-CD+1))
4259 DENC=(L-DIi-8IN(L-D1{))

4269 HC=NUMC/DENC

4279 C1C=-HC%L-.3kL"2+CD-1

4288 C2C=COS(L)+ (L+HC)KSIN(L)

4299 C3C=SIN(L)-(L+HC)*®COS(L)

4309 F=-C2CKSIN(D1)+C3CkCOS(D1)+DI+HC
4318 IF F<@ THEN POSi=2

4326 Dx=.1

4339 ITER =1

43460 LPR=L

4358 L=LPR+DX

4369 IF Lx»12 THEN 452@

4378 NUMC=COS (L-D1)+L#8IN(L-D1)-.3KL"2-(C5T1-,34%D1"2-CD+1)
438@ DENC=L-D1-SIN(L-01)

4396 HC=NUMC/DENC

440@ C2C=COS(L)+(HC+L)*SIN(L)

4416 C3C=SIN(L)-(HC+L)*#COS(L)

44260 F=-C2C*SIN(D1)+C3C4COS(D1)+D1+HC
4430 IF F<& THEN 4458

4449 PPS2=1

4450 GOTO 4470

446@ P0S2=2

4476 IF POS2<{-POS!1 THEN 43@8

4486 LPR=L

4499 GOTO 4336@

A38@ IF ITER={ THEN 4340

4519 IF ITER=2 THEN 43580

4520 IF ITER=3 THEN 4358@

4532 IF ITER=4 THEN 4609

4549 DX=.@1: ITER=2

4358 GOTO 4335@

4560 DX=,061: ITER=3

437@ G0TO 433@

4580 Dr=.900@1:ITER=4

4390 GOTO 4339

4609 LPR=L ; POS1=P0S2 : D¥=.1 :ITER={ : COUNT=COUNT+{ : ROOT(COUNT)=LPR
461@ GOTO 4359

4629 FOR I=1{ TO COUNT

4639 PRINT "ROOT(";I;") = ";RO0T(I)
4649 NEXT 1

4658 L=ROOT (1)

4660 DXC=(L-D1)/19



4670
4680
4692
4700
4719

4720
4730
4749
4750
4760
4779

4788

4790
4800
4810
4820
4830

N7
4840

4856
4868

)
~4B79
4889
4892
4909
4919
4929
NT
4930
NT i
4940
R |
4956
4560
4970
4980
4999
5600

NUMC=COS (L-D1) FL%SIN(L-D1)~,SkL "2~ (CST1~,5%D1 “2-CD+1)
DENC=L-Di-5IN(L-D1)

HC=NUMC/DENC

C1C=—HCkL -, 5%L"2+CD-1

C2C=COS (L) +(L+HC)®#5IN(L)

C3C=5IN(L)~(L+HC)*COS (L)

=01

FOR J=12 TO 22

Y(J)=M1% (CL1C+CECHCOS (X) +CICHSIN (X) +. Tk¥ " 2+HCHKX)

YD (J) =ML /M2% (-C2CHSTIN (¥) +CICHCOS (X) +HC+X)
YOD(J)==EDKML/ (MZ2"2) % (~C2CKCOS (¥) -C3CKSIN (X)) +1)
R=r+DXC

NEXT J

PRINT:PRINT

PRINT " SEGMENT C STABILIZER TO TANGENCY FOINT (CONTACT POINT PRESENT) "
DIMx=D1%M2

PRINT ¥ y SLOPE MOME
PRINT *  mmmmmmmee mmmemee e e
FOR I=12 TO 22 .

PRINT" " DIMK; " LY () VYD (1) ;" " YDD (I
DIMZ=DIMX+DXCHMR

NEXT I

IF (CH=1) THEN GOTD 4916

GOTO 5066
LPRINT: LPRINT
LPRINT" SEGMENT C STABILIZER TO TANGENCY PODINT(CONTACT POINT PRESENT) ":LPRI

LPRINT * X Y SLOPE MOME
LPRINT " = ==—eeee mmmmmmee e e

DIMR=D1{%M2
FOR I= 12 TO 22

LPRINT " *;DIMX;" Y (D) ";YD(I);" ";YDD(I)
DIMX=DIMX+DXCHH2
NEXT I
RETURN
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1@ REM THIS PROGRAM WILL DRILL A HOLE BASED ON FORCES PRESENT AT THE BIT,
2 REM —

%2 REM WHICH IN TURN IS DEPENDENT UPON PLACEMENT OF THE ZERD CLEARANCE
49 REM

59 REM STABILIZER.

60 REM ‘

7@ REM FIRST, THE PROGRAM CALCULATES L, HO, BETA, PHI, THEN P5I, WHICH IS
RP REM -

9@ REM THE NEW TRAJECTORY OF THE BORE HOLE., CDONVERGENCE TO THE EQUILIBRIUM
92 REM

94 REM ANGLE IS REACHED WHEN CELTA ALPHA IS LESS THAN .21 deg,

186 CLS

t1@ DEFDBL F,L,X,N

~28 DIM Y(4350),YD(43@),YDD(4359)

:3@ INPUT "DISTANCE TO STABILIZER 1 (ft) : ";Did

140 INPUT "Dh=";DH:DH=DH/12

15@ INPUT "DDdciin)=";0D:0D=00/12

60 INPUT "IDdc(in)=";ID:ID=ID/12

27@ INPUT "MW (ppal="iM¥

~73 INPUT "HOLE INCLINATION (deg)= ";AA

180 INPUT "FORMATION DIP GAMA (deg)="; GAMA

182 INPUT "FORMATION ANISOTROPY INDEX, FAI=";FAI

186 INPUT "WOB(1000 lb)=";W:W=1060%Y

288 DST1=DH

210 REM auoiiokikkdkssk PRINT INPUT DATA RERARRREHRRKKEKAR

2P0 CLS

=30 PRINT * D1 (ft)= ";011
246 PRINT " Dh (in) = ", DH%A2
250 PRINT " ODdc (in) = "3 0D%12
266 PRINT " IDdc (in) = "y ID%12
278 PRINT " ODst (in) = "1 DH%12
280 PRINT * MY (pra) = " Y
-3¢ PRINT * ALPHA (deg) =  ";AA
326 PRINT " WOB (lb’s) = vy

gig REM KkkRKK KR KA K PAL'ULATE DIMENSIONLESS QUANTITIES HKEKEKEKEKAKK
®¥=1

326 WU=3,14159%((0D/2)"2-(1D/2)"2) %489

A30 C=(DH-0D)/2

Sho C8Ti=(DH-D5T1)/2

359 P=WUX(1-MW¥/85.4)

266 I=3.14%(0D"4-1D"4) /64

372 PRINT "P {(lb’'s/ft ) = "y
382 PRINT *I (ft"4) = "y
392 PRINT:PRINT

489 EI=4176%10"6X]

419 Di=(D11%SOR(W/ET))

412 INPUT *DO YOU WANT A HARD COPY, 1{-YES, 2-N0";HARD
414 IF (HARD=1) THEN GOSUB 3579

420 CD=(W"2%C)/ (EI¥P£SIN(AA/57.29))

A30 REMARRRK DIMENSIONLESS CONVERSION FACTORS XEXEEERLNK
«+40 MI=EI%PXSIN(AA/S57.29)/(¥"2)

459 M2=5QR{(EI/W)

460 M3=SQR(EI/W)*PkSIN(AA/S7.29)



479
480
516@
~2a
530
549
3550
562
370
<30
390
600
619
626
539
A40
539
369
370
580
=30
<29
719
729
735
749
7350
R
778
780
799
800
810
20
336
349
35@
369
878
<89
390
989
910
929
930
=40
950
960
970
989
934

REM ERRERAIKR AN ARR KA AR R K AAKE AR IR RH KRR AR AR KK ARK KA KK
CSTi=(W"2%CST1)/ (EIX*P*SIN(AA/57.23))

ﬁEgii*gf****** SOLVES FOR DISTANCE TO TANGENCY POINT #EXEERKRENER
POS1i={

COUNT=@

ATERM= CD-CSTi-1+.3%D1"2
H=(SIN(L-D{)-L*COS (L-D1)+4D1) /(COS(L-D1)-1)
F=XTERM=-,5%L"24C0S(L-D1)+L¥SIN(L-D1)+H¥ (D{-L+5IN(L-D1))
IF F£{@ THEN POSi=2

DX=.1

ITER =1

LPR=L

L=LPR+DX

IF L»15 THEN 898

XTERM=CD~CST{-1+.3%D1"2
H=(SIN(L-D1)-L%COS(L-D1)+D1)/(COS(L-D1)~1)

F=XTERM-, S¥L"2+C0S (L-04) +LRSIN(L-DL)+HK(D1-L+SIN(L-D1))
IF F<@ THEN 729

POSZ2=1

GOTO 710

POSz2=2

IF POS2{>POSI THEN 7482

LPR=L

GOTO 626

IF ITER=1 THEN 7399

IF ITER=2 THEN 810

IF ITER=3 THEN 83@

IF ITER=4 THEN 839

IF ITER=3 THEN B87@

DX=.@1: ITER=Z2

GOTO &20

DX=,0@1: ITER=3

GOTO &62¢

DX=,0001: ITER=4

GOTO 629

D¥=,00901: ITER=3

GOTO &2@

LPR=L : POS{=P052 : D¥=.1 :ITER=1 : COUNT=COUNT+{ : ROOT(COUNT)=LPR
GOTO 629

FOR I=1{ TO COUNT

PRINT "ROOT(";I;") = ";RO0T(I)

NEXT I

REM ®¥ksrkkskkkrkx DETERMINATION OF BETA,PHI, HO, AND Hi SREEIEHRERIRKICKER
I=0

L=R0O0OT (1)

PRINT "L= ";L

I=I+2

DX=D1/1

IF(DX>».@25) THEN GOTO 988
H=(SIN(L-D1)-L%COS(L-D1)+D1)/(COS(L-D1)-1)

4030 HO=(SIN(D1)-(CST{+1~C0S(D1)-.5%D1"2)*1/TAN(D1)-D1)/ ({-Di*1/TAN(D1L))



1012 Hi=HO-H

1029 C3A=(CSTi+1-C0S(D1)~.5%D1"2~HOKD1) /SIN(D1)
1630 Y(08)=(C3A+HO) %SGR (W/ET) kM1 /M2

™49 BB=537.29%ATN(Y (@)

1850 HOU=HOXM3:H1U=H1%M3

1@60 PHI=S7,29%ATN (HOU/Y) +44

1972 PRINT

1980 REM kkkkxkkkiokkkk DETERMINES IF POINT OF CONTACT IS PRESENT ¥KKERKEKKKKKKA K
1699 PRINT

™ep I=—-1 i D¥=,@01:%=0

1110 I=I+4

1120 Y(I)=-14+C0S (%) +C3AKSIN (¥) +HO¥ ¥+, 5%X "2
1136 ¥=X+D¥

1140 IF (Y(I)>CD) OR (Y(I)=CD) THEN GOTOD 2389
1150 IF (¥<D1) THEN GOTO 1ii@

™82 PRINT"BETA (deg) = ;BB

©19@ PRINT"PHI (deg) = "y PHI

.26@ PRINT"H2 (lb’'s) = " HO%M3

-21@ NN=D1/,@i

1220 FOR I=6 TO NN

1236 Y(I)=0

™C49 NEXT 1

1250 PSI=GAMA+57,294%ATN( (1-FAI)XTAN((PHI-GAMA)/37.29))
1253 PRINT "PS5I = ";PBI1

1234 PRINT "ITERATION # ";XX

1255 DA=ABS (PSI-AA)

1260 AA=PSI

265 KA=XR+!

1279 SUML=L+5UML

1272 PRINT "FOOTAGE DRILLED = ";3UML®MZ
1273 PRINT:PRINT

1286 IF (DA».1) THEN GOTO 42@¢

1288 PRINT:PRINT

~29¢ PRINT "EQULIBIUM ANGLE REACHED AT ALPHA = ";AA
1369 PRINT "FOOTAGE DRILLED = ";SUML¥MZ
1318 PRINT "HO = ";HO%M3

1320 PRINT "# OF ITERATIONS = ";XX-1

1339 GOTO 4734

1988 INPUT "DO ¥YOU WISH TO CONTINUE WITH ANOTHER RUN ? {-YES, @-NO";DECI
=399 IF (DECi=@) THEN GOTOD 4746

2000 PRINT

2019 INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES 7 {-YES, @-NO";DECZ
2620 IF (DECZ=0) GOTO 220

2030 REM siokkkikiomdkkkkkks DATA CHANGE SECTION MRARICKANEARIERARRFRELRK
2049 CLS

A35¢ PRINT "CODE # VARIABLE"
2060 PRINT Vm———== —mm————e
20790 PRINT " { = =—=--- Dh"
2080 PRINT " 2 = ==—=- 0bdc®
2099 PRINT " 3 = —-—=-- 1Ddc"
2160 PRINT " 4  —-——-- Wdc"
@11 PRINT * § = -——-—=- g
2126 PRINT " 6  —-——-= ALPHA"
2130 PRINT " 7 = =—=-=- GAMA "
2140 PRINT " 8  —-———- woB™
2150 PRINT * 9 = —=—=—- K" E-32
2168 PRINT * 1@ ————- ODst"
R172 PRINT * 11 -———- Dsti *



2180
2190
2200
2210
2220
2230
5540
2550
2760
2270
2280
2590
2300
2310
2320
330
3346
3350
3360
2370
390
i
2400
2410
2420
2436
2440
2450
2460
2470
eaag
549
Sse0
3510
2520
2530
2548
2550
560
2570
2580
2590
2610
562@
2630
2640
2650
2660

Aéﬁ?@
2686
2696
27009

PRINT
PRINT "INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE, "
PRINT "ENTER THEM ONE PER LINE ----ENTER @ WHEN FINISHED"

INPUT "CODE # = ";CN

IF (CN=0)THEN GOTO 228
(CN=1)THEN INPUT “Dh (in)
(CN=2) THEN INPUT "0ODdc (in) = ";0D:0D=0D/12
(CN=3) THEN INPUT "IDdc (in) = ";ID:ID=ID/12
(CN=4) THEN INPUT "Wdc (in) = ";¥U
(CN=5) THEN INPUT "MW (ppg) = "MW
(CN=8) THEN INPUT "ALPHA (deg) = ";AA:AD=AA
(CN=7) THEN INPUT "GAMA (deg) = ";GA
(CN=8) THEN INPUT "WOB (1288'S lbs) = ";WiW=1000%V
(CN=9) THEN INPUT " h = ";DAI
(CN=1@) THEN INPUT " 0ODst(in) = ";DST1:D5T1=D5T1/12
(CN=11) THEN INPUT " Dsti(ft) = ";Dii

(CN<@)OR(CN>»11) THEN GOTD 236&
GOTO 22189
PRINT "INPUT VALUE MUST BE BETWEEN @ AND 1@ INCLUSIVE®

EDTU 2219

=,01

IF (HARD=1) THEN LPRINT"##i#¥## CONTACT POINT BETWEEN BIT AND STABILIZER #XX

IF (HARD={) THEN LPRINT:LPRINT :
PRINT “"sokiokaokdsx CONTACT POINT BETWEEN THE BIT AND STABILIZER HRAMOKAKAEAK"
GOSUE 2966

POS1=1

COUNT=9

IF F<® THEN POSi=Z

D¥=.1

ITER =1

LPR=L

L=LPR+Dx

IF (L>D1) GODOTO 2799
GOSUB 2866

IF F<@& THEN 233@

PO32=1

GOTO 2368

PO52=2

IF POS2<>P0OS1 THEN 2392
LPR=L

GOTC 2492

IF ITER=1 THEN 25658

IF ITER=2 THEN 2680

IF ITER=3 THEN 2700

IF ITER=4 THEN GOTO 2729
IF ITER=3 THEN GOTO 2748
IF ITER=6 THEN GOTO 2760
IF ITER=7 THEN 278@
DX=,@1: ITER=2

GOTO 2492

Dx=.001: ITER=3

GOTO 2499

DX=.0001 : ITER = 4

= ";DH:DH=DH/12
in
in

St et e b e e et fd e
M T T T T M M T
!



J)

2718 GOTO 2490
5720 D¥=.000@i: [TER=5
2730 GOTO 24350
2740 DX=,000001: ITER=6
-750 GOTO 2490
2760 D¥=,0000001; ITER=T
5770 GOTO 2499
2780 LPR=L : POS1=POS2 : DX=.1 :ITER=1 : COUNT=COUNT+{ : ROOT (COUNT)=LFR
2799 FOR I=1 TO COUNT |
”8@@ PRINT “CONTACT POINT = *;ROOT(1)
TB1e NEXT I
2820 REM ¥kk%k% DETERMINES HO, HC, Hi, BETA, PHI #kkfwtk
2530 L=ROOT (1)
2840 %=0
2856 N3A=(1+CD-COS(L)+. SKL"2-LASIN(L) )/ (SIN(L)-LKCOS (L))
;35@ HO=SIN(L)-L-N3A%COS (L)
2870 YD (B)=(-SIN(X) +NIAKCOS (¥) +X+HO) kM1 /M2
3886 BB=57.29%ATN(YD(@))
2590 GOTO 3080
2999 REM skiksikks FUNCTION FOR CONTACT FOINT BETWEEN BIT AND STABILIZER ®Rk%kk
2919 N3A=(1+CD-COS(L)+. S¥L"2-L¥SIN(L)) / (SIN(L)-L%COS (L))
2320 NUMER=((CST1-CD-,5% (D1 2-L"2) )#SIN(D1-L)+(L+D1)%(1-COS(Di-L)))
2330 DENOM= (2%C0OS (D1-L)+ (D1-L)£SIN(D1-L)-2)
2940 HB=NUMER /DENOM
2950 X=@
296@ N3B=( (D1+HB)#SIN (L)~ (L+HE) %SIN(D1)) /SIN(D1-L)
2570 N?Br(fDi+HB)kPDS(LJ—(L+HB)*PD°fD1¥i/(aIN(Di -L})
2930 F=COS (L)% (1-N2B)+SIN(L) % (N3A-N3B)
A35e RETURN
3016 NOM
3019 NUMER=({CST1-CD-, 5K (D1"2-L"2) )KSIN (Di~L)+(L+D1)% (1-COS(D1-L)
3620 DEN=(2%COS(D1-L)+(Di-L)%5IN(Di-L)-2) ! ( )
3830 HE=NUMER/DEN
3848 HC=HO-HB
2845 PRINT:PRINT

265e@ PRINT "BETA (deg) ‘BB

3958 PHI=57.29%ATN((SQEIEIIWD*P*“INfAA'q7 29)HHO) /W) A4
3078 PRINT "PHI (deg} = “PHI

3886 PRINT "He (lb's) = "1 HO®M3

38398 PRINT "HC (lb's) = " HCHM3

2095 GOTO 418@
3570 REM #kkKRKKXKEKRE HARD COPY OF INPUT DATA MkkEREEAEEEKELN

3380 LPRINT " DI (ft) = ";D11
3399 LPRINT " DH (in) = " DH%LZ
3600 LPRINT " ODdc (in) = ";0D%12
2610 LPRINT * IDde (in) = tyIDkiZ
<628 LPRINT " Dh (in) = ";DOH®LZ
3639 LPRINT " MW (ppg) = L
3640 LPRINT " ALPHA (deg) "1 AA
365@ LPRINT " WOB (lb‘s) = "W
3660 LPRINT " P {(lb's/ft in fluid) = "“;P
3670 LPRINT " I (in"4) = ";I

26892 LPRINT:LPRINT
3696 RETURN
3700 REM ®EKEEKKEKKEKE HARD COPY OF HO, BETA, HC, PHI KE¥AKSKEKKREK

3716@ LPRINT "BETA (deg) = ", BB
3720 LPRINT "HO (lb’‘s) = "3 HO%M3
‘g?B@ LPRINT "HC (lb’s) = ";HC*M%_34



3748
3750
1180
130
4289
4210
4220
4230
4240
4250
4260
4276
4230
4299
1399
<310
1320
1336
1349
1359
1360
~370
4330
4390
449
4410
4420
438
4449
4450
4450
4470
4480
456
1500
1510
4520
4539
45460
550
4560
4570
4580
4590
4500
~510
4629
4530
4640
4650
4679
4673
4674
4675
4680
4622
4684

-~

LERINT "PHI (deg) = "y PHI
REM THIS SECTION CALCULATES THE DISTANCE TO TANGENCY CONTACT POINT PRESENT
FOR I= 1 TO COUNT
ROOT(1)=0
NEXT I
POSi=1:L=D1i+.01
COUNT =@
NUMC= (COS (L-D1) +L¥SIN(L-D1)-. 5KL"2~ (CST1-, 54D1"2-CD+1))
DENC=(L-D{-SIN{L-D1))
HC=NUMC /DENC
C1C=-HC¥L~, 5%L*“24+C0-1
C2C=COS (L) + (L+HC) XSIN(L)
C3C=SIN(L)-(L+HC) *¥COS (L)
F=-C2C#SIN(D1)+C3CHCOS (D1) +D1+HC
IF F<@ THEN POSi=2
D¥=, 4
ITER =1
LPR=L
L=LPR+DX
IF L>{2 THEN 4629
NUMC=COS (L-D1) +L*¥SIN(L-D1) -, 5%L"2-(CST1-, 5401 "2-C0+1)
DENC=L-D1-SIN(L-D1)
HC=NUMC /DENC
C2C=CO5(L)+ (HC+L) *SIN(L)
C3C=SIN(L)~ (HC+L)*COS (L)
F=<CEC*SIN(D1)+C3C#COS (D1)+D1+HC
IF F<B THEN 4460
POS2=1
GOTO 4479
POS2=2
IF POSZ{»POS1 THEN 4509
LPR=L
GOTO 435@
IF ITER=1 THEN 4548
IF ITER=2 THEN 4560
IF ITER=3 THEN 4580
IF ITER=4 THEN 4500
D¥=,0:: ITER=2
GOTO 4356
DX=,001: ITER=3
GOTO 4350
¥=, 6001 ITER=4
GOTO 4350

LPR=L : POS1=POSZ : Dx=.1 :ITER={ : COUNT=COUNT+{ : ROOT{(COUNT)=LPR
GOTO 4338 .

FOR I=1 TO COUNT

PRINT "ROOT(";I;") = ";ROOT(I)

NEXT 1

L=R00T (1)

PSI=GAMA+37.29%ATN( (1-FAT)*TAN( (PHI-GAMA) /37.29))

PRINT"PSI = ";FSI

PRINT "ITERATION # ";¥X

FR=XE

SUML=L+SUML

PRINT "FOOTAGE DRILLED = ";3SUMLkMZ E-35
PRINT :PRINT



4692 DA=ABS (PSI-AA)

4709 AA=PS]
4719 IF (DA>.1) THEN GOTO 4z2@
720 PRINT "EQUILIBRIUM ANGLE REACHED AT ALPHA = ";AA
™173@ PRINT "FOOTAGE BRILLED = ";3SUML¥MZ
4731 LPRINT "EQUILIBRIUM ANGLE REACHED AT ALFHA = ";AA
4732 LPRINT “FOOTAGE DRILLED = ";SUML%MZ
4733 LPRINT "HO = ";HO%MZ
4734 LPRINT "# OF ITERATIONS = ";XX-1

4733 GOTO 1980 ‘
™174@ END



' APPENDIX. F




Segment A
B.C. X

X =

Segment B
B.C.

MM MM
i

y=C1+Cz

wz
1}

APPENDIX F

ONE POINT STABILIZER SINGLE
SEGMENT BOREHOLE, NO CONTACT
POINT

L

Range: 0 < x < 21 ;3 hp = hy

0 ya =0 bit centered in hole C;,

0 v'A = 0 no moment at bit Coa
Range: g1 < x < ; hg=h - hg

21 yB=Cst hp

£ ¥B=Cgc CiB

2 v'g =0 C2B

g y'g =0 Csp

cos(x) +

C; sin(x) + % x* + hx

- C, sin(x) + C3 cos(x) + X + h

y" = - Cy cos(x) - C3 sin(x) + 1

F-1

(F-1)
(F-2)

(F-3)
(F-4)

(F-5)
(F-6)

anTh



X=0
0:
X=0
0 =
We now h
Ya
X =2
0 =
C.B
X =3
0:
C3B
Substitu
C.B

Segment A

yA =0
Cl + Cz Cl = - C,
'ynA_.___ o)
_—C2+1 C2=1 C1=—1
ave
= -1 + cos(x) + Cyp sin(x) + % x2 + hg x (F-7)
Segment B
ynB= 0

- C,p cos(R) - C3p sin(g) + 1

- - Cspsin(2) + 1 _ CaB sin(®) -1 : (F-8)
- cos(g) cos(4)
v'g= 0

C,B sin(g) + Cgp cos() + & + h

- C,p sin(g) + (g + h) _ -(g + b) + C,p sinCe) (p_g)
- cos(g) cos(g)

ting (F-9) into (F-8)

_ [-C,B sin(g) + a]
cos2(g)

sin(g) + 1/cos(®)




C2p cos?(R) = - Cpp sin?(2) + (2+ hp)sin(2) + cos(%)

CzB = cos(®) + (2 + hg) sin(Q) (F-10)

substituting (F-10) into (F-9)

_ (-cos(2)-(% + h)sin(&) sin(2) + (L + hp)

CsB
? - cos(Q)
- Ciyr cos(R) = - cos(2)sin(2)-a sin?(L) + (& + hy)
B B
C;B = sin(g) - (2+hy) cos(Q) (F-11)

Cge = C1 +[cos(2)+(2 + hg)sin(2)]cos(f)+[sin(R)-(L+hp)

cos(2)] sin(L) + %% + hpt

Cig = - hgf-322+Cgc-1+(f+hg)cos(2)sin(L)-(L+hpg)cos(L)sin(L)
Cig = Cge - 1 - 32* - bp 2 (F-12)
X = ¥p = Cst

Cst = (Cge-1-32%-hg)+[cos(R)+[R+hp)sin(L)]cos®y)

+[sin(L)~(2+hg)cos(L)1sin(2)+34+hg 21



(Cst - Cde + 1 + 322- 3% = cos(®) cos(L1)+
+ (& + hg) cos(fi)sin(L) + sin(2) sin(f;) - (2 + hp)

COS(R) sin(ll) + hB(Zl - 2)

[CSt - Cdc + 1 + 3 (2.2 —2,12)] = cos(% - 2,) + (2 + hB)

sin(% - £1) + hg(f1-2)

_ Cst‘-CdC"'l"'%(lz"'Q'lz)_COS(2'_2'1 -2 sin(2-21) (F-13)
[(21-2) + sin(8f-21)]

hg

Continuity Conditions

X =2 va= B = Cst (F-14)
X = 2 v'a = ' (F-15)
X = %, y'a = ¥'p (F-16)

X=1h va = Cst

Cgt = - 1 + cos(®) + C3p sinQy + 322+ ho 21
— 2— -
Cap = [1 + Cgt - 222°- cos( ) =-hg 2] (F-17)
sin(21)

X = 2,1. y"'A = y"B

cos(f1) + C3p sin(y) + 1 = [cos(2) + (& + hpg) sin(R)]

cos(fy) + [sin(z)-- (2 + hgdcos(R)] sin(L,) + 1



[

C3p sin(®y) = cos(f)cos(f1) + (2 + hg) sin(R) sin(2;)

+ sin(2) sin(f;) - (& + hp) cos(L) sin(%,) - cos(21)

~hoi = (3%4% - Cst - 1) +cos(L - 21) + (& + hp)sin(L - £3)

ho = (1+Cgt—-%°32 )-cos(® —-21)-(L + hp)sin(& - 2;) (F-18)
21

X =24, Y'p=7Y'g

-sin(f1) + C3p cos(R1) + &1 + hg = - [cos(L) +(2 + hp)sin(8)]
sin(®®p) + [sin(2) - (2 + hp)cos(&)]cos(L1) +23 + hpg

Solving for O on the l.h.s.

0= - CZB sin(ll) + CsB COS(ll) + h - hO - CgA CcOSs (21)

+ sin(L%:)

0 = (1 - CaB)sin(21) + (Csp - Csadcos(Ly) +hpg - ho | (F-19)




NUMBERIC VERIFICATION OF RESULTS
FOR THE SINGLE SEGMENT POINT STABILIZER MODEL

Starting with the simplified differential equation for bending.
EI Y"*'+ WY' =H + XP sin(a) (F-20)

Integrating (F-20)

d;
EI Y" + WY ]

_ HoX + X2?P sin(a) ]dl
0 2 0

Y"(0) 0e X 0 Y(d1) = Cgt

Y (0)

0 X d:

d;2% P sin(a) (F-21)
2

EI Y"(dy) + W Cgt = Ho da +

Integrating (F-20) from d; to L

L 2 . L
' X*P sin(a)
EI Y" + WY ]dl H,X + 5 ]dl
Y"(R) =0 Y( ) = C4e
Y‘(SL) = 0 Y(d]_) = CSt

- BI Y"(d;) + W(Cge - Cst) = Ha( - dp) +250008) (14,3 (F-22)

Adding F-21) and (F-22)

L2P sin(a)
2

w Cdc = Hod1+ Hl(L - dl) + (F—23)

H1=HO_H1



EI Y'"*'+ WY'=H+ X P sin(a) (F-24)

Integrating (F-24) using B.C. for the slick assembly

L 2 . L
" = X“P 81n(a)
EI Y" + WY ]O , HX + 5 ]0
Y(0) =0 Y(L) = Cqge
Y'(0) =0 Y"(L) = 0O
_ L2P sin(a)
+ WCy, =H L + 5 (F-25)

Callas's data (1 - pt. stabilizer) From (F-23)

.D, = 10 f¢t. 2084 1b/ft = 6930 - 65233
Cge = 0.1042 ft. + 60351

Ho = 693 1b. 2084 1b/ft = 2048 1b/ft
. Hy = 2694 1b. 1.75% difference

9 = 41.48 ft.
P = 76.8 1b/ft.
o = 60°

W=20m 1lb's



string data

From (F-25)

Cqe = 0.1042 ft. 2,084 = -15,572 + 17,650
P =176.8 1b/ft. 2084 = 2078 lb/ft.
Ho = -513.6 0.29 % difference
a = 30°
W=20m1lb's
£ = 30.32 ft.
Cgt =0 (1 - pt. Stabilizer) From (F-23)
D, = 20 ft. +3646 = 1,480 - 36,440 +
a = 15° + 38,560
W=23milb's 3646 = 3600
P = 76.815 1.287% difference
Ho = 74.0 1b.
Hy = 934 1b.
Cdc = 0.1042



10

20

39

49

30

60

70

8@

90

100
110
129
130
140
150
1660
170
180
196
200
210
220
239
249
259
260
270
280
299
309
319
320
330
349
359
360
379
380
399
469
410
420
439
440
450
460
470
489
490
5090
510

REM
REM
REM
REM
REM
REM
REM
REM
REM

CLS

ONE STABILIZER

POINT SUPPORT
A CONTACT POINT BETWEEN BIT AND STABILIZER 1S NOT CONSIDERED,
THIS PROGRAM CALCULATES BETA, PHI, HO, AND Hi, FOR A SPECIFIED
DISTANCE TO THE STABILIZER, CLEARANCE, WOB, AND MOMENT OF INERTIA.

DEFDBL F,L,X,N

DIM Y(450),YD(459),YDD(439)

INPUT "DISTANCE TO STABILIZER 1 (ft) : ";Dil
INPUT "Dh=";DH:DH=DH/12

INPUT "0Ddc(in)=";0D:0D=00D/12

INPUT "IDdc(in)=";1D:I1D0=ID/12

INPUT "0ODst (in) = "eDSTL:D5TL=DETL/ 12
INRUT "MW (ppa)=";MW

INPUT "Hole inclination ALFA(deg)=";AA

INPUT "WOB(1682 1b)=";W:¥W=1200%Y

gEM ARRERKICRR AR RRE PRINT INPUT DATA RKMKKKMKRKEKRERRK
LS

PRINT " Di (ft)= "TUSING "##, #4#°; 011

PRINT " Dh (in) = "3 DHELZ

PRINT " ODdc (in) = "3 0D%12

PRINT " IDdc (in) = "y ID%i2

PRINT " ODst (in) = "yDSTixiZ

PRINT " MW (ppg) = "y MY

PRINT " ALPHA (deg) = "1 AA

PRINT " WOB (lb‘s) = "W

REM sksckaksksrsrk CALCULATE DIMENSIONLESS QUANTITIES HEAKEKRKEKKXN
WU=3,14139%((0D/2) "2~ (ID/2) "2) %483

C=(DH~-0D) /2

CSTi=(DH-DST1) /2

P=WUX (1-MW/635.4)

I1=3.14%(0D"4-1D"4) /64

PRINT "P (lb‘s/ft } = !
PRINT "I (ft"4) =

'..--..
-0

PRINT:PRINT

EI=4176%K10"6%]

Di=(Di41%SHR (W/EI))
CD=(W"2%C) / (EI¥P*SIN (AA/S7.29))
PRINT "CD = ";CD
Mi=EIXPXSIN(AA/S7.29)/(W"2)

M2=SQR (EI/W)

M3=SLR (EI/W) AP*5IN(AA/57.29)
PRINT"m3= ";M3

CSTi=(W"2¥CSTL) /(ETXPXSIN(AA/S7.29))
PRINT "CSTi= *;CST!

INPUT "DO YDU WANT A HARD COPY, i- YES, 2-NO";HARD
IF (HARD=1) THEN GOSUB 2710



329
53@
540
330
560
579
580
399
600
619
620
630
640
639
669
679
680
699
790
719
729
730
749
750
760
770
780
790

800 F=

810
829
830
840
830
860
879
889
899
906
910
920
930
940
950
969
976
989
990

GOTO {150

ﬁEgii*zf****** SOLVES FOR DISTANCE TO TANGENCY POINT RKXKKEXKKERKK
POSi=1 -

COUNT=0

NUMB= (CST1i+, 3%L"2-CD+1-.5%D1{"2)-COS (L-D1)-LASIN(L-D1)
DENB=D1~L+SIN(L-D1)
HB=NUMB/DENB

C1B=-HB*L-, 3%L"2+CD-1
C2B=COS (L) + (L+HB) (SIN (L)
CSB=SIN(L)-(L+HB)*CDS(L)
HO=( (CST1-.,3%D1"2+1)~
C3A=(1+C8T1-, 3401 "2-COS(
F=(SIN(Di) % (i~ CEB)+CDS(D
IF F{@& THEN POSi=

Dr=, 01

ITER =1

LPR=L

L=LPR+DX

IF L>15 THEN {120

NUMB= (CST1+.5%L"2-CD+1-,5%D1"2)-COS (L-D1)~LAXSIN(L-D1)
DENB=D1-L+SIN(L-D1)

HB=NUMB/DENB

CiB=-HB%L-, 5%L"2+C0-1

C2B=COS (L) + (L+HB) #¥SIN(L)

C3B=SIN(L)-(L+HB) *%COS (L)
HO=((CST1{-,5%D1"2+1)-COS(L-D4)-(L+HB)*SIN(L-D1)) /D1
C3A=(14+CST1-.54D1"2~-COS(D1)-HOKD1) /SIN(D1)
(SIN(D1)*(1-C2B)+C0OS(D1) % (C3B-C3A) +HB-HO)

IF F<© THEN B840

POS2=1

GOTO B30

POS2=2

IF POS2<>POS1 THEN 880

LPR=L

GOTO 790

IF ITER=1 THEN 969

IF ITER=2 THEN 95880

IF ITER=3 THEN 1600

ITER=4 THEN 1626

ITER=3 THEN 1049

ITER=6 THEN 1060

IF ITER=7 THEN {08

IF ITER=8 THEN 1106

ODx=,001: ITER=2

GOTO 709

DX=,0991: ITER=3

GOTO 79@

1)=(L+HB)XSIN(L-D1)) /D1
0xD1) /SIN(D1)

COS(L-D
Di)-H
1)%(C3B~-C3A) +HE-HO)

=t —t
N

1000 DX=,00001:ITER=4
1619 GOTO 7@@



1920

DA=,000001: ITER=3

1039 GOTO 76@

1042 DX=.,00600001:1TER=6

1650 GOTO 700

1060 DX=1E-88:ITER=7

107¢ GOTO 790 -

198@ D¥=1E-@9:ITER=E

1090 GOTO 700

1100 LPR=L : POSi=P0OS2 : DX=,1 :(ITER=1 : COUNT=COUNT+!{ : ROOT (COUNT)=LPR
1119 GOTO 700

1120 FOR I={ TO COUNT

1139 PRINT "ROOT(";I; ") = ";ROQT(I)

1149 NEXT 1

iigg ?Eg BRRRRKRRRRKRRX DETERMINATION OF BETA,PHI, HO, AND HI REXERRRENEXRRERFRL
1176 L=1.50608

1180 NUMB=(CSTi+.5%L"2-CD+1-,54%D1"2)-COS(L-D1)-LkSIN(L-D1)

1196
1209
1219
1226
1239
1249
1250
1260
1279
1280
1299

DENB=D1-L+SIN(L-D1)
HB=NUMB/DENB

C1B=-HB¥L-, 3%L"2+CD~1
C2B=COS(L)+ (L+HB)R®5IN(L)
C3B=SIN(L)~- (L+HB)*COS (L)
HO=((CST1-.3%D1"2+1)-COS (L
C3A=(1+C5T1-~,5%D1 "2-C0O5 (D1
F=(SIN(D1)*(1-C2B)+C0S{01)
Hi=H0O~HB

YD (@) = {C3A+HD)
BB=37,29%ATN (YD (@) *M1/M2)

HO%D1) /SIN(D1)

Di)-(L+HB) ¥SIN(L-D1)) /D!
(C3B~C3A) +HB-HO)

)
£

1309 HOU=HO#M3:HiU=H1¥M3

1319
1329
1339
1349
1339
13660
1379
1389
1399
1409
1419
1426
1436
1449
1450
1460
1470
14809
1490
1566
1519
1529
1530
1349

EHIN; 57.29% (ATN ( (M3%HO) /W) ) +AA
R1I
REM ®kgkskkkasdks® DETERMINES IF POINT OF CONTACT IS PRESENT RREKEXRBEARAKFAR

I=I+1

¥ (1)==1+COS (X) +CBAXSIN (X) +HO¥ X+, SKX "2
X=X+DX

IF (Y(1)»>CD) OR (Y(I)=CD) THEN GOTD 2660

IF (X<D1) THEN GOTO 136@
IF (HARD=1) THEN GOSUB 2842
INPUT"DO YOU WANT A HARD COPY OF Y, SLOPE, MOMENT Vs X, 1-YES, 2-NO";HZ

PRINT"BETA (deg) = “; BB

PRINT"PHI (deg) = "FHI

PRINT"HE® (lb's) = "y HO%M3

PRINT "Hi (lb‘s) = "y H1AMI

NN=D1/.91

FOR I=@ TO NN

Y(I)=9

NEXT I

REM sokkk&kkkk%x SOLVE FOR @ SLOPE POINT BETWEEN BIT AND TANGENCY HXRRKKKK

X=@:1P0S1=1:COUNT=0
F==SIN(¥)+C3A%COS (X) +X+HO
IF (F£@) THEN POZ1=2:D¥=.1



1339

1560

1379
1580
1599
1629
1616
1620
1639
1640
1630
1660
1679
168@
1690
1700
1710
1729
1730
1740
17350
1769
1770
1780
1799
1800
1810
1826
1830
1840
1850
1869
187@
1889
1830

1969

1910
1920
1936
%94@

19359
1960
1970
1980
1950
2699
2010
2029
2830
2049
2059

ITER=1

XPR=X

R=XPR+DX

IF(X»D1) THEN GOTO 1730
F=-SIN(X)+C3A%COS (X) +%+HO
IF (F<@) THEN 1630
FOS2=1

GOTQ 164@

POS2=2

IF (POS2{>P0OS1) THEN 1679
KPR=X

GOTO 1579

IF (ITER ={) THEN 1710

IF (ITER =2) THEN 1726
IF (ITER =3) THEN 1739
IF (ITER=4) THEN 1746

D¥=,01: ITER=2:GOTO 1570

DX=,001: ITER=3: GOTO 1579

D¥=,00@1: ITER=4: GOTO 1570

SLP@=¥:D¥1=8LP0@/5:DX2=(D1-5LP®) /5:G0TO 1779

DX1=D1/1@:D¥2=D1/1@:SLP@=D1/2

PRINT "DXi= ";D¥i

EEM#***% DETERMINE VALUE OF Y, SLOPE, MOMENT FOR BIT TO @ SLOPE POINT #kkk.
=@:J=0 |

FOR J=@ TO 5

Y(J)=(-1+C0S (X) +C3ARSIN (X) +HOKX+, 545 2) #M1

YD) = (=§IN(¥) +CBAKCOS (X) +HO+X) %M1 /M2

YOO (J)==E 1% (~COS (¥) ~CA%SIN (X) +1) %M1/ (M2"2)

X=¥+D¥1: L8J=J

NEXT J .

REM k%% DETERMINE VALUES OF ¥, SLOPE, MOMENT FOR @ SLOPE TO STABL “#kkik

¥=SLP@+0¥2; LSJ=LSJ+1

FOR K=LSJ TO 1@

Y (K) = (~1+COS (X) +C3A%SIN (X) +HOkX+, 5% " 2) %M1

YD(F)—(-aIN(RI+CSA#CDa(X)+H0+n)*M1/ME

YOO (K) = (~E1% (~COS (X) -C3AXSIN (X)+1) ) kM1/ (M2"2)

X=X +DK2 |

NEXT K :

PRINT ° ¥ ¥ SLOPE MOMENT

PRINT" (£t) (1) (ft/ft) (ft-1b

PRINT"  ==——=== mmmmmeeee mmmemeeee meeeee :

DIMR=, 00806

FOR I=6 TO 3

PRINT USING "+H#H##, #8484 ";DIMA;Y(I);YD(I);YDD(I)
DIMA=DIMX+DX1{%M2 ,

NEXT 1

DIMX=SLFOxHK2

FOR I=6 TO 1@

DIMX=DIM*+DX2¥M2

Pg%?T USING"+##884 #8844 "sDIMA;Y (1) YD(I);YDD(I)
N I



2069
2670
2089
2939
2100
2110
2129
2139
2140
2159
2169
2170
2189
2196
2209
2219
2229
2239
2249
22359
2269
2279
cz8e
2299
2300
2310

IF (HZ=1) THEN GOSUB 2910 :

REM kx%%4% DETERMINE Y, SLOPE, MOMENT FOR SEGMENT B “X¥XXX
DX3=(L-D1)/10:X=Di

FOR I= 11 TO 21

Y (1)=(C1B+C2BXCOS (X) +C3BASIN (X) +HBkRX+, 5XX"2) %M1

YD (1)=(~C2BXSIN(X)+C3B4COS (X) +HB+X) kM1 /M2

YDD(I)=(~EI%(-C2B%COS (X)-C3B4SIN(X)+1)) %M1/ (M2"2)

R=Z+DR3

NEXT I

PRINT

DIM¥=D1i%K2

PRINT:PRINT "SEGMENT B "iPRINT

PRINT" hd Y SLOPE MOMENT "
PRINT" (ft) (ft) ' (ft/ft) (ft-10) "
PRINT"  ====== = =m=————scee m=s—=ese— SEsSTooess "
FOR I=11 TO 24

PRINT USING®+#####, #htss “sOIMX;Y(I)3YD(I);YDD(I)
DIMA=DIMR+DA3*ME

NEXT 1

IF (HZ=1)THEN GOSUB 3679

INPUT "DOD YOU WISH TO CONTINUE WITH ANOTHER RUN 7 1-YES, @-NO";DECI
IF (DECi=@) THEN GOTO 3339

PRINT

INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES ? 1-YES, @-NO";DECZ

IF (DECZ=0) GOTO 2260

REM HEKRKRERKKAREAKKRK DATA CHANGE SECTION KEKRKRAKKKKKKARKKKELRAR

2320 CLS

2330 PRINT "CODE # YARIABLE"

2340 PRINT "mmmmme  me—m———e "

2350 PRINT * {4 = ——-=m Dh"

2360 PRINT * 2 = ——-—- 0Ddc "

2376 PRINT " 3 =—-m- 10dc "

238¢ PRINT * 4  —--—- Wdc

239¢ PRINT " 5 ==-—- N

E P " 5 emamemema 1 il

2498 ERINT v & I GAMA"

2420 FRINT " 8  --——- WOE "

2430 PRINT " 9 = =-—-—- R

2440 PRINT * 1@ ———— ODst"

2450 PRINT " 11 ——— Dsti *

2460 PRINT

5470 PRINT "INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE, "

5486 PRINT "ENTER THEM ONE PER LINE -—-—-ENTER @ WHEN FINISHED"

2499 INPUT "CODE # = ";CN

256@ IF (CN=@)THEN GOTO 220

2510 IF (CN=1)THEN INPUT "Dh (in) = ";DH:DH=DH/12

5520 IF (CN=2) THEN INPUT "ODdec (in) = ";0D:0D=0D/12

553p IF (CN=3) THEN INPUT "IDde (in) = ";ID:ID=I1D/12

2540 IF (CN=4) THEN INPUT "Wdc (in) = ";WU

5550 IF (CN=5) THEN INPUT "MW (pp@) = ";MW

5260 IF (CN=6) THEN INPUT "ALPHA (deg) = ";AA1AO=AA
IF (CN=7) THEN INPUT "GAMA (deg) = ";GA

2379



2539 IF (CN=B) THEN INPUT "WOB (i@@@’'S 1lbs) = "yWIW=1000%W
2592 IF (CN=9) THEN INPUT " h = ";DAI

2602 IF (CN=10)THEN INPUT " ODst(in) = ";DST1:DST1=DSTi/i2
261@ IF (CN=11) THEN INPUT " Dsti(ft) = ";Dil

2620 IF (CN<@)OR(CN>11) THEN GOTO 2649

2630 GOTO 2490

2640 PRINT "INPUT VALUE MUST BE BETWEEN © AND 10 INCLUSIVE"
26590 GOTO 2499

2660 L=,91 : '
5670 PRINT "#kkxkksxk# CONTACT POINT BETWEEN THE BIT AND STABILIZER XAKKKEKHRALK"
- 268@ END

2690 GOTO 3330

2760 REM :

2710 REM ®&Xxkfkkxkkks HARD COPY OF INPUT DATA KA H AR AR RER KK
2720 LPRINT " D1 (ff) = ";D11

2739 LPRINT " DH (in) = "3 DHKLZ
2749 LPRINT " 0Ddc (in) = ";0D%12
2750 LPRINT " IDdc (in) = "; 1D%12
2769 LPRINT " 0ODst (in) = ";DETikiZ
2779 LPRINT " MW (ppg) = L

2788 LPRINT " ALPHA (deg) = "y AA

2790 LPRINT " WOB (lb‘s) = "W

2800 LPRINT " P (lb’s/ft in fluid) = "“1P

2819 LPRINT " I (in"4) = "1

2820 LPEINT:LPRINT

283@ RETURN

2840 REM sokdssikiksss HARD COPY OF HO, BETA, HC, PHI R¥RERRKKERKEK
2850 LPRINT "BETA (deg) = ", BB

28692 LPRINT "HD (lb’s) = 3 HO%M3
2879 LPRINT "HC (lb’'s) = " HOHM3
2880 LPRINT "hi (lb's) = " HLIKMS
289@ LPRINT "PHI (deg) = "3 PHI

2908 RETURN
2910 REM #¥#kkkk¥kkk HARD COPY SEGMENT A NO CONTACT POINT XamiERRARAKAXX
2920 LPRINT:LPRINT" SEGWMENT A BIT TO STABILIZER "

%?3@ LPRINT" = Y SLOPE MOME
g?%@ LPRINT" (ft) (ft) (ft/11) (f%-
}

2950 LPRINT" =m=—————— = ==-==e—= mSessss- TEEmETT
296@ DIMR=,00000!

2972 FOR K=0@ TO 3

2980 LPRINT USING"+#i####, #HH#4 "3 DIMX;Y (K) ;YD (K); YDD (K)

2990 DIMR=DIMX+DX1ikM2

3000 NEXT K '

3010 DIMA=SLPO#M2

3020 FOR J=6 TO 10

3030 DIMA=DIMX+Dx2xM2

3040 LPRINT USING"+#####, HHHH# "3DIMAY (J) ;YD (J);YDD(J)

3250 NEXT J

306@ RETURN

3070 REM skxsdxkxk¥ HARD COPY OF SEGMENT B NO CONTACT PRESENT KEEEKKEEKLRR
3080 LPRINT:LPRINT" SEGMENT B STABILIZER TO TANGENCY POINT "
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APPENDIX G

ONE POINT STABILIZER, TWO SEGMENT BOREHOLE,
WITH CONTACT POINT CONSIDERED

X,

A

[ = is
FIGURE XIV-G
Xp,Yn - The new coordinate system
Y,i = Yj cos® + Xj siné (G-1)
Xpi = -Yi sind + Xj cosé + D, (G-2)



expressing (G-1) and (G-2) in the general coordinate systems:

Y, = Y cosHd + X sinb (G-3)
Xp = =Y sinb + X cosh + D; (G-4)
D, - distance to first stabilizer

d¥, _ d¥p/dX

dYp/dX=cos6 dY/dX + $in®

dXp/dX = -dY/dX sinbé + cos®

_ cosB dY/dX + sin®
d¥n/dXn = Z37/dX sinf + cos (G-5)

Assuming sin® in the denominator is small:

dY,/dX, = tanf + dY/dX (G-6)
d(d¥n/dXn)
d?¥n _ d(d¥n/dXn) _ dX (G-7)
dXn?2 dx dXp /dX

cos6 dY/dX + sin®

let u

v = -dY/dX sin6 + cosf



d(u/v) _ (v du/dX - u dv/dX)
dX - v2 (G-8)

cosh d2y/dx?

du/dX

-d2Y/dX? siné

dv/dX

Applying rule (G-8) to the numerator of (G-7)

-sinBcos6 d2Y/dX? dY/dX  + cos?6 d’Y/dX?
d(dY¥p/dXp)_ +sinfcos® dY/dX d*Y/dX*+ sin’ d2v/d?x

dx (-dY/dX sin® + cos6)?
d(d¥n/dXn) _ d?yY/dx?
dx (-dY/dX sine + cos@)?
2 2 2

dxZ _ (-dY/dX siné + cos8)?

Assuming that the sin® term can be approximately equal to 0

) , _ d2Y/dx? _
d2Yn/dXr = S5556 (G-9)
d(d?¥Yp/dXn?)
d(d2¥y/dXp?_ ax (G-10)
dXp dXp, /dX
let v = (-dY/dX sin6 + cosf)?
let u = d?Y/d2X



Ho

DERIVATION OF THE
DIFFERENTIAL EQUATION OF BENDING

FIGURE XV-G

G-6



Lk

Superimposing forces on the NM axis to obtain shear at that

point yields:

- W sin(B + )

+ Ho cos(B + ©)

H; cos(B + 6)
+ D;P sin(ap + B + 6)

+ X P sin(ap + B + 6)

£ S§ = EI d%Yp/dx,?

EI d%Y,/dXp?® = -W sin(B + 6) + (Ho - Hy) cos(B + 6)

+ (D, + X) P sin(op + B+ 6) (G-14)
X = i%%g%g%ll ; sin(ap + B +8) =sin(an) cos(B + 6) +
+ cos(ap) sin(B + 6)
EI d3Yp/dXp® = -W sin(g + 8) + (Ho - Hy) cos(B + 6)
(G-15)

4 [D1 cos(®) + Xn - Dal p gip(an +8+ 6)
cos(8)

= -W sin(B +6) + (Ho - Hi) cos(B +8)

#[Dy (1 - ===5) + S2Bg] P sin(op +B+ 6)

XnP
cosb

1
cosf

assuming that Di(1 - )P small in comparison to

we obtain:



EI d%Yp/dX,® = -W sin(B +6) + (Ho - Hiy) cos(B +8)+

+ (Xp/cos®) P sin(apn + B+ 8) (G-16)

dividing by cos(B + 6)

EI 4y,

cos(R + 8) dX3, - W tan(g + 8) + (Ho - Hi) #

cos(6) cos(B + 6)

+

Xn P [sin(an) cos(B + 8) + sin(B + 6)coson]

cos(8) cos(B + 6)

+ (Ho - Hy) +

Xn P
cos(9)

= - W tan(B + 6) + (Hy - Hy) + ‘[sina +

+ tan(B + 0) cos apl

Per equation (G-12) in the coordinate transformation section

SXE = tan(B + 6)
dXp
3 -
EI d7Yp = L dy ~+_(Ho-H1)-+-—291—- P[{sinan +
cos(g + 0)dXp?® cos(B + 8) dXp cos(9)
+8¥n cosap]
dXn
EI d®yy , d¥p Xp P _ _
o5t Ty axte * axy (¥ - Cose 0 @n) = Fo Hy +
+ Eﬂji;.sin(an)
cos(6) -



assuming that Xn P cos(ap) is small in comparison to W
cos(6)
3
EI d®¥ , d¥n (yy = (B, - Hy) +—20P sin(ap) (G-17)
cos(B + 6) dx3 dXp cos(8)

Assuming cos(B + 8) = cos(6) per the derivation in the

coordinate transformation section

3
E1 &°¥p , d¥n y - (g, + Hy) + 282 sinCap) (G-18)
cos(8) dXp?® dXn cos(9)

For the case when the stabilizer is located just above the dog-

leg in the hole, Equation (G-18a) applies.

EI

3
'a°¥n , d¥n y - (g, + Hl/cos(e)] + X0 P sin (op) (G-18a)
cos(8) dX,? dXp cos(6)



DERIVATION OF DIMENSIONLESS CONVERSIONS
(Valid for X, > Dy )

H
— =V, 3 — =X 3 —— =h
Mj

y'n = dyn/dXn + dXp/dx ; dXp/dxy = M,

dyn/dXy = d¥n/dXn -
M
dyp/dxp = (d¥n/dXn) (M, /M) (G-19)
dzyn/dez = d(dYn/an) i an/an
dXp
d2y,/dxp? = d?Yp/dx? - Mp2/M, (G-20)

dyp/dxn® = _d(d’yn/dxp®) . dXp/dxn
an

= d®Yp/dX,3 ¢+ M22/My ¢ Mo

d3y,/dxn® = d®Yp/dXp® o M2¥/My (G-21)

Solving for the dimensional form of the function and its

deriVatives yeilds:

Yhp = ¥n Mig ¢ Xn = Xp Mg @ H = hg Msp

G-10



d¥p/dXp = dynp/dxpn *+ M1/M? (G-22)

d2Yp/dX,2 = d?y/dx? « My/M,? (G-23)

d3Y/dXp? = d3y/dx?® - My/M,3 (G-24)
_EI _ pgr*x . B __ _ p*

let cos(8) El * cos(8) P

(G-18) becomes
EI* d3Yp/dXp® + d¥p/dXp W = (Ho - Hy) +Xn P*sin(ap) (G-25)

substituting (G-22), (G-23) and (G-24) into (G-25) yields:

3
gr* MiB Qflg +wMaB dy (ho - hi) Msp +
M,p? dxp? M,B dxp®
(G-26)
+ XnP* MzB sin(an)

' *pk g g
dividing (G-13) by EI'P Sln(anl

Mip W dsyn w2 M, dy (ho - hi)
M,p° D sin(ag) dx’n & EI*P¥sin(op) M, dx,p EI*P*sin(on) *

XnW
* MaB + E?-*- MzB

Multiplying by M,g yields:

Myp W dayn 4 w2 Moo 9n =
M,g? P*sin(ap) dxp’ EI*P*sin(ap) dxp

—

G-24
_ (ho-h; WM;BM,pB xpW M, 2B ( )

= EI*P*sin(op) ET*

G-11



From (G-27)

I*
Mop =\ & (G-28)
*xok _ s
Myp = [ EI'P 31n&hQ] (G-29)
wZ
Kk _ . kK :
Myp = [EI P sin(ap) 1 = EI*P*sin(ap)
W M, w [EL*
w
I EI* I
3B = /=™ + P*¥sin(on)] (G-30)
w
Substituting back in for EI* and P* yields:
Mip = [ EI P sin(on) ] (G-30a)
cos?e Ww?
1 3
Mzp = [ Foostey ! (G-300)
[ * P sin(ap) (G-30c)

oo = [EI
’B -\/w cosb cos(8)

For the case in which the stabilizer is just aboVe the

dog-leg in the hole, the dimensionless differential equation

becomes:

3 . .
'+ dXp 3 dXp

G-12



DETERMINATION OF INTEGRAZION
CONSTANTS AND FORCING FUNCTION

3» [Subscript N represents the New
coordinate system]

FIGURE XVI-G

[Dimensionless Coordinates]

Segment A

w
Q

=0 ya=0 (G-32)

MM

0 g, =0 (G-33)

G-13



Continuity Conditions

Xp= 21 YA = ¥VBn T Cstl (G-34)
Xp= %1 Y'A = Y'Bn (G-35)

Xp= %1 ¥"a = V"Bn (G-36)

using B.C. (G-32), (G-33) yields:

ClA = -1 ’ CzA =1

using B.C. (G-34) X =2, Yp = Cgt,
Cst, = -1 + cosgy + Cja sing, + hofy + 32,7

(Cgt, + 1) = hoty - #2,%= Cyp sing, + cosi,

+ 1 - - -
_Cst + 1 - holy - #2,°- cosl, (G-37)
sinfi

Csa

using B.C (G-36) X = %1 y"A = y"Bn
-cosfl1 - C3A sinf, + 1 = - CzB cosfl: - C3B sin%; + 1

- CgA = - CzB cos%: - C3B sin%; + cosli

‘(Cst + 1 - holl - %212 - cos L) = (-CZB + 1l)cosf: - CsB sin®:

ho £1= (1 - Cpp) cosf; - Cspsinfy + (Cst + 1 -32,2 - cos 21)

—

G-14



ho = (-C,B)cosf: - Csp sinf; + (Cgt + 1 -321%) (G-38)
L1
-sing,; + C3p cosy + hg + 43 = - C2B sinf, + C3pg cosl:+ hg + £,
Solving for O
0 = (1 - CyB) sinf; + (C3B-Csp) cosi; + (hp-ho) (G-39)
Segment B
B.C.
Xp = 21 YBn = Cst, (G-40)
Xn = 21 Y'An = Y'Bn (G-41)
Xp = 22 Y'an = Y"Bn (G-42)
Xp = 2 YBn = Y cosf + X sin® (G-43)
Xn = % Y'py = tand + dY/dX (G-44)
Xp = % V'gn = O (G-45)

Converting B.C. (G-43) to dimensionless units
Y = Cge (in ft.)

Xn = -Y sin + X cos ; Xp =L (in ft.)

G-15



= X/M2p Yp = Yn/Map For x5 > 1

e
=]
|

Xn = Xp/Mog = 1/Mag [ -Y sin® + X cos6 + Di)

Vo = Yp/Mig = 1/Myg [+Y cos6 + X sing ] (G-46)

Solving for X in (G-46)

Given: xp = £ @ B.C. (G-43) : L = ¢

L M2p + Y sin(6) - Dj
cos(06)

= X (G-47)

putting (G-47) into (G-46)

1 (MoB - Dy + Y sinb) .
Yo = Wg [ Y cos(8) + cos(8) sin(8) ]
Vg = _—MiB [ Y cos(8) + (4M,B - D1 + Y siné) tané ]
1 .
Yn = W [ C4c cos(®) + (& Mg - D1 + C4ge sin® ) tanb ]
YBn = Yn
YBn= Miﬁ [ Cge cos® + (Map (& -2 + Cdc siné ) tand ]| (G-48)

To convert B.C. (G-44)

G-16



dy

1
Y'BoMs = yop, = X2 [ tane + S5 1
M, M,
dy _
x -0
Y'Bn = > tanod (G-49)

using (G-45) ¥'"gp =0 @ Xy = &

0 = -C,g cos 2 - C3B sinf + 1

Cap = 1 - C3p sinl (G-50)
cosi
using (G-49) Xy = &  ¥V'pg = i tand
M .
M—i tan 8 = - C,pg sinf + C3g cos® + 2+ hp
M, /M + i -9 -
(cos &)

putting (G-50) to (G-51)

sinf - Cs:B sin?2 _
cos £

M, /My + tan® + - hp

Cig =

cos &

G-17



Cs;p cos2% = M,/M; tan® cos 2+ sing - Csp sin?$%

- fcosf - hp cos?t

Cspg(cos?2 + sin?g ) = Mp/My tané cosf + sing - (2+ hp) cosi

Csg = (M2/M;)tand cosf + sin? - (&+ hg) cos? (G-52)

putting (G-52) into (G-50)

C - 1 [M,/M, tan® cosf + sing - (2&+ hr) cosf{] sing
2B ~ Ccos® cos 1
Con = —— M2 tane + tanf - (% + hg)] sin? (G-53)
2B = Gosg | , 2n ant - ( )] sin B

using (G-48) Xnp =2 ¥pn = Cdc cos® + [M2/My (2 - 21)

+ C4c sin6 ] tané

Cdc cos6® + [M2/Mi1(2 -2D + Cgc sin6] tan® = C,g + C2B cos 2

+ C3pg sing + hpt + 37

Solving for C,g

Cig = Cgc cosb + [Ma/M; (2 - 1) + Cyqe sinb] tanb

~54
- C,p cost - Csp sing - hpt - #&? (G-54




using (G-40) X, = 21 ¥Bpn = Cst, (dimensionless)

Cst1 = C1B + CzB cosl; + CaB sing; + thl + %212

2
Cst, - 317+ 3L - [Cdc cos® + [Mp/M; (& - 1) +
+ Cgc sinf] tane] = C,p cosl; - Czp cosl + C3p sinf; - (G=55)

- C3g sinf + hg (21-2)
let:

JB = Cgt, + 3(82 -2:2) - [cdc cos® + [Mp/Mi(% —21) +

+ Cge sinb ] tane]

(E-55) becomes:

JB = Cag (cos L1- cos? ) + Cs3p (sin%i1- sin?) + hB(21— ) (G-56)

[ 1/cos? - ( M/M; tan® + tanf - £ ) sing ] (G-57)

let a;

let b, [ Mp/M; tan® cos? + sin & - % cos 2] (G-58)

substituting (G-57), (G-58) into (E-56)

JB = a; (cos &3 - cos &) + bz (sin 2:- sin®)
+ hg sin %2(cos %1- cosf) - hpg cosi(sinli - sinf)

+ hB (21 - %)

he = JB - aj(cos %3- cosf) - bo(sinfk,; - sinf) (G-59)
B [sinz(cdszl-cosz)-cosz(sinzl-sin2)+ @i-2)]

G-19



Input data:
Dh = 12.25
ODg4e = 8.75
ID4e = 2.50
ODg¢ = 12.25
o = 5°

THE EFFECT OF DOG LEG

SEVERITY ON SIDE FORCE AT THE BIT

MW = 10 ppg.
D, = 40 ft.
0 - difference in inclination between two
successiﬁe segments of borehole
B8 - tilt angle of the bit
¢ - angle of resultant force at the bit w/r
to verticle
9 B Ho (0]
(deg) (deg) |(1b's) (deg)
-1.5 -0.2825 803 6.315
-1.25| -0.2508 697 6.142
-1.00 | -0.2159 580 5.951
-0.75 | -0.1774 452 5.740
-0.50 | -0.1349 310 5.507
-0.25 | -0.0892 151 5.217
0.00 ] -0.0361 -20.1 4.967
0.25 0.0216 -213 4.651
0.50 0.0854 -426 4.302
0.75 0.1552 -659 3.920
1.00 0.2303 -910 3.510
1.25 0.3098 -1176 3.075
1.50 0.3932 -1455 2.619

TABLE XI-G
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D,

Standard Data for String Dimensions

30°

10 ft.

) B Ho (0
-1.5 -0.1683 9870 45.75
-1.25 -0.1511 8842 44.18
-1.00 -0.1329 7754 42.49
-0.75 -0.1136 6596 40.67
-0.50 -0.0981 5354 38.70
-0.25 -0.0704 4011 26.54
0.00 -0.0458 +2541 34.15
0.25 0.0186 +913 31.49
0.50 0.0119 -912 28.51
0.75 0.0463 -2969 25.15
1.00 0.0839 -5279 21.42
1.25 0.1277 -7836 17.38
1.50 0.1743 -10629 13.11

TABLE XIII-G
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a = 30°
Dl =40Ft

] B Ho ¢
-1.5 -0.339 329 30.54
-1.25 -0.2818 134 30.22
-1.00 -0.2218 | -65.9 29.89
-0.75 -0.1599 | =273 29.55
~0.50 -0.0959 | -487 29.20
-0.25 -0.0297 | =708 28.84

0.00 -0.0389 | -938 28.47
0.25 0.1102 | -1175 28.08
0.50 0.1841 | -1423 27.67
0.75 0.2607 | -1679 27.25
1.00 0.3403 | -1945 26.82
1.25 0.4224 | -2219 26.37
1.50 0.5071 | -2503 25.91
TABLE XIV-G
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Dy (£t) =

DH (in) =

pRde (in) =
[0ge (in) =
UDst (in) =
MW (pRg) =
ALPHA (ded)
DELTA ALFHA

wog (ip's) =

nu

P (1R's8/1¢ in

[ (in"4) =

BETA (deg) =
HQ (lo’'s)
HC (lb’'s)
hi (ib’s)
PHI (ded)

nwnn

Tiuid)

19
12,23
8,73
a.a
ig. 23
i9

39
-1:9
894999

= 138,833

QL3777

-, 168312
9379, 74

@
14934
43,748

SEGMENT A BIT TO STABILIZER

b
(£t)

+9 . ¥09vY
+1.1371¢
+2,31423
+3,47133
+4.,62840
+3, 78348
+6., 62846
+7.47133
+8,31423
+9.15712
+19,999%9

SEGMENT B STABILIZER TW TANGENCY PUINT

+19,0Q0999
+17.61390
+23.22J399
+32, 53899
+49,435199
+43, 96489
+33.67789
+63.29908¢
+79,99389
+78,31679¢
+86, 12979

+@, 09099
-4, 9YdIg
-9,91@71
-9,91134
-9.91496
-, 9Yv43 7
+@.99v99

+9,9Y99¢
+¢.99c24
+9,26119
+@,4819%
+9. /3233
+9, 99384
+1,83227
+1.,449792
+1,72636
+1,93831
+2. 13971

SLOFE

(ft/1t)
~@,99E94
~Q,99247
-9,99188
-9, 9W21v6
+9,9V9ovY
+9, 00993
+9,09198
19,90316
+9,99443
+4¢ . 99392

SLUFE

(1t/71¢)
+¢, 99391
+@,91/72
+9.92611
+9,93139
+9,93399
+9,03441
+4, 93326
+9.,03118
+@. 92882
+@,92696
+9,92612

G-23

MUMENT
(rt~1b)
+9,91337
-11592, 29999
-23281,29999
~-33937, 79999
-46912, 90009
-58834, 49099
-67336, 49999
-763039, 79099
~-839789, 49999
-9387¢, 50999

%=102679, 999200

MOMENT
(£3-1b)

%=-102679, 90929

~-79984 . 89999
~51173,30999
-29157,60009

~10793,69999

+3332 . 36009
+13033, 89999
+17339,29999
+16794H,2009@
+10883, 39999

+2.,Q0929



i

I104c (in)
ODst (in)
MW (PRg) =
ALFHA (d&4)
DELTA ALPHA

WoB (lb‘'s) =

[ 1§

P (Ib's/ft in

I (in"4) =

BETA (deg) =
HO (lb's) =
HC (lb's) =
hi (lb's) =
FHI (deg) =

SEGMENT A 811

A

+9.9900Y
+1,13712
+2,31443
+3.47133
+4,62846
+3, 78398
+6, 62846
+7,47133
+8,31423
+9.15712
+19,09999

SEGMENT B STABILIZER TU TANGENCY PUINT
Y

A

+19@,900999
+17.,23910
+24, 30919
+31, 73929
+32.,29030
+45,23939
+23,30949
+60.73930
+68.90939
+73,23960@
+82, 39979

fiuid)

134,833
013777

#84g.24d
9

12956.4
44,1769

TO STABILIZER

Y

(1)
+9,9909Y
-y,0¥301
-9,9937d
~¥, 09897
-9.91919
-9, ¥Y9dd
-9,99081
-9,99393
+9,000¥Y

+9., 99999
+9,497696
+9.215496
+9, 39634
+2,393993

$9,81162

+1.,91984
+1,218986
+1.39947
+4, 360817
+1.7/2897

SLOPE

(tt/zt)
-0,99264
-9, ¥Y2a3
-Q.99222
~-9,9916Y
-@,QuveS2
+2,900909
+0,99983
+@,091 /8
+9,09284
+0,9949¢2
+@, 90132

SLUME
(tt/11t)
+0,90532
+0,91539
+9, Y2245
+9, @264 7
+@, 22895
+0., 02914
_ +9. 02808

+6, 02621
+Q,92413
+@,92250
+9, 02182

G-24

MOMENT
(1t-1b)
+0,94337
~19399, 19999
~-29478, 12999
~31433,39999
~42113,60099
-52844, 79009
-§97900, 39999
-68587, 19999
-76309, 719009
~-H4437,69999
~92394 ., 39909

MUMENT
(1t-1b)

~92494 , 59990
-57739, 60999
-15067, 29099
-25122, 10909
“m54, 2200

+4149, 70009

+12343, Q0000
+16372 20000
+15915, 10090
+9999, 10090

+2, 99999



1 (1Y) = 19
OH (in) = 12,83
opde (in) = 8,79
IDdec (in) = 2.9
ODst (in) = 18839
MW (PPg) = 19
ALPHA (dag) = 3@
DELTA ALPHA = -1
Wwoe (lb'g) = Ja3e99
P (Ib’'s/tt in tluid) = 158,835
I (in"4) = 013777
BETA (deg) = -, 134941
HO (lb's) = 754,52
HC (lb’'s) = %]
hl (lb's) = 11/76.1
PHI (ded) = 42,4914
SEGMENT A BIT 10 STABILIZEK
X Y SLOPE MOMENT
(ft) (ft) (tt/1t) (1t-10)
+9 ., 999Q¢ +9 ., V9999 -9 .9923¢2 +9.91337
+1,15/794 -0, ¥92R03 ~-Q,90223 -9183,81999
+2,31383 -Q,Y0ayY -2,991935 ~1H34Y, 59999
+3,47378 -¢, 09719 -9,99149 -27665, 39999
+4.,63171 -, 9984/ -9, 99eHa ~37963, 19099
+3., 78963 -9, Q99H97 +9  QUPYY -46541, 19099
+65,63171 ~9, 00467 +9,90973 -33473,79999
+7.47374 -9 ,997 /9 +9,99157 ~-89443,79999
+8,31383 -9, 9969y +@, Q210 ~67441 ,99v90
+9,15793 -@, 90346 +9,90354 ~74467,39999
+19,990¢9 -@, 09990 +9, QY46 -41316,99999
SEGMENT B STABILLIZER TU TANGENCY FPUIN!
A Y SLLUPE MOMENT
(ft) (ft) (rt/tt) (f£t-1lD)
+19,99499¢ -4, 0Yd0Y +9,9v468 ~81316,90999
+16,83899 +9.,96233 +9.91393 -39979 ., 59999
+23.71/89 +9, 174114 +9,91883 ~-38671 299990
+39, 37679 +@.31369 +9,92237 ~29487 90999
+37,43539 +@. 47337 +9,92393 -6234, 31999
+44,29449 +Q, 049 /8 +@, 92409 +4867, 84099
+31,1333¢ +¢, 89228 +9 ., 02293 +12193,20009
+58.,91229 +@,93413 +9,98128 +19263,99999
+64,8711¢ +1.949384 +49.,9194 7/ +14263.,09999
+71,7390@ +1.282813 +9.,91824 +9122, 79999
+78. 38899 +1.34324 +9.,91 7486 +0.91337

G-25



D1 (ft) =
DH (in) =
poge (1in)
IDde (in)
ODst (in)
MW (Ppd) =

#un

ALPHA (deg) =
DELTA ALPHA =
WoB (1b'g) =
P (lb’'s/tt in tluid)

I (in"4) =

BETA (deg] =
HO (lb’'s)
HC (1b's)
hi (lB’s)
FHI (deq)

unwun

SEGMENT A BIT TU SIABILIZER
A

+@, 99999
+1.13793
+2,31382
+3,47378
+4,63171
+3, 78963
+6,63171
+7.47374
+8., 31383
+9.12793
+10, 99900

SEGMENT B STABILIZER 10
X

+10, 999090
+16,43419
+22 . 8683¢
+29,3924¢
+33, 73669
+42.1797¢
+48,69499
+33,03999
+61.47329
+67,99739
+74.34139

V0137 {7

-, 4139/76
8346, 11
9
19493.3
49,071/

Y

+¢ ., 09929
~-Q,99227
-9,9969 /
-8, 99724
-9.9974)
~-@,99313
+i4, 99009

~d 099y

+9,24839
+9, 18303
+9 . 24966
+9, 36926
+0.48273
+9.,60128
+@, 74137
+9.,81182
+9,3909899
+9, 96823

[ANGENCY HOLINT

SLUPFE

(ft/7tt)
-ig,99v194
-9,909199
~2,00167
-Q.,99127
-9,99978
+9, 0¥YY9Y
+9,99963
+0,90134
+@,90214
+9,99393
+9,90491

SLOFE
(tt/71t)

A g o o

+9,09491
+9.,0106%
+9.Q1 083
+9.,9179¢2
+9.91992
+9,91387
+9.91 /66
+9,941637
+@,91481
+9.@1359
Gr2.691309Y

G-26

MOMENT
(1t-1b)
+9.,91337
~-7779,34000
-13649, 39999
-2360@3, 19999
-31636,69999
-39788, 89099
-4574% . 69990
~J1747,99999
-87774, 499929
~-63841.,29009
-§9932, 89099

MOMENT
(1t-1b)

— - an oo —

-59938 89099
~49904 ., 2¥999
~31994, 99909
-16381, 40999
~3727,89999
+3737,308€99
+11777,80009
+1424Q,29099
+13Q63, £99¢9
+H276 39009

+9,913d7



D1 (1% =
DH (in} =
0Ddz (in) =
IDde (in) =
Q0st (in) =
MW (Ppg) =

ALFHA (deg) =

RPELTA ALFHA =

WoB (ib’‘s) =

P (lb’'s/tt 1h tluld)

I (in"4) =

L

BETA (deg) =
HO (l1b’'s)
HC (1b’'s)
hi (1b’'s)
FHI (deg)

nounn

19
12,23
8,73
g3
12,83
19
39
-
Clal1%17

= 139,833

V913777

-, ¥92E121
5393, /9
%]
9291, /3
3g9.696

SEGMENT A BIl TU SIABILICER
Y

- W S

+0.,99999
+1,13874
+2, 31744
+3,476021
+4.83493
+5., 79369
+6,634%93
+7.47621
+8.31748
+9,13874
+19,99¢990

SEGMENT B SIAHILIZER TU TANGENCY PUINT

+19,90999¢
+13,97969
+21.,94119@
+27.911/9
+33,8823¢
+39,8329¢
+43,8234¢
+31 79499
+37.7646@
+63, 733510@
+69, 79379

+@,09Y0Y
-9,99183
-9,9094% /
~@,99392
-9, 99624
-Q,0080 /7
-@,99242
+¢, 99999

SLUFE

(f$t/711)
~-9.99136
-9.,99136
-9 ,90194
+9,99999
+9, Q0031
+9,29119
+9.99173
+9, @UE4d
+9,99329

SLUFE

MOMENT
(Tt-1lb)
+2,91337
-5321 ., 8YQQY
-1£743,19999
-19264 60900
~-23873., 19999
~-32271,09999
~374H2, 99990
-42434,89929
~474Z24, 69999
-52450 . 39099
-97%99, 69009

MOMENT

~@,99uv9
+0.¥3369
+9.,996143
+9,17219
+9, 22331
+@, 33924
+9.,419e4
+9,49188
+9, 33636
+@,61499
+Q, 66694

G-27

(ft/1t)
+9,90329
+@ ., ¥Wag34
+9.91168
+9,91333
+9,81416
+Q.,9138%
+9.91284
+9.9Q1132
+9.,91918
+9.,90914
+9,90873

(£t-10)
~37399, 60999
-49196, 40099
-24639, 50029
-11303,30009

-928, 339909
+6841 , 79909
+11637,30009
+13334, 30000
+11956, 99009
+7472, 13009
-0,91937



o1 (gt) = 19
OH (in) = 12.235
0Ddc (in) = 8,73
I0dc (in) = ¥ge)
QDst (in] = 12.23
MW (Ppg) = i
~ ALPHA (Qeg) = 39
DELTA ALPHA = =23
WOB (lb’'s) 33099
P (lb's/it in fluld) = 138,829
I (in"4) = Q13777
BETA (deg) = -, /93679
HO (lh’'s) = 49211
HC (lb's) = @
hi (lb's) = 733k, 14
PHI (ded) = 58,0369
SEGMENT Q BiT 10 STALILIZER
Y
(3t) (£%)
+@.990v9 +9 . Y999
+1,16036 -9.99141
+2.,32972 -9,992/9
+3.48198 -9, 9937 ¢
+4.64144 ~9.99439
+3,80189 -@,99477
+6.64144 -9 .0¥4B1
+7.,48148 -9,99419
+8,329/2 -~9,99319
+9, 16036 -9.,09184
+19,99999 -Q,9009e
SEGMENT B STAHLLIZER TU TANGENCY PUINT
b Y
(1t) (tt)
+10,99999 +9,99499
+13.46419 +9, 92342
+29, 92829 +9,9¥6394
+26, 39239 +9,11193
+31, 83640 +9.,16233
+37,3203¢ +9,21231
—  +42.7846¢ +9,2984%
+48,2487¢ +9.29343
+33, 712790 +@,33193
+39., 17080 +9, 335809
+64,640399 +@,38428

SLOPE

(tt/7tt)
~-9.,Q9133
-Q.,991¢4
-9,90@ /3
+9, 999929
+9 ., 099349
+¢, 00983
~9,90v133
+9,0918Y
+9,909d31

SLOFE

($t/1%)
+@, 99259
+9,¥9299
+@.,99817
+9,99324
+9,0¥349
+9.,9988/
+9.,09 739
+@.09n71
+Q.99337
+9,90479
+0.,09446

MOMENT
(ft-1h)
+9.91337
=4773b,99909
-9616,86990
-14373,79999
-19629, 992049
~24774,99990
-~28332, 99999
32372, 99999
~36236., 99999
-49139, 49999
-44081.7990¢

MUMENT
(ft-1h)

- e s a -

~44981,70099
-29312, 49999
~16776,39099
-6103,J2999
+2311,87999
+4317. 859999
+11803,89999
+12708, 30999
+119044,20099
+67J2, 33909

+0.9QQv9



RL (fIt) =
DH (in) =
QDde (if) =
I[Dde (in) =
ODst (in) =
MW (ppg) =
ALPHA (deq)
DELTA ALFHA
WOB (lb’'s)

P (lb's/tt in tluid)

I tin"4) =

BETA (ded)
HO (lb's)
HC (1b’'s)
hi (lb's)
PHI (ded)

K HUDN

SEGMENT A BI1 TU SIABLLIZER
X o

+9¢ . 9vPeY
+1, 16369
+2,32721
+3. 49041
+4,63441
+3, 81802
+6.65441
+7,49081
+4, 32721
+9. 16360
+19,99999

SEGMENT B S1ABILIZER 10

+19,990999
+14,9127¢
+19.82339
+24,73800
+29,63¢7¢
+34, 36349
+39.47690
+44,38879
+49,30149
+34,21419
+39, 12879

19

12,23
873

Bed

12.23

19
3Y
¢

3999Y

138,893
913777

2341.2a

Y

5/81.92
34,1324

f

- ony g om wn w

+Y ., ¥YOBY
-, QuY9d
~-9,99176
-9 ,99247
~-9,9931%¢8
~d,9ezRd
+9, 99929

(1%)

-9, 09999
+@.,91344
+¢.,903441
+9,05881
+¢ ., 08323
+@.10311
+9, 12269
+9,13311
+@., 14238
+9,143387
+9.14383

[ANGENGY FQINT
Y

G-29

SLUPE

(tt/71t)
-9 ,09u89
~-@,990/7
~-@, 090932
-9, 9029
+2,999%9
+9,0voad
+9, QY932
+9, Q9Y8E
+9,99124
+9,9e163

SLOPE
(2t/1¢]

MOMENT
(ft-1b)
+9,91337
-3v42,92999
~-5199,88999
~9441,31000
-12791, 39999
~-16238,79999
~18774,59999
-21328, 60999
~£3988, 92999
~26664, 49000
-29384, 39¥90Q

MOMENT
(1t-1ib)

+9,00163
+9, 0¥Y36I
+9,@9473
+9,09397
+9,@9479
+@,929496
+9@,99397
+0.001499
+9,09199
+@, 09921
+9,Q¥e9y

~29384, 39999

~17839,29999

- 7986, 970909

+87.650329
+6246, 11990
+10398, 30000
+12483, 20000
+12470, 30090
+19359, 509009
+6182, 62009

-0,00778



DL (It) =
DH (in) =
0bdec (in)
1Dde (in)
ORst (in)
MY (pRg) =
ALPHA (dRg])
DELTA ALPHA
WOe (lb's)

nau

au

P (lb’'s/1t in

I (in"4) =

BETA (deg) =
HO (lh's) =
HC (iB's)
hi (l1b’'s)
FHI (deq)

B uun

SEGMENT A BIT

+@.,90990
+1.,177439
+2,39474
+3., 34216
+4,79333
+3, 58694
+6, 79934
+7,33816
+8.35477
+9.17739
+190,90999

SEGMEN; B SIABLLIZER TO TANGENCY POLNT

+19.,99999
+14,32680
+18,63379
+22, 989459
+27,39749
+31.63429
+35,96100
+49,28799
+44.61479
+48.94139
+43,36849

$luid)

198,433
913777

91z,379
9

d/6,89
31.4934

TQ STABILIZER
Y

- o e e e wn o

+4@ . QYY9Y
-9 ,00938
-Q.,999/3
-9, 9v12d
~-9,99129
-9.90123
-9.,9911%2
~id, 9@08 /
-9,008a1
-9, 9999Y

SLOFE

(ft/ft)
-9, 00032
-9, 09031
-9 ,99928
-@,09¢21
+9, 99999
+9,909211
+9,909a3
+9,99037
+@, 09933
+9,999/9

SLOFE
(1t/1%)

MOMENT

+9.91337
-1142,72990
-~£394,39999
-g734, 34999
~9221 43999
-§794,93999
-7934,81029
~-9166,04999
-19427, 39999
-11737,90099
-13997,3999@

MUMENT
(ft—~1p)

-9, 99999
+9.,00479
+9,91199
+9,91666
+90,919492
+9.,913386
+9,91483
+9.09364
-@.99777
-9.92444
-9,94298

G-30

+9.99979¢
+@,9@137
+9,90146
+9.991939
+9,999327
~-9,99037
-¥, 9961
-9, Q¢¥e64a
-9.,90413
~-9,90436

D e a - w— ame

~13937, 39992
-4780,6J999
+2194 . 999099
+7489,96999

+11286, 19099

+13477, 19999

+14929, 99999

+12935, 39999

+1Q209, 29999
+3889, 99999

+9,999909



D1 (ff) =
PH (in) =
ODde (in)
IDde (in)
QDst (in)
MW (ppg) =
ALFHA (ded)
DELTA ALFHA
woe (1b's)

0huu

F (lb's/ft 1n

I (in"4) =

BETA (deg) =
HO (lb's) =
HC (IB’'s)
hi (lb’'s)
PHI (deg)

nnuw

Tluid)

913777

9119236
-912,23

9
1397.,73
g2d., 3% /2

SEGMENT A BIT 10 STABILIZER

+9., 99099
+1,114393
+2.,22599
+3.,344483
+4,43389
+3.37472
+6,43980
+7,34483
+8.22990
+9,11432
+19,9¥9¢9

SEGMENT B SlABILLIZEM

0 S g o> S

+10, 99099
+13, 73759
+17.,47369
+21 21349
+24,93129
+28, 668399
+3€.,4267¢
+36, 16439
+39, 390230
+43,64919
+47,377499

TW TANGENCY PUINI

+9, ¥9vYe
+9,999a3
+¢, 00944
+9.,00¥eY
+9,40¢7/1
+4,400 /6
+9.009d7d
+9, 09964
+9 ., 98939
+9,¢99cd
+9.99999

Y
(f%)

-9 ,99¢99
-9,9964d1
-9.,91488
-9.,02684
-9,04329
-9, 26394
-9,98876
-9.11798
-2, 14801
-2.18037

G-31

HSLOME

(tt/tt)
+2,00v21
+9.40229
~9,9991 /7
+9,0vdi3
+@ Q9997
-Q,¥0Qua
-9,99929
-0 .999E8
-9.99936

SLUFE

(fx/7%%)
-9,90936
-9 ,9Y99H6
-9,991686
~9,99266
-4, 90379
-9,99497
~-0,99/14
~0,99797
-9,998/3

MUMENT
(ft-1b)
+9,91337
+973,71499
+1831,96999
+2628, 93999
+33903 429009
+3877, 373999
+4260, 919009
+4389, 93990
+4834, 78999
+5024 . 96090
+3139, 96929

MUMENT
(1t-10)

+3130, 36999
+19184,89999
+14023,3000%¢
+16633, 70999
+17993,8vQ¥9
+189%92, 19900
+16927, 70099
+14519,60099
+103961 , 39999

+6012,63999

+0.,999v0



DI (1t) = 19
DH (in) = 12/83
godc (in) = 8,73
IDde (in) = 2.9
Qost (in) = 12,23
MW (Prg] = iy
ALFHA (deg) = 39
DELTA ALPHA = ) 13
Woe (lo’'g) = 35999
P (lb's/t%t in tluid) = 154,803
I (in"4) = 913777
BETA (deg] = »0463YZ24
HO (lb’'s) = ~£2'4968 ., 99
HC (lb's) = @
ki (lR’'s] = -1412,34
PHl (deg) = 23,1314
SEGMENT A BI1T TU STABILIZER
K Y
(ft) (tt]
+9,99999 +9, 00099
+1.,14485 +9, 99931
+2., 28991 +@,99173
+3,43486 +9.909243
+4,37981 +0 ., 902389
+3.72476 +9, 99396
+6,37981 +9@,092%6
+7.43486 +9,@926R2
+8,289391 +¢, 99204
+9, 14493 +9,09117
+19,9v00Y +9, Y2999
SEGMENT B STABILIZEK TU TANGENCY PUINT
X Y
(1t) ()
+13,18399 -3,99731
+16,3999¢ ~-9.9194¢
122, 77939 -9,93881
+25.,97499 -9.,98a78
+29, 16990 -9,11791¢
+32, 36489 -9.13813
+33, 55989 -@, 19043
+38,73489 -9,83979
+41.,94989 -9.27242

SLUFE

(tt/7tt)
+9, 99981
+9.,99977
+9.004Y6 /
+9,9¥231
+9,9v92d
-9, @YY
-9,999¢23
-9.99933
-9,9@119
-9.99133

SLUFE
(ft/1t)

MOMENT
(1t-1b)
+9.,01337
+3373, 23990
+6631 . 62999
+9814 ., 39909
+12863,69999
+1 3897, 39999
+17919, 30900
+19979, 39999
+21934,49999
+2387¢ . 89V9Y
+23718. 19999

MOMENT
(1t-1ib)

-@.,99lad6
~-¥,09394
-2.,99439
-9.99bib
-9.99769
-2,99913
-9.,01v4A3
-9,91236
-J,91299

~%,0130%9
G-32

+23718, 19999
+27494 ., 799990
+28288, 99909
+28993, 39999
+26917, 80000
+24767 50999
+21643. 689099
+17379,70009
+12396,399¢¢
+6724,23909

+@,09909



01 (1¢%) = 1@
DH (in) = 12,23
aDde (in) = g, /73
I0de (in) = 2.3
Q0st (in) = 12,283
MW (pRd) = 19
ALFHA (dag) = 39
DELTA ALPHA = !
WoB (18°'s) = 33999
P (Ib's/ft in tluid) = 138,839
I (in"4) = 01377/
BETA (Qeg) = 19849963
HO (lb's) = ~32/8.6
HC (lb’'s) = 9
hi (ig’'s) = -4794 ., a4d
PHI (deg) = dl.4243
SEGMENT A HI! TU SIABILIZER
X Y
(tt) (ft)
+9, 00909 19, 99Y9uY
+1.14991 +9, 09164
+2.,298¢1 +¢,993da
+3.447¢% +19.,99448
+4, 39603 +9,99544
+3,74394 +9,99389
+6, 39603 +¢, 99346
+7.44792 +0, 09480
+8,295¢1 +9,99377
+39, 14991 +90,99217
110.,9990@ ~-¢ .99y

SEGMENT B STABILIZER

+19,29990
+12,73839
+15.47719
+18., 21369
+29,93419¢
+23,6926¢
+26, 43129
+29, 16979
+31,90829
+34,684679
+37.,3833¢

TU TANGENCY POINT
Y

oy = — ny - —

+9, 99Q9Y9
-9, 9283k
-g,8313¢
~9,98912
-2,13171
~9,19338
-@,23/98
-9,88453
-9,33216

SLUFE

(ft/71¢)
19,9148
+9,99142
+i0, 09124
+9,999394
+@. 990933
-@, 9009
-9, 09946
-9, 999498
-9.,99137
-9,9922Y

SLOFE

(f£t/1%)
-9,9Y9292
-9.99319
‘@ngg74@
-9, 0¥I4d
~.,9113%
-¢4,01311
-9,91439
-9,912389
-9.916/9
-9.21726
-9,917485

G-33

MOMENT
(£t-1b)
+@,91537
+6971 ., 50999
+12033, 30090
+17889, 59090
+23608, 39909
+29212, 70¢99
+33250, 500VQ
+37276, 89999
+41198, 90900
+45043, 20900
+48814,29009

MOMENT
(tt=1b)

+48814, 20049
+47394,40009
+43133,69999
+4211.3, 49929
+38287, 70909
+33689, 79999
+28342.70900@
+22271,99999
+13502, 20999
+8067, 83009

-2,91337

-—



D1 (2%) = 19
DH (in) = 12,23
00dc (in) = g8,7d
IPac (in) = a,3
gDst (inj = 12,25
MW (PRg)] = i9
ALFHA (deg) = 39
DELTA ALFPHA = 1,25
waBe (ilb’s) 33990
P (lb's/71t 1n TlUid) = 138,832
I (in"4) = 1913747
BETA (deg) = VIB7668
HO (lp’'s) = - /836,83
HC (lb's) = @
ht (lb's) = -4679,43
PHI (deg) = 17,3803
SEGMENT A BIT TO STABILIZER
A Y
(ft) (tt)
+9,929v9 +9, 994499
+1.,15063 +@, Q293
+2,39126 +9,99483
+3.4018Y +9,996/6
+4.69232 +9, 99805
+43, 73313 +9 ., 9983z
+6, 60252 +9.9¢423
+7.43189 +9,04¢ /31
+8,39126 +9, 99568
+9.135063 +@, 90327
+19.99999 -@ . 99999
SEGMENT 8 STABILIZER T TANGENCY PUINI
S Y
(tt) (1t)
+19., 99999 +9,99999
+12.,3774@ ~-9,91492
- +14,7347@ -@.,93489
+17,13219 ~9.,96219
+19,59940 -@,9Q9593
+21,88689 -9,133¢¥9
+24,26419 -9, 17322
+26,6415Q ~@, 2218/
+29.,91899 -@,27949
+31,3962¢ -9.,32114
+33.,77360 -g,37288

SLOFE

(fTt/7tt)
+9.00223
+9.90214
+9.,99187
+90,99142
+9 ., V9049
-9,0914Y
-~ QVR36
-9,0¥43Y

SLUPE
(Tt/71%)

MOMENT
(fT-1lb)
+9.,91337
+9933, 23999
+17994,09909
+26819,29999
+33299, 69999
+44979,29999
+399299, 69999
+36449, 79999
+Re2317.79999
+683599, 99029
+ 74396, 50099

MOMENT
(1t-1b)

-9,9v43Y
~9.,99/37
-9,91915
-Q,91269
-9,91498
-9,91866
-90.,92991
~-9.,02161
-2,92182

G-34

+74396, 80999
+698597. 49999
+64311,60999
+38943.30999
+31929, 99999
+44BHS, 49999
+36839, 49009
+24418,9v999
+19439.20009
+9566.63999

+Q,00999

—



D1 (tt) = 14
PH (in] = 12,83
QRde (in) = g.79
IDdc (in) = 2.3
QRst (in) = 12.83
MW (pRg) = 19
ALPHA (deq) = 39
RELTA ALPHA = ]
WoB (ik'g) = 33090
P (lb's/tt in fluld) 198,839
I (In"4) = Q43777
BETA (deg] = . 2174339
HO (lb's) = -19629
HC (lb’'s) = ]
ni (lb's) = -13209.9
PHI (deg) = 13,1949
SEGMENT A BIT TU STABILIZER
A k¢
(ft) ($%)
+9,9000v9 +9, 909090
$+1,14144 +Q,90346
+2, 30288 +4, QYER3
+3.43432 +9@, QY924
+4 ., 00578 +9,91191
+3. 79789 +@. 91163
+6,69376 +@.,9118b
+7.45432 +, 91699
+3, 39288 +¢,00 /79
+9,19144 +9,992448
+19,00999 -@, VPYYY

SEGMENT B STABILIZER

+19.99900¢
+12,99699¢
+14.19379
+16,29960
+18,3872¢

+29, 48449

+22,28129
+24,6781¢@
+26.,77359¢
+28,87180
+30.,9687¢

TO TANGENCY POINT

SLOFE

(ft/1t)
+¢.,99394
+9,90222
+@.992353
+9, 89194
+9,99193
-9, 99933
-9, YQ2Y3
-9,99¥3z23
~-9.,90436
~@,99591

SLOFE
(fr/7tt)

MUMENT
($3-1R)
+9.01337
+12397, 99999
+24498, 389999
+363565, 390009
+48497,49099
+60284 , 99999
+68873, 89900
+77373,39929
+H3783, 80999
+94121,49099

#+192319,99999

MOMENT
(ft-1b)

- e i o o W o

~@ . 9YVAY
-@,94999
-@,97932
-9,1¢644
-@0.147/8
-9,19338
~9.2426%8
-9,29434
-@,34849
~9,49316

- e ane =

-¢, 09092
-Q,99961
-2,91299
-9,91801
-9,929739
-9, @ER6Y
~-@,08429
-9, 92339
-~9,02396
-9.,92019

G-35

%+192319,99999

+94325 , 60999
+86933, 69999
+ 77946, 20099
+67381 ., 39999
+37427.20999
+46839, 10999
+33738, 79999
+24242 39999
+12312,30999

+@, 99999



D1 (ft) = 49
OH (in) = 12,23
QDdc (in) = 8,73
I0dc (in) = 2+3
QDst (in) = ia.a3
MW (pPpg) = 19
ALPHA (deg) = J
DELTA ALPHA = -4.3
woe (1b’s) = 33999
P (Ib's/ft in fluid) = 138,833
I (in"4) = 1013777
BETA (deg) = -,282338
HO (1b’s) = 803,782
HC (lb‘s) = 9
hi (lb’'s) = 1694.61
PHI (deg) = 6.,31343
SEGMENT A BIT TO STABILIZER
A Y SLOFE
(ft) (f1) (1t/1t)
+@,99009 +9,09699 -9.,99493
+4,63829 -9.,92233 ~-@.90473
+9.2763%9 -9.94342 -9,09417
+13,91469 -9.06067 ~-9.,909329
+18.,33289 -9,07244 -9,00181
+23.191009 -9.,97689 +9 909299
+26.,33289 -9.@7421 +0.99138
+29.91469 -9.06396 +@.,99337
+33,27640 -9.03132 +9,99338
+36,63829 ~9.92937 +9.00769
+49,00999 -9,99999 +0.91902
SEGMENT B STABILIZER TO TANGENCY FOINT
X Y SLOPE
(1t) (1%) (£t/1t)
+49,09999 +9,09099 +@.91%902
+32, 33839 +@.177314 +2,21843J
+64,67679 +9, 44748 +@.92438
+77.,91309 +@.78341 +9.02946
+89,3J339 +1.,16619 +2,03193
+191.69209 +1,396493 +9,03261
+114,93009 +1,96309 +@,93199
+126,36800 +2,384334 +9,93929
+138,7079¢ +2, 741433 +9.,92839
+131.9435009 +3.,93137 +0,92683
+163,38300 +3.,37721 +@,92619

G-36

MOMENT
(2t-1R)
+9,99271
~4667,69999
-9371,74099
~-14648,390999
~19839.99999
~23031,80000
-28821,299099
-32348,90099
-36299, 30999
~39777.40999
-43228,399099

MOMENT
(ft-1b)

- o = -

-43228, 39999
~33939, 99099
-23797,49099
-16193,80009
-7116,33999

+433,29999
+3833, 08999
+8643,34000

- +8349,67009

+3376, 86009
+9, 99999



R (%) = 49
DH (in) = 18,23
gDdc (in) = 873
1Dde (in) = 2:3
QDst (in) = 12,23
MW (pRg) = 19
ALPHA .(deg) = e
DELTA ALPHA = -1.,283
Wae (ip's) = Cha ]
P (Ib's/ft in filuld) = 138,853
I (in"4) = 1 0L37/77
BETA (degq) = - 59813
HO (1b's) = bY7. 731
HC (lb's) = @
hi (lb's) = 1984, 99
PHI (deq) = B8.14134
SEGMENT A WIT TO STARILIZER
A Y
(£%) (tt)
+¢.99289 +9, 00999
+4,8463¢ -Q, WEYYI
+9., 292861 -9, 93864
+13, 95899 -9,93491
+18, 98329 -9,4Yb432
+23.28313%9 -9,96841
+26, 38329 -@,96612
+29, 93899 -9,9d8 /39
+49,99999 -4, QYYYY
SEGMEN; B STAGILIZER TU TANGENCY PUIN!
Y
(%) (£t}
+49,99909 +9.,9990¢
+51.,61809 +9,14693
+63, 23599 +4, 3bb2Y
+74,8539¢ +9.63778
+86,4718¢ +@,94994
+98,9898¢ +1.,25/39
+109,790899 +1.J37833
+121,32600 +1,8/449
+132,94499 +2,13874
+144 ., 56299 +2,42337
+136.1899¢ +2.08124

SLOFE

(ft/tt)
~@,994d1
-2 [ PI3/1
~-9,9¥161
+@, 994989
+9.99149
+0, 99409
+9,¢0449
+9, 99879
+9@, 08897

SLUFE

(£1/1%)
+9,99897
+4,91695
+9,9d14z
+9,9239<
+9, 92692
+@.92/36
+9 YERE7
+9,92327
+9.,92367
+@,92236
+9,921862

G-37

MUMENT
(£t=-1h)
+9.,99d71
~4994,47999
-8433, 82900
~12961.19999
-17617,99999
~22349.399499
~£3736, 69999
~89132, 49909
~32394 , 69999
-33799, 99999
-38986., 49999

MOMENT
(It-1b)

~399H6, 4090
~J¢YI26, J9909
-22192, 19909
-~13304 . 49999
~a71,83999
+438, 89999
e 93999
+7842, 17999
+7633, 69900
+4346,69999
19,9999



DI (ft) = 49

PH (in] = 18,83
gpde (in) = 8,735
10de (in) = 814
0Dst (in) = 12,89
MY (ppg) = 19
ALPHA (dea) = 5
DELTA ALFHA = -1
WoB (lb’'s) = 39099
P (lb's/tt in fluid) = 188,853
I {in"4) = Q13777
BETA (ded) = -, 213438
HO (lb’'s) = 389,807
HC (lb's) = ¢
hi (lb's) = 13544,99
FHI (deg) = 5,999 /1
SEGMENT A BIT 0 STABILIZER
A ¥ SLOFE MOMENT
(tt) (tt) (£€/1%) (2t=1lb)
+9.,9999¢ +9, 99999 -9,90377 +9.00271
+4 ., 65924 -0,01734 -9,99303 -3463, 68999
+9.,31833 ~9,0433/ -@,00329 -7181,93099
+13.97789 -9 ,94668 -Q9.,99248 -11193,792999
+1i8.,6371@ -9,935/9 ~9,99149 -13183,29999
+23.,29649 -9.939Y18 +¢, 00V99 ~-19360, 79999
+26.,63719 -Q,93729 +9,99121% ~22386, 89999
+29,9778¢ : -9, 8004/ +@,99259 -avdid, 39999
+33,31869 -9, 03962 +9.,90416 -28426, 19099
+36.63939 -9.92286 +¢9, 90399 ~31398,39999
SEGMENT B SIABILILER TO TANGENCQY POLINT
X Y SLOFE MUMENT
(1t) (1t) (tt/71t) (ft-1b)
+49 . 909090 +4, 9¥99Y +9,99 781 -34311,99999
+39,84739 +¢.,11 /8¢ +¢,01336 -26J88, 79999
+61,69499 +9, 2849748 +2.91 /8¢ -18388, 39999
+72,34249 +@. 49449 +@,02939 ~19484, 99900
+83, 38999 +9, 73943 +9,92198 -4926, 7099¢
+94,2373@ +@, 97992 +9,902219 +1498,39999
+193,28399 +1,20863 +9., 92152 +3297 . 59009
+113,932¢9 +1.43388 +9, 92932 +7939,72999
+126, 78090 +1.,64893 +9,9189d +0777,44909
+137,8270¢ +1.84338 +9.,@179% +4333, 38999
+148.,4750¢ +8,04493E +¢,91746 -9,99136

G-38



DI (f¢) =
DH (in] =
apdc (in)
IDac (1n)
ODst (in)
MW (pPPg) =
ALPHA -(dad)
DELTA ALPHA

WOB (lb’'s) =

L}

F (ib’'s/tt in

I (in"4) =

BETA (deg) =
HO (lb’'s)
HC (lb's)
‘hi (ilb‘s)
PH1 (deg)

naunu

Tiuid)

49
12,23
8.73
843
12,43
19
»
=73
33999

= 128,833
Q1377 /¢

-, 1773k
422,171
@

1451, 208
9. 7491

SEGMENT A BIT TU STRABILIZER

+9, 90999

+4,67793

+9,35583
+14,93389
+18,71179
+23. 38960
+26,71179
+39,93389
+33., 33599
+36.67799
+49, Y09y

SEGMENT B STABILIZER 10

+49.,00009
+J39.91899
+60,93399¢
+79.,9@539@
+89Q,97189
+90,98380¢
+199,108v9
+119, 12609
+129. 14499
+139., 16200
+149, 15909

Y

+9, WYY
-3.91431
~-9,9273b
-@.93460
-2.924618
-4, 94991
-9.04217
-9 ,93287
-9,91898
-9.,999v9

Y

+9.0Y90Y
+9 ., 984979
+9,21393
+9.36910
+9,J336069
+9., /9873
+9,87733
+1.,93739
+1,146249
+1,32392
+1.43742

IANGENCY POINT

G-39

=SLOFE

(£%/71%)
-3.,90319
-9,992499
-9, 90294
+9.,99999
+9., 99109
+9.,99216
+@,0v348
+¢9.,Qua3:
+9,90033

SLOPE

(tt/t%)
+@,99633
+9.,91¢99
19,91413
+9.91619
190.91719
+2,91741
+0,01646
+9.,91343
+9,91432
+9.01345
+¢,91309

MOMENT
(ft-1b)
+9,99271
~2767,619929
~3891,939999
-3969, 199¢9
~12391,39999
~-16978,99990
-18676.,49099
-21391,39999
~£23936, 99999
-26362, 79999
-29164,99999

MOUMENT
(1t-1b)

-29164,9009Y
-21989, 79909
~14839, 80009
-8209, 92990
-2443,94000
+2997, 59009
+3119, 34909
+6439, 83000
+3993, 99209
+3804 , 62009
+9, 90900



DI () =
DH (in) =
ORde (in)
I0de (in)
0Dst (in)
MW (pPRg) =
ALPHA (deg
DELTA ALPH
woB (1b’'s)

P (lb’s/tt in fluid)

I (in"4) =

BETA (deg)
HO (lb‘s)
HC (ib’'s)

ihun

)
A

-

hi

PHI (deg)

(lb’'s)

nuun

49
12,83
8,73
a.d
12,23

19

<
-
33909

= 138,833

Q13777

-, 134883
319,31

0

1391.78
3,39792

SEGMENT A BIT TO STABILIZER

SEGMENT B STABILIZER TO TANGENCY POINT

+9,909099
+4.71936
+2.42972
+14.13119
+18,84149
+23,33189
+26,84149
+39.13119
+33., 42979
+36.,71249
+49.909992

+49,09999
+49, 12179
+J38,24349
+67.,36319
+76. 43679
+84,69849
+94,73019
+103.83299
+112.,973¢9
+122.99399
+131,847¢0@

+9. 999299
-9.,91237
-9.92116
-9.,9296%
~-9,93339
-9.,93780
~-@.,93636
-9.93237
-9.,92343
-9.91471
-9.,99999

+9.99999
+9.96216
+9.14993
+9.,23186
+9.36261
+@.,47469
+@,38272
+9.68372
+@.77636
+9.86148
+9.94137

G-40

SLOPE

(ft/1%)
-9.909236
-@.99828
-@.90z202
-Q.29137
-9.99099
+9,99999
+9.99977
+9,99167
+9,9926%7
+9.,909384
+@,90J12

SLOPE

(£t/1%)
+9,99312
+¢,99834
+9,91934
+9.91184
+9.91232
+9,91214
+2.91139
+9,91962
+9.,€9971
+2.,90991
+9.09873

MOMENT
(£t-1b)
+9.99271
~1999,229909
~-4278,37999
-£306, 70999
-9339., 14099
-12471,79009
~-14396.,79909
-16773,3990¢
-18993,70999
-21236, 699009
~-23489,69999

MOMENT
(£t-1b)
-23439, 609992
~-17978,39999
-1@332, 39999
-J421,397999
-763.,38399

 +2782,33009
+3042, 93009

+3991,94009
+3316,21999
+3313,28999

+@,99271



DI (1t) = 49

DH (in) = 12,23
Uhde (in) = 8,75
IDdc (in) = 2.9
ODst (in) = 12,25
MY (ppg) = 19
ALPHA (deq) = 5
DELTA ALPHA = -, 29
WOB (1b’'§) = 49909
P (lb’'s/ft in fluid) = 154, 8453
I (in4) = 013777

BETA (deg) = -,¥891982

HO (lb's) = 151, /98

HC (lb's) = )

hi (ln'g) = 1242, 36

PHI (deg) = 5, 21741

SEGMENT A HIT I'0 STASILIZEN

A Y SLOFR MOMENT
(ft) (tt) (£t/1¢) (1t-1B)
+90,09999 +9, 99Y9Y -9.99136 +@,99237
+4.,76946 -¥.9¥732 -9,99101 -1173.,61099
+9, 33893 -9.,914z23 -9.99133 -2647, 22999
+14,39849¢ ~9, 92990 ~-9,99196 =4331,374999
+19.9779¢0 ~9.,92413 -9,99ub2 ~-5381, 13999
+23,84739 -9.,92268 +9,99Y00 ~3384 . 40000
+27.,07794 -9, 92456 +0,WQYI3 -19189,89999
+30,39849 -¢9.,02214 +9,99114 -11847,79999
+33., 33899 -9.91738 +9.,99186 -13373. 19099
+3d6, 763994 -9.91¢97 +9,99267 -13344,79999
+49,0Q999 -9 . ¥0ouY +9, 99338 -17149,190000
SEGMENT B STABILIZER TU TANGENCY FUINI
R Y SLUPE MOMENT
(1% (1t] (14/1%) (ft-1b)
+49.,99999 +9.,999uY9 +9., 99308 ~17149, 19909
+48,11499 +9,93784 19, 9YI0E -11817,19999
+36, 229689 +@.94925 +4, QY693 -6834, 37999
+64,34469 +9, 14836 +9.,99734 -~2487,3399¢
+72.,45959 +¢0,21089 +9.,99787 - +1984,73999
+89, 37440 +¢,27188 +9.,99 /32 +36399, 11929
+88, 68939 +@, 32983 +9,99668 +3236, 399909
+96.,80410 +9,3799¢9 +9,923599 +3626,49999
+194,91999¢ +@.42464 +9.99313 +4831 ,63€v9
+113.,03409 +9.,46333 +9.,99423 +8947,29999
+121,14900¢ +9., 499493 +9.,0943b +9.@9237

G-41



G-42

1 (f%) = 49
OH (in) = 12,23
Q0ge (in) = 8,73
IDde (in) = 2.3
0Dst (in) = 12,239
MW (Ppg) = 19
ALFHA (deg) = 35
DELTA ALPHA = @
WoB (lb’'s) = 33999
P (lb’s/tt in fluid) = 138,833
I (in"4) = Q13777
BETA (deg) = -, 036088
HO (lb’'s) = ~29.,1018
HC (lb’s) = Q
hi (lb’s) = 11990,38
PHI (deg) = 4,9671
SEGMENT A BIT TQ STABILIZER
X Y SLOPE MOMENT
(ft) (f1) (ft/7%%) (tt-1b)
+2.09999 +9,09099 -9, 00063 +@,992714
+3.01363 -9.99313 -9 ,20062 -183, 532099
+1G,02739 -9.09621 -9,99039 -711,87990
+13.904099 -9,99394 -Q.,09043 -1376,93099
+29,923439 -9,919098 -@,99239 -2763,33999
+235.96819 -9,01179 +9,20009 -4239, 32000
+28,03439 -9.91144 +9,00023 -32835,33999
+31.,94999 -0.91026 +9,29033 -8493,319000
+34,027390 -9 ,90809 +9,00091 ~-7613,18000
+37.901369 -9.99473 +9.,992134 -8906, 39999
+49,09999 -9,00920 +9.29184 -19273, 19999
SEGMENT B STABILIZER TO TANGENCY FOINT
X Y SLOPE MOMENT
(ft) (f1) (£t/7£%) (ft-1b)
+40.,00999 -9 .99999 +9.00184 -10273, 10000
+47.1418Q +9.91704 +2.00284 -3981.67009
+34.,28339 +9,93943 +9,00333 -2209, 399009
+81,428339 +9.,96382 +9.,09342 +926,63309
+68,36719 +9.,08744 +9.90313 +3329.68009
+73.70880 +9,10817 +2,Q9263 +4323,27992
+82,8396@ +@, 12460 +90.900196 +3664,99999
+89,99230 +9,13607 +9.99126 +35323,04900
+97,134109 +9. 14271 +2,999262 +4526, 72099
+194,27600 +9, 14341 +9,29017 +2646, 32999
+1141.41809 +9, 14383 +9.,00009 -9,90136



RL (Tt) =
PH (in) =
ODde (in) =
IDdc (in) =
UDst (in) =
MW (ppg) =
ALPHA (dad)
DELTA ALFHA

WoB (lb's) =
P (lb's/ft In tiluid)

1 (in"4) =

BETA (deg) =
HO (1p’s)
HC (1b’'s)
hi (1b’s)
PHI (ded)

nnwn

49
12,23
§,73
ard
iz.,22

19

w

83
33999

= 138,839

91377/

9216094
-212,984
¢
8/0.294
4,63138

SEGMENT A BIT TU STABLLILER

+9.09990
+3.,48331
+6., 86702
+19,40039
+13,93409
+17.41 /6@
ta21.,93499
12643939
+39.,96799
+33,4833¢
+49,99999

SEGMENT 8 SIABILIZER

+49, 00092
146, 12789
+J2, 843369
+38,38349
164,31120
+79,83999
170, 76689
+82, 894649
+89, 02249
+33, 13929

+191,27899

+9, 0999Y8
+9,991d9
+9,90Z243
+9, 90332
+9.99387
+9. 99496
+9.,99376
+9,99233
+9,991493
+4.,99971
+9,29ve9

TU TANGENCY PUOLINT

Y
(1t)
+9, 99999
+Q,009¢3
-9,99922
-@.¥¥237
-9.9976b
-9,91831
~9,94331
~@,97933
-Q.,99212
-9,12137

G-43

SLUFE

(ft/71t)
+¥, 9VA3Y
+9.99936
+9,9993Q
+9, 9vva1
19,90911
-9,99999
-9, 0v913
~@.Qud2z
-9.999zZ6
-9 .,99998

SLOFE

(tt/71t)
~9,90998
+9,¥Y9uvys
-9,99938
-9,9911/
-9.,091886
-9, 09258
-@,90327
-9,929383
-9.904z2e

MOMENT
(tt=1D)
+@,99271
+792.99199
+1232,87999
+1383, 73099
+1738,97099
+1731,31999
+1472,. 32999
+892,9189%9
+29,29279
=-1134,73999
~2337.,8799¢

MOMENT
(£t-1D)

-2a37,87999

+463, 96392
+2996, 239999
+43862,279499
+68134. 43999
Ct6733,73999
+6709,03999
+3972,63929
+4399 . 19999
+2283, 9809092

1+9,99999



G-44

D1 (ft) = 49
DH (in) = 12,25
ODde (in) = 8,73
IDdc (in) = 2,5
ODst (in) = 12,25
MW (PRg) = 10
ALPHA (deg) = -
DELTA ALPHA = e
WOEB (1b’'s) = 33899
P (lb’s/ft in fluid) = 138.833
I (in"4) = 913777
BETA (deg) = ,@8342351
HO (lb‘s) = -426.318
HC (lb’s) = @
hl (lb'=s) = 5892 .346
PHI (deg) = 4.39221
SEGMENT A BIT TO STABILIZER
X ¥ SLOPE MOMENT
{ft) (ft) (1t/f%) (ft-1b)
+@, 882989 +8, 39029 19.92143 +2.29271
+4.31144 +%, 99632 +0.08142 +1939. 53999
+8.62283 +2,81293 +9.99121 +3582,22899
+12,93429 +8,91658 +9. 98983 +4336.24999
+17.24579 +2,21955 +0,892@48 +5977.33999
+21.33712 +9. 02064 -9, 99092 +6533. 89999
+25.24379 +9.21979 -8,99944 +7842.83099
+28.93429 +6.91732 -8, 99699 +7145,33009
+32.62289 +5.81317 -2.99133 +7589, 45999
+36.31149 +9.99736 -9.99173 +6699. 47999
+49 . 99994 +4 . QYYEY -9, 90229 +5973, 32090
SEGMENT B STABILIZER TU TANGENCY POINT
P Y 5LUPE MUMENT
(1t (1t) (tt/%%) (ft=-1D0)
+4@, 99999 +@,490vv9 -2,90229 +8973, 32999
+43, 20399 -9, 91298 -9,90242 +76599, 49099
+39.4074@ -@, Y2953 -g,99337 +8994, 235099
+55,8116Q -9, 935939 ~J, 00441 - +9597,97999
+69, 813499 -, @7/394 -, 99329 +9737, 37009
+66,8194¢ -9, 18853 -4, 9ublh +9383, 98999
+71,2233¢ -9, 14937 - ,09697 +8479, 779029
+76. 42719 -9, 17776 ~Q,99768 +7968,31909
+81,63199 -@,21924 -@, 90424 +5134 62999
+86.8349@ -9,26914 -Q, 90569 +2787,47099
+92, 93549 -9, 39843 -Q.008/3 +@ . 992714



DL (ft) =

DH (in) =

oode (in) =
IDde (in) =
0Dst (in) =
MW (pP3) =
ALPHA (deq!
DELTA ALFHA

wae (lb’'s) =
P (lbh's/ftt in fluid)

1 (in"4) =

BETA (ded) =
HO (1b's)
HC (1b’s)
hi (ib's)
PHI (deg)

wuann

QL1377 /

g Ru el
~849, 393

9

a9, 388

2.9294 7

SEGMENT A BIT TU STABLLIZER

A

Aty S0 G o N

+9,90999
+4.,4314¢
+8. 86284
+13.2943¢
+17,7237@
+22,1J719
+23,7257¢
+29,2943Y
+32,8628¢
+3b.,4d14¢
+49,99999

SEGMENT B STABILIZER

+49, 99999
+44.44179
+48,8833¢
+33,328J29
+857.76709
+62,29879
+66, 63939
+71,93229
+73. 33499
+79.,97379
+84,41739

4

+9 ., 99999
+9,911542
+@, 92233
+9,931E2
+9, 03893
+9,93999
+9.93736
+9.9¥331@
19,9834z
+9,91449

T TANGENCY FUINT

-, 99099
-9,9827¢
-9 ,83079
-9,9d423
-9,12291
-@, 16643
-@,21439
-9.266010
-@,38983
“9337758

SLUPE

(ft/1%)
+@,QUE71
+@, 20238
+@, 99222
+9.,99163
+2, ¥ou99
-9, 99v09
-2, 99uda
-9, 20169
~-9,90336
-Q,9@9431

SLUPE
(ft/71t)

MOMENT
(ft-10)
+@,99271
+3209, 64999
+6991.43999
+8637, 31909
+19809, 69999
+12589. 70009
+13791,29999
+14339. 490999
+13988 . 89999
+13343,29999
+153@6, 59999

MOMENT
($t-1R)

~9,99371
~-9,0v813
"0199927
~-9.91124
~9,01291
-2.91280Q
~9.,942396
~-9,41 309

G-45

+15306, 20090
+15736, 49909
+15703, 49009
+19209, 20000
+14239, 50999
+12H66, 50000
+11946, 90900
+8820, 24999

+6215, 7900@

+3263, 91099

+¢.00271



D1 (ft) =
DH (in) =
gbdec (in)
IDde (in)
ODst (in)
MW (PpPg) =

nun

ALPHA (deg) =
DELTA ALPHA =

WOB (1b’'s)

P (1b’'s/ft in 1luid)

I (in"4) =

BETA (deg) =
HO (lb’s)
HC (lb’'s)
hi (1b’s)
PHI (deg)

nwan

49
12,23
8,74
2.3
12,23
19
)
!
33999

= 158,834
013777

239273
-919. 551

9
-269.747
33,3999

SEGMENT A BIT TO STABILI%ER

- . — o =

+@, 00999
+4,47764
+8, 93328
+13,43299
+17,9196Q
+22,38829
+23,91060
+29.43299
+32,93339
+36.47769
+40.90909

SEGMENT B STABILIZER
X

- ———— S

+49,99999
+43,83199
+47,79339
+51,53389
+55.49789
+59.23979
+63.11160
+66, 96369
+79.81339
+74,66739
+78,3194@

+9.,920990
+@,91773
+9,93388
+9@,9046%98
+0,93369
+@,05883
+0,03679
+9,03097
+2,03838
+90.,02196
-9 ,02000

TO TANGENCY POINT

+9, 90099
-9.,939z24
-9,96673
-9, 1@933
-9,13744
-9.,21938
-2.26812
-@,32933
-Q,39349
-@,43946
-9,32633

SLOFE

(ft/1%)
+9.90402
+@,00384
+0, 90332
+9@,09248
+9.99136
-9,009099
-9.90122
-9,99236
-9,909398
-90,00347
-9.09791

SLOPE

(ft/71t)
-9,00701
-2,208368
-9,01028
-2,04179
-9,91317
~9,014409
-0,91343
-9.91639
-@,901633
-9,01732
-9.,91746

G-46

MOMENT
(1t-10)
+2,09271
+4538,81000
+8784, 73009
+12626, 39999
+16036 , 70929
+18974, 40009
+29929 , 50029
+22555. 10909
+23938 , 80020
+24771 . 10029
+23344, 80299

MOMENT
(f£t-1b)

+25344,89000
+24322, 79999
+23279, 40009
+21602,89099
+19333 20099
+17986, 10999
+14277.,69999
+11133,900999
+7686, 77999
+3963,91999

+@,00271



01 (1%) =
DH (in} =
obde (in)
10dc (in]
ODst (in)
MY (PPg) =

iU

ALPHA (ded] =
DELTA ALFHA =
wog (1o's) =
P (lb's/tt in fluld)

I (in"4) =

BETA (deg) =
HO (lb’'s)
HC (lb’'s)
i (1b's)
PHI (ded)

nunin

49

ig.29

8,73

2%
12,23

19

)

1,dd

23999

138,899

0137477

s 3098
-4176.,71
9
-g31.647
3.97/46R

SEGMENT @ Bilr TU SrABILIZER
X Y

+9.,9999¢
+4,39116
+9, 99231
+13, 39339
+18,99469
+22.3938¢
+26,99469
+29,35933¢@
+33,90239
+36,J9129
+4@.0YQ9Y

SEGMENT & STABILIZER

I e S o —

+49,90099
+43, 49289
+46,8037¢
+39.,20d39
+33,61139
+57.914109
+6@,417¢9
+63,81389
+67.22869
+79, 62349
+74.,0283¢

- oy o -

+9,4999499
+@,9239%
+9., 94384
+9., 06309
+@,97337
+9 .9 /98B
+9.,9//9a
+9,9b8¢d
+@, 93209
+@,028997
+9 ., 99999

TU TANGENCY POLNT

~9,93641
-g.,97964
-@,124919
-9,18431
-9,399/3
-9,37819
-9,44942
-9, 38234
-9, 396684

SLUPE

(te/t%)
+9, 00441
+9,0931/
+49,09448
+9, 99346
+9, 99186
-Q,992999
~-9,991b6
-9,99347
-@.99243
-Q,Q0749
-9,90963

sLOFE

(tt/tt)
-3, @W?ﬁ:’
-9,91366
-9,91344
-9.91794
-2,91844
-9.,01962
~-4,02936
—@.22126
-9.,02164
~-@.,9218¢

G-47

MOMENT
(ft-1b)
+9,09271
+35993. 98099
+11637,99999
+16456, 209909
+214986, 89099
+23771 39999
+28613, 89992
+31973,69990
+331 32, 99999
+84776,20999
+399%1, 20909

MOMENT
(ft-1b)

+39991 . 29099
+34935. 19909
+31471,39999
+28623, 89999
+25418, 30999
+21872,29999
+18011,60000
+13864,99999

+9438, 63909

+4826, 439009

+9,90871

—



D1 (ft) =

DH (in) =

Q0dc (in) =
IDde (in) =
QDst (in) =
MW (ppg) =
ALPHA (deg)
DELTA ALPHA

WOB (1b’'s) =

P (lo's/ft in

I (in"4) =

BETA (deg) =
HO (1b’'s)
HC (1b’'s)
hi (lb’s)
PHI (deg)

[T [N (O

fluid)

49

12,23

8,73

23
12.23

19

o

1.4

33999

= 138,833
913777

393291
~-1433.23

9
-1432,39

2.61937

SEGMENT A BIT TQ STABILIZER

+90.90009
+4,31373
+9.93139

+13.34730

+18, 06399
+22, 37880
+26, 06399
+29,34739
+33.03139
+36.,31389
+4@,09009

SEGMENT B STABILIZER

- - —— — —

+40,99999
+43,03739
+46,11399
+49,17239
+32.23019
+33.28769
+38,34419
+61 49269
+64,48910
+67.31760
+7Q,37329

+@,99999
+9. 93933
+9.93844
+@.08117
+9, 99637
+9,10188
+@,939827
+@, 98693
+2.96716
+2, 93833
+@, 00099

TO TANGENCY POINT

-9,90209
-2,94173
-Q.,09038
-@.143%94
-9.,20718
-9,27337
-9,34436
-9.41873
-9.,49383
~-90.,37482
-9,63474

SLOPE

(ft/71%)
+9,09686
+9,90637
+9,90379
+9@.,09428
+9,99237
-@, 99099
-9,99211
~Q,90443
-9,9069.3
-9,009362
~@.91242

5LOPE

(£t/71%)
-9.9124¢
-2,214384
-9,91798
-9,91911
-0,92991
~@,02248
-9,02378
-0.,92482
-9,92337
-9.,02603
-2,02619

MOMENT
(ft-1b)
+9.99271
+7439 36999
+14623,79999
+21284.80999
+27499,92099
+32893 . 60999
+36664 . 299009
+39996, 29999
+42863. 999099
+43249, 49999
+47131 89909

MOMENT
(ft-1ib)

+47131 ,80999
+43846,.39999
+49166,49999
+36128.59099
+31736,99999
+27974,39999
+22108,90999
+16888., 39909
+11442,79999
+3802 , 33999
+9,99271



D1 (ft) = 49
DH (in) = 12.23
ODdec (in) = 8.73
IDde (in) = 2.3
0Dst (in) = 12.
MW (ppg) = 19
ALPHA (deg) = 39
DELTA ALPHA = -1.5
WwoB (lb’s) = 35209
P (lb‘s/ft in = 158.8
I (in"4) = @137
BETA (deq) = -,5338945
HO (lb’s) = 329.023
HC (lb’s) = @
hi (lb‘s) = £316.96
PHI (deg) = 36,3383
SEGMENT Q BIT TO STABILIZER
Y
(f1) (ft)
+9,20999 +9.,099049
+4,86623 -3, 92866
4+9,732189 -3,83589
+14,59819 -3 ,97922
+19,4642%2 -9,89387
+24,33020 -3,19246
+27.46429 -3 ,99926
+39,59819 -3, 98879
+33.7321@ -@,086973
+36.,86619 -9,24063
+40, 29209 +@,00092%
SEGMENT B STABILIZER TO

% .

(ft) {(ft)
+49,20009 +9.20929
+46,68219 +0,12764
+53.36429 +2.23712
+60,94629 +@, 49322
+66, 72830 +@,70828
+73,41040 +9,.92568
+89.09259 +1.13911
+86,77459 +1,3435%9
493, 43669 +1.53682

+109.133909 +1.71963
+106,382109 +1.89387

TANGENCY POINT
Y

SLOPE

(ft/ft)
-9,90393
-9.20589
-9,98328
-@,009424
-3,99232
+@, 99929
+@,009211
+0,99464
+2,20761
+8.91104
+2,91497

MOMENT
(ft-1b)
+0,81337
-3544,63009
-3917.69099
-16039., 79996
-24810,20909
~35102, 40009
-42468, 40099
~-50369 ., 59909
~-538731.,7099@
-67332, 90929
-75728, 70999

SLOPE

(ft/ft)
+9.91497
+@.92263
+@,02792
+@,03196
+0,03244
+0@,03249
+@,83137
+@,982978
+9,02803
+@,82673
+0,02619

G-49

MOMENT
(ft-1b)
-76708,79999
-55298.,20009
-33878, 40009
-19028, 39999
-5294,73009

- +5217.62009

+11956. 19099
+14828,00909
+13755.60299
+8767.84009

~-9,89773



DL (ft) = A9
DH (in) = 12.25
ODde (in) = 8,73
I1Dde (in) = 2.3
gDst (in) = 12,25
MW (PPg) = i@
ALPHA (deg) = 39
DELTA ALPHA = -{.,23
woBE (lb’s) = 350009
F (lb/s/ft in fluid) = 158,833
I (in"4) = L@13777
BETA (deg) = -, 281773
HO (lb's) = 134.535
HC (lb's) = @
hi (lb's) = 686,82
PHI (deq) = 30,2292
SEGMENT A BIT TO STABILIZER
)4 Y SLOPE MOMENT
(%) (ft) (ft/ft) (ft-1h)
+9,20099 +9,29099 -9 ,29432 +3,01587
+4,91714 -9, 02483 -5 ,39483 ~-2463,4792¢
+9,83427 -9,94699 -9 ,20444 -5398,99099
+14.75149 -9,06721 -9,203261 -{2972,79999
+19,.66839 -,08151 -,20218 -20864, 10099
+24,58379 -3,03720 +9,00229 ~30367.20000
+27.668359 -3, 03459 +9.29181 -37035, 999929
+30,75140 -@,07368 +0,093%99 ~44344,90099
+33.83430 -9 ,95932 +0,096357 ~-52102,20009
+36.91719 -5,03474 42,2938 -6@313,922999
+40,920900 -3, 09099 +9.91384 ~-58929, 30009
SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT
(f%) (%) (ft/f1) (ft=-1b)
+49,292009 -9, 20092 +2,21394 ~58929, 709929
+46,396689 +9.19334 +92,21939 -49134.39909
452,79219 +5,24614 +9.02404 -31331.90299
+539.18819 +0,40916 +9,92665 -15995,89009
$65.58419 +9,58373 +9.22771 -3507.45909
+71.98029 +2.76898 +9,62733 +5822.81009
4+78,37629 +@.93428 4+2.226354 +11763.20999
+84.77229 +1.99944 +2,22506 +14166.309099
+91.16829 +1,25473 +9,092332 +12972.,200089
4+97.36439 +1.40191 +0,02231 +8210.67099
+103.396009 +1.54166 +9,82182 +9,09909

G-50



F .)=
DH (in) =
0Dde {(in)
1Ddc (in)
oDzt (in)

MW (ppg) =
ALPHA (deg)
DELTA ALPHA
WoB (lb's) =

P (lb’s/ft in
I (in"4) =

wunn

--av»-._rm_'m
"
it

w1 oW o

it nn

- — > e o s ————"

+9, 00009
+4,99611
+9,989¢23
+14.97039
+19.96@3@
+24,95068
+27.96839
+38,97039
+33.98920
+36,3901@
+48, 90999

SEGMENT B STABILIZER TO

A
(ft)
+40,90099
+45.0976@
+32,19339
+38,29299
+64.,39030
+70,483829
+76.,358580
+82.68349
+88.,7811@
+94.87879
+109.37609

fluid)

49
12,23
8.73
2.3
12,23
19
39
-1
35996
= 158,833
. @13777

-.2214812
-63.9013

@
5837.79
29.8921

TO STABILIZER

+@,00999
-3.81926
-9.93787
-9, 26664
-9,87131
-9.96934
-9,86218
-@,94900
“"@ ' 02867
+0, 99009

- o o S o -

+0.,20000
+2,88397
+2,19799
+8,3208@8
+@,46671
+2,60569
+9.74243
+8,87934
+@,99@83
+1.,10298
+1.,21933

SLOPE

(ft/f1)
-9,98387
~@,98383
-9,99338
-9 ,90297
-9,200183
+@,28090
+@,90143
+9,99332
+9,20339
+0.08307
+@.@1103

TANGENCY POINT

SLOPE

(ft/ft)
+@,91183
+2,091633
+9,02013
+@,92226
+@,082361
+9,92273
+8,02174
+9,02037
+2.,91897
+2,91789
+@.01746

g-51

MOMENT
(ft-1b)
+8,91337
-1334,24000
-4623, 82000
~-3818,3970929
-16841, 19989
-25383, 90009
-31634.99999
-38230.8000@
-45333, 40906
-52909, 70099
~6@911.70299

MOMENT
(ft-1b)

-6@911,70909
-42799, 69900
-26631, 89999
-12851, 59999
-1710.160€8

+6529.430@9

+11634.60009
+13576.30992
+12242,30999
+7682. 3509009

+@,91337

—



DI (ft) = 49
DH (in) = 12,23
0Ddc (in) = 8.73
IDdec (in) = 2.3
0Dzt (in) = 12.23
MW (pPg) = 19
ALPHA (deg) = 39
DELTA ALPHA = ~,75
woB (lb’s) = 35000
P (lb’s/ft in fluid) = 158.835
I (in"4) = 913777
BETA {deg) = -, 15992
HO (lb’s) = -272.890
HC (lb's) = 2
hi (lb‘'s) = 5566.2
PHI (deg) = 29,5333
SEGMENT 2 BIT TO STABILliER
(ft) (ft)
+0.00069 +9,09099
+5.10445 -9,21428
+16,20899 -9,02841
+15.31339 -2,04141
+29.41789 -9,85134
+25, 52229 -9,85542
+28,41732 -0,05377
+31.,31339 -2.,9483@
+34.,20398 -@.083813
+37.19449 ~p.92238
+40,20309 -9,00699
SEGMEN; B STABILIZER TO TANGENCY POINT
Y
(ft) (ft)
+40,90202 +2.299209
+45,78679 +0,96373
+51,57339 +0,15266
+57.36029 +9,25249
+63., 14700 +9,33782
+68.93379 +9,46323
4$74,72059 +9,564354
+80.59729 +0.,65919
+86.29399 +@,74636
+92.280@72 +2.,82694
4+97.86740 +9.90346

SLOPE

(ft/ft)
-9,00279
-9,909289
-9,00271
-9,00232
-9,90143
+9,9999%
+0,00118
+@.99263
+0,00442
+0,99633
+9,99893

SLOPE
(ft/ft)

MOMENT
(ft-1b)
+9.,01337
-142,02899
-2348, 76009
-5385, 28090
~-12784, 50000
-20848, 49029
-26294, 10092
-32092, 99029
-38482, 00099
-43341,50029
-52633. 52209

MOMENT
(ft-1b)

G-52

—— - . — - —

+@,00399
+0,01343
+0,91633
+2,01791
+0,21836
+0,01796
+9.,01698
+9.01371
+2.01444
+0.01348
+90.01303

-52635, 50999

-36268. 70299
-21811,40009
~-9566,61099
+216.69109
+7339.240909
+11656, 50009
+13080. 50999
+11582.30999
+7192.35299
-9,20773



it

ODst
MW (ppg) =
ALPHA (deg)
DELTA ALPHA
WoB (lb's) =
P (lb‘s/ft in
I (in"4) =

Hu

BETA (dea) =
HO (1b’s)
HC (l1b’s)
hi (1b’s)
PHI (deg)

fluid)

= 158.833

13777

-.@959443
-486.677

9
5268,73
29,2034

SEGMENT A BIT 7O STABILIZER

IA)

- A v " —— —

+0, 89899
+3.30311
+16.,668629
+15,9633@
+21.21249
+26. 51359
+29.21249
+31.96330
+34.60629
+37.30319
+49. 90999

Y

(ft)
+9, 92098
-@.,0036z
-9,91831
-9,82733
-8,83366
~5,93909
-9,83737
-9,83497
-0, 02693
-9,61387
+9, 909999

SEGMENT B STABILIZER TO TANGENCY POINT

+40,00999
+45.463860
+59.9277@
+36.391359
+61.85339
+67,31929
+72.78309
+78,24689
+83,71079
+89.17459
+94.63349

Y
(£t)
+0,00009
+9.04767
+@, 11973
+9,18238
+8.,23779
+@.33172
+0,40134
+2, 46533
+9, 52267
+9@,5743%
+2.62271

G-53

SLOPE

(ft/ft)
-9,00167
-9.9e174
-2,28182

-3,.09168
-9.,99114

+@, 95920
+@,20938
+9,99138
+0, 99333
+@,88493
+3,28687

SLOPE

(ft/11%)
+@,00687
+0.,91033
+@.,01233
+9.01369
+@.,91376
+8.01324
+9.01226
+2.01108
+9.99993
+9.993907
+@.08873

MOMENT
(ft-1b)
+9.91337
+1148.23999
+46, 93869

-3287.65999
-8793, 92099

-16384.70009
~-21991,80009
-26163. 50909
-31667,30000
-37668. 52092
-44080,79009

MOMENT
(ft-1b)

~-44089,70299
-29514,30999
-16777.50009

-6104, 490239

- +2311.14099

+8316. 74909

+11863,50099
+12708., 909099
+11914.19999

+6732.33949
+0.81337



DI (ft) = 49
DH (in) = 12,25
ODdc (in) = 8,75
IDde (in) = 2.5
ODst (in) = 12,25
MW (ppg) = 19
ALPHA (deg) = 39
DELTA ALPHA = -.25
WOB (lb's) = 35000
P (lb’s/ft in fluid) = 158,855
I (in"4) = 213777
BETA (deg) = -,0237178
HO (lb‘s) = -708.0872
HC (1b’s) = 2
hi (lb’s) = 4941,36
PHI (deg) = 29,8412
SEGMENT A BIT TO STABILIZER
¥ Y SLOPE MOMENT
(£+) (f+) (ft/f%) (f+-1b)
+0, 22009 +9.00000 -3, 00052 +0,91557
+5,69557 -3, 09326 -0, 00067 +263%, 28900
+11.39116 -?,00789 -3, 90095 +2636, 11009
+17.28672 -0,91387 -2,00111 +17,43359
+22,78239 -9,01374 -9 ,96087 -5174,17900
+28,47799 -9, 92259 +0, 20909 -12836, 40000
+3@, 78239 -9,02194 +%, 29959 -16625, 80900
+33,08670 -9,91975 +9,09134 -20743,30009
+35,39119 -0.,91565 +3, 00226 ~-25235, 50099
+37.69560 -3, 90921
+2. 66335 -30967, 90000
+40,00000 +0,00000 +0,00467 ~35224,90000
SEGMENT B STABILIZER TO TANGENCY POINT
X % SLOPE MOMENT
(ft) (ft) (ft/ft) (ft-1b)
+40,20000 +0, 00099 +4,00467 ~35224.,99009
+45,13040 +5,93101 +@,90723 ~-22502, 52000
+50,26099 +9.07233 +0,90573 ~-11508, 30009
+55,39130 +0,11968 +2,00934 -2417.73099
+60,52179 +@, 16697 +@, 00923 +4623, 24000
+65.65219 +2,21283 +9.99353 +9502,27099
+70.78269 +0,25443 +@,00760 +12141,20909
+75,91399 +0,290855 +0,20648 +12497, 90009
+81,04340 +0.32105 +0,00544 +19566, 70909
+86, 17382 +2,34680 +0,00466 +6378,39000
+91.,30430 +@,36372 +0.20436 +5, 20909

—



D1 (ft) = 49
DH (in) = 12.25
O0Dde (in) = 8.73
IDdc (in) = 2.5
ODst (in) = 12.23
MW (ppg) = 19
ALPHA (deg) = 39
DELTA ALPHA = )
WoB (lb’s) = 35099
P (lb’s/ft in fluid) = 158,855
I (in"4) = 213777
BETA (deg) = ,83389239
HO (lb‘s) = -937,547
HC (lb’‘s) = )
hi (lb's) = 45739,37
PHI (deg) = 28,4637
SEGMENT A BIT TO STABILIZER
A Y SLOPE MOMENT
(ft) (ft) (ft/ft) (ft-1b)
+9.29999 +3, 99099 +&. 90068 +2.913357
+2.15936 +3,09144 +9, 29064 +1889,7192@
+4.,31871 +%,99273 +9, 86954 4+3493, 78009
+6,47886 +3,99373 +@, 98639 +4537.87999
+8.63742 +9.89449 +3,99921 +5288. 30925
+19,79688 +2,98462 -3, 00990 +5654.,4400%
+16,63749 +9,99297 -@, 90953 +4788.399209
+22.47819 -g,29134 -3, 989386 +959.74468
+28,31879 -9 ,206588 -9, 90063 ~5513.,99000
+34.1394% -9, 089742 +2.20933 ~-14578. 40099
+49, 99999 -5, 00900 +9.29233 -26845,.99922
SEGMENT B STABILIZER TO TANGENCY POIMT
X Y SLOPE MOMENT
(ft) (ft) (ft/f1) (ft-1b)
+40,00000 +5.,02060 +3., 90233 -26045,90029
+44,73969 +3,91389 +8,00469 ~-15195,58009
+43,37929 +2,93782 +2.98438 -5953. 37099
+54,3687% +@.86232 +2.20313 +1531.30099
+59. 15839 +9,98619 +@,90476 +7214.4299%
+63.9479%9 +2,16728 +@,@@399 +16936, 39299
+88.73730 +2,12491 +2.22299 +12726. 49299
+73.52719 4+, 13376 +9.99192 +12498, 50999
+78.31679 +9,14269 +2, 299296 419275, 30290
+83. 19629 +2,14549 +9,92027 +6992, 63229
+87.89589 +9.14583 -2.29009 13,29909

G-55



D1 (ft) = 49
DH (im) = 12.25
ODdec (in) = 8.75
IDde (in) = 2.9
OQDst (in) = 12.25
MY (ppg) = 19
ALPHA (deg) = 39
DELTA ALPHA = .29
WoB (lb’‘s) = 335099
P (lb’s/ft in fluid) = 158,853
I (in"4) = @13777
BETA (deg) = 119146
HO (lb‘s) = -1173.63
HC (lb’s) = 5]
R (lb‘=s) = a4177.29
PHI (deg) = 28,0764
SEGMENT A BIT TO STABILIZER
)4 Y SLOPE MOMENT
(ft) (f+) (ft/ft) (ft-1b)
+9, 90999 +2., 00096 +2.90192 +9.,01557
+3.35945 +9, 99633 +9,29181 +3722, 736099
+6.71889 +49.01194 +2.,02151 +6524.92299
+19,087839 +0.91629 +9.,20197 +8384, 52099
+13,4373%9 +6.91962 +@,29%53 +9291 . 53929
+16,79729 +2,21993 -9 ,20009 +3238. 79929
+21,43789 +6.,01827 -3, 20269 +7589. 26999
+26,97339 +9,51383 -2,99118 +4131.699229
+34,71899 +2,00799 -2,20131 -1@88, 70009
+35.339359 +9,09243 -%,9090393 -8093, 58999
+40.,909290 ~0. 09960 +9,00902 -16522, 599992
SEGMENT B STABILIZER TO TANGENCY POINT
R Y SLOPE MOMENT
(fti (1) (ft/ft) {(f+-1b)
+49.200009 +8.20000 +9,99292 -16522.40209
+44 ., 44649 +9,00241 +9,29294 ~-7552,29299
+43,89289 +9,99746 +9.99123 -55.83399
+53.33939 +9.,981257 +9.90099 +5879,49909
+57.78379 +9.21371 +9.099236 +19157.20299
+62.23219 +9,913541 -9 ,00953 +12752.89902
+66.6785% +9.91977 -@.,96136 +13626, 40909
+71.12499 +2.,00151 -9,99239 +12767.20000
+75.37130 -9,91219 -9,99349 +19185. 70999
+849.91789 -2,02913 -2,00412 +5912.83099¢
+84.46429 -9,24829 -9,20436 +9,929009

G-56



D1 (ft) = 49
DH (in) = iz2.25
0Ddc (in) = 8.75
IDde (in) = 2.3
ODst (in) = 12.25
MW (ppg) = 19
ALPHA (deq) = 39
DELTA ALPHA = ]
WoB (lb‘s) = 35999
P (lb’s/ft in fluid) = 158.853
I (in"4) = 213777
BETA (deg) = , 184669
HO (lb’s) = -1422.76
HC (lb’'s) = @
hi (lb‘s) = 2729.88
PHI (deg) = 27.6724
SEGMENT A BIT TO STABILIZER
X ¥
(ft) (ft)
+9,6800239 +0, 99029
+3.83765 +9.91209
+7.67419 +9,02283
+11.51129 +2.93124
+15,3482% +0.03653
+19,18332 +%.03832
+23.34829 +9, 03623
+27.51129 +9,93933
+31.6741% +8,92143
+33.83719 +2.,01973
+40.,00009 -3, 09000
SEGMEN; B STABILIZER TO TANGENCY POINT
, y
(ft) (ft)
+410.,00900 +0.20200
+44., 10829 -9, 90938
+48.216309 -3.91386
+52.32439 -9,936813
+56,43260 -9.94459
+60. 54089 ~9 ., 96289
+64.64999 ~-@.08544
+68.75719 -9,11242
+72.86339 -9.14329
+76.97340 -9,17715
+81.,08169 -2.21270

SLOPE

(ft/7ft)
+9, 99321
+2.98393
+9.00233
+@,20181
+2. 99993
~-9.,00099
-9.90938
-9.080182
~8,09241
-9 ,809263
-9.20243

SLOPE

(ft/ft)
-9 ,90243
~@. 98222
-g.90247
-3 ,99393
~9.90393
~-9,00487
-9.020603
~9,00797
-9.,08792
-9.,068831
-9.99873

G-57

MOMENT

.0t et 20 o St

+8,91537
+5297. 383009
+9379. 10090
+12298, 92092
+13739. 19099
+14018, 30999
+12836,20009
+19143. 40099
+3968 . 33099
+335,03109
-6637. 42099

MOMENT
(ft-1b)
-6637.,38099
+475.39799
+6244,33999
+19609. 92009
+133526.,72009
+14963.20909
+14919, 50999
+13363. 20909
+18339.20009
+5869, 52099
-9,91337



D1 (ft)
DH (in)
0Ddec (in)
IDdc (in)
ODst (in)
MW (ppg) =
ALPHA (deg)
DELTA ALPHA
WOB (lb‘s) =
P (lb's/ft i
I (in"4) =

BETA (deg)
HO (1b’s)
HC (lb’s)
hi (1b’s)
PHI {deq)

SEGMENT A BI
X
(£1)

Hunn

+9,00999
+4,26323
+8.12657
+12, 18990
+16,.23319
+29.31649
+24.23319
+23.18999
+32. 12662
+36.06339
+49,20099

SEGMENT B STABILIZER

X
(ft)
+40,90999
+43,78349
+47 . 366389
+31,35039
+55,13379
+58.91719
+62.,79959
+66.48399
+70.26749
+74.05989
+77.834209

n

T

-~

fluid)

49
12,23
8.73

2.3

19
39
W73

12.25

335099
138.835
013777

260774
-1679.19
@

3228. 32
27,2333

TO STABILIZER

Y

(ft)
+9.99999
+0.61813
+8,93439
+0.94713
+0,85329
+9,93809
+0,03543
+9.04761
+9.03311
+9.,01883
-9 . 09999

TO TANGENCY POINT

Y
(ft)
+9,90000
-9,81932
-2.94123
~-9.,96613
-9.09439
-9.12812
-9,16362
~-9.20723
-2.2523%
~9.30929
=-9.34947

SLOPE

(ft/ft)
+§.96433
+9,99439
+9.,00362
+9.09261
+9.99137
~9,99909
-9,90133
-9.00261
~9,9937@
~9,90432
-9.,99433

SLOPE

(ft/f%)
~-9.,09498
-Q2.9934%
-9.99613
-9,99708
-9,99818
-9,99934
-9,01047
-9.,01159
-9.91233
-2,91289
-9,91369

58

MOMENT

T9.91337
+6802. 669929
+12226.,70999
+16217.69909
+18735. 30890
+19754,70809
+19303. 42009
+17440. 10000
+14182., 50999
+9361.,17000
+3619.67009

MOMENT
(ft-1b)
+3619. 70060
+8916,31909
+12998, 20099
+135839. 40099
+17388.409909
+17658, 50009
+16633, 30909
+14337. 160909
+10774.40992
+5981 ., 50999
-9,09773



Di (ft) =

PH (in) =

0Ddc (in)

IDde (in)

ODst (in)

MW (ppg) =
ALPHA (deg)

DELTA ALPHA

WoB (lb’s) =
P (lb’s/ft in fluid)
I (in"4) =

1

BETA (deg) =
HO (lb’s)
HC (1b’s)
hi {(lb’'s)
PHI (deg)

W unuu

49
12.23
8.73
2.3

19

39

1
35289

12.23

340232
-1944.,389
@
2669.38
26,8138

SEGMENT A BIT TO STABILIZER

e . — =g w— -

+0.09999
+4,18897
+8,37794
+12,56699
+16.73399
+20.94439
+24.73399
+28. 36639
+32.37739
+36.18900
+40.00099

SEGMENT B STABILIZER
X

+40,900099
+43, 48069
+46.96129
+59.44189
+33,92249
+37.46299
+6@,88339
+64.36419
+67.84479
+71.32339
+74.89399

+9, 99099
+9,02444
+9.04638
+0,96373
+9.,987494
+9,97883
+@,073539
+9.96333
+9.64916
+2,02721
+0.00900

TO TANGENCY POINT

f

——— - — vt o

+0,00299
-9,92813
-@,06094
-9.93616
-9, 13689
-2.18281
-9.231649
-9.28313
-2,34196
-9.4811%9
-@.46172

= 138,833
913777

SLOPE

(ft/ft)
+9,20394
+@,20363
+0,09477
+2,20346
+2.90183
-0, 22990
~-8,80173
-9,09347
-9,99399
-9, 80639
-9,909762

SLOPE

(ft/ft)
-9,909762
-9,99839
-2.00973
-2.01102
~-2.91234
-@,01363
~-2,01484
-9,91589
-8.,01672
-2.,01726
~2.91746

G-59

MOMENT
(ft-1b)
+8,013537
+830835, 49009
+15129.80999
+20409, 09009
+24060., 19000
+26079, 92009
+26449. 100900
+23449.,99909
+23935.390090
+19313.20009
+14247.82000

MOMENT
(ft-1b)

+14247.30099
+17730.00009
+20234.70000
+21568. 19060
+21789.60099
+20370. 40999
+18844.30009
+15717.209009
+11512,20209

+6269,249099

-2.01337



D1 (ft) = 49
ODH {(in) = 12.25
0Ddc (in) = 8,75
IDdc (in) = 2.5
ODst (in) = 12.25
My (ppg) = 19
ALPHA (deg) = 39
DELTA ALPHA = 1.23
woB (lb’'s) = 35009
P (lb’s/ft in fluid) = 158.833
I (in"4) = 913777
BETA (deg) = 422423
HO (lb‘s) = -2219.6
HC (lb’s) = ]
hi (lb’s) = 2043,37
PHI (deqa) = 26,3717
SEGMENT A BIT TO STABILIZER
X Y
(ft) (ft)
+9,00009 +9.,00000
+4,26763 +9,93993
+3.333235 +@,93879
+12.89292 +9, 28096
+17.87059 +9,093534
+21,.33819 +9,19038
+235.978399 +@.09634
+28.30299 +2,98498
+32.33339 +2.06364
+36,26769 +2,03538
+49,20009 +%,20029
SEGMENT B STABILIZER TO TANGENCY POINT
X Y
(ft) (f1)
+49.,20099 -2 .,99009
+43.29589 -9,93359
+46.41169 -9,97382
+49.681749 -9.,12113
+52.82329 -9.17138
+56.22999 -9,2264%
+39.23482 -9,283579
+62,44969 -9.34992
+63.64649 -9.41536
+63,35229 -9,48392
+72.9358¢29 -9,355368

SLOPE

(ft/7f+)
+9,99737
+9.00729
+9.20393
+9.99433
+9,09233
-2.,29209
-9.,90218
-9,209439
-2 ,99633
-3 ,90836
-3,91933

SLOPE

(ft/ft)
~-9,91033
-9,01181
-2.01335
-9,01491
-9.01643
-9.91787
-9.91916
~-9.,920923
-9.02199
-9.92163
-9.92182

60

MOMENT
(ft-1b).
+9.,91357
+9831 . 56099
+18198.90029
+24746,4092¢
+29632. 70909
+32791. 40009
+34954,79269
+33923, 89999
+32399, 99999
429493, 79999
+23236. 19699

MOMENT
tft-1b)

ey —ay — =

+23236. 10000
+279335. 19999
+27936. 39909
+27826.,29099
+26703. 78999
+246@1 . 70999
+21327. 40099
+17502. 10009
+12550.80099

+6794.63099

+9,20999



D1 (ft) = 49
DH (in) = 12.25
0Ddec (in) = 8,75
IDdc (in) = 2.5
0Dst (in) = 12.25
MW (pPpg) = 19
ALPHA (deg) = 39
DELTA ALPHA = 1.5
WOB (lb’s) = 35690
P (lb’s/ft in fluid) = 138,835
I (in"4) = 13777
BETA (deg) = . 587132
HO (lb‘s) = -2502.8
HC (lb’s) = 9
ki (lb's) = 1369.6
PHI (deg) = 23,9182
SEGMENT A BIT TO STABILIZER
)4 Y SLOPE MOMENT
(ft) (ft) (ft/f+) (ft-1b)
+2.20099 +0, 20009 +9,90883 - +8,01557
+4,32114 +3,83762 +2,08341 +11389.8009%
+8.684228 +2.97138 +2.90718 +21168.62909
+12.96349 +@,29871 +0.90528 +29225.,39209
+17.28469 +9.11642 +2,26284 +354608, 59999
+21.60579 +@., 12266 -2.,9929¢ +39827. 40029
+25.2846% +2,11787 -9 ,29263 +420135. 72929
+28.96349 +2.,19322 ~3,28333 +42734,09929
+32.6423% +9,97833 -3,09827 +42123.99299
+36.32119 +9,24396 -3,21078 +49946,99999
+40.,00900 -0, 00999 -9,21316 +36564 . 99909
SEGMENT B STABILIZER TO TANGENCY POINT
x Y SLOPE MOMENT
(ft) (ft) (ft/ft) (ft-1b)
+49,90009 +0 ., 98209 -2,91316 +36564, 10999
+42.96189 -9,94189 -2,81306 +36810,3509209
+43,92369 -@,98920 -9,91694 436138, 30009
+48,88549 -3,14209 -9.81877 +34575, 99999
+51.84729 -0, 29923 -3,22049 +32131,89299
+54,806909 -9.2633% -9.92206 +28819. 10299
+57.77089 -9,33073 -3,02344 +24655, 30009
- +60.,73269 -2,491914 -2,92438 +196R62.80229
+63.689449 -9,47607 -9.823435 +13868,02209
+66.63629 -9 ,55233 ~-9,02600 +7302.13099
+69.61800 -9.6823972 -2,92619 +2,20999

G-61



D1 (ft) = 39
DH (in) = 8.73
ODdec (in) = €.23
IDdc (in) = 2.25
ODst (in) = 3.683
MW (ppg) = 19
ALPHA (deg) = 3
DELTA ALPHA = @
WoB (1b’s) 299929
P (lb's/ft in fluid) = 76.8131
I (in"4) = 3.549687E-23
BETA (deg) = . 9368324
HO (lb‘s) = -199,711
HC (lb’s) = e
hi (lb’'s) = 443,392
PHI (deg) = 4,71132
SEGMENT A BIT TO STABILIZER
A Y
(ft) (ft)
+2,22999 +9.99029
+3.18@36 +0.02291
+6.36973 +9.,09389
+9.54109 +9,929329
+12.72139 +9.,09628
+15.9921809 +9,00638
+22.72139 +9.29396
+29.34119 +0.99177
+36,36979 -2.99173
+43., 13949 -9.,909263
+59.92209 +2,909233
SEGMENT B STABILIZER TO TANGENCY POINT
X Y
(ft) (£t)
+50.00009 +2.90258
+55. 58379 +9.01349
+61.16749 +2.92863
+66.73119 +9,94336
+72,33479 +9,926223
+77.91849 +2.97722
+83, 30219 +9.28882
"+89.08380 +9.99719
© 4+94,66930 +2,.190199
+129.23309 +9, 1386
+195.83799

+0.10417
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SLOPE

(ft/7ft)
+0, 00264
+9.20061
+9.00031
+0.90936
+2.99919
-9,090009
~9.90937
-9,90033
~-0.00940
+@.,9092Z2
+0.92014Z2

SLOPE

(tt/1t)
+9.0014Z
+0.00241
+9.90294
+9.,90306
+9.90236
+9.99241
+9.00181
+9.09116
+9,00933
+9.09916
+@.00299

MOMENT
(tt-1b)
+2.,02039
+326.61309
+551,13109
+760, 97900
+861.02000
+882, 37600
+661.26400
+88, 92789
-793, 76800
-1946, 33009
-3282. 21000

MOMENT
(ft-1b)

~-3282.21999
-1999, 62999
-841,239092

+144,40299

+915.93999

+1441.10099
+1697.82999
+1673.34009
+1374.,62999
+8038.26109

+9.00929



=,

Haun

MW (ppg) =
ALPHA. (deg)
DELTA ALPHA

WoB (1b’'s) =

i u

P (1b’s/ft in

I (in"4) =

BETA (deg) =
HO (1b’s)
HC (1b’s)
ni (lb’'s)
PHI (deg)

SEGMENT A BIT

— o ———— o——— —

+9.00292
+4,24647
+8, 49233
+12.73949
+16.938399
+21.23249
+26.98399
+32.73949
+38.492992
+44,24639
+39.29099

SEGMENT B STABILIZER TO TANGENCY POINT

X
(ft)
+39.99099
+54.43899
+58.8777@
+63.31669
+67.73339
+72.19439
+76.63329
+81.97219
+83.51699
+89.94389
+94.38879

fluid)

39
8,73
1 6.23
2,23
8.688
19

29

9
290929

= 76,8131
3,34367E-03

329727
-473,952
@
1383.97
18.6432

TO STABILIZER

-y e ot = s

+2.09000
+@,02396
+9. 94323
+2.96173
+9.27293
+9.07331
+9.96930
+9.93343
+2.,03293
+9.21218
+9,99238

+9.99238
+2,90796
+90.91336
+9.93641
+9.93431
+9.27149
+9.98334
+9,@9337
+9.10131
+9.19373
+2.10417

SLOFE

(ft/7ft)
+9.093756
+2,90342
+9.89432
+2.90329
+8.90163
-9,99099
-9.2928zZ2
-2.,908342
-9.99331
~9.90284
-9.90020

SLOPE

(ft/1t)
-9.90929
+9.90206
+9,909343
+9.,99404
+0,90402
+9., 00332
+9.99272
+9.89179
+9.20991
+9.00023
-9.90299
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MOMENT
(ft-10)

+9, 20232
+2251, 27099
+3974 ., 65000
+5128, 35009
+5683, 73000
+5631, 69999
+4533, 58099
+2474, 75000
-515,74500
-4545, 39900
~9139, 32099

MOMENT
(ft~1b)

— -y o —

-9139, 32090
-6009, 37099
-3236, 57009
-894, 43099
+934, 76009
+2262, 12009
+2992, 91099
+3127, 76009

. +P663,07099
+1611, 19009

+9,08232



D1 (ft) = 59
DH (in) = 8,73
ODde (in) = 6.23
IDde (in) = 2.23
ODst (in) = 8.683
MW (ppg) = 19
ALPHA (deg) = 23
DELTA ALPHA = 2
WoB (lb’s) = 29999
P (lb’'s/ft in fluid) = 76.8131
I (in"4) = 3.34967E-23
BETA (deg) = 423762
HO (1b‘s) = ~-532.126
HC (l1b’'s) = e
hi (lb’s) = 1936.99
PHI {deg) = 23,3944
SEGMENT A BIT TO STABILIZER
)it Y
(ft) (ft)
+9, 90099 +2. 02069
+4,29439 +2.923129
+8. 58878 +9,035997
+12.88329 +2.,03963
+17.17769 +0.29412
+21.47199 +0.039865
+27.17769 +9.09169
+32.883292 +9.97973
+38, 38832 +@.94332
+44,29449 +9.91798
+50, 29209 +2.99238
SEGMENT B STABILIZER TO TANGENCY POINT
4 Y
(ft) (ft)
+59. 90099 +9,00258
+54.32819 +9.90315
+38.61639 +2.91686
+62,92449 +9,93369
+67,23239 +9.93221
+71.34969 +9.06973
+73.84879 +8,28431
+89, 13692 +2.29486
+84.46309 +9.10114
+83.,77319 +@, 10376
+93.,98122 +9,10417

SLOPE

(ft/1%)
+0.29743
+9.,90709
+9,20383
+9.,09413
+9.,90211
-9 . 29999
-9.90237
~0.90439
-9.90438
~9,90391
- ~0,09981

SLOPE

(ft/71t)
~-9.99081
+90.909182
+9,00346
+9.994z22
+9.90427
+9.99378
+9.09294
+2.09153
+9.29939
+9.00928
+92., 9099200
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MOMENT
($t-1b)

+9, 09287
+2869., 20099
+3063 , 65009
+6346, 72000
+7263, 74000
+7202 , 59009
+5924, 07000
+3332. 95009
-437,97300
~32809, 13000
~19923, 29900

MOMENT
(ft-1D)

-1@923,20999
-7272.99909
~4949.339000
~1398.903009

+833.63399
+2396.690099
+3276.33900
+3472.929202
+2581 . 38909
+1814,92909

+9.90237



D1 (£t)
DH (in)
0ODde (in)
IDdc (in)
ODst (in)
MW (ppg) =
ALFHA. (deq)
DELTA ALPHA
WoB (lb’'s) =

i

nuu

P (lb’'s/ft in fluid)

I (in"4) =

RERRRERAKKK CONTACT FOINT BETWEEN BIT AND STABILIZER XYKRRAKKKKKHKK

nou

5@

8.73

6.23

2.23
3,688

19

33

9

29099

76,8131

3.34367E-93
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v
Ax

INITIAL INPUT DATA
DI (ft) =
DH (in) =
ODdc (in) =
IDdec (in) =
0Dst (in) =
MW (ppd) =
ALPHA (ded)
DELTA ALPHA
woB (lb’'s) =
P (ib’'s/tt in tluid) =
I (in"4) =

it

ITERATION # =
BETA (deg) =
ALFPHA (deg)
HO (1b’s)
HC (1b’'s)
hi (1b’'s)
FPHI (deg)
PSI (deg)
THETA (deg

~— N wu
i

]

ITERATION # =
BETA (deg) =
ALPHA (deq)
HO (1b's) =
HC (lb’s) =
hi (lb's) =

=
)

PHI (degq)
PSI (deg)
THETA

i

(deg

ITERATION # =
BETA (geg) =
ALFPHA (deg
HO (lb’s)
HC (lb’s)
hi (l1b’s)
PHI (ded)
PSI (deq)
THETA (ded

o

~ I W I u—

TUS;HE DRILL FROGRAM
12.23
8.73
2.3

12.23
19
39
2
490999
138,833
013777

1

~.,92338931

39

-379.137
2
4269,98
29.437
29.437
9

=4
-, 036333
29,437
~-366.37
%
4214 .99
28,9323
23.9323
2

3

-, 9368024
28.9323

-333.968
?
4139.73
28,4233
28.4233
)
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ITERATION # = 4

BETA (d=g) = -.93723927
ALPHA (deg) = 28,4233
HO (lb’=z) = -341.339
HC (lb’'=z) = 9
hi (lb’s) = 4106.82
PHI (degq) = ‘ 27.93386
PSI (deg) = 27.9336
THETA (deg) = 2
ITERATION # = 3
BETA (deg) = -.9376374
ALPHA (deq) = 27,9336
HO (lb’'s) = -339.364
HC (lb‘'s) = @
ni (lb’s) = 4933.3
PHI (deg) = 27.4624
PSI (deg) = 27.4624
THETA {deg) = %
ITERATICN # = 5
BETA (deg) = -.9389256
ALPHA (deq) = Z27.4624
HO (lb’'s) = -319.146
HC (lb's) = 2
hti (lb’'s) = 49293, 13
PHI (dea) = 27.90933
PSI (deg) = 27.2033
THETA (deq) = e
ITERATION # = 7
BETA . (d=g) = ~-.9383272
ALPHA (deg) = 27,9233
HO (1b’'=s) = -3@8.3
HC (lb’s) = 9
hi {(lb’'s) = _ 3956.44
PHI (deq) = 26,3638
PSI (deq) = 26,3638
THETA (deg) = 9
ITERATION # = 8
BETA (deg) = -.938738
ALPHA (deg) = 26,3638
HO (lb’'=s) = -297.778
HC (lb’'s) = ?
hi (1b's) = 2993.12
PHI (deqg) = 26,1373
PSI (deg) = 26.1373
THETA (degq) = 9
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ITERATION # =
BETA (deg) =
ALPHA (deq) =
HO (1b’s)
HC (lb's) =
hi (lb’'s) =
PHI (deg) =

)

PSI (deq)
THETA (deg

ITERATION # =

BETA (deq) =
ALPHA (deg
HO (1b’'s)
HC (1b’s)
nt (lb’'s) =
PHI (deg) =
)

-t
-

[ 20 | B

PSI (deq)
THETA (deg

ITERATION # =
BETA (deg) =
ALPHA (deq)
HO (1b’s)
HC (1b’'#s)
Al (lb’'s)
PHI (deq)
PSI (deq)
THETA (ded

~ iU

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (1b'g) =
HC (lb’'g) =
hi (lb’s) =
PHI (deg) =
PSI (deg) =
THETA (deq)

I

ITERATION # =
BETA (deg) =
ALFHA (deg) =
HO (1b’s)
HC (1b's)
hi (ib’s)
PHI (deq)
PSI (deq)
THETA (deg

—ununuguu

=

9
-«.90398947
26.1373
-287.636
9
3863.04
23,7233
23,7233
9

19

-.9394241

23,7233

-277.823
9
3318.33
23.3274
23,3274
2

i1

~.@397321
23.3274

~-268,363

9

3774.87

24,943

24.943

9

1z
-. 040923

24.943
~-239.234
9
3732.63
24.3717
24.3717
9

13
-, 0403099

24.3717
-239.381
9
3691.66
24,2134
24,2131
@

Sh



ITERATION # =
BETA (deg) =
ALPFHA (degq) =
HO (lb's) =
HC (lb’s) =
At (ib's) =
PHI (deg) =
PSI (ded) =
THETA (deg)

ITERATION # =
BETA (deg) =
ALFHA (deg) =
HO (lb’'s) =
HC (1b’s) =
ht (lb's) =
PHI (degq) =
PSI (deg) =
THETA (d&4)

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (lb’'s) =
HC (lb’'s) =
hi (lb’'s) =
PHI (deg) =
PS1 (deg) =
THETA (deq)

1

ITERATION # =
BETA (Qeg) =
ALPHA (deg
HO (1b’s)
HC (1h’s)
hi (1b’'s)
PHI (deg)
PSI (deg)
THETA (deag

~ %N iuny—
|13

ITERATION # =
BETA (deg) =
ALPHA (ded) =
HO (1b’'s)
HC (lb’s)
i (i1b’e)
PHI (deg)
FSI (deg)
THETA (d&g

~— o unK

=

14

-.04035808

24.2131

-241,833
@
3631.89
23,8668
23,8668
@

13
-, 949837

23.8668
-233.397
9
3613.25
23,3322
23.3322
9

16

-,94109779
23,3322

-223.663

9

3373.71

23,209

23,203

9

17
-. 9413127

23,299
-217.97

9
3339.33
22.8968
22.8968
9

18
-,9415333

22,8968
-219,332

@

3394.,03

22,3932

22.3932

@ G-69



ITERATION # = 19

BETA (deg) = -.0417447
ALFHA (deg) = 22,5952
HO (1b’g) = ~293, 403
HC (lb’s) = )
At (lb‘s) = 3469.77
PHI (deg) = 22,3039
PSI (deg) = 22,3039
THETA (deq) = )
ITERATION # = 20
BETA (deg) = -.9419518
ALPHA (deg) = 22,3039
HO (lb‘s) = -196, 463
HC (lb’s) = )
ht (lb’s) = 3436.6
PHI (dey) = 22,0223
PSI (deg) = 22,9223
THETA (deg) = )
ITERATION # = 21
BETA (deg) = -.0421387
ALPHA (deg) = 22,9223
HO (lb’s) = -189,826
HC (lb’s) = )
hi (lb's) = 3404,32
PHI (deg) , 21,7507
PSI (deg) = g1.73e7
THETA (deg) = @
ITERATION # = 22
BETA (deg) = -.042323
ALPHA (deg) = 21,7307
HO (1b’s) = -183,378
HC (1b’s) = )
mi (lb’s) = 3373.08
PHI (deg) = 21,488
PSI (deg) = 21.488
THETA (deg) = )
ITERATION # = 23
BETA (deg) = -.0424973
ALPHA (deg) = 21,488
HO (lb’'s) = -177.164
HC (1b's) = )
hi (18's) = 3342,78
PHI (d&g) = 21,2343
PSI (deg) = 21,2343 c-70

THETA (deg) = @



ITERATION # = 24

BETA (deg) = -.9426634
ALPHA (deg) = 21,2343
HO (1b’'s) = -171.169
HC (lb's) = 9
hi (lb’'s) = 3313.39
PHI (Cegq) = £9.9891
PSI (deg) = 29,9891
THETA (deg) = 2
ITERATION # = 23
BETA (deq) = -.9428133
ALPHA (deg) = 29,9891
HO (1B’s) = ~163.393
HC (lb's) = Q
hi (ib’'s) = 3284.87
PHI (deg) = 29.7322
PSI (deg) = 29,7322
THETA (ded) = 0
ITERATION # = 26
BETA (deg) = -, 2429793
ALPHA (deg) = 29,7322
HO (lb's) = ~139,804
HC (lb'3) = 9
hi (lb'sg) = 3237.23
FHI (deg) = 29,3234
PSI (deg) = 29,3233
THETA (deq) = @
ITERATION # = a7
BETA (deg) = -,9431133
ALFHA (deg) = 29,3233
HO (1b's) = -134.413
HC (lb's) = 9
ki (lb’'s) = 3239.46
PHI (deg) = 29.3092zZ
PSI (deg) = 29.302Z2
THETA (deg) = 9
ITERATION # = =4
BETA (dedg) = -,0432479
ALPHA (deg) = 20,3022
HO (lb's) = ~149,223
HC (la's) = 9
nt (lo's) = 3294.48
PHI (deg) = 29,9883
PSI (deq) = 29,0883
THETA (deq) = 9
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ITERATION # = 29

BETA (ded) = -,@433784
ALFHA (deg) = 20,0883
HO (lb’sg) = ~-144,198
HC (1b’'s) = ]
nt (lb’'s) = 3179,32
PHI (deg) = 19,8819
P51 (degq) = 19.8819
THETA (deg) = )
ITERATION # = 30
BETA (deg) = -,94335018
ALFHA (deg) = 19,8819
HO (lb’s) = -139,353
HC (lb's) = 9
At (lb’s) = 3134.92
PHI (deg) = 19.6323
PSI (deg) = 19,6823
THETA (deq) = )
ITERATION % = 31
BETA (deg) = -, 9436171
ALPHA (deg) = 19,6823
HO (1b’g) = -134.69
HC (1b’s) = )
nt (lb's) = 3131.23
PHI (deg) = 19,4894
PSI (deg) = 19, 4834
THETA (deg) = @
ITERATION # = 3z
BETA (deg) = -, 9437294
ALPHA (d&q) = 19,4894
HO (lb’s) = -130.173
HC (lb’'s) = )
hi (lb’s) = 3198,.33
PHI (deqg) = 19,303
PSI (deg) = 19,303
THETA (deg) = 2
ITERATION # = 33
BETA (degq) = -,943834
ALPHA (deg) = 19,393
HO (lb's) = 123,829
HC (1B’s) = )
ni (lb’s) = 3986, |
FPHI (deg) = 19,1228
PSI (deg) = 19,1228
THETA (deg) = 9

72



ITERATION # = 34

BETA (deqg) = -.243933
ALPHA (deg) = 19,1228
HO (lb‘s) = -121.624
HC (lb’s) = Q
ht (1bB’'s) = 3964, 37
PHI (deg) = 18.9486
PSI (ded) = 18.9486
THETA (deg) = @
ITERATION # = 33
BETA (deg) = -,9440283
ALPHA (deq) = 18.9486
HO (lb’s) = -117.384
HC (lb’'s) = ]
ht (lb's) = 3943.67
PHI (deg) = 18,7802
PSI (deg) = 18,7802
THETA (deg) = @
ITERATION # = 36
BETA (deg) = -,9441229
ALPHA (degq) = 18,7802
HO (1b’'s) = -113.6438
HC (1b’s) = "]
ht (1b’'s) = 3923.48
PHI (deg) = 18.6174
PSI (deg) = 13.6174
THETA (d8eg) = @
ITERATION # = 37
BETA (deg) = -.2442962
ALPHA (deg) = 18,6174
HO (ib's) = -199.891
HC (lb’s) = 2
hi (lb’'g) = 3993.84
PHI (dag) = 18.46
PSI (deg) = 18.46
THETA (ded) = @
ITERATION # = 38
BETA (de=g) = -,2442893
ALPHA (deg) = 18.46
HO (1b‘s) = ~-196,237
HC (lb's) = @
nt (ib’'s) = 2984,86
PHI (deg) = 18.3078
PSI (deg) = , 18,3078
THETA (deg) = @
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ITERATION # = 39

BETA (deq) = -,94437
ALFHA (deg) = 18,3078
HO (1b’s) = ~-192.793
HC (1h’'s) = )
hi (1B’'s) = 2966.47
PHI (deg) = 18,1607
PSI (daq) = 18,1697
THETA (deq) = @
ITERATION # = 49
BETA (deg) = -, 0444427
ALPHA (deg) = 18,1697
HO (i1b’s) = -93,3171
HC (ib’'sg) = @
hi (1b’g) = 2948,.61
PHI (deq) = 18,9183
PS1 (deg) = 18,9189
THETA (deq) = )
ITERATION # = a1
BETA (deg) = -.9445147
ALFHA (da8g) = 18.9183
HO (l1b’'s) = -96,0289
HC (1b‘s) = 9
KL (1b’g) = 2931.,34
PHI (deg) = 17.881
PSI (degq) = 17.881
THETA (deg) = - 7)
ITERATION # = 42
BETA (deg) = ~.944384
ALPHA (deg) = 17.891
HO (i1b’'s) = -92.8487
HC (1b’s) = 2]
At (1b’s) = 2914.61
PHI (deg) = 17,748
FSI (deq) = 17.748
THETA (deg) = o :
ITERATION # = 43
BETA (deg) = -,9446436
ALPHA (deg) = 17,748
HO (1b’'s) = ' -89.8044
HC (1b’s) = )
At (1b'g) = 2898.33
PHI (dag) = 17.6194
PSI (deg) = ' 17.6193
THETA (degq) = 9
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ITERATION # =

BETA (ded) =
ALFHA (deg)
HO (1b’'g) =
HC (1n’s) =
hi (lb’'s) =
FHI (deq) =
FEI (deg) =
THETA (deq)

ITERATION # =
BETA (deq) =
ALPHA (deg)
HO (1b’s) =
HC (1b’'s) =
hi (lb’'s) =
PHI (deg) =
PS1 (deg) =
THETA (ded)

ITERATION # =

BETA (deg) =
ALPHA raeg)
HO (1b's) =
HC (lb’s ) =
ni (lh’'s) =
PHI (deg) =
PSI (deg) =
THETA (deq)

ITERATION # =

BETA (deg) =
ALPHA (deq)
HO (1b’'s) =
HC (lb's) =
AL (lb’g) =
PHI (deg) =
PSI (deg) =
THETA (deg)

ITERATION # =

BETA (degq) =
ALPHA (deg)
HO (1b’8)
HC (1b’s)
ni (l1b’s)
FHI (ded)
PSI (deg)
THETA (deg

—unuynin

.3

I

13

P
-

44
-, 9447999
17.6194
*35.5317
2882, 67
17.493
17,438
)

43
-. 9447663
17,499

-83.9883
)

2867, 42
17.3747
17.3747
)

46
-, 9448216
17,3747
-81.2339
)
2832, 63
17,2584
17.2384
)

47
-, 0448768
17,2584
-78, 5562

@
2838, 37
17,1459
17,1459

)

48

-.0449272
17,1439

-73.9839

@

2824.352

17,9037

17.037

@
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ITERATION # = 49
BETA (deg) = -,0449753
ALPHA (deg) = 17,037
HO (lb’s) = -73. 4992
HC (l1b’s) = )
hi (lb's) = 2811,09
PHI (deg) = 16,9317
PSI (deg) = 16,9317
THETA (deg) = @
ITERATION # = 50
BETA (deg) = -,0450188
ALPHA (deg) = 16,9317
HO (lb‘s) = -71,1135
HC (lb’s) = @
hi (lb’s) = 2798, 05
PHI (deg) = 16,8299
PSI (deg) = 16,8299
THETA (deg) = @
ITERATION # = 51
BETA (deg) = -, 0430636
ALPHA (deg) = 16,8299
HO (lb’s) = -68, 7871
HC (lb's) = 0
hi (lb’s) = 2783, 46
PHI (deg) = 16,7314
PSI (deg) = 16,7314
THETA (deg) = @
. ITERATION # = 52
BETA (deg) = -.,0451072
ALPHA (deg) = 16,7314
HO (lb’s) = 66, 3349
HC (lb‘s) = )
hi (lb’s) = 2773.27
PHI (deg) = 16,6361
PSI (deg) = 16,6361
THETA (deg) = )
ITERATION # = 53
BETA (deg) = ~,0451443
ALPHA (dag) = 16,6361
HO (ib’s) = -64,386
HC (1b‘s) = 2
hi (lb’s) = 2761, 41
PHI (deg) = 16,3438
PSI (deg) = 16,5438
=

THETA (deg)
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ITERATION # = 34

BETA (deg) = -, 0431827
ALFHA (dag) = 16.3438
HO (lb‘s) = -62.,2908
HC (lb’s) = 9
hi (ib’'s) = 2749,93
FHI (deg) = 16,4346
PSI (deg) = 16,4546
THETA (deg) = @
ITERATION # = 39
BETA (deg) = : ~-,04352182
ALPHA (deg) = 16,4346
HO (1b's) = -69,2726
HC (lb‘s) = @
hi (l1b‘s) = 2738.84
PHI (deg) = 16,3633
PSI (deg) = 16,3683
THETA (deg) = "
ITERATION % = 56
BETA (deg) = -,2432338
ALPHA (deg) = 16,3683
HO (lb’'s) = -58,3116
HC (lb’s) = %
hi (lb's) = 2728,99
PHI (deg) = 16,2848
PSI (deg) = 16,2848
THETA (deg) = ?
ITERATION # = 37
BETA (deq) = -,045287
ALPHA (deg) = 16,2848
HO (lb’s) = -56,4197
HC (ib's) = @
hi (lb's) = 2717.68
PHI (deq) = 16,204
FSI (deg) = 16.204
THETA (deg) = %] :
ITERATION $# = 58
BETA (deg) = -,0433166
ALPHA (deg) = 16,204
HO (lb'sg) = -34,6066
HC (lb’‘s) = ]
hi (lb's) = 2797. 36
PHI (deg) = 16,1238
PSI (deg) = 16,1238
THETA (dag) @



ITERATION # = 39

BETA (dag) = -, Q4334353
ALFHA (deg) = 16,1298
HO (1b’s) = -52,8482
HC (lb’s) = )
hi (lb’s) = 2697,76
PHI (deg) = 16,0301
PSI (dag) = 16,2301
THETA (deg) = )
ITERATION # = 6@
BETA (deg) = ~,Q45374
ALPHA (deg) = 16,0301
HO (lb’s) = -51,1426
HC (ib‘s) = Q
hi (lb‘s) = 2688, 28
PHI (deg) = 15,9769
PSI (dag) = 15,9769
THETA (dag) = )
ITERATION # = 51
BETA (deg) = -, Q454026
ALPHA (deg) = 15,9769
HO (ib‘s) = -49,4855
HC (lb's) = @
hi (lb’s) = 2679, 14
PHI (deg) = 15,906
PSI (deg) = 15,96
THETA (deg) = - )
ITERATION # = 62
BETA (deg) = -.9454261
ALPHA (deg) = 15,906
HO (lb‘s) = -47,9072
HC (lb’s) = )
hi (lb‘s) = 2679, 18
PHI (dag) = 15,8374
PSI (deg) = 15,8374
THETA (deg) = @
ITERATION # = 63
BETA (deg) = -, 9434515
ALPHA (deg) = 15,8374
HO (lb’s) = -46,3623
HC (1b’s) = @
hi (lb‘s) = 2661, 36
PHI (deg) = 15,771
PSI (dag) = 13,774
THETA (deg) = @
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ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (lb’s) =
HC (1b’'s) =
hi (lb‘'s) =
PHI (deg) =
FSI (deg) ?

THETA (deg) =

ITERATION # =

BETA (deg) =
ALFHA (deg) =
HO (lb’‘s)
HC (lb’'s) =
hi (ib’s) =
PHI (deg) =

=

)

PSI (dag)
THETA (degd

ITERATION # =

BETA (deg) =
ALPHA (deg) =
HO (lb’s) =
HC (lb‘s) =
hi (lb’'s) =
PHI (deg) =
PSI (deg) =
THETA (deg)

ITERATION # =

BETA (deg) =
ALPHA (dag) =
HO (1b‘s) =
HC (lb’'s) =
hi (ib’s) =
PHI (deg) =
PSI (deg) =
THETA (deg)

ITERATION # =

BETA (deg) =
ALPHA (deg)
HO (l1b‘s) =
HC (lb’'s) =
ht (lb‘s) =

=

)

PHI (deg)
PSI (deg)
THETA (dag

64
~,0434766
13,771
-34.865
2633, 22
13,7067
éﬁ.?@ﬁ?

ed
-,0434993
13,7067
‘33.4246
2643, 12
13,6443
35.5445

86
~-,0433197
13,6443
-42,9381
9
2637,27
13,3843
35.5843

67
-,043342
13,3843
-49,6823
9
2629.,68
13.326
55.525

&8
-,@433613
13,326
-39.3817
g2622,32
13,4696
35.4696
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ITERATION # = €9

BETA (dag) -,0433786
ALFHA (deg) = 15,4696
HO (1b’s) = -39, 1333
HC (lb’'s) = 9
hi (lb"s) = g2613.16
PHI (deg) = 13,413
PSI (dag) = 13.413
THETA (deg) = @
ITERATION # = 79
BETA (deg) ~, 0433361
ALFHA (deg) = 13,413
HO (lb’s) = -36.9172
HC (ib‘s) = 9
hi (lb's) = 2608,24
PHI (dag) = 13,3621
PSI (dag) = 13,3621
THETA (deg) = 9
ITERATION # = 71
BETA (deg) = -,0436134
ALPHA (deg) = 13,3621
HO (1b’s) = -33.7343
HC (lb‘s) = 2
hi (1b's) = 2601,33
PHI (dag) = 13,3199
PS] (deg) = 13,3109
THETA (dag) = @
ITERATION # = 72
BETA (deg) -,0436311
ALFHA (deg) = 13,3199
HO (lb‘'s) = -34,3924
HC (lb’'s) = @
hi (lb'8) = 2J93.97
PHI (deq) = 13,2614
PSI (deg) = 15.2614
THETA (deg) = 9
ITERATION # = 73
BETA (deg) = -, 2436431
ALFHA (deg) = 13,2614
HO (lb’s) = -33.4997
HC (ib's) = @
hi (lb’'s) = 2388,76
PHI (deg) = 13,2134
PS! (daeg) = 13,2134
THETA (deg) = @
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ITERATION # = 74

BETA (deg) = -,@436862
ALFHA (deg) = 13,2134
HO (lb‘s) = -32.4217
HC (lb‘s) = 9
hi (lb’s) = 2382.69
PHI (dag) = 15,167
PSI (dag) = 13.167
THETA (deg) = Q
ITERATION # = 73
BETA (deg) = -,0436747
ALPHA (daeg) = 13,167
HO (1b‘s) = -31.4009
HC (lb’'s) = Q
hi (lb’'s) = 2376.77
PHI (deg) = 13.1z22
PS1 (deg) = 135,422
THETA (deg) = 2
ITERATION & = 76
BETA (deg) = -,0436907
ALFHA (deg) = 13,122
HO (lb’'s) = -39, 3897
HC (lb’'s) = @
ht (1b's) = 2371,07
PHI (deg) = 13,9783
PSI (deg) = 13,0783
THETA (deg) = Q
ITERATION # = 77
BETA (deg) = -,0437019
ALFHA (deg) = 15,9783
HO (lb’'s) = -29,4377
HC (lb‘s) = 9
ni (lb’'s) = 2363, 3
PHI (deg) = 13,9363
PSI (deg) = 13,0363
THETA (deg] = Q '
ITERATION # = 78
BETA (deg) = ~,2437148
ALPHA (deg) = 15,0363
HO (ib’s) = -28, 3009
HC (lb’s) = 2
hi (lb’'s) = 2369,14
PHI (deg) = 14,9933
PSI (deg) = 14,9933
THETA (deg) = 2
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ITERATION # = 79
BETA (deg) = -,0437266
ALPHA (deg) = 14,9938
HO (lb's) = -27.6019
HC (lb’'s) = 9
hi (lb’s) = 29334,93
PHI (deg) = 14,936
PSI (dag) = 14,936
THETA (deg) = Q
ITERATION # = 89
BETA (deg) = -,94373687
ALPHA (dag) = 14,936
HO (lb’'s) = -26.,734
HC (lb's) = @
hi (lb’s) = 2349,87
FHI (dsg) = 14,9177
PSI (deg) = 14,9177
THETA (deg) = @
ITERATION # = 81
BETA (deg) = -, Q437476
ALPHA (dag) = 14,9177
HDO (lb‘s) = -23,8898
HC (lb‘s) = @
hi (lb's) = 2344 .98
PHI (deg) = 14,8886
PSI (deg) = . 14,8806
THETA (dag) = @
ITERATION # = 82
BETA (deg] = -,04376
ALPHA (dag) = 14,8806
HO (ib's) = -25.939
HC (lb’'s) = %)
hi (lb‘s) = 2349.26
PHI (dag) = 14,8447
PS1 (deg) = 14,8447
THETA (dag) = @
ITERATION # = 83
BETA (dag) = ~,0437794
ALPHA (dag) = 14,8447
HO (1b‘'s) = -24,263
HC (lb’'s) = 2
ht (ib’s) = 2333,68
PHI (deg) = 14,8099
PSI (dag) = 14.8¢%9%
THETA (dag) = Q
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ITERATION # = 84

BETA (deg) = -.0437781
ALFHA (deg) = 14,8095
HO (ib‘g) = -23.J124
HC (ib‘s) = @
hi (ib's) = 233l .2l
PHI (deg) = 14,7763
PSI (dag) = 14,7783
THETA (deg) = @
ITERATION # = 843
BETA (deg) = - Q437897
ALFHA (deg) = 14,7763
HO (l1b's) = -22,7361
HC (lb’'s) = @
hi (lb's) = 2326,33
FHI (dag) = 14,7437
PSI (deg) = 14,7437
THETA (dag) = @
ITERATION # = g6
BETA (deg) = -.94357388
ALFHA (deg) = 14.7437
HO (lb‘s) = -22.9376
HC (lb's) = 9
hi (lb‘s) = 2322.,7d
PHI (deg) = 14,7121
PSI (deg) = v 14,7121
THETA (deg) = @
ITERATION # = g7
BETA (deg) = -,Q438046
ALPHA (deg) = 14,7121
HO (lb‘s) = -21.36
HC (lb's) = 9
hi (lb’s) = 2318,68
PHI (deg) = 14,6814
FSI (deg) = 14.6813
THETA (deg) = ")
ITERATION # = g8
BETA (deg) = -.@43813%
ALPHA (deg) = 14,6813
HO (1b‘s) = -29.,6891
HC (lb's) = Q
hi (lb’s) = 2-44.77
PHI (dag) = 14.6313
FEI (dag) = 14,8313
THETA (deg) = 0
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ITERATION # =
BETA (dag) =
ALPHA (deg) =
HO {ib‘'g) =
HC (lb’s) =
hi (ib‘'s) =
PHI (dag) =
PSI (dag) =
THETA (deg)

ITERATION # =
BETA (dag) =
ALFHA (deg) =
HO (ib’'s) =
HC (lb’s) =
hi (lb's) =
PHI (deg) =
PSI (deg) =
THETA (deg)

89
-, 0438226
14,8319
-30.9227
2319.98
14,6232
éA.GEEE

99

-,943828
14,6232

~19,44¢6

9

2597.28

14,3934

34.5954

EQUILIBRIUM ANGLE REACHED AT 14,3934

degrees
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INITIAL INPUT DATA TO THE DRILL PROGRAM

Di (£ft) = 19
DH (in) = 8,73
QDde (in) = £.23
IDde (in) = 2.23
0Dst (in) = g8.688
MW (ppg) = 10
ALFHA (deg) = 69
DELTA ALPHA = 9
WOB (lb's) = 20099
P (Ib‘s/ft in fluid) = 76,8151
I (in"4) = 3.34967E-93
ITERATION # = 4
BETA (deg) = -,9411439
ALPHA (deg) = 69
HO (lb’'s) = £93,327
HC (lb's) = @
hi (lb‘s) = 26%4,79
PHI (deg) = g1,9832
PSI (deg) = g1,9832
THETA (deg) = )
ITERATION # = 2
BETA (deg) = -,9413227
ALPHA (deg) = 61,9832
HO (lb‘s) = . 693,883
HC (lb‘s) = 2
hi (lb’s) = 2739.92
PHI (deg) = 63,9778
FSI (deg) = €3.9778
THETA (deg) = )
ITERATION # = 3
BETA (deg) = -,2418443
ALPHA (deg) = £3.9778
HO (lb‘s) = 897,748
HC (lh’'s) = "] :
hi (lb‘s) = 27682, 33
PHI (deg) = 83,9737
PSI (deg) = 83,9737
THETA (deg) = )
ITERATION # = 4
BETA (deg) = -, 9421613
ALFHA (dag) = 83,9737
HD (1b’'s) = 99,746
HC (lb’‘s) = @ G-86
hi (lb’'s) = 2792.79 ,
FHI (ded) = : 87,9793
PSI (deg) 7 67,9793

THETA (deg) = Q.

ARITEN
Bk

St
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ITERATION # = ]

BETA (deg) = -, 04243518
ALPHA (deg) = 67,9793
HO (lb's) = 791,331
HC (lb’'s) = ]
hi (lb's) = 2829,93
PHI (deg) = 69,9881
PSI (deg) = £9,9881!
THETA (deg) = ]
ITERATION # = e
BETA (deg) = -, 9427266
ALPHA (deg) = 69,9381
HO (lb's) = 793,049
HC (lb’s) = %)
hi (lb’s) = 2346.33
PHI (deg) = 72,0912
PSI (deg) = 72,0012
THETA (deg) = ?
ITERATION % = 7
BETA (dag) = -,0429316
ALPHA (deg) = 72,0912
HO (lb's) = 704,576
HC (lb’'s) = 9
hi (ib’s) = 2879.96
PHI (dag) = 74,9186
PSI (deg) = . 74,9186
THETA (deg) = Q
ITERATION # = 8
BETA (deg) = -, 94313
ALPHA (deg) = 74,9186
HO (lb‘s) = 703,619
HC (lb's) = 9
hi (lb’s) = 2899.7
PHI (deq) = 76,939
PSI (deg) = 76.939
THETA (deg) = 9
ITERATION & = 9
BETA (deg) = -,9433378
ALPHA (deg) = 76,939
HO (lb‘s) = 796,742
HC (1b's) = @
hi (lb’'s) = 2909.24
FHI (deg) = 78,0626
PSI (deg) = 78,0626

THETA (ded) = @ - G-87



ITERATION # =
BETA (deg) =
ALPHA (dag) =
HO (lb’'s) =
HC (lb‘s) =
hi (ib’'s) =
PHI (deg) =
FSI (deg) =
THETA (deg)

ITERATION # =
BETA (deg) =
ALPHA (deq) =
HO (l1b’'s)
HC (lb’s) =
ht (lb’s) =
PHI (deg) =

)

FSI (deg)
THETA (deg

ITERATION # =
BETA (deg) =
ALPHA (deg)
HO (lb’'s) =
HC (lb’'s) =
hi (lb’s) =

)

PHI (deg)
PSI (dag)
THETA (deg

ITERATION # =
BETA (deg) =
ALPHA (deq)
HO (lb‘g) =
HC (lb’'s) =
hi (lb’s) =

)

FHI (deg)
FSI (dag)
THETA (deg

-

ITERATION & =
BETA (deg) =
ALPHA (deg) =
HO (lb’‘s) =
HC (lb’'s) =
hi (lb‘s) =
PHI (dag) =
PSI (deg) =
THETA (deg)

e
-~

19
-.043491
78,9626
307.575
£924.,13
89,9386
30.9886

i
-, 9436272
80,0886
308.363
e293a8.7
82,1169
82.1169

iz
-.9437418
82,1169
309.053
2949.83
84,1471
34.1471

13
'v0488147

g4.,1471
709,342
9

£938. 12
g6.1782
25.1782

14
- @43877
86,1782
7@9.743

Q

2964.22
88,2194
88.31Q4
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ITERATION # = 139

BETA (deg) = -,043909
ALPHA (deg) = g88.2194
HO (lb‘s) = 799,879
HC (lb’‘s) = 9

hi (lb‘s) = 2967.63
PHI (deg) = 99,243
PSI (dag) = -89, 7388
THETA (deg) = 9
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INITIAL INPUT DATA TO THE ORILL PROGRAM

DL (ft)
DH (in)
0Dde (in)
IDde (in)
Q0st (in)
MW (ppg) =
ALPHA (deg)
DELTA ALPHA
woB (lb’s)
P (ib’'s/2t
I (in"4) =

ITERATION #
BETA (degq)
ALPHA (deg
HO (l1b’s)
HC (1b’s)
hi (lb‘s)
PHI (deq)
PSI (deg)
THETA (deg

~uanunu-

ITERATION # =

BETA (deg)
ALPHA (deg
HDO (1b’s)
HC (1b’s)
hi (lb’s)
PHI (dag)
FST (deg)
THETA (deg

)
=
=
=
=
)

ITERATION #
BETA (deg)
ALPHA (dag)
HO (lb’'s)
HC (1b’'s)
hi (lb’s)
FHI (deg)
PSI (deg)
THETA (dag

.
-
=
)

ITERATION # =

BETA (deg)
ALPHA (dad)
HD (ib’s)
HC (1b’s)
ht (1b’'s)
PHI (deg)
PSI (deg)
THETA (deg

i}

=
s
=
)

-
-

=

29

{2,823

8,73

2.3
12.23

19

39

9

400909

138,843

Q13777

=

in fluwid)

3
-

|
-, 9338351
30

~g79.1a7
4269,98
29, 457
29,457
@

]

2
-, 137133
29.,437.
383.588
—2863. 33
39,007
39,9963
-, 942999

3
191382
39,9969
-1231.7

9

2879.89
28,2434
28,2434
» 9493946

]
-

4
-, 387479
28.2434
é836.35
£739.12
39,8717
39.8717
~1,76333

=



KKRKKKKKKKKX CONTACT POINT BETWEEN BIT AND STABILIZER RKRRRKEXRARXK

ITERATIQON # -

BETA (deg)= 749934
ALFHA (deg) = 39.8717
FHI (deg)= 23,3686
PSI (deg) = 23,3686
HO (LB'S)= -3268,81
HC H(lb's)= 73,6988
Hi (lb's)= 6837.,473

11

THETA (dag) a.62827

KEKKKKKERKK CONTACT POINT BETWEEN BIT AND STABILIZER HXKKKXKRKEKKAK
DISTANCE TO TANGENCY OUT OF SEARCH RANGE 373.Z31 it
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INITIAL INPUT DATA TO THE DRILL PROGRAM |

D¢ (tf) = 19
OH (in) = 8,73
g0dc (in) = €.23
IDdc (in) = 2.23
0Dst (in) = 8,688
MY (pPg) = 19
ALFHA (dag) = €9
DELTA ALFHA = 9
WOB (lb's) = 29099
P (lb’'s/ft in fluid) = 76,8131
I (in"4) = 3,34967E-923
ITERATION # = 1
BETA (deg] = -.9411439
ALFHA (deg) = 69
HQ (ib‘s) = 633,327
HC (lb's) = 9
hi (lb's) = 2694.79
PHI (deg) = 61,9832
PSI (deq) = 61,9832
THETA (deg) = ?
ITERATION # = g
BETA (deg) = 337822
ALPHA (deg) = 61,9832
HO (lb’'s) = -J406.42
HC (lb‘s) = 9
hi (lb‘s) = -7712,71
PHI (deg) = 46,8691
PS1 (deg) = 46.8691
THETA (deg) = 1.98324
ITERATION & = 3
BETA (deg) = -,731916
ALPHA (deg) = 46,8691
HO (lb‘s) = 11261.8
HC (lb’'g) = 9
hi (lb's) = 19921
PHI (deg) = 76,2406
PSI (deg) = 76,2496
THETA (dag) = -13.1232
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APPENDIX H

ONE POINT STABILIZER, TWO SEGMENT BOREHOLE,
WITH CONTACT POINT CONSIDERED

Ny,

FIGURE XVII-H

H-1



Segment A

4
i
o
>
|

o

Cipa=-1 Cppa=1

Using (H-4) to solve for Csp

0 = -C,p sinfc + C3p cos e + hg + L¢

sinfe - hg - e

3 =
4 cos fL¢

Using (H-3) to solve for hg

Cge = -1 + cosfc + Csp sinfe + hole + 32e?

(H-1)

(H-2)

(H-3)

(H-4)

(H-5)

(H-6)

Cde + 1 —coslc - #%c2 = [sinlc - (hB +2¢)] tan fc + holc

Cde + 1 - cosfc - #%c? - sinfc tanfc + Zc tan Re =

—

= ho (&¢ - tanfe)

H-2



ho=Cde * 1 - cosle - 3%c* - sinfc tanfc + %c tanfe | ¢y_q)
(¢ - tan L¢)
Segment B

B.C.
X=1lc YyB = Cst (H-8)
X = ¢ y'p=0 (H-9)
Continuity

X = 2 ¥y = V¢ = Cgt (H-1Q)
X = 2 v'p =V'c (H_ll)
X=28  ¥'B=VY'"C (E-12)

Using (H-10)

CSt = CB + C,p cosf, + Cigsin, + hgt, + %212

Using (H-8)

Cge = Cip + C2B cosic + Cip sinlc ™+ hplc + 32c°



Subtracting (H-8) from (H-10)

(Cgt - Cde) = Cz2p(cosly - cosl¢) + C3p(singi- sinfe)

+ hp(f1~ ) + 2(212- 2c2) (H-13)
Using (H-9)
0 = -C,g sinfc + C3B cos ¢ + hg * Le (H-14)

Multiplying (H-13) by sinfc and (H-14) by (cosfi - cosic)

(Cst - Cde) sint¢ = Cz2p sinfc(costy - cos 2e) +
+ C3p sinfe (sini - sinfe¢) + hg sinfe(R1-2)+
+ % sinfe(R12-2¢2) (H-15)

0 = - Cpp sinfc(cosfy - cosle) + C3B coslc(cosiy - cosic)

+ hp (cosfy - cosic) + Lc (cosy - cosic)

(Cst - Cde) sinc = Csplsinic sinf; - sin?ge + coslc cosfi-
- cos29:] + hg (cosg, - coslc) + L (cosfy — coslc) +

+ hp (sinfc) (21— %) + % sinfe (21%_ gcz)

(Cst - Cde) singc - bp(costi- cosle) ~ hp singe(fy - %e)

: 2
-gc(cosg, - cosfe) - isingc(g,2- %c ) =

= C,g [cos(g, - 2e) - 11

(Cst - Cgqe)sinic - bp(cosg, - coslc) -
C,g = = hp singe(g,- %e) - 2c(cose; - cosfc) - (H-16)
- 3 sinfc(21%- 4D - -

[COS(zl— 20) - 1]

‘H-4-



Multiplying (H-13) by cosf. and (H-14) by (sinf; - sin&;)

(Cst - Cdec) cosle = Capg coslce(cosy- coslep) +

+ C3B coslc(sinfi- sinfc¢) + hB(L3- L¢)cosice +

+ 3(21%- 2c?%) coslc (H-17)
0 = -C,p sinfo(sing;~ singf¢) + C3p cosle(sing;~ sinfe) +
+ hg(sing;~ sinfe) + Lc(sinf;- sinfe) (H-18)

Subtracting (H-18) from (H-17)

(Cgt - Cgelcostc = C,B(cosfc cosl;- cos? ¢ + sinf,sinfe -

- sin2?g¢) + hg(f;-%¢) cosfc - hp(singf;~- singe) +

+ 3(2,2%- 2¢c2%) cosle - Lc(sing;- sinfe)

(Cst - Cge) cosle - hg(fi- fclcosle + hg(sing,-sinf¢)

+ 3(2.2-2c2) cosle +ic(sinly- sinfe) = Cpplcos(R1-2¢)-1]

(Cst - Cdelcosic - hB(SLl_Rc)coszc+hB(sin2,1- singe)
-3(8,2-%02)cosle tRe(sing; - singe) (H-19)

CzB =
[cos(ll—zc) - 1]

Using (H-5) to solve for hg

- cosfe - C3p sinfc + 1 = -C2B coslc - C3B sinf, + 1

coslc + C3p sinfe = Cap cosle + Cs3B sinfc



let a _ (Cst-Cde)cosle- %(21-lcz)coszc-f20(51n%f-s1n2c)
2B [cos(21i— %¢) - 1]

(Cst-Cdc)sinzc-zp(coszl-coszo)-—%(212— Le?)sinde
[cos(R1-%c) - 1]

let azp =

hg[-(cosi, -coslc)-sinfe(R1-%¢c)-
-(ll—zc)—(21-9;(;)0082'04'(51112.11_— sin,?,c)]

(1—3-2B)0032'c+ (C3A"a3b)8in2'0 [cos(2, -2) - 1]

hp[ (cosfy-cosig)-(sing,-singe) +
+ (f1-Rc)coslc + sinfe(21- L¢)
[ecos( - ¢) - 1]

(azpg-1l)costc + (a3B-Csza)sinie

[(azB-l)coszc-k(a3B—C3A)sinﬂc][cos(21— L) - 1]
hp = [(cosfi-coslc) + sinfc(f1~ 2&¢)]sinic + (H-20)

+ [(f1- %c)coslce - (sinfi-sinfc)] cosic




Segment C
From a previous derivation

Cic = Cdc cos® +[M2/M1 (% ~%21) + Cgc sinb] tand -

- Cac cost - CsC sinf - hel - 322
Cac = 1l/cosf - [M/M) tand + tanf - (& + hg)lsin?t

CsC = M2/M1 tan® cosf + sinf - (% + hg) cos?

he = JB-ai1(cosl; - cosil) - b,(sinfi- sinl)
c [sinﬂ(coszl-cosz)-cosl(sinZl-sinx)+zl-z]

Equations for Solution

X = 2’0 ynB = ync

-C2g cosf1 - Csp sin?i = -Cz2¢ cosfi - Csc sin?i

F, = 0 = (C2g - C2¢) cosi+ (Csg - C3c) sinf,

X =% V'g=VY'C
- Cap sinfi+ Cip cos; + hg + 2:= - Ca¢ sinf, +

4+ C3c cosiy + he + 22

(C2p - C2c) sinfy + (C3c - C3p) cosfi + (he - hg) = 0

Fi1 =0 = (CzB—Czc)Sinlrf(C3C~CgB)COS(21)+hc—hB

H-7

(H-21)

(H-22)



- MAXIMUM SLOPE

OF STABILIZER

K

ODg - outside diameter of stabilizer

L.S.- length of stabilizer

dn
o)

diameter of borehole

angle between diagonal of stabilizer and borehole wall
angle between wall of stabilizer and borehole wall
angle between diagonal of stabilizer and stabilizer wall

inclination of the borehole with respect to vertical

H-8



The maximum slope of the stabilizer is the slope of line AB

relative to the x y axis.

Slope AB = - tanpB

B=¢ -n ; BC = y/oDg? + LS?
Dh

¢ = sin”'| foDg? + LS?

n = tan™" ( %% )

Dh

tan | sin™*({/0Dg? + LS?)+ tan™*( {5

- tangd =

_-(tan¢ - tan 1)
- tan (¢ - ) =T tang tan n)

Dh _ ¥
_ _ - 2 2 _ 2
tan (¢ - n) Y WS +L]S)h Dp” LS (H-23)
(1+ 5757, 1s)



A Case for a Drilling Assembly
With no Equilibrium Angle in
The 0 - 90° Range

Input data:

ODge = 6.25 in. MW = 10 ppg.
IDge = 2.25 in. D, = 10 ft.
o Ho
[deg] [1b]
5° +332
20° +545
35° +633
50° +677
60° +693
75° +706
90° +710

H-10



Comparison of Point Stabilizer
Program with Walker and
Friedman and N.P. Callas

Point Run #1
Walker and Stabilizer _ . _
Fiedman N.P. Callas Program Dh=8.75 in Dy= 10 ft.
ODye=6.25 in
-0.043 -0.0405 -0.0411 IDge = 2.25 in
[ ]
62.15 62.04 61.98 ODgt = 8.688 in
749.3 713.0 693.3 MW = 10 ppg
2801. 2735. 2694.8 o = 60°
W = 20,000 1b's
Point
Walker and Stabilizer Run #2
Fiedman N.P. Callas Program -
0.303 0.3147 0.3297 - ODge = 6.25 in
18.65° 18.64° 18.65° IDge = 2.25 in
-469.9 -474.6 -473.0 ODgt = 8.688 in
-1614. -1593. 1584. MW = 10 ppg
o = 20°
W = 20,000 1b's

H-11



19
20
30

39

=17

79

89

99

119
129
130
149
139
109
179
159
199
299
2ly
229
239
240
239
26¢
27e
280
299
399
319
329
339
349
339
360
378
3@
39¢
429
419
429
439
449
439
450

269

REM UNE STABILIZER
REM
FEM POINT SUPPORT
REM
REM CONTACT PUINT BETWEEN BIT AND STABILIZER 15 CUNSIDERED.
REM
REM THIS PROGRAM CALCULATES BETA, PHI, HO, HC, AND H1, FOR A SPECIFIED
REM
REM DISTANCE TO THE STABILIZER, CLEARANCE, WOB, AND MOMENT UF INERTIA,
CLS
DEFDBL F,L,A,N

DIM Y(459),YD(439),Y0D(45@),Y0(439),YD0(4392),YDDO(439)

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

“DISTANCE TO STABILIZER 1
“Dh="3;DH:DH=DH/ 12
"00dc(in)=";0D:0D=00/ 1z
“IDac(in)=";10D:1D=1D/12
“0Dst (in)
"MW (PRg) =" MW
"Hole inclination ALFA(deg)=";AA

(ftt)

“;011

“;DST1:08TL=D58TL/12

PRINT:PRINT"drop in angle is negative and build-up is positive"iPRINT

RRARCRHCR R AR AR

INPUT "CHANGE IN ALFHA (deg) *;TTiTT=TT/37.29
INPUT *"WOB (1099 1b)=";WiW=1099%y

REM KERAKRRRRCERR PRINT LNPUT DATA RERX

CL3

PRINT " D1 (%)= STUSING'#¥. #8011
PRINT " Lh (in) = " DH%ELE

PRINT * QRdc (in) = "i0DXKL2

PRINT " IDdc (in) = fa D1z

FRINT " Q0st (in) = DSTLRLZ

PRINT " MW (ppg) = MW

PRINT " ALFHA (deg) = Y1 AA

PRINT * DELTA ALPHA = LTTHSTY . 29

PRINT " WOB (lb's) = YW

REM KEXKRKKAREEKE CALCULATE DIMENSIUNLESS RUANTITIES #¥RKAKIKAKER
TT=-TT

Wu=3,14189% ((0ODs2) "2-(1l0s2) "2) %493

C=(DH-QD) /2
CST1=(DH-DSTL) /2
P=WUX (1-MW/63.4)
1=3,14%(00"4-10"4) /b4

PRINT “F (lb's/1t ) = i
PRINT "I (ft"4) = "yl
PRINT:PRINT

EI=4176%19 0%1

D1=(DL1%ksUR (W/EL))
CO=(W"2%C) / (EIXP¥SIN(AA/I7.23))
Mi= EIXPXSIN(AA/37.29)7(W"2)
M2=SQAR (E1/W)

9 M3=5QR (EI/W)¥PXS5IN(AA/37.29)

MIB=EI%PXSIN(AA/S7.29) / (W 2kCUS(TT))
MZB=SER (EI/WXCOS(TT)}

M3B=SER (EI/ (COS(TT)*wW) ) #PXSIN(AA/37.23)
CST1=(W"2%¥CST1)/ (EIXPXSIN(AA/37.29))
INPUT “DO YOU WANT A HARL CUFY, 1= YES,
IF (HARD=1) THEN GUSUB 2929

—

2-NO" ; HARD

REM X£X%AKK¥KKX SOLVES FUR DISTANCE TO TANGENCY POINT HRXRERKKKKRKR

H-12



S57¢
580
599
=115
ble
629
639
£49
639
6b9
&79
65@
699
796
710
729
736
742
799
769
779
Ng=1%
799
=150
81e
gee
g3@
g4e
83¢
=117
879
88¢
899
5499
910
Sze
330
949
959
956
970
=317/
999
1009
1919
1929
1939
1949
1239
1950
1979
1989
1690
1199
1119
1129
1132

L=Di+.1
POS1=1

COUNT=@

Al= 1/CDS(L)“(TM?B/M18)*IAN(TT) LeTAN(L) ) X¥SIN(L)
BE—(MEB/MiB%TAN(TT)* OS5 (L)+SIN(L)=L®COS (L))

JB=CST1+,. 5% (L"2-D1"2)-COXCOS (T1)=TAN(TT) X ( (L~ D1)% (M2B/M1B)+CUXSIN(IT))
NUMB=JB-A1¥ (COS(D1)-COS (L)) ~B2%X (SIN(D1)-SIN(L))
DENB‘(SIN(L)*(LU“(Dl)*LQS(L))'LU&(L)*(SIN(Dlj-SIN(LJ)+Di L)
HB=KHUMB/DENB

CEB=1/COS(L)=( (MZB/MIB)¥TAN(IT)-HB-L+TAN(L) }¥5IN(L)
LﬁsvfM”B/M1B)*inN(Tl)*LDC(L]+51N(L)*fL+HB)$ 05 (L)
CiH‘PD*PUSfTT)+THN(TI)$’(L*DIJ*(M“B/MIB}+LU$bIN(TTJ)‘LEB* 0s(L)-C3BxsIN(L)
2Z2=-HB%L-. 3%L"

CiB=C1B+Z2Z
HO= -FdU*PUSlUI)"uau#aiNfU1)+\L:T1+1- Sxkpiz)) /01
Fdﬁ'rC8T1+1 HO®D1-, 5%D1"2-C05(D1) ) /SINIDY)
F=(SIN(D1) % (1-CEB)+C0S (D1) % (C38-C3A) +HE-HD)

IF F4@ THEN POS1=Z2
Dx=,1

ITER =1

LPR=L

L=LPR+DA

IF L>i9 THEN 1199
Al=1/C USIL)~£(M¢B/M1EJ*TAN(TT; L+TAN(L) ) HSIN(L)
B2=M2B/MIBXTAN (TT)XCOUS(L)+9IN(L) ~L¥CUS (L)
JB=CST1+. 5% (L 2-D1"2)~-CORCOS5(TT)-TAN(TT)I ¥ ( (L= U‘J1(MdB/MlBJ+P04SlN(TT))
NUMB=JB-&1% (COS(D1)—-COs (L)) ~B2¥ (SIN(D1)-8IN(L))
DENB= (SIN(L)¥(COS(D1)-COS(L))=COS (L) ¥ (SIN(D1)=-SIN(L) ) +DI-L)
HB=NUME /DENB
CEB=1/COS (L) —( (MEB/MLIB)#TAN(TT)-HB-L+TAN (L) )XSIN(L)
FdB—(MEB/MlB)*TAN(Tl)*LUSLLJ+51N( Li=(L+HE) KCO5 (L)
CiBE=CD¥COS(TTI+TAN(TT)¥((L-D1)* (M°B/M18)+PD*bIN(TT))—CEB*CDS(L)-CSBXSIN(LJ
Ze=-HBXL-,3%L"2

u18 Cldet—
HD”(”CEB*LDS(Di)"PSB¥SIN(U1)+(C:T1+1*.4*U1 2))/01
C3A=(CST1+1-HUKD1-. oxD1 " 2-C05(D1) ) /5IN(DL)

F=(SIN(D1) % (1-C2B)+C0OS(D1) % (C3B-C3A) +HB-HOD)

IF F{@ THEN 97@
POSzZ=1
G0TO 989
POSZ2=2c

IF POS2L>P0OSY THEN 1919

LPR=L

GOT0 789

IF ITER=1 THEN 1979

IF ITER=2 THEN 1099

IF ITER=3 THEN 111@

IF ITER=4 THEN 1130

IF ITER=3 THEN 1159

IF ITER=6& THEN 117¢

Dr=.91:1TER=2

GOTO 7869

DR=,201:11ER=3

GOTO 789

Dx=,9201: ITER=4

GOTO 78€ H-13

Dx=,020001: ITER=3



1149
1150
1160
1170
1189
1190
1200
1219
12z2e
1239
1249
 §tul’
1269
1z27@
1289
1290
13909
131e
1329
133w
1349
1339
1369
1379
1389
1390
1499
141@
1420
1439
1449
1459
1469
1479
1489
1499
1999
191e
1529
1339
1549
1359
1060
1379
1380
139¢
1699
iele
1629
1639
1649
1630
1660
1679

GOTO 789

DA=,00v0el: ITER=6

GOTO 78e

LPR=L : POS1=P0OS2 ! Dx=.1 :I1TER=1 ! CUUNT=COUNT+1 : ROOT (CUUNT)=LFR
GOTO 789

FOR I=1 TO COUNT

PRINT “ROOT(";I;") = "jROOQT(I)

NEXT 1

REM ¥¥XEXKKRKKKAKE DETERMINATION OF BETA,PHI, HU, AND Hi KERERERKKRERKRRER
=0

L=ROOT (1)

A1=1/CUS (L) = ((M2B/MIB)¥TAN(TT)-L+TAN(L) ) XS1IN(L)
B2=M2B/MIBXTAN(TT)%COS (L) +SIN(L) -L*COS (L)

JB=CSTi+, 5% (L 2-01"2)~CDKCOS(TT)~TAN(TT)*((L-D1) % (MEE/M1B)+COXSIN(TT))
NUMB=JB~A1% (COS(01)-COS (L) )-B2% (SIN(D1)-SIN(L})

DENE= (SIN(L)%(CO5(D1)=-Cus(L))~COS (L)% (SIN(DL)-SIN(L))+D1-L)

HB=NUMB/DENB :

C2E=1/00S (L)~ ( (M2B/M1B) K TAN(TT)=HB=L+TAN(L) ) #SIN(L)
C3B=(MEE/M1B)XTAN (TT)®COS (L) +SIN (L)~ (L+HB) 2CO5 (L)

C1B=CD¥COS (TTI+TAN(TT) % ((L-D1) % (MEZB/M1B) +CORSIN(TT) ) ~CEBKCOS (L) -C3BXSIN(L:
Z2Z=-HB*L-,3%L"Z

Cig=C1B+cl

HO= (~C2B%C0S (D1) -C3B¥SIN(DL) +(CST1+1-,3%D1"2) ) /D1
C3A=(CST11+1-HO*¥D1-,3%D1"2-C05(D1) ) /5IN(D1)
F=(SIN(D1)%(1=-C28)+COs (D1) £ (C3B-C3A) tHE-HD)

H1i=HO-HB

YD (@) =(C3A+HOD)

BB=57, 29KATN (YD (@) &Ml /M2)

HOU=HO*M3 t HIU=H1%M3

PHI = §7.29% (ATN( (M3%HO) /W) ) +AA

FRINT

REM HEEiCmksseks DETERMINES IF PUINT OF CONTACT IS PRESENT RRERARKERKEREN
PRINT.

I==1 ¢ Dr=,01:17%=0

I=I+1 )

¥ (1)==14+COS (X)+C3AKSIN(X) +HUK:+ ., KR "2

R=X+DA

IF (ABS(Y(I))>»CD) UR (ABS(Y(I))=CL) THEN GUTO z88@
IF (K<D1) THEN GOTO 1482

IF (HARD=1) THEN GOSUB 3@69

INPUT"DO YOU WANT A HARDL CUPY OF ¥, SLOPE, WMOMENT Vs A, 1-YES, Z-NO";HZ
PRINT"BETA (deg) = ‘B

PRINT"PHI (deg) = "1 PHI

PRINT"H® (lb’'s) = v HO%MS3

PRINT "H1 (ib‘s) = * I HIAMS

NN=D1/ .91

FOR I=2 TO NN

Y(1)=0

NERT 1

REM KkkKxr¥k¥ SOLVE FUR ¢ SLOPE POINT BETWEEN BIT AND TANGENCY RAREKKEX
X=Q:P0S1=1!COUNT=0 X
=-GIN(X)+C3AXCOS (X) +A+HU

IF (F<@) THEN POS1=2:DX=.1

ITER=1



16388
16329
1768
1719

729
1738
1749
1738
1769
1779
1780
1799
1399
1316
1822
1832
1849
1839
1869
1872
1839
1398
1960
1919
1929
1232
1949
1939
1968
1979
19389
1992
2060
2919
2929
2939
2249
2832
2069

n

2878
2039
29298
219@
2118
2129
2139
2149
2139
2162
2172
2139
2199

XPR=Y

X=XPR+DX

IF (X»D1) THEN GOTO 1879
F=-SIN(¥)+C3A%COS (X) +X+HO
IF (F<@) THEN 1739

POS2=1

G070 176@

PO52=2

IF (POSZ<>POS1) THEN 1799
XPR=x

GOTO 1639
IF (ITER =1)

IF (ITER =2) THEN 13492

IF (ITER =3) THEN 1839

IF (ITER=4) THEN 1362

Dr=,21: ITER=2:GOTO 1599

OH=.681: ITER=3: GOTO 1692

Dx=.98@1: ITER=4: GOTO 1592

SLPe=x:DX1=SLF9/35:0x2=(D1-5LP2) /3:GOTO 1338

DRi=01/12:DX2=01/18:5LP9=D1/2

PRINT "DXi= ";DAl

REM¥ck¥x¥ DETERMINE YALUE OF Y, SLOPE, MOMENT FOR BIT TO @ SLOPE POINT #¥&k:
x=@1J=2 -

FOR J=@ TO 3

Y (J)={-1+COZ (¥) +C3ARSIN (X) +HO® =+, JRL"Z) KM

YD (J)=(-SIM(R)+C3AXCOS () +HO+X) #M1 /M2

YOD(J)=—EI%(~COS (X)-C3AKXSIN(R)+1) ¥M1/ (MZ"2)

R=X+DX1 1 LET=]

NEXT J

REM ki DETERMINE YALUES OF Y, SLOPE, MOMENT FOR @ SLOPE TO STABL “H¥HHH
X=5LPa+0x2: LSJ=LSJ+!

FOR K=L3J .70 1@

¥ (K)=(-14+C0OS (X)) +C3ARSIN (X) +HOKE+, T2 ") KM

YO (K)=(-SIN(R)+C3AKCOS (X) +HO+x) *M1 /M2
YDODIK)=(-EI*({-CO5(X)-C3AXSIN(R)+1) ) #Mi/ (M2"2)

K=r+0A2

NEZT K

PRINT " A Y SLOPE MOMENT
PRINT" (ft) (ft) (ft/f1) (ft-1k

THEN 1832

PRINT" =mmm=mm  mmmmmmeem e mmmeee

CIMA=,002901

FOR I=2 TO 3 :

PRINT USING "+H###a, #iwds DIME;Y(I);YD(I)sYDD(DD
DIMX=DIMX+DX1¥M2

NEXT I

DIMx=SLP@xMz2

FOR I=6 TO 1@

DIMA=DIMA+0AZ¥MZ2

PRINT USING"+H#### #H#488 ";OIMA;Y (I);¥D(I);¥YDD(I)
NEXT 1

IF (H2=1) THEN GOSUB 3139 -
REM x¥¥kk¥k DETERMINE Y, SLOPE, MOMENT FOR SEGMENT B "H¥¥X¥
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DA3=(L-D1)/18:
FOR I= 11 70 2
IF (Ix11) GOTO 2238@

REM THE YALUES 0OF Y,YD,YDD ARE IN THE NEW COORDIMATE SYSTEM, HENCE VALUES
REM OF Y WILL EXCEED THE DIAMETER OF THE NEW BORE HOLE
Y{I)={C1B+CZERCOS {X) +C3BXSIN (X) +HBKX+, TX"2) #Mi

x=D1
1

5@ YD(I)=(-C2BXSIN{X)+C3IBXCOS (X) +HE+X) ¥ML1/M2

2 INFUT "DO YOU WISH

@ PRINT
2 PRINT
7@ PRINT
» PRINT ¢
g PRINT
@ PRINT "

3 PRINT *

7 PREINT "ENTER THEM ONE

YOD(I)=(-EIX{-CZBXCOS(X) -C3IBXSIN(R) +1}) ) XML1/M2"2
GOTO 2329
Y(1)=(C1B+C2BXCOS (X} +CIBXSIN (X)) +HBKX+, SHA"2) ¥MLB
YD(I)=(-C2B®SIN{X)+C3BKCOS (X) +HE+X) ¥M1B/M28E
YOD(I)=-EI# ({-C2B#%COS5 (¥)-C3BXSIN(X) +1)¥MIB/MZB 2
A=RT0DH3

3 NEXT I

PRINT

3 DIM==D1xMZ

PRINT:PRINT "SEGMENT 5 "iPRINT

PRINT" A Y SLOPE MOMENT "
PRINT" (£%) (ft) (ftL/ft) (ft-1o) "
PRINT"  —-——=—  —=e———=——— —memee—ee mmmeme——e— "
FOR I=11 TO 21

PRINT USING"+##&#4, #4548 OIME;Y(IY;YD(1);YDD(I}

DIMA=DIMX+DRZEMEE

TS b et

NERXT I

TO CONTIMNUE WITH ANDTHER RUN 7 1-YEZ, @-NO";DECI
IF (DEC1=9) THEN GOTO 3472
PRINT
INPUT "WOULD YOU LIKE TO CHaNGE ANY VARIABLES 7 {-YEZ, @-NO";DECZ
IF (DECZ2=9) GOTO 242

D REM HRERHCKEREEREIRERE DATA CHANGE SECTION SRR RN
3 CLS

PRINT "CODE # YARIABLE"
PRINT "=--—-= ——~————e '

PRINT "
————— IDdc”
----- #dc”

_____ pw o
PEINT g ememe——— ;QLPH;\ ]
PRINT "
_____ h"
—-——-= 0ODst"
———— Nsti

ot -

PRINT "4 DROP IN ANGLE IS MEGATIVE AND BUILD-UR I3 POSITIVE'

PRINT " 12 -—=—= THETA" .

PRINT

PRINT "INPUT THE CORRESPONCIMG CODE FOR THE YARIABLES YOU WISH TO CHANGE, "
PER LIME ----ENTER 2 WHEN FINISHED"

PRINT "

[SOW S
e A0 0D~ MR s L) D) e
|
|
1
|
[
£a)
3
=
3

INPUT "CODE # = ";CN
IF (CN=9)THEN GOTO 249 _
IF (CN=1)THEN INPUT "Dh (in) = ";DH:DH=DH/Li2Z2
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2739
2748
27359
2769
2779
27388
2799
2802
2381@

2829

2832

2848
285@
2868
287¢@
2888

289¢

IF (CN=2) THEN INPUT "ODdc (in) = ";0D:00=0D/12

IF (CN=3) THEN INPUT "IDdc (in) = “;1D:ID=ID/12

IF (CN=4) THEN INPUT "wWdc (in) = ":WU

IF (CN=5) THEN_ INPUT "MW (ppg) = ";Md

IF (CN=6) THEN INPUT "ALPHA (deg) = "; AATAD=AA

IF (CN=7) THEN INPUT “"GAMA (deg) = ";GA

IF (CN=8) THEN INPUT “WOB (1@@@’'S lbs) = YW W=1009%Y
IF (CN=9) THEN INPUT " h = ";DAl

IF (CN=1@)THEN INPUT * ODst(in) = ";DST1:DST4=DST1/12
IF (CN=11) THEN INPUT " Dsti(ft) = ";Dil

IF (CN=12) THEN INPUT"THETA = TT:TT=TT/57.29

IF (CN<@)OR(CN>1Z) THEN GOTO ZB86@

GOTO z27@e

PRINT "INPUT YALUE MUST BE BETWEEN @ AND 1

3070 2769

PRINT “sk¥xsuyscky CONTACT POINT BETWEEM THE
neskskgkky CONTACT POINT BE

LPRINT: LPRINT

shrks " 1 LPRINT

2996
2214@
292@
2930
2948
2258
29649
2978
2989
2992

- 396@

3819
3820
3639
3849
39239
3069
3972
3280
3232
3169
311@
3129
3132
3142
3132
T u
316@
b) u
3179
3189
2196
3202
3219
3229
3239
3240

GOTO 241@

REM #icR¥REEssiusy HARD COPY OF INPUT DATA EEEE S EEE L

REM

LPRINT " D1 (%) =
LPRINT “ DH (in) =
LPRINT " 0ODdc (in) =
LPRINT " IDdc (in) =
LPRINT " 0ODst (in) =
LPRINT " MW (pp3) =
LPRINT " ALPHA {deg) =
LPRINT " DELTA ALFHA =
LPRINT * WOB (lb'g) =
LPRINT " P (lb's/ft in
LPRINT " I (in"4) =
LPRINT: LPRINT

RETURN

REM soickickiikis HARD

LPRINT "BETA (deg) =
LPRINT "HO (lb‘s) =
LPRINT "HC (lb’z) =
LPRINT "hi (lb's) =
LPRINT "PHI {deg) =
RETURN

REM ssskdiscky HARD COPY SEGMENT A NO

fluid)

CORY OF HO,

";011
";DH%12
*;0D%12
"; 1D%12
;DST1%12
"W
“;AA
“;=TT#57.29
"3y

U;P

QI;I

BETA, HC, PHI

"}BB
" HO®M3
" HO¥M3
"1 H1%M3
"iPHI

CONTACT P

LPRINT:LPRINT" SEGMENT A BIT TO STABILIZER "
X Y

LPRINT®
LPRINT®

LPRINT"®

DIMx=, 200001
FOR K=@ TO 3

LPRINT USING"+H#####, #H444

DIMX=DIMK+DX1%MZ
NEXT K
DIMA=SLPO2¥MZ2

FOR J=5 TO 1@

H

“;DIMAY

()

A\ e
sYD(E

0

£33

Jdonls
REEAE

]

FES T EEETEE LSS

DINT SRR
SLOPE MOMEN
(ft/1%) (ft-1 -

ViYDO ()



DIME=DIMX+Dx2¥M2

@ LPRINT USING"+###ah, aHand OIMA;Y(J);YD(J) ;YRR ()

NEXT J

3 RETURN

REM #idkrdigyy HARD COPY OF SEGHENT B NO CONTACT PRESENT HKHERFRRRHRN
LPRIMNT:LPRINT" SEGMENT B STABILIZER TO TANGENCY FOINT "
LPRINT® A Y SLOPE MOMENT "

7 LPRINT® (f%) (ft) (ft/7ft) (ft-1b) "

LPRINT" - =mem=e— m=emme—e— mmmee "
DIMx=D1%M2

FOR I=11 70 21

LPEINT USING"tH#4#%, #8484 PDIMEY (D) VD(I);YDD (1)

DIMZA=DIMX+DX3HMZE

NEXT I

LPRINT: LPRINT: LPRINT ( LPRINT I LPRINT LPRINT LPRINT i LPRINT: LPRINT

RETURN

REM #dk#skussss DETERMINATION OF COMTACT POINT HHEEKHREHEARER

& CLS

WU=3,14139%({00D/2) "2-(1D/2) "2} %433
C=(DH-0D) /2

PRINT "C= ";C

C3T1=(0H-DST1)/2

P=@Us{1-MW/55.4)
I=3.14%(00"4-10"4) /&4
EI=4170%1878K]

Ci=(D11kSER(W/EL))

? CO=(W"2%C) /(EIRPESIN(AA/S7.29))

Mi= EI#P®SIN(AA/37.29) /(¥ 2}
M2=SQAR(EI/¥%)

LI

M2C=5QRE (ET1/WkCOS{TT})}

M3C=SER(EI/ (COS(TT)*%) ) *PETIN(AA/37.29)
CaT1i={W"2%C3TL) / (EI4PRSIN(AA/S7.28))
ULC=,84D1:LLC=.23%D1:PLOT=2 ——— ]
SINE=1:SINL=1:5INU=1

ITERZ=1:LC=LLC

ITERI=1:5IGN=1 :SIGNi=115IGNZ=1; ITER=1

T =

I=I+1

DL=(4%D1-1,25%01) /1

IF (DL>.3) THEN GOTO 3640

LLOW=1,81%D1

LPR=LLOW~DL

L=LPR+DL

IF(L>4%D1) THEN 4552

L=LPR+DL

A1=(1/COS(L) - (MBC/MICETAN (TT)+TAN (L) ~L)%SIN(L))

REM

B2=(M2C/MICKTAN (TT)%C0S (L) +5IN{L) —L¥COS (L))

REM
JE=CST1+,S%(L"2-01"2) - (CD¥COS (TT) + (MEC/MLICH (L-01) +CDRSIN(TT) ) ¥TAN(TT) )
REM _
NUMC=JE-A1% (COS (D1)-COS5 (L) ) ~B2% (SIN(DL) -SIN(L))

REM

H-18



3809 DENC=(SIN(L)#(COS{(D1)-COS(L))-COS(L)*{SIN(D1)-SIN{L))}+D1i-L)
3812 HC=NUMC/DENC
3829 REM
3832 C3C=M2C/MICHTAN{TT)HCOS(L)I+SIN{L)~{L+HC)¥COS (L)
3849 REM
3850 C2C=1/COS(L)—{M2C/MICRTAN(TT)+TAN(L) - (L+HC) ) #SIN{L)
3360 REM
3979 CiC=CDXCOS{TT)+(MEC/HMIC¥ (L-DL)+COXSINITT) )KTAN(TT) -C2CXCOS (L) ~C3CHIIN (L) -HC
#L-.3%L°2
3889 NUMASB=(CST1-CD)%SIN{LC)-LC¥(COS(D1)~-COS (L))~ JAGIN(LC)#({D1"2-LC"2)
3898 REM
3999 A3ZB=NUMA3B/ (COS(D1-LC)-1)
3212 REM
3989 NUMAZB=(CST1-CD)®COS (L) -. 3% {01~
3939 REM
3248 AZB=NUMAZB/ (COS(D1-LC)-1)
3950 HO={CD+1-COS{LC)~. S¥LC"2-TAN(LC)¥SIN(LC)+LCHTAN{LC) ) / (LC-TAN(LC) )
3959 REM
3278 C3A=(SIN(LC)-(HO+LC)}/COS{LL)
3988 MUMB=((ABRB-1)%COS{LC)+(A3B-C3A)FSIN(LC))
3999 REM
4999 DENB=((SIN(LC)*(D{-LC}+COS(D1)-COS(LC) ) HSINILC) + (L SfL*'?!”'—LUW-:I”fni)+bZ
N(LC))*¥COS(LC))
42192 REM
4929 HB=NUMB/DENB®{COZ(DI-LT)-1)
4837 C2B8=(CST1~-C0)%C0S(LC)~HB¥ (00S(LC) % (D1-LC)-SIN(D1)+SIN{LC)) -, S#(D1"2-LC"2) *C
OS(LC)+LCK(SIN(DL)-SINI(LT) ]
4945 REM
4858 C2B=C2B/{COS(DI-LC)-1;
4959 REM
4879 C3B=(CSTL1-CD)#SIN(LC)-HB¥(SIN(LC)®(DI1-LC)+C03(D1)-CO=Z¢
LCY )= 3¥SIN(LC) % (D1 "2-LC"2)
4939 EEM '
4892 C3B=C3B/(COS(D1-LC)-1)
4182 REM
4110 CiB=CST1-C2B¥COS(D1)-C3B#SIN(DL)-HB®D1-,3%01"2
212@ REM

I”IJ
n'ﬁ

KCOS(LC)+LCK(SIN(DL) -SIN(LT) )

38 REM
aikd F1=(CZ2B-C2CI#SIN{DL1+{C3C-C38) #C0S (D1) +HO-HE
4139 REM

4162 F2=(C2B-C2C)*COS(D1)+(C3B-C3C)#SIN(DL)
4179 IF(PLOT={) THEM GOTO 4329

4189 IF{ITERi=1) THEN GOTO 4Z&&

4199 IF({FL1<@)THEN GOTD 4222

4283 SIGNL=1

4218 GOTO 4239

4229 SIGNL=Z

4239 IF(SIGNI<>SIGN)THEN GOTC 4292

4249 LPR=L

4252 GOTO 3639

4268 IF (F1<®) THEN SIGN=Z

4279 ITER1=2:!LFR=L

4239 G0TO 3699

4299 REM -
4399 IF ITER=1 THEN 4349

4319 IF ITER=2 THEN 4334

4329 IF ITER=3 THEN 4368 H-19



4339
4349
4338
4368
4372
4388
4392
44909
43418
dlpl-‘l
4439

d44®
4456
4459
4479
4439
4432
43526
4319
4329
4530

435493
AZEE
4368
4373
4583
4392 D
4528
4618@
AB23
A3

o

4649

4659 X=

4669
4672
4689
4598
4759
4719
4728
4733
4748
4758
AT7ED
4778
4734
4799 K
4809
4819

43829

4339
4846
4339
4369
4379
433892

IF ITER=4 THEN 4379
OL=.1:ITER=2:G0OTO 352&
DL=.91:ITER=3:G0T0 3699
DL=,201: ITER=4:G0T0O 3&22
REM #HXKKEXK DETERMIMING LT HHERKHEY
PRINT"lz = ";LC
PRINT"1 = ";L;" f2 = "“1F2;" f1 = ";F1
IF (ITER2=1) THEN GOTO 4433
IF (ITER2=2) THEN GOTO 442
IF (ABS(F2)<.@1) THEN 4332
IF (F249) THEN GOTO 4329
SINE=1:G0T0O 4319
LC=ULC: IF(F2<@) THEN SINL=2:ITERZ=2:G0T7T0 3622
IF(F2<@) THEN ZINU=Z
ITERZ2=3
LC=(ULC+LLC) /2
3070 352@
SINE=Z2
IF(SINE<>SINL) THEN 4546
IF(SINEZ /STNUI THEN 433&
LLC=LC f""]”Lf‘-’-LL!"’I/'P!Fﬂ"‘U 3EZ2S
ULC=LC: LC=(ULC+LLC) /2: G070 3528
PRINT " roct(l,lc) = ";L;" i
REM Sk kokRss DETERMINE SHA
PLOT=1
PQTQ 2720
DEA=(LC/3):DXB=(D1-LC)/5:DEC={L-D1) /18
®=0
FOR J=0 TO 3
Y{J)=MIK(-14+C0S () +CIAXSIN (X1 4+, JHX"2+HOER)
YD(J)=M1!M3#&-:TNI*I+PQH*CQ”’“}+H”+r)
YOD(J)=—ETxML /M2 2% (-COS(¥)-C3AXIINIX)I+1)
AEDAA
NERT J
K=X-DXA
FOR J=6 T0O 11
Y {(J)=MI%(C1B+C2B¥COS (¥ +C3BETIMN (K} +HE®RX+, 3%KE"2)
YD (J) =M1/ M2 (-C2BXSIN(X)+C23B%CO5 (%) +HB+X)
YD (J)=—EI#Mi/ M2 2k (-C2BACOS () -C3BXESIN(X) +1)
Z=r+0%B
MNEAT
A=01+DXC
FOR J=12 TO 214
Y{J)=MICRKR{CICHC2CACOS (X FCITRSIMN (X)) +HCHK R+, J4X"2)
YO (J)=MIC/M2CH (-C2CESIN(X)+C3CHCOS (X)) +HC+H)
YDD‘J)—-EI*Ml’MQ 2H(-C2CACOS(A)-CICESIN(H) +1)
NEVT J :
REM #Eksikyky DETERMINE BETA, HO, HC, H1, PHI RHERRERKEK
BB=57.29% (ATN(YD(9) ) ) : DHO=HO#*M3
PHI=S57.29%ATN( (SAR(EI/¥) ¥P4SIN(AA/D7.29) #HO) /W) +4AA
DHCON= (HO-HB) %3 : HCON=HO-HB
DHi=(HC-HB) M3 -
CLS:PEINT "BETA (deg)= "
PRINT "PHI (deg)= "1PHI
PRINT "HO (lb‘s)= "3 OHO
H-2}

E OF STRING KERKKKIERKERRIE

UlJ

Lo
Al



4890
4929
4919
1929
4339

43409
4958
4368
4979
4989
4996
5006
S52ie
5929
5938
5946
52358
5068

3672
5289
5699
S129
3119
3129
3139
3148
5138
2169
317@
3189
5199
3299
3219
3228
3239
3242
2238
3268
32789
52389
5292
3399
3312
3329
5339
5348
33389
3369
3379
338@
3399
3499

3418

J428
J43@

PRINT "HC (lb's)= " DHCON

PRINT "H1 (lb’'s)= " OHL

PRINT " BIT TO STABILIZER"

PRINT" # i SLOPE MOMENT "
PRINT" =—==—me—ee =eeose——e—e semsmme—em= e
=0

FOR J=¢ TO 3

PRINT USING"t+#####, #8448 PEGY(J) ;YD (J) s YDD ()

A=R+DEAKM2

NERT J

X=LCEM2

FOR J= & TO {1

PRINT USING"t+##a##, $Hs4g ELY () YD (T) ;YDD ()

A=X+DAB¥MZ

NERT J

PRINT * STABILIZER TO TANGENCY POINT

PRINT" A Y SLOPE MOMENT "
PRINT"  ====—mmeee ssmmeemm—e—eee mm—mmmmm—— mmmmmeme
A=D1¥M2

FOR J=11 TO Z!

PREINT USING"+H####84, #Hasy "PESY(J) YD (I) s YDD ()

K=A+DACKMZ

NEXT J

INPUT "DO YOU WANT A HARD COPY OF THE DATA 1-YES; 2-NO";HZ
IF (H2=1) THEN GOTO 5150
GOTO 5469
ME=L:MC=LC
LPRINT" L = ";ME;" LC = ";MC;" (DIMENSIONLESS UNITS)"
LPRINT " mmm oo e e o e e e
LPRINT'BETA (deg)= ";88
LPRINT"PHI (dsg)= "} PHI
LPRINT"HO (LB’5)= ";DHO
LPRINT'HC H(lb‘s)= *; DHCON
LPRINT"H1 (lb’'s)= "3 DH1
LPRINT
LPRINT® BIT TO STABILIZER"
LPRINT
LPRINT" X Y SLOPE MOMENT
LPRINT®  =m—m—mmm=m mmmmmmmmem e e "
%=
FOR J= @ TO 5
LPRINT USING"+###as, susus "3¥3Y ()5 YD(J) ;YOD ()
X=2+DXAXME ~
NEXT J
X=LCHM2 .
FOR J=6 TO 11
LPRINT USING"+###s#, st "3R;Y(J);YD(J);YDD(J)
X=X +DXBXME
NEXT J
LPRINT: LPRINT" STABILIZER TO TANGENCY":LPRINT
LPRINT® A Y SLOPE _ MOMENT *
LFRINT® m—mmmmmmmm mmmmmeeee T8 e "
X=D1%M2
FOR J=11 TO 21
LPRINT USING "+i##ss, sauus "3R3Y(J) YD) YDD(J)
H-21



A A4
T

™

5440 X=X+DXCEMAC

- 5439 NEXT J

S46@ GOTO 2439
5479 END

H-22



Comparison of Point Stabilizer

Program with Lubinski

and Woods Model

Input Data:

Lubinski and Woods'
Dimensionless Units

Dp = 8.75 in.
= : M= 57.5 ft. length of one
ODge = 6-00 1in. dimensionless unit
IDge = 2.25 in. Mp = 4000 1b weight of one
MW = 10 ppg. dimensionless unit
r = collar clearance in ft.
Cst = 0
., Slick Point Ideal Slick Point %
Run|Msin| String | Stabilizer Stabilizer String Ptabilizer |Differ-
# T |X2/WOB(1b) WOB/X, o Position Ho/W Ho/W ence
1 20 [4/16,000 | 22720/5.68| 2.284 77.6 —2.46x20 °| -3.49x10 °| 27.9
2 50 |5/20,000 | 27400/6.85| 5.718 66.1 -4.87x10" % -4.70x1073] 3.6
3| 150 |7/28,000 | 38080/9.52| 17.39 51.75 |-9.018x20"]-8.69x10 3| 3.7
Cgt = 0.0573 ft.
4 20 | 6/24,000 | 31200/7.8 | 2.284 64.98 |-6.36x10"" | -7.05x10""| 10.3
5 50 | 5/20,000 | 24600/6.15| 5.718 61.53 |-4.87x10"° | -4.76x10 3| 2.3
6 | 150 |9/36,000 144600/11.16| 17.37 48.88 |-5.99x107° | -5.31x10"%| 12.0
TABLE XV-G

H-23




D1 (ft) = 77.6
OH (in) = 8.73
ODde (in) = 6

IDde (in) = 2.23
ODst (in) = 8.73

MW (ppg) = 19
ALPHA (deg) = 2.284
DELTA ALPHA = 2

wop (1b’'s) = 22729
P (lb‘s/ft in fluld) = 69,8961
I (in"4) = 3.,09377E-923

KKEKEKKERKX CONTACT POINT BETWEEN BIT AND STABILIZER REKKKKXKEXKXK

L = 6.37399 LC = 1.42118 (DIMENSIONLESS UNITS)
BETA (deg)= , 316843
PHI (ded)= 2.14461
HO (LB’'S)= -35.2892
HC H(lb’'s)= 16.621
Hi (lb's)= -261.232
BIT TO STABILIZER
X Y SLOPE MOMENT
+9.900900 +9.909099 +@.09333 +9.90218
+6. 68288 +0.,93623 +9, 99322 +1139.84999
+13.36173 +@,06833 +9.,99436 +2947.43999
+29,94263 +0,99363 +@,90399 +2676,21929
+25,72339 +9.,19934 +9.99138 +2966 . 72099
+33.40438 +@.,11438 ~-9.00009 +2893., 63999
+33. 40438 +9.11438 -9.,029299 +2893, 65099
+42,24359 +9.19333 ~9.99199 +2403., 10929
+31.08263 +9.08269 -9,90323 +1339.60292
+39.92173 +90.03192 -9.99372 -89.03369
+68.76088 +90.22010 -9.90308 ~1749,33999
+77.60209 -0.92009 -9.991238 ~3363., 49999
STABILIZER TO TANGENCY
A Y SLOPE MOMENT
+77.60001 -9 ,00099 ~9.99128 ~-3363.495999
+83.28982 -@.909247 +9.990386 ~-2699.64929
+92.,97964 +0.09726 +9.90189 ~1727.10099
+199.66946 +9.02312Z2 +0.00267 ~833.61799
+108,33927 +9,04694 +@.90ez292 ~14.97279
+116.,94309 +0,06889 +90.0027Z2 +641.98709
+123,73899 +@.98791 +0.90Z213 +1067.37999
+131,42872 +9.10201 +9.900147 +1216.63909
+139.11834 +9.11030 +90.99973 +1073.36009
+146.80833 +9.11403 +9,00021 +632.94999
+154.49817 +9,90009

+9.11438

H-24
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D1 (ft) = B6.1

DH (in) = 8.73
0Ddc (in) = 8

IDde (in) = 2.23
0Dst (in) = 8.73

MW (PRg) = 19
ALPHA (deg) = 3.718
DELTA ALPHA = 9

WoB (lb's) = 27429
P (Ib’s/ftt in tluld) = 89,8961
I (in"4) = 3.99377E-03

KEHRFRRRKKK CONTACT POINT BETWEEN BIT AND STABILIZER RXKKKKRKKEENK

L = 3.94988 LC = 1.32097 (DIMENSIONLESS UNITS)
BETA (deg)= . 373897
PHI (deg)= 5.44832
HO (LB’'S)= -128.741
HC H(lb’'s)= 49.414
H1i (lb’s)= -338.023
BIT TO STABILIZER
X Y SLOPE MOMENT
+9,99009 +0.92000 +9.909636 +9.99933
+3.63463 +9.03638 +9.99619 +1613.42909
+11.,39939 +9.06872 +9.00316 +2833. 48009
+16.36395 +9,99378 +9.09364 +3731.33999
+22.61860 +9.19933 +9.29183 +4127. 30099
+28.27324 +2.11438 -92.99299 +3993 . 83922
+28.27323 +9.11433 -9,90000 +3993.83029
+33,83869 +9.19389 ~-9.90226 +3343.91099
+43, 40393 +9.03297 ~-9,99387 +1887.81990
+30.96939 +9.949398 -9.90441 -198.18799
+58. 33463 +9.,018392 ~2.99336 -2634 ., 16090
+66. 10001 -9.09999 -9.29119 -3176,43999
STABILIZER TO TANGENCY
X Y SLOPE MOMENT
+66.10001 -9 .09090 -9.99119 -3176.,43929
+72.22477 -@.90926 10.99100 -3819.,37999
+78.34933 +2.01089 +9,99232 ~2394. 41999
+84.47429 +9.02929 +9.99333 -19034.01099
+90, 39903 +@.03063 +9.99336 +131.00999
+96,72381 +0.07172 +9.09323 +1064,26009
+102,84838 +@.03969 +90.90237 +1631.48029
+108.97334 +@.10289 +0.,00172 +1896.32999
+113.09819 +9.11978 g-25 T9.00088 +1373. 16009
+121.22286 +0.11497 +9,99923 +93E£.29399

+127,34762

+32, 114592

LG DAL
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MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =

wae (1b’'s) =
P (lb’s/tt in fluid)
I (In"4) =

KEREREHKRY CONTACT POINT BETWEEN BIT AND STABILIZER KEKRXKEXKKKR

3,42639 LC =

T D . - S = - ) Sl W = > > WO

+2.02009

+4.41998

+8.83993
+13.23993
+17.67999
+22.03988
+22.09988
+28.92399
+33.93993
+39.88993
+43.813997
+51.739209

—— —cy S e @8O S o =

+31.73009
+56,42692
+61.10383
+63.78973
+79.43767
+73.13438
+79.81139
+84.48842
+89.16333
+33.84223
+95.31917

51.73
8.73

8

2.23
8.73

19

17.39

9

38080

= 69,3961

3.09377E-03

1.21723
., 480629
16.8919

-331.117
64,9939
-1279.47

BIT TO STABILIZER

+2.00999
+9@.93636
+2.0686%
+90.09374
+0.19337
+9.11438
+9.11438
+@.12372
+9.98173
+9.94348
+0,91333
-9 . 20999

STABILIZER TO

-9.90999
+9.,90972
+90.91231
+2.931924
+0.03233
+0,97299
+9.99049
+9.19327
+@.11031
+9.11409
+9.11438

H-26

+9,90839
+9.99731
+9.920633
+0,90456
+9.99237
+2.929099
19.00099
-9.909z239
-9.292498
-2.90363
-9.99431
-9.99134

TANGENCY

-9.92134
+9.99149
+9.,90333
+9.99439
+9@.99439
+9.99413
+9.09327
+9.99218
+9.90111
+9.909931
-9.92e09

(DIMENSIONLESS UNITS)

MOMENT
+9,9993Z
+2644.,21992
+4726.34929
+65123, 38009
+6733. 33999
+6379,03929
+6379.03999
+3484 ., 46999
+3081.73099
~-374.31729
-4329.15299
-8913.60099

MOMENT
-3913.69909
-5332.51099
~3831.359099
-1330.83999

+397.768929
+1863.67009
+2735.98999
+3009.96009
+2610,.854999
+1384.93009
+9.09929



D1 (ft) = 64.98
OH (in) = 8.73
QDdc (in) = 6

IDde (in) = 2.23
ODst (in) = 7.373
MW (ppd) = 19
ALPHA -(deg) = Z2.284
DELTA ALFHA = )

WoB (1b’s) 31200
P (lb's/ft in fluid) = £9.896!
I (in"4) = 3.99577E-03

KKKEXKKEREK CONTACT POINT BETWEEN BIT AND STABILIZER REKKKNKKKEXN

L = 6.39574 LC = 1.6403%9 (DIMENSIONLESS UNITS)

— G > - o — — — — — A G T D W T MRS D T Y G D A B ] S S ST YD s W S

H-27

BETA (deg)= . 325781
PHI (deg)= 2, 24352
HO (LB’S)= -22,0476
HC H({lb‘sg)= 2,77918
Ht (lb‘s)= -261.336
BIT TO STABILIZER
X Y SLOPE MOMENT
+9., 900999 +2,20009 +9, 993569 +2.00013
+6, 58049 +9, 03669 +9, 99536 +1229, 49000
+13, 16099 +9, 86921 +9.00444 +2208, 11000
+19,74143 +9,939421 +0,90319 +2831,71000
+26.32198 +2. 19936 +9,92133 +3933, 68000
+32,90247 +0,11438 +9,29009 +2792, 49009
+32, 99247 +@, 11458 +9,00929 +2732 ., 49990
+39,31797 +9. 11029 -9,00128 +2172,51099
+43,73348 +9,@39897 -9, 99216 +1218, 43099
+52, 14898 +9,98372 -9,00249 _ +27, 16079
+58, 56449 +9, 096841 -9,00217 -1239, 69909
+64,97999 +9.05729 -9,09118 ~-2372, 13009
STABILIZER TO TANGENCY
X Y SLOPE MOMENT
+64.98000 +9,03729 -9,29118 -2572, 15099
+71.71145 +2,@5366 +9.99906 -2034, 12099
+78, 44291 +9,05734 +2.00998 -1399, 69090
+85.17437 +9, 26606 +2,99153 -733,98600
+91,99383 +9,97744 +2,20177 -111,33100
+98., 63729 +9,03926 +9,99169 +398,31609
+105,36874 +0,99979 +9.009138 +738, 669900
+112. 10029 +9,19753 +9.,90934 +871 ., 345800
+1138,83166 +9, 11228 +0.90043 +732. 13199
+125.36312 +9,11427 +9.09914 +489, 39200
+132,29458 +@.11438 -9.,00909 +9.99990



01 (ft) = 61.33
DH (in) = 8,73
0Dde (in) = &

IDae (in) = z2.23
0Dzt (in) = 7.373
MW (ppg) = 19
ALPHA (deg) = 3.718
DELTA ALPHA = @

WoB (lb’'s) = 24609
P (1b's/7tt in fluid) = £9,8961
I (in"4) = 3.90377E-93

KERKKKRKRRR CONTACT POINT BETWEEN BIT AND STABILIZER XXEXXXERKKKK
L = 3.9646

(DIMENSIONLESS UNITS)

LC = 1.33319

BETA (deg)s= 333824
PHI (degd)= 3.,44433
HO (LB’'S)= ~117.427
HC H{lb’'s)= 24.38353 i
Hi (lb's)= -313.33
BIT TO STABILIZER
X Y SLOPE MOMENT
+9.99929 +0.920020 +9.90618 +9.0094z2
+65.11334 +0.093697 +0.,99380@ +1497.31909
+12.22668 +0.06338 +9.99473 +2626.91999
+18.34903 +0.99448 +9.90331 +3396. 37099
+24.43337 +@.10966 +9.909164 +3486.81009
+32. 36671 +9.11438 +9.909999 +3134., 32090
+39.356671 +9.11438 -9.,990009 +3134, 32929
+36.73937 +9.110035 -9.99141 +2463 . 39999
+42.93202 +9.99899 -9,99236 +1334., 42929
+43.14468 +2.08213 -9,99266 -163.64209
+33.33734 +@.96677 -9.99216 -13918,730909
+61.32999 +9.93729 -9.99973 ~3793.96009
STABILIZER TO TANGENCY
X Y SLOPE MOMENT
+61,32993 +9.03729 -9.,90073 ~3793, 96000
+66.81723 +0.93799 +0,990069 ~-2636.43909
+72.19439 +0,96282 +9.,99149 ~1398. 78009
+77.39176 +9.97212 +9.09136 -647.74409
+82.67991 +9,08299 +9.09296 +144,82999
+87.96627 +9,09349 +9.90187 +733.63409
+93.23332 +9.10229 +2.99147 +1@92., 57999
+93.34073 +9. 10881 +9.99093 +1196.09099
+103.828@3 +0.11279 +9.09939 +1949.3579299
+199,11328 +9,11433 +9.90014 +634. 49309
+114.49234 +9.11438 +9.29999

-9.999909
H-28



D1 (2t) = 43.883
OH (in) = 8.73
00de (in) = 6

IDAc (in) = 2.23
0Dst (in) = 7.373
MW (Ppg) = 19
ALPHA (degq) = 17,39
DELTA ALFHA = 2

woB (1b’'s) = 44609
P (1b's/1t in fluld) = 69,8961
I (in"4) = 3.90377E-93

EREEKRKKKKK CONTACT POINT BETWEEN BIT AND STABILIZER XXXXKKKEKKKK

-9, 99099
H-29

L= 3.27813 LC = 1.4313¢ (DIMENSIONLESS UNITS)
BETA (dHeyg)= 436348
PHI (deg)= 17.9838
HO (LB’'S)= -236.84
HC H(lb’s)= 179.443
Hi (lb’'s)= -1113.98
BIT TO STABILIZER
X Y SLOPE MOMENT
+9.920909 +0.992099 +9.09737 +9.99979
+4.89303 +9.93743 +0.09746 +2363.99999
+9.606067 +9.970Z23 +2.29693 +4444,23999
+14.,40919 +9.99593 +9.99416 +3482, 06999
+19.21213 +9.10988 +9.09291 +3394.,929929
+24.91316 +9.11438 +9.00099 +4773.61900
+24.01316 +9.11438 +2.29099 +4773.610009
+28.,983813 +2.11010 -0.99173 +3890.23929
+33.96119 +9.998929 -9.,99297 +2134,60090
+38.93497 19.098194 -9.09336 ~-231.86399
+43.907@3 +9.96644 -9.99263 ~-3296.639299
+43.,889200 +0.937239 -@.02979 -5364 62929
STABILIZER TO TANGENCY
X Y SLOPE MOMENT
+48.889299 +90.903729 -9.,90279 -5364.62999
+32.84667 +9.93771 +9,990359 -4437,76999
+36,81333 +9,06379 +9.,90292 -2644, 33009
+6@.78009 +9.07302 +9,09269 -1931.33909
+64.,74666 +9.08366 +9,99279 +312.,93399
+68.71333 +9.99393 +0.909243 +1319,83999
+72.67999 +9@.10264 +9,909191 +1909.32999
+76,64666 +9.19838 +9.99127 +2974.74029
+80.,61333 +9.11276 +9.,99063 +17397.39009
+84,37999 +9.11434 +9.900218 +1092.63099
+88, 34666 +9.11438 +9.902999



D1 (%) = 19
DH (in) = 8.73
ODde {(in) = 6,23
IDde (in) = 2.23
0Dst (in) = 8.688
MW ippg) = 192
ALPHA. (deqg) = 62
DELTA ALPHA = ?
WwoB (1b’3) 29099
P (lg‘s/tt in fluid) = 76.8151
I (in"4) = 3.54967E-93
BETA ide=g) = -.0411423
HO (1lb’'s) = £92,324
HC (lb’'s) = 2
hi (lb's) = 2694.73
PHI (deg) = 61.983Z
SEGMENT A BIT TO STABILIZER
X Y SLOPE
(ftt) i ft) (ft/71i%)
+2,20009 +2,22220 -2,299272
+1.22837 -0, 29072 -9.,200863
+2.24973 -3.,60139 -9.,92061
+3.26112 -2.98193 -9.,20947
+4,388149 -9.,29234 -@.2929227
+3.19187 -9.292483 +9,229200
+5.28149 -3,09233 +9.29233
+7.96112 -2.92182 +@,2€973
+82,94973 -3 ,96288 +9.92122
+9.22937 +@, 96238 +2.22173
+18.20299 +2.00238 +2.9923%
"SEGMENT B.STABILIZER TO TANGENCY POINT
X Y SLOPE
{f+) (f1) (tt/ft)
+12.20000 +@, 20233 +9.99233
+13,26382 +2.2133¢ +9.29413
+16,.3527392 +2, 22878 +9.,29306
+12.79139 +@,24377 +2.90323
+23,23309 +2.26243 +9.22487
+26.3188@ +9.927714 +2.22409
+2%,382392 +9,08336 +3,90397
+32.84639 +7,929729 +%,92198
+38.,11299 +2,191383 +2.00999
+39,327389 +2.19333 +9,29023
+42,53739 +9,10417 +@,99029

H-30

MOMENT
(tt-1b)

+2 ., 992383
-736.34909
-1381.28299
-2473.06009
-3439.62929
-1432.6290¢
-5433.11099
-5520.,33999
-7742.835999
-8943. 13999

-19227.39909

MOMENT
(£t-1b)

-19297,80999
-3982.77002
-2372.629002

+342.72609
+2763.449099
+4Z22%.65320°9
+4327.38909
+4346.33999
+329835.33299
+2363,924099
-9,292%4



D1 (£1)

= 16.8
DH (in) = 8.73
ODde (in) = 6,253
IDdc (in) = 2.25
ODst (in) = 8,688
MW (ppg) = 19
ALPHA (deg) = £9
DELTA ALPHA = @
WOB (lb’'s) = 29929
P (ib’s/tt in fluid) = 76,8131
I {(in*4) = 3,54967E-23
BETA (deg) = -.24447353
HO (ib’'s) = 1,99119
HC (lb’s) = 9
k1 (lb‘s) = 2416.153
PHI (deg) = 60,9957
SEGMENT A BIT TO STABILIZER
X Y SLOPE
(ft) (tt) (tt/7tt)
+9., 20009 +9,992092 -9,99973
+1.97868 -9.,99153 -9,99977
#, 95735 -9.903091 -9.99072
+3,93602 ~-9,99433 -@.90969
+7.91479 -9,99531 -9,90937
+9,89337 -9,09571 +9,99999
+11,27479 -9,29347 +9,09936
+12.65609 -9.92467 +9.90982
+14.937392 -9,082316 +9,20138
+15.41879 -9,09289 +2,902096
+16, 380999 +0,00258 +9,90287
SEGMENT B STABILIZER TO TANGENCY POINT
X Y : SLOPE
(tt) (ft) (ft/7tt)
+16,809290 +9,99238 +2.90287
+29.91040 +9,021455 +9,00444
+23.22989 +9,93025 +9,99521
+26,43129 +0.94728 +9,990330
+29.64169 +9,96371 4+9,00486
+32,85299 +9.,97808 +9.99405
+36.96249 +2,98945 +0,00302
+39.27289 +9,99739 +9.00193
+42,48329 +90,1@199 +2,92996
+45,69369 +@.19387 +9,00027
+48,90409 +@,10417 +9.29999

H-31

MOMENT
(ft-1b)
+0.99388
-164,82699
~-389.992929
-1279.62999
-2283.79999
-3389.67909
-4369.29090
-3446,38909
-6643,77099
-7934.78299
-39370.21909

MOMENT
(ft-1b)

-9379,21000
-5311, 42099
-1863, 73009
+924,91000
+3915, 383909
+4380,91009
+4398, 44009
+4862 ., 56009
+3974, 26000
+2345, 86000
+0,90909



q@hs.

SLOPE

(ft/7ft)
+@.90@376
+9,90342
+9,99432
+2.,29329
+9.9@163
~9.20009
-2,99292
-2.99342
~9,00381
~@.98284
-9,99029

SLOPE
(ft/7ft)

MOMENT
(ft=-1b)
+9.,99232
+2231.07999
+3974. 63099
+3128,383009
+3683.73209
+3631.69929
+4388, 33999
+2474.73099
-513,74399
-4343,339229
~3139.32009

MOMENT
(ft-1b)

- i o > o

D1 (ft) = 30
DH (in) = 8.73
0Dde (in) = 6.23
I10de (in) = 2.23
NDst (in) = 8.688
MW (ppg) = 19
ALPHA (deg) = 29
DELTA ALPHA = 2
wWoB (lb’'s) = 290929
P (lb’s/ft in fluid) = 76,8131
I (in"4) = 3.54967E-23
BETA (deg) = 329727
HO (lb's) = -473.,032
HC (lb’s) = /]
hi (lb’'s) = 1383.97
PHI (deq) = 18.845352
SEGMENT A BIT TO STABILIZER
X Y
(£t) (£+)
+9,90629 +2.99229
+4,24647 +9.22396
+8.49293 +2.043523
+12.73340 +2.06173
+16,98398 +9.,0729S
+21.23242 +9.,07351
+26.98332 +9.96959
+32.73949 +9.053343
+38. 49290 +2.,93283
+44.24659 +2.91218
+52.22999 +9.09238
SEGMENT B STABILIZER TO TAMGENCY POINT
X Y
(ft) (ft)
+30.,99292 +2.992238
+34,43399 +9, 99796
+38.87779 +9.91936
+63,.31669 +2.23641
+67.75359 +@,05431
+72.19439 +9.97149
+76.63322 +2.98334
+81.97210 +2.89537
+85,31999 +9.12131
+89.3498¢ +@.19373
+94.,38879 +9,19417

-9 . 22029
+9 ., 99296
+9.,09343
+2.99404
+9.00402
+9.8€332
+2.90Z27Z2
+9,09179
+9.,99991
+@,90223
-9.99099

H-32

-9139, 32999
-5993.37909

-3236.37909

-834.435999
+934 . 76999
+2262. 12999
+2992.91999
+3127.76992
+2663. 97099
+1611.19299

+0.9023Z2



n)
IDde (in)
opst (in)
MW (ppa) =
ALPHA (deqg)
DELTA ALPHA
woB (1b’'s)

P (lb's/ft in fluid)

I (in"4) =

BETA (deg) =
H3O (1b's)
HC (1b’s)
hi (lb’s)
PHI (deg)

nununn

au

29999

= 76,8131

3.34967E-@3

-.9366833
-.21384
2
1182.37
19.9924

SEGMENT A BIT TO STABILIZER
) Y

¥

— " o " - —

+9.292099
+2.30374
+3.01148
+7.31722
+16.92399
+12.32879
+14.28399
+16.,03729
+17.79139
+19,. 34379
+21.39009

SEGMENT B STABILIZER TO
4

~

+21.39999
+23.39389
+29.31169
+33.31749
+37.32339
+41,32910
+43.33499
+49.,34979
+33.34639
+37.33249
+61.335829

—— > Gy - —

+9 . 922909
-0.99160
-9.99314
-9.09432
-9.99333
-9,99394
-9.,99369
-9,09487
-9.0933Z2
-9 .,0998%2
+9,09238

Y
(ft)
+9.90238
+2.,91437
+9.939224
+9,94726
+9,96368
+9.,973@7
+2.98943
+6.039749
+9.10299
+9.10388
+9.10417

SLOPE
(tt/7tt)

- v > - ns e -

+9,90009
19,6992
+9.900266
+2.99112
+2.99166
+9.90231

TANGENCY POINT

SLOPE

fft/71t)
+9.90231
+9.90336
+90.,90417
+9.994Z24
+9.99399
+9,90323
+2.09242
+9.09153
+90.980977
+2.90021
-9.99999

H-3"3

MOMENT

+9,99232
-113.93729
-391.76499
-831.13499
~-1428, 32090
-2178.28009
~-2799,83929
-3472,73009
~42Z21 . 900999
-3932.33999
~-3904.1909200

MOMENT
(ft-1b)

- ans ot e am> w—

~-3364., 10999
~-3379.386209
~-1293.44999
+373. 12999
+1926.,349909
+281Z2.96009
+3216.13999
+3129.87999

. +2335.99009

+1304.23999
+0.9090292



D1 (f1) 19

DH (in) = 8.73
ODde (in) = 65,25
IDdc (in) = 2.23
OoDst (in) = 8,688
MW (ppg) = 19
ALPHA (deg) = 3
DELTA ALPHA = 2
WoB (lb’'s) = 20029
P (lb’'s/ft in fluid) = 76.8131
I (in"4) = 3.,54967E-893
BETA (deg) = -7.686935E-23
HO (lb‘s) = 332.983
HC (lb's) = 5]
hi (1b‘s) = 617.86
PHI (deg) = 3.9392%24
SEGMENT A BIT TO STABILIZER
R Y SLOPE MOMENT
(ft) (ft) (ft/tt) (tt-1h)
+9.90229 +9, 99290 -9,22813 +9,99939
+2.,68223 -9, 09099 -9,00013 -229,87409
+1.36443 -2.99917 -9,09011 -462.71999
+2.94674 -2,09224 -9,20309 -£898, 33299
+2.729398 -2,0992% -Q,90005 -936, 73999
+3.41122 -9,00031 +2.20000 -1177.629209
+4.72398 -2.29923 +2.90913 -1649.479929
+6.94674 +9, 090004 +3,99029 -2129.97099
+7.36443 +0.20036 +9.209039 -2615, 32999
+8.682235 +9.06139 +9.00076 -3127.27999
+19.00689 +9.99238 +9.22196 -3603. 16099
SEGMENT B STABILIZER TO TANGENCY POINT ’
X Y SLOPE MOMENT
(ft) (ft) (f+/7f1) (ft-1b)
+19, 29999 +2.089238 +2.092106 ~-3603, 16999
+13.792869 +2,91298 +92.09219 -2274.14999
+21.41722 +9 . 52669 +9.90282 -1962.31009
+27.12389 +8.9434°9 +9,99323 -22.30329
+32,83449 +2,26047 +9.98287 +391.48899
+38.54319 +@,97373 +2.99244 +1372.97099
+44,23179 +9,0838022 +9.99183 +1/66.319292
+49.969839 +6,29671 +9.99119 +16879.42929
+33.66899 +9.19177 +9,29096°2 +1383, 36929
+61.37759 +9.10385 +9.,20917 +818.30309
+57.98619 +@.19417 -2.,9e2006 +@,00009



MOMENT-.
(ft-1b}

+9, 99232
-527. 70209
-1977. 53000
-1649, 02000
-2241,32929
~2853, 80999
~3589, 99099
~4339, 87009
~-5104, 96900
~-59@1, 18000
~-5718, 29000

MOMENT
(ft-1b)

D1 (ft) = 19
DH (in) = 8.73
Obdc (in) = &.23
IDde (in) = z.23
ODst (in) = 3.683
MW (ppg) = 19
ALPHA (deg) = 29
DELTA ALPHA = 2
WOB (lb’s) = 20099
P (Ib's/ft in fluid) = 76,8131
I (in"4) = 3.34957E-93
BETA (deg) = -, 9248772
HO (lb‘s) = 343.621
HC (lb's) = 2
hi (lb's) = 1462.63
PHI (deq) = 21,3623
SEGMENT A BIT TO STABILIZER
X Y SLOPE
{(ft) (f1) (ft/1t)
19 .98222 18,0022 -9,990243
+@.93162 -9 ,09049 -9,09942
+1.86324 -2,80977 -2,88037
+2.73487 -2.99197 -9,99028
+3, 72643 -9,09128 -0.,99916
+4,63811 -9.29136 +9,00000
+3.72649 -0.08124 +9,90023
+6,73436 -@.09034 +9.99932
+7.36324 -9.,200812 +@.90986
+3.93162 +8.922101 +2.99123
+19.00099 +9.92238 +2.90171
SEGMENT B STABILIZER TO TANGENCY POIMT
X Y SLOPE
(f+) (f1) (fr/ft)
+19.90009 +9,29238 +9.00171
+14.,112992 +8.9212392 +9,29319
+18.22399 +@.22799 +9, 99338
+22,33389 +@,94488 +9.2@413
+26.43179 +2.96167 +2.99331
+39.,36462 +0.97661 +9.99339
+34.,68776@ +8,98833 +0,90243
+38.79939 +9.29893 +9,20169
+42,39349 +9,19133 +9.90089
+47.91649 +9,10383 +9,20922
+51.12932 +9.19417 -9,29929

-5718.29909
-4942,339222
-1718.950009
+289. 335999
+1671,83209
+2661 . 38099
+31456,69999

- +3116.69099

+2372.96909
+15235,22909
+9.20209

—



D1 (ft) = 19
DH (in) = 8.73
0Ddc (in) = 8.23
IDdc (in) = 2.23
0Dst (in) = 8.688
MW (pPg) = 1@
ALPHA (deg) = 33
DELTA ALPHA = 9
WoB (lb's) = 29909
P (lb's/ft in fluid) = 76.8131
I (in"4) = 3.343967E-23
BETA (deg) = -.0333162
HO (ib’'z) = 33,932
HC (lb's) = 2
hi (lb's) = 2949,18
PHI (deg) = 36,8123
SEGMENT A BIT TO STABILIZER
X Y
(ft) (ft)
+2.00908 +2.969299
+9.98433 -9.09937
+1.96396 -9.09199
+2,95434 ~-2.99133
+3.23993 -2.92133
+4,924381 -9,092134
+3.93993 ~9.99131
+65,93434 -2,89133
+7.96396 -0,29931
+3.,98438 +9.99078
+10.098929 +6,99238
SEGMENT B STABILIZER TO TANGENCY POINT
X Y
(ft) (1t)
+19.90099 +9,99233
+13.613869 +9.91323
+17.23729 +9.22839
+29.8335892 +9.24339
+24.47449 +90,26211
+28.95399 +@.87693
+31.71169 +2.98374
+33.33029 +9.99794
+38.94889 +9.10188
+42.36749 +9.10336
+46, 13699 +9.19417

SLOPE

(ft/1t)
~-9,90939
-0,208036
-0,90039
-9,99038
-2.92902Z2
+0.90999
+9,00923
+2.60963
19.90194
+2.,90131
+0.90296

SLOPE

(ft/71t)
+0 ., 29296
+@.99379
+9,00433
+9.09473
+0.00442
+0.99372
+9,09279
+0.99189
+9,90099
+9, 09023
+9.29099

H-36

MOMENT
(ft-1b)
+2.90338%
-536.39499
-1334.,49999
-2993. 639290
-2972.32099
-3692.97009
-4373.73029
-3493. 519009
-6433. 96009
-7431,02900
-B482. 02099

MOMENT
(ft-1b)

—— o —— o

-8482.92929
-5@27.27999
-2939.96009
+367.3569299

+2212.,47999
+3442,22999
+4935. 12999
+3980.71099
+3279.93009
+1943. 19999
+9.99389



¢

D1 (ft) = 19
DH (in) = g8.73
0Ddc (in) = 6,25
IDdc (in) = 2.23
0Dst (in) = 8,688
MY (ppa) = 12
ALPHA (deg) = 3@
DELTA ALPHA = 2
woB (lb’s) = 20099
P (lb‘s/ft in fluid) = 76,8131
I (in"4) = 3.54967E-923
BETA (d=zg) = -,2333163
HO (lb‘s) = 677
HC i{lb’'s) = ?
hi (lb's) = 24382.6
PHI (deg) = 51,9383
SEGMENT A BIT TO STABILIZER
X Y
(ft) (ft)
+2.90009 +9,22609
+1.91237 -9 ,99968
+2.92115 -9,99139
+3.983172 -9,99132
+4.24229 -9.,909218
+3.95288 ~-2.99232
+6.924229 -2,09217
+7.63172 -0,089167
+8.92115 -9 ,02976
+9.81937 +@,22963
+19.00209 +9,92258
SEGMENT B STABILIZER TO TANGENCY POINT
X Y
(ft) (ft)
+19.929829 +@,92238
+13.36629 +2.,91343
+16.73239 +9,92366
+29,99879 +5,94567
+23, 46459 +9,096235
+26.83129 +9.,07719
+39.19749 +9.28883
+33. 56369 +9,99709
+36,92989 +2.12189
+4@,29619 +2.,10386
+43,66239 +9.120417

SLOPE

(ft/ft)
-0,20068
-0.99963
-9,90038
-0.90243
-9,29923
+9,20029
+9.29231
+0,20079
+2.99113
+9.929163
+9,90228

SLOPE

(ft/ft)
+9.90228
+9.00491
+2.,909491
+9.,20312
+9.90473
+9.90397
+2,992238
+0.89192
+0.00996
+0.09927
+0,900929

H-37

MOMENT
(ft-1b)
+@.00329
~727.733909
-1514.36009
-2339.399209
-3261.0792929
-4218,340@9
-3298. 138099
-6248,735999
-7338.67999
-8476, 50099
~-9660.740929

MOMENT
(ft-1b)

-966@ ., 74200
-3680, 95000
-2279. 62009
+431,61309
+2588, 35009
+3979. 53200
+4644 05009
+4571,63000
+3763.41000
+2231, 74000
+2.99329



D1 (1) = 19

DH (in) 8.73
ODde (in) = 6.23
IDde (in) = 2.23
O0Dst (in) = 8.688
MW (ppg) = 12
ALPHA (deg) = 62
DELTA ALPHA = <
WoB (lb’'s) = 29999
P (lb’'s/tt in fluid) = 76.8151
I (in"4) = 3,34967E-93
BETA (deg) = -. 9411423
HO (lb's) = £93,304
HC (1b’s) = ?
nt (lb’'s) = 2694,7
PHI (deg) = 61.9832
SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT -
(£1) (ft) (tt/L%) (ft=-18)
+9.99929 +3 ., 09999 -2.,22972 +2.902338
+1.922@37 -9.99972 -@, 09069 -736,.354069
+2.94973 -9.9213%9 -9,992061 -1581,282929
+3.86112 -2.,99193 -9,99247 -2473.06909
+4.9314%9 -9,29234 -9, 00227 ~-3439.62029
+5.19187 -3 ,.29248 +@,902999 -1452,620929
+6.98143 -9,089233 +9.929233 ~5433, 11900
+7.96112 -2.92182 +@.29973 ~-5599, 339929
+8.24073 -9,09088 +2.90122 -7742,83209
+9,02837 +9, 99936 +2.00173 ~-8949, 18909
+19.009992 +2.89238 +9,920239 -19297.899929
SEGMENT B STABILIZER TO TANGENCY POINT
A Y SLOPE MOMENT
(ft) (ft) (ft/ft) (ft-1b)
+19.900292 +2,992238 +9.99238 ~-19297.89999
+13,263892 +@2.91339 +9.,09413 -3982.77009
+46,32739 +2.22376 +2.,29386 -2379.6%209
+19.79139 +3.04577 +9,80323 +349, 72699
+23.93309 +9.26243 +9.,22487 +2763., 44999
+26,31882 +9.97714 +9.29499 +4229.632992
+29.38230 +2.98336 +2.90397 +4327.3800Q
+32.84639 +3,99709 +%.99198 - +4846,35909
+36,11099 +%.19183 +9,99299 +3988, 332929
+39.37389 +9, 12383 +9.,09928 +2365,942929
+42.63739 +0.10417 +@.99929 -9,99294



D1 (ff) = 19
OH (in) = 3.73
0Ddec {(in) = 6.23
IDdc (in) = 2,25
ODst (in) = 8.688 Csty = — -031 F&
MW (ppg) = 12
ALPHA (deg) = 60
DELTA ALPHA = 9
WOB (1b’s) = 20099
P (1b‘s/ft in fluid) = 76,8131
I (in"4) = 3,54967E-23
BETA (deg) = -, 9768406
HO (lb’s) = 776,145
HC (lb’s) = @ .
hi (1b’s) = 2823.69
PHI (deg) = £2,2222
SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT
(ft) (f1) (f+/f%) (ft-1b)
+2,00092 +3, 00000 -2,20134 +9.29388
+1,29915 -2,99172 ~9,89129 -1298, 92099
+2, 59839 -9,2@332 -9.99115 -2397, 59009
+3,89746 -9, 00465 -9, 29939 ~-3623, 28099
+5. 19661 -9,88557 -9, 69051 -5Q42, 98000
+6.,49575 -9,90391 +@,20099 -6363, 47999
+7.19661 -9, 09580 +2,20033 -7424,37999
+7.89746 -2,09544 +9,20070 -8313.91999
+3, 59839 -9 ,08430 +9.99112 -9223, 83009
+3,29915 -@,®9386 +9,00158 -1@171.20299
+19,00009 -9.90258 +0, 20208 -11139, 52009
SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT
(ft) (ft) (ft/11) (ft-1b)
+19,29009 -9, 99258 +9, 29203 -11133.50009
+13,346530 +2. 09309 +9.,90403 ~-6674, 62029
+16.69319 +9, 02366 +@,09514 -2853, 14099
+20,93960 +@.94153 +@,90342 T +267.27399
+23, 386292 +9,05924 +3,99598 +2639. 52900
+26,73279 +9,97300 +0,99429 +4227.,89909
+39.973929 +9, 08762 +@,99323 +5028, 16999
+33, 42589 4@, 99651 +9, 99299 +49683, 30009
+36.77239 +0,12179 +9.09105 +41719,32099
+49,11899 +9, 10383 +@, 99929 +2445,79929
+43, 46349 +9,10417 +@, 00009 +9. 99099

H

-39



D1 (ft) = 19
DH (in) = 8.753
ODdc (in) = 6.23
IDde (in) = 2.23
0Dst (in) = 8,688
MW (ppg) = 19
ALPHA (deg) = 73
DELTA ALPHA = ?
Wos (lb’'s) = 29029
P (lb's/ft in fluid) = 76,8131
I (in"4) = 3,54967E-23
BETA (deg) = -,.2432451
HO (lb’'s) = 795.223
HC (lb's) = @
hi (lb’s) = 2999,94
PHI (deq) = 77,2221
SEGMENT A BIT TO STABILIZER
4 Y SLOFPE MOMENT
(ft) (tt) (f+/711%) (ft-1b)
+92, 99209 +2, 09999 -9 ,99973 +@.90636
+1,902909 -3,00977 ~-3,992973 ~731.38929
+2.93817 -9,29148 -9,90064 -1649,.23009
+3.98726 -2,09207 -9,99832 -2573,3992929
+4,11634 -9,92248 -2,2e0929 -3385.,26009
+3.,14343 -9,29264 +0, 80090 ~4668,670922
+6.11634 -3,99247 +9,29034 ~-5736.780999
+7.88726 -0,92193 +@.929976 -5997.31002
+8.93817 -9,20098 +2.90123 -8119.490209
+9.923989 +9,29959 +2,20132 -9399.91029
+19.099229 +9,02238 +9,90248 ~-107209.49029
SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT
(ft) (ft) (f+/7ft) (ft-1b)
+19.90262 +2, 99238 +2.,20243 -19729.492299
+13.17389 +9.91338 +9.90429 -6263.86999
+16.33179 +@,92388 +@,99321 -2469,71209
+19.,52739 +2,94389 +9.90549 +619.46399
+22.79349 +@.96234 +9,00399 +2934.31909
+23,87929 +9,97723 +92,09419 +4471,732929
+29,83319 +9,28393 +2.99314 +3209.31299
+32.23299 +2.99713 +@,20293 +5119.,68999
+353. 490689 +9.10199 +2.,021014 +4294,93299
+38.38269 +2, 19386 +9.922223 +2492, 73992
+41,758392 +2.,192417 +0.90200 +9,20999

H-40



D1 (ft) = 19
ODH (in) = 8,73
0ODdc (in) = 6,25
IDde (in) = 2.25
ODst (in) = 8.683
MW (ppg) = 19
ALPHA (deg) = 9@
DELTA ALPHA = 9
woB (lb’'s) = 299929
P (lb’s/ft in fluid) = 76,8151
1 (in"4) = 3,54967E-93
BETA (deg) = -.9439181
HO (lb’'s) = 799,945
HC (lb’s) = ?
hi (lb’s) = 2963.61
PHI (deq) = 92,9328
SEGMENT A& BIT TO STABILIZER
X Y SLOPE MOMENT
(ft) (ft) (ft/tt) (tt-1b)
+9.00009 +0.92992 -9.,20977 +9.992679
+1,083126 -9,00978 -9,00074 ~-788, 69829
+2.96253 -0,99151 -9 ,290653 -1657, 73099
+3.09373 -9,00211 -9 ,20951 -2606.,23099
+4,12585 -9,00253 -9.99929 -3632., 66000
+5.15632 -9, 99268 +2,20009 -4733, 53000
+6. 12595 -9 ,99252 +9.90035 -5839.819099
4+7.@9379 -9,29199 +0.90076 -7928.77999
+8.06253 ~-0.90192 +9,00125 -8249,939029
+39,03127 +9,00948 +2.90184 -9534, 73000
+19,00000 +0,92238 +9.,09251 -19888. 52099
SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT
(ft) (%) (ft/1t) (ft-1b)
+19.00909 +0,29258 +9.00251 ~19883, 50099
+13.14839 +9.91369 +9,9@433 -6356.,26909
+16.29669 +9.02891 +9.99526 ~-2499,610909
+19.44499 +@,94593 +0.09544 +629, 89309
+22.39339 +9,06257 +0,@9594 +2999, 46999
+25.74169 +2,07725 +9,99423 +4559, 53999
+29,88999 +9,98394 +0,99317 +52839.,29009
+32.,923829 +0,09714 +9,00204 . +5196.84009
+35,186852 +2.10199 +2.29102 +4274, 45099
+38.33489 +9,10386 +9,20923 +2534.,429202
+41,48329 +9,10417 +9.09209 40,0090
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APPENDIX I

DERIVATION OF THE
FORMATION BIT FACTOR

FIGURE XVIII-I

By definition:

7BF = Sv ~ Xn

Considering the triangle ABC in the diagram above:

F Fy FIGURE XIX-I

>

H
|

[

(I-1)



Y

GN-

Kv’ Ke -

'Y—

Resultant force vector at the bit
inclination of the new segment of borehole
footage drilled

vertical and horizontal components of footage
vector

angle between the resultant force at the bit
and vertical

reliability of the formation in the vertical
and horizontal directions.

Dip angle of the formation relative to horizontal

by definition

Fy = Ky R cos¢ (I-2)

Fh, = Kp R sing (I-3)

Solving (I-1) for Kp

Kp = Ky (1 - FBF) (I-4)

Substituting into (I-3) and rearranging

FBF = 1 - ran%n (I-5)

tan ¢

The FBF will be split into two factors which will segregate

out the influence of the formation and the bit. Lubinski

and Woods originally defined h as a drilling Anisotropy Index.

In this paper it is redefined as the Formation Anisotropy

Index, FAI.

h = FAI

- Kd = Ke (I-5a)
Ka



¥ =y + ATN[(1 - FAI)*tan(¢ -v)] (I-6)

where K4, Ke are the drillability of the formation parallel

and perpendicular to the bedding plane.

by definition:

BAI = E&.:QE& (I-6a)
Ba

Bg= Ba(l - BAI)

R - resultant force

vector at the bit

FIGURE XX-I

—

¥ yerkicle



where:

a - axis that is tangent to the drill string
at the bit
2 - axis that is perpendicular to the slope
at the bit
By, Bg - rock bits ability to drill along its axis

and laterally on its side

From the assumption that the displacement is proportional

to the force.

F, = By R cos[(a + B) - $] (I-7)

Fg = Bg R sin[(a + B) - ¢] (1I-8)

Fg = Ba(l - BAI) R sin[(a + B) -¢ ]
Fo _ (1 - BAI) tan(a + B - ¢)
Fa

FIGURE XXI-I

Fe

I-4

Y vertical



where:

F,, Fy - are the footage vector components . along

the a and % axis

Fp - resultant footage angle § from the ﬁertical

Fp - resultant footage vector angle ¥ from vertical

Fp = resultant footage vector for isotropic formation

and anisotropic bit

Fr - resultant footage vector for
isotropic bit and anisotropic
formation

FIGURE XXII-I

ya

Vvyertical

X
From Figure E

tan (a. +B8- 8)= 1% = (1-BAI)*tan(a +B8 - ¢)
: v '

B- +ilE o.wale ot the bit
S - a—wsle oF Fp w/P to

ver Eical

Y- anale oF Fe w/r o

Vertic.a./
o - A.a.sle oF x dnis wfr to
veckical

(1-9)



which yields the following expression for §

§ = (o + B)-ATN[(1-BAI)*tan(a+B- ¢ )] (1-10)

per Lubinski and Wood's definition of Ae, Ad

|Fpl = KqRIcos? (¢ - y) + (1 - Fai)? sin’(¢ - 1 a-11)

in an analogous manner
(I-12)

|Fp| = BaR[cos® [(a + B)-¢]+ (1 - Bai)®sin?[(a + B8)-9)1%
Resolving Fy and Fp onto the verticle and horizontal axis
(per diagram E) and dividing the two components yields:

tan o. = Fh _ Fp.sin(¥) + Fyp sin (§) (I-13)
B Fv  Fp cos(¥) + Fp cos (&)

Let: ‘
© : (1-14)
%9 c = IFpl - [coszc¢ -y) + (1 - Fai)?sin®(¢ - Y) 3
5 Fr
|Fpl cosz(u+6-¢)'+(1-Bai)2sin2[(a+8%-¢J

Upon rearrangement (I-13) yields

Kd w/C sin(¥) + sin(§)

%g 1/0 cos(¥) + cos(§)

(I—15)

tan(an) =
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