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Bul 11L2: Catalog of Analog Computer Dynamometer Cards

CATALOG OF
ANALOG COMPUTER DYNAMOMETER CARDS

INTRODUCTION

In 1954 a group of users and manufacturers of
sucker rod pumping equipment undertook a study in
depth of the many complex problems associated with
this means of lifting fluid from a well. To econtrol and
direct the effort, Sucker Rod Pumping Research, In-
corporated, a non-profit organization was created.
The services of Midwest Research Institute at Kan-
gsas City were retained to perform the work neces-
sary to achieve the ohjectives of the organization.

As & part of this project, more than 1100 polished
rod dynamomeater cards were taken with the elec-
tronic analog simulator at Midwest Research Insti-
tute, These were reorganized and presented in cata-
log form as Summaery Report Vel. IT of II, January
I -December 31, 1960, M.R.I, Project No. 2376-FE.
Sucker Rod Pumping Research, Incorporated, before
its dissolution, released this catalog of cards to the
American Petroleum Institute. It was determined by

the Committee on Standardization of Production
Equipment at the Midyear Standardization Confer-
ence and reported in Cire PS-1382 dated August,
1969 that the catalog would be published by the
API Dallas office for the cost of reproduction.

Nomenclature is that used in API RP I1L:
Recommended Practice for Degign Caleulations for
Sucker Rod Pumping Systems. The cards were de-
rived for many eombinations of the independent non-
dimensional parameters Fo/Skr and N/Né. The
cards are published for information and reference.

A discussion of the information presented, includ-
ing an explanation of the numbers and material on
the eard sheets, may be found in the following para-
graphs. Suggestions for card use are also given,
This discussion is included through the courtesy of
Mpr. M. H. Halderson, Phillips Petroleum Company.

NOMENCLATURE AND SUGGESTIONS FOR USE

The reference line on analog cards is the weight
of rods in the fluid, Wrf. The distance from the
reference line to the pesak load is F1/8k., and the
distanee from the reference line to the minimum load
is F'2/8ky. The vertical scale is one inch equals 1.0.
There has been a slight shrinkage in reproduction
in some cases.

Tubing was anchored on all tests made with the
electronic analog computer.

All of the dynamometer cards were taken under
conditions which simulated full filling of the pump
barrel, There was no fluid or gas pound. Therefore,
the card shapes are representative of good bottom
hele pumping conditions. Deviations in shape of
cards occur when wells are pounding fluid or when
pumps are handling gas or for other reasons such
as plunger sticking, tubing buckling, excessive paraf-
fin deposits, worn plungers, leaking valves, ete.

Dynamometer cards taken in the field are com-
pared with typical cards from the analog by caleu-
lating Fo/Sk: and N/N& for the conditions that
prevailed when the card was taken and then observ-
:‘ing analog dynamometer cards for the same con-

itions.

On field tests, the variables 8, k, N, and N6 can
usually be determined quite accurately, but often
the true Fo (differential plunger load) cannot be
determined from information that is available. It is
therefore well to compare field cards with analog
eards for values of Fo/Skr other than calculated for
the field test.

TFhe typical dynamometer cards can sometimes be
used in a reverse manner to. determine Fo. The
value of N/N6 is calculated for the test conditions.
Then the field card is compared to analog cards
with different values of Fo/Sk: but actual N/Né to
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find the group with the greatest similarity to the
field card. The value of Fo/Sk. for this group is
then used to determine Fo.

Of particular significance is the similarity of all
of the dynamometer cards on each page which in
ecach case are cards for a given Fo/Sk. and N/NG.
For each Fo/Ske and N/N6 there iz a unique gen-
eral card shape which is only slightly modified by
the other system variables studied. These variables
and the tests related to the study of the varizbles
are;

Second harmonie in polished

redmotion ......... ... . i, Tests A, B, H
Comparison of pump damping and string

damping ........ ... . . o iiiie. Tests B, C, D
Comparison of pump damping............ Tests B, C
Study of string damping.............. Tests G, B, F
Tapered rod

string .............. Tests G, J,1; L, M,N; O, P, Q
Prime mover slip

and inertia ......... Tests C,L,0;J, M,P; I,N, Q

Each eard is designated by the letter of the par-
ticular test series. The percentages of second har-
monie, the string damping, and the pump damping
are designated respectively by the three top numbers.
Tor example, the notation 6-10-0 signifies

6 percent second harmonic
10 percent string damping
{) percent pump damping

Analog dynamometer cards on any page are for
the same N/N§, that is, the cards are for a given
ratic of pumping speed to the natural frequency of
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the particular rod string. Because the natural fre-
quencies of tapered rod strings are higher than
straight strings, tapered strings will be operating at
highexr strokes ger minute than straight strings with
the same N/N6 in wells of the same depth. Higher
actual strokes per minute result in more work done
in given time and this is obtained with higher peaks,
lower minimums, and greater load ranges. For ex-
ample, refer to dynamometer caxds O, P, and @ for
Fo/Sk:=0.3, N/N6=0.5. Here it iz secen that load

range increases significantly in going from a straight
rod string to a two-way taper and from a two-way
taper {o a three-way taper. The frequency factors,
Fe, for the rod strings simulated on these tests were
respectively 1.00, 1.095, and 1.16, This means that in
a given well, the two-way tapered string would he
pumping 9.5 percent faster than the straight string
and the three-way tapered string would be pumping
16 percent faster than the straight string for the
same N/NG6.

TEST CONDITIONS

A, Second Harmonic in Polished Rod Motion

Tests A, B and H were conducted to show the
effects of second harmonic in the polished rod motion.
The polished red motion is given by:

Yo = —8/2 (coswt 4+ b cos 2ut.)
Where: Yo = polished rod position, inches
8 = polished rod stroke, inches

b = amplitude of second
harmonic relative to
1.0 for the fundamental

@ = angular velocity of crank, radians/sec
t = time, seconds

Test Coefficient b
A 0.00
B 0.06
H 012

A straight rod string with 10 percent damping
and a pump with no fiuld damping were used for
the three tests.

Except for tests A and H, the cards were taken
with 6 percent second harmonie, which is normal for
conventional pumping units.

B. Comparison of Pump Damping and String
Damping

Tests B, C, and D illustrate the effect of pump
plunger damping and compare it to an increasing
rod string damping. From field data available, it
was concluded that a power loss in the fluid column
equal to the power loss in the rod string would best
simulate the average fleld conditions. A ratio of
three to one between upstroke and downstroke damp-
ing on the plunger was chosen as a representative
value. Test C was completed under these conditions.
For comparison, Test D was run with no pump
damping, but with the string damping increased
from 10 percent to 20 percent. A straight rod string
and a polished rod motion containing 6 percent sec-
ond harmonic were used for these three tests. In

general, moderate increases in damping smooth the
card and increase its area somewhat without chang-
ing the general character or shape.

C. Rod String Damping

Tests C, E, and F show the effect of increased
string damping. The pump damping was held con-
stant for all tests and the string damping was set
successively to 10 percent, 30 percent and 65 percent.
High string damping tends te round out the cards
and appreeciably inerease the card area, particularly
when N/N6 exceeds 0.20. A straight string and a
polished rod motion containing 6 percent second har-
monic were used for all of these tests.

D. Tapered Rod Strings

Tests C, J, 1; L, M, N; and O, P, Q show the effect
of tapered rod strings. Tests C, L, and O were made
with straight strings. Tests J, M, and P used a rod
string of 50 percent 7 inch and 50 percent % inch
rods. Test I used a string consisting of 32 percent
1 inch rods, 36 percent % inch rods and 82 percent
% inch rods. These percentages were chosen to show
the maximum effect of the tapered strings. Tests N
and Q used a string of 28 percent 1 ineh rods, 33
percent 7% inch, and 39 percent % inch. A polished
rod motion containing 6 percent second harmonie
and a string damping of 10 percent was used in the
three tests.

E. Prime Mover Slip

Tests L, M, N, O, P and Q were conducted to show
the effect of prime mover slip. Tests L, M, and N
employed a pumping unit having 5 percent prime
mover stip and Tests O, P and Q used 10 percent slip.
Tests C, L, and O are comparable for straight rod
strings with 0, 5, and 10 percent slip. Tests J, M and
P are comparable for two-way tapered sirings and
Tests I, N and Q for three-way tapered strings. Gen-
eral character of cards is the same but changes in
shape at the ends of the stroke sometimes result, as
ghown for the test where Fo/8k, = 0.4, N/Né =0.2.

i
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0-10-0 6-10-0 £2-10-0
8
INCREASE INCREASE o~ /H‘/_\7 Fo/Sk¥0.
2nd 2nd e - N/Nb=01
™~ HARMOMNIC HARMONIC
ADD
pUMP
DAMPING
INCREASE
DAMPING
6-10-10 6-10- 10
&-10-10 0% SLIP 0% SLIP
6-20-0 0% SUIP 2 TAPER 3 TAPER

B L e

INCREASE
sLIP
INCREASE
DAMPING
6-10-10 6-10-10
€-10-10 5% SLIP 5% SLIP
6-30-10 3% SLIP 2 TAPER 3 TAPER

LTE——> Lo Mo N

INCREASE INCRE ASE
DAMPING SLIP
6-10-10 &-10-10
€-10-10 10% SLIP 0% SLIP
§-65-1Q 0% SLIP 2 TAPER 3 TAPER

LF > 0= P L2
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0-10-0 G i0-0 12-10-0

INCHEASE INCREASE Fo/Skr0.)
2nd N/N5=0.15
HARMONIC HARMONIC

ACD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10 6-10- 10
6-10-10 0% SLIP 0% SLIP
6-20-0 0% SLIP 2 TAPER 3 TAPER
INCREASE
SLIP
INCREASE
DAMPING
. o 6-10-10 6-10-10
&-10-1Q 5% SLIP 5%, SLIP
€-30-10 5% SLIP 2 TAPER 3 TAPER
e >
—
INCREASE
sLip
6-10-10 6-10-10
6-10-10 10% SLIP 0% SLIP
10% SLIP 2 TAPER 3 TAPER

e e e e

-2-
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Q-10-0

6-20-0

-

6-30-10

B

\_\/

INCREASE
DAMPING

BULL LiL2-&%

540 ) 12-10-0 :
Fo/5kT0.1
iNCREA ‘,—\ INCREASE o/ f’
End 20d N/No=0.2
HAnmonm HARMONIC
m
MP
AVPING
INCREASE
AMPING
6-10-10 &-10- 10
&10-10 0% SLIP 0% SLIP
0% SLiP 2 TAPER 3 TAPER
4._ N -/\/J\,
N \\/
INCREASE
SLIF
INCREASE
6-10-10 6-10-10
6+10-10 5% SLIP 5% SLIP
5% SLP 2 TAPER 3 TAPER
INCRE ASE
SLIP
6-10-10 6-10-10
6-10-10 0% SLIP 10% SLIP
10% SLIP 2 TAPER 3 TAPER
~Se
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0-10-0 §-10-0 12-10-0

INCREASE A INCREASE Fo/’skFoJ
2nd N/Ne=0.25
HARMONIC HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10 5-10- 10
&-10-10 0% SLIP 0% SLIP

6-20-0 0% SLIP TAPER 3 TAPER
m = ‘\/-

INCREASE
SLIP

INCREASE
DAMPING

8-10-10 6-10-10
€-10-10 3% SLIP 5% SLIP

230-10 5% S8LIP 2 TAPER (\%
B~ ¢ e s

T~ ~

INCREASE
sLIP
G-10-10 6-10-10
G-10-10 10% SLIP 10% SLIP
10% SLUIP 2 TAPER 3 TAPER
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2-10-0
INCREAS Fo/Skg0a
2nd N/N&=0.3
HARMONIC HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10 6-10-10

6-10-10 % SLIP % SLIP
-20-0 C&g\m APER JAPER
A A o)

INCREASE

INCREASE
DAMPIN

MPING
/ &-10-10 €-10-10
-I0

E-10-10 5% SLIP 5% 5SLIP
{ﬂ\ 5% SLIP TAPER TAPER

INCREASE INCRE ASE
DAMPING SLIP
8-10-10 -50-t
6-10-10 AL

6-65-1 10% SLIP

(B
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m 2-10-0
INCREASE INCRE ASE Fo/Skx0.1
2nd 2nd A N/Né=0.35

HARMONIC HARMONIC \Vo’
/ ADD
uMp
MPING

INCREASE
DAMPING

e

(o

\

6-10-10 6-10- 0

6-10-10 % SUP N
SLIP W 3 FAPER
\G\\)U J < I
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.

(
C

INCREASE
DAMPING

6-10-10 &10-10
6-10-10 % SLIP % SLIP
6 SLIP APER FIAPER

a\

INCREASE
sLp
6-10-10
&-10-10 % SLIP
™% SLIP APER
Ny N

-6-
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- 6-10-0 =10-0

A INCREASE INCREASE Fo/Skga.
AN 2nd ~, AN f N/N&=0.4
\"Q\ HARMONIC HARMONIC \\>¢r’
Do
AiPRG
INCREASE
DAMPING

INCREASE
DAMPING

/ 6-10-10
6-10-10 % SLIP

SLIP TAPER

\E \

INCREASE INCREASE
DAMPING SLIP

P
g

6-10-10
&-10-10 e SLIP

§-85-10 Wv Q‘”%\gﬁ
NN

(b

-7 =
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Q-0 -10-0
A INCREASE
N\ 2nd

f

BULL LiL2-bA

1210-0
INCREASE

\k HARMONIC

U
U

PING

INCREASE
DAMPING

HARMON[C \_M}

3 A

I p732290 i:luulamu 5 I‘

Fo/Skg0.1
N/N6=0.45

INCREASE
SLI

INCREASE
DAMPING

10-10
D%, SLIP

INCREASE
SLIP

P N
N &

-8—
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Fo/5kg0.1
N/No=0.5

W 6-10;0
INCREASE

A AN 2nd N B \
\\/A HARMONIC

ABD
PUMP
DAMPING
INCREASE
DAMPING
610y 10
62050 0% 3P

CX

INCREASE
SLIP

INCREASE
DAMPING

2!

INCREASE
DAMPING

S0-10
6-65-10 0%\ SLIP

i)

C
4
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\J\: HARMONIC

INCREASE
DAMPING

5-20-

-l
0% SLI
2 TAPE|

6-10- 12-10-0
INGREASE INCREASE Fo/Skz01
20d SN, \ 2nd N/N5=0.55
HARMONIC

INCREASE
DAMPING

6-30-10

=10~
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o=10 6-10-0 12-10-0
Fo/8k=0.
INCREASE B INCREASE / ’kF 1
2nd LY 2nd N/No=0.6
HARMONIC HARMONIC

\\\\JE::]
INCREASE
DAMPING

6-20-0

D

\\M\hﬁis //////>\

INCREASE
DAMPING

N

//////i;mpms

ADD

(\\A\
0% SLI
C

N

INCREASE,
DAMPING

A

-11-
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0-10-0 &- |o-o 12-10-0
INCREASE INCREASE Fo/Sk=0.2
2nd N/N8=0.]
HARMONm Hnﬁmonm
ADD
PUMP
DAMPING
INCREASE
DAMPING
&-10-10 6-10- 10
&-10-10 0% SUP 0% SLIP
&6-20-0 0% SUP 2 TAPER 3 TAPER
L D7 Loy
p— \/
INCREASE
SLIP
INCREASE
DAMPENG
6-10-10 610-10
6-10-10 5% SLIP 5%, SLIP
/Q% 5% SLIP //\z_r;mﬂ‘_7 3 TAPER
E L —~ z—- M= N
P —— —
INCREASE INCREASE
DAMPING sLIp
©G0-0 6-10-10
€-10-10 10% SLIP 10% SUP
10% SLIP 2 TAPER 3 TAPER

LE 2

/\’F?““/'
Z

Q7

-12-
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0-10-0 -10-0 -10-0 :
INCREASE INGREASE Fo/5ki0.2
: 2nd 2nd N/No=0.5
HARMONIC HARMONIC g
ADD
PUMP
DAMPING
INCREASE
DAMPING
€-10-10 6-10-10
81010 % SLIP 9% SLIP
-20-0 % SLIP APER JAPER
[aY Z e
INCREASE
SLiP
INCREASE
DAMPING
6-10-10 £10-10
6:10-10 5% SLIP % SLIP
0-10 :»j, sue /e@-:n/\? JAPE
INCRE ASE
sLiP
6-10-10 610-10
§-10-10 0% SLIP

10% SLIP

:% sLIP
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0-10-0 ~10-0 T8:[0-0
=", INCREASE INCREASE
A 2nd Y S 2nd
HARMONIC "=~ 7" HARMONIC

ADD
PUMP
DAMPING
INCREASE
DAMPING

6-10-10
6-10-10 SLIP

SuP 2 TRPER

) 0732270 Do03kds = i

Fo/Skz0.2
N/Na=0.2

6-10- I

‘ID\/ =< m%?

INCREASE
SLIP

INCREASE
DAMPING

6-10-10
6-10-10 Y SLIP

6-38:10 SLIP 2[APER
E .
N ;

INCREASE INCREASE
DAMPING SLIP

SLIP
3 MAPER

6-10-10

SLIP
3 TAPER

/-e?‘sj | z‘«},’"o;'fip

~_
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Fo/Skz0.2
N/N3=0.25

DD
UMP
NNG

INCREASE
DAMPING

6:10-10 10~ 10
=10+ lO /. |_|p o\ SLIP

INCREASE
SLiP

INCREASE

6-10-10 6-10-10

ﬁ\?@hM";Cj\ﬁ\/ﬂ
~ N4

INCREASE
SLiP

6-10-10 64040
§-10-10 % SLIP o sip
1%, SLIP 2\TaPER 3 SAPER

w]lSa
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HARMONIC

2nd
HARMONIC

BULL 11L2-k9 J 0732290 ooo3eas o [}
12-10-0
A INCREASE H Fo/Skz0.2
N/Nb6=0.3

\\/?'

10-10

D% “§LIP

2 TAPER
)

(K
N2

=

6-10-10
A SLIP
2 TARER

ADD
PUMP
DAMPING
INCREASE
DAMPING
Q-0
6-2 0% P
D C
\/ f
INCREASE
SLIP
INCREASE
DAMPING
d =10
O 3% P
L =7
INCREASE INCREASE
DAMPING SLIP
«i0-10
6-65-10 10 % IP

Q ~7
N

@

-16-~
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Q-10<0 &-10- 1210

1
INCREASE JINCREASE J Fo/Skg0.2
A NP 2nd B So 4 zna - H . N/N5=0.35
\/_)V HARMONIC \/U'HARMONIC \’\/juv
ADD
PUMP
DAMPING
INCREASE
MPING

0% SL

A e

. 20
%O

L~

-1

INCR ASE
LiP

INCREASE
DAMPING

6-30-10

E

INCREASE

sLip

10-10

10-10 10N\SLIP
0% S4IP 2 TAGER
\(3/7' - P 7

—_—
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INCREASE

0-10-0 4\{\?«%\ -
INCREASE :
A 200 — S~ B \ H ™
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ADD
PUMP
DAMPING
INCREASE
DAMPING

2nd

~l0-10
O\ 5LIP
2T R

J ov3ze90 0003700 Y I

Fo/Skgo.2
N/No=0.4

i Z
L
3
O .
g5

¢

<1010
5N\SLIP
. 2 TARER

INCREASE
SLIP
INCREASE
DAMPING
=1Q-10
§-30-10 5%
INCREASE INCRE ASE
DAMPING SLIP
=10

6-65-10

L

N 4

g

0-10
10%N\3LIP
2 TARER

N

N
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0-15° w
INCREASE B INCREASE

— l Fo/Skz0.2
2nd 3\ 2nd N/No=0.45
MHARMONIC JNHARJONIC \\\/M "
ADD
PUMP
DAMPING

INCREASE

w
N

INCREASE
DAMPING

=10
/e SLIP

6-30-10 2 TAPER

N

INCREASE
SLIP

-0
% \SLIP
2 TAPER

G

r——
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Fo/sk=0.2

Y 2nd

\,\/\’\ HARMONIC

INCREASE
DAMPING

8-20-

6-10~-
0% 5L

N/No=0.5

i2-10~
INCREASE
2nd **
HARMONIC

6-
0% 5L
2 TAPE|

.
L

Y

A

-

S

INCREASE
SLIP

INCREASE
DAMPING

6-30+40
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0-107 6-10-0
A o~ INCREASE B INCREASE fo/5k=0.2
A\ HARZI‘:gNlc \\/'\ 4 HARZIN:gI " N/N§=0.55
w N\N "
/ o
UMP
i DAMPING
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CAMPING
6-102 610110,
&10-i0 % SLIP 0% SUP
6-20-0 0% S/L&\ 2 TAPER 3 TAPER
C—X woJ — 1

INCREASE
IP

I
Z

INCREASE
DAMPING
&-10-1
6-30-10 5% SLI
INCREASE
SLIF
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6-10-0 12-10-0
INCREASE B INCREASE Fo/5k§0.2
2nd 5\ \ 204 ,-H N/N6=0.6
HARMONIC HARMONIC ~ ~
ADD
PUMP
DAMPING
INCREASE
ODAMPING

€-10-10

&10-10 v SLIP

N 0% SUIP S earer

D C — \J X
W /I‘:EASE
SLIP

INCREASE
DAMPING

(\E_)(

\[J VA N

DAMPING SuIP

0% sU
3 TAPER

=

6-10-10
5% SLIP
TAPER

6-10-10
5% SLIP

&-10¢l0,

8-10-1

10% P
6-65-10 0% SLI 2 TAPER

F
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o BULL 11L2-b9 J o73za90 ooo37os 3 I

1 .
INCREASE /wy INCREASE H Fo/S$kg0.3

2nd N/N5=0.1
HARMONIC v HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10 610- 10
-10-10 SLIP SL
- 2 3
D C—~ il s = 1
T’ N SN
INCREASE
SLIP
INCREASE
DAMPING
6-10-10 6-10-10
/5’67.]\06-?7?7 % :
' D=t e 3 R
L~ re z
— ~ ~7
INCREASE INCRE ASE
DAMPING SLIP
6-10-10 6-10-10
6-10-10 IG% SLIP 0% SLIP
m /erww—7 /'(mafﬁ\7 ¥
F 0~ z— P 7=
~—___ 7 =~
-23- ¢
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BULL 11L2-b9 0732290 ooo37oe s

0-Tegg /?rc\c/)
A INCREASE B INCREASE
~R £ yd

Fo/5k=0.3
2nd s 2nd N/N&=0.15
=~ N HARMONIC™ ~~ HARMONIC /
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10 . 6-10- 10
. -10 PNSLIP 2N SLIP
0% S 27 3T
Ag// SVQJvL_ I
INCREASE
SLIP
INCREASE
DAMPING
6-10-10 6-10-10
-10 SLIP SLIP
6-30- %o 2T 37
E\E/ L &v‘g‘%@ S \l\\‘/

&-10-10 6101

0
10-10 [ SLIP 10775 SLIP
% M : 3T

-24-
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BULL LiLZ-k9

0-10 Aa\/)
A INCREASE B INCREASE
~ o~

2nd

HARMONIC ~" \J HARMONIC

ADD
pUMP
DAMFING
INCREASE
DAMPING

LN
~

/0\\7 /\b/’
o

INCREASE
DAMPING

-1Q-10
% S

l 0732290 0oO3707 7 l"

Fo/5kz0.3
N/Ne=0.2

t}

INCREASE NCREASE
DAMPING SLIP

Q-0
§-635-10 j% j: Z

‘ -25-

¢
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6-10-10 6-10-10

ASLIP = \SLIP

2T 3TA
A el




BULL LLLZ-hA Iu?aaaﬂu 0003708 9 [

o-10- &-10- 12-10- : '
A INCREA: B ﬂ mcnease H Fo/Skg0.3
Znd 2nd N/NG&=0.25

\/ HARMONIC HAHMDN]C \/

>\

D
DAMPI NG
INCREASE
CAMPING
10
§-20-0 0% SLI
\\\Ez// (i/// “
iNCREASE
SLWP
INCREASE
DAMPING

6-R-10 &:-MxI0
gt 7o P Yo IP
L il . ‘\\M// .

INCREASE
SLIP
-0 0
TocI0 % DLIP % ShIP
0% 8§ 2 TAP 3 TAP
0 ~ P = —~ Q

. =26=
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BULL 2LlL2-&M

‘I g?32290 0003709 O [

o- lO -0
J INCREASE B mcm-:nsu-: Fo/5kg0.3
2nd N / LY N/N&=0.3
\/ HARMONIC /./ HARMONIC \\/—' :
Ao
fbRe
INCREASE
DAMPING
o 6100
- 0% )
6-20-0 Q% St > apE }
\D/ c/ - \\/ry
INCREASE
SL
INCREASE
DAMFING
) G0
6-10- 5% SL\P
6-30-10 5% st 2 TAPE

INCREASE INCREASE
DAMPING SLiP
0
=10- 0% SINP
6-65-10 0% SLI 2 TAPE
F AN yd

N
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BULL 1L1LZ2-k9 I 0732290 0003710 7 r

Fo/Skg0.3
N/N5G=0.35

C-10- m
A A INCREASE B INCREASE
b \

|
2nd S 2nd A H

\/_/ HARMONIC \/’\., HARMONIC \_V/
ADD
PUMP
DAMPING

INCREASE
DAMPING
§-10-1Q 0% SLI
6-20-0 0% SUP 2 TAPER
] A
\\\fi/rJ Si/ﬁJﬂ i J y
INCREASE
SLIP

INCREASE
DAMPING

6-30-10

N

&-10+1
0% SLI

-28~- B
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BULL 11L2-L9 JJ v?32290 ooo3via 9 [

INCREASE .\ INCREASE

0-10-0
A Fo/5k=0.3
S\ 2nd 2nd N/N6=0.4
\_/\/Tl HARMONIC HARMONIC W
Do
fNPING
INCREASE
DAMPING

6-10-10
0% SLIP

INCREASE
DAMPING

6-10-10
9% SLie

6-30-10

INCREASE INCRE ASE.
DAMPING SLIP
6-10-1

6-65-10 10% SLIP
\ \0// 7

N
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BULL 11L2-b3 ru?aaafm 0003712 O r

U%;:Ei;
Y

0-10-0 6+10° 12-10
A INCREASE INCREASE H Fo/Skz0.3
1 2nd 2nd N\ N/N&=0.45
\ﬁh\r\’\f//xb HARMONIC ’/‘—J/\lnnnmomc \\\\J/,f\[V/V
ADD
PUMP
DAMPING
INCREASE
DAMPING
6107
6-20-Q 0% St

INCREASE
P

G
I
\

INCREASE
DAMPING

1010
6-10- % SLIP
6-30-10 5% st 27a

<;\§
—
=
<
s

INCRE ASE
sLIP
Q-0
&-10 % SLIP
0% SLI 2 TAP
;N A
\O/ﬁ \:jﬂl
-30-
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BULL 1lL2-k9

Q-10-0 &-I10-0
INCREASE

INCREASE

I 0732290 0003713 2 r

2nd

-
W :

i

o

(V]
UMP
DAMPING
INCREASE
DAMPING

6-10-10
6-20-0 0% SLiP

H i Fa/Skg0.3

N/N6=0.5

[
HARMONIC \/\ HARMONIC \_\/\w

s

C

INCREASE
LIP

g
NS
S

1 -1
S%W'S
2 TAPE

INCREASE
DAMPING
€-10~
63010 5% SLI
E L o]
\,\/J \./J |
INCREASE. INCREASE
DAMPING . SLIP

-1p-1 61051
10% sL\P 10%4/ SLI
2 TAPE 3MAPE

)

-|o&%\ﬁ
6-65-10 10% SL
F O —

Ve

-31-

S
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BULL 1LL2~LA l 07322490 00037LY4 Y4 r

©-10-0 6-10-0 12-10-0
INCREASE INCREASE Fo/Skg0.3
A \  2nd |\ B \ 2nd H N/N2=0.55
M HARMONIC ,\’j\ HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
8-1044
§10-10 0% SLIP 0% sulp
6-20-0 0% SLIP 2 TAPER 3 TAPER

S A

1

INCREASE
DAMPING

5% S0
3 TAPER

N

6-10-10
5% SLIP

L

6-30-10

\E/\)

INCREASE
SLIP

&-10-1
0% SLI

I
3 TAPE

P
R

-32-
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BULL 1lL2-L4 I 0732290 0003715 b r

0-10-0 -10-0
A INCREASE B INCREASE
\ 2nd \ 2nd
W HARMONIG HARMONIC
A00

DAMPING

Fo/Skz0.3
N/N6=0.6

|-t

INCREASE

DAMPING
&-10-10
0% SLIP
2 TAPER

SEtEe
i

INCREASE
6-10-10
5% SLIP

DAMPING
INCREASE INCRE ASE
DAMPING SLIP

6-10-10 10% P
€-63-{0 10% SLI 2 TAPER
(O

=33~

§=10 -
0% SLIP
5 TAPER

I

5% sU

6-30-10 2 TAPER

as
2

\

3
¢
;
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BULL 11L2-L9 . 0732290 DOD37?1L 8 r

0-10-0 m 12-10-0
A INCREASE B INCREASE H Fo/$kz0.4

2nd 2nd N/No=0.1
HARMONIG HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
6248-10
21s) ; S
§-20-0 0% SLUIP 2 TAPER
— \/ —
INCREASE
sLIP
INCREASE
DAMPING
6-10-10 6-10-10
] fo >
ﬂ % SLIP %3;577 3 TAPER
L, 7~ M~ z—N
v‘v ~7 v
INCREASE INCREASE
DAMPING SLIP

6100 . 61010

107 1Q0%% P

/é‘i? % SLIP TAPER 3 TAPER
F O/ - P/

w ~ N7

-34-
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BULL 31L2-kA9 l 0732290 0003717 O r

Q-10- 6-10-0 12-10-0
INCREASE INCREASE Fo/Sk;OA
A 2nd N B 2nd [ H N/N3=0.15
HARMONIC™.A \/ HARMONIC V™ v
ADD
PUMP
DAMPING
INCREASE
DAMPING

§-20-0
N \/
INCREASE
SLIP
INCREASE
DAMPING
64810 6
10~ 7a B % S| »
§-30-10 % SLIP 2 TAPER 3 TAPER
E L Y — M~ N
INCREASE
SLiP
61010
|
% SLIF 2 TAPER
) - P
p— \/

-35-
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BULL 1LlLZ2-kS%

INCREASE

INCREASE
B~ &

2nd
HARMONIC

v \/ HARMONICT 4
ADD
PLUMP
DAMPING
INCREASE
DAMPING
0-10
6-20-0 Q% SLIP
D G~

INCREASE
DAMPING

6-1=

f cv32290 oooavis L]‘

Fo/Skz0.4
N/N&=0.2

3 TAPER

b SL
2 TAPER
—~ M/
INCREASE INCRE ASE
DAMPING ) SLIP
_ G100
A Sb
6-65-10 2 TAPER

N

Y% SL
3 TAPER

=P~
N
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BULL 1LL2-&9 ] 0732290 0003719 3 r

6-10-0
NCREASE B INCREASE
N /

12-10-0
Fo/5kz0.4

2nd YN H N/N&=0.25
HRARMONIC / HARMONIC \/

ADD

PUMP

DAMPING
INCREASE
DAMPING

% SLIP
§-20-0 0% SUP 2 TAPER

C J 7
. ~

INCREASE
P

6-10-10

AN

g

INCREASE
DAMPING

601 -4+

%2 SLIF % SLIF

6-30-10 2 TAPER 3 TAPER
E < K ~~ N

N e

INCREASE
SLiP
(=8 =
10-10 10% SLI
% SLIP 2 TAPER

0] ~ P~
N

-37-
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BULL 11L2-67 J o?3z2e40 oooaveo o [

&-10-0 12-10-

INCREASE INCREASE Fo/Skz0.4
A /-\/ 2nd B H N/N6=O.3

A
\/ HARMONIC —~ HARMONIC \\/

o

2nd

ADD
UmMpP
DAMPING
INCREASE
DAMPING

6-20-0

DAMPING

N4

INCREASE
DAMPING

6-65-10

F

N

D
\/ ~
INCREASE

INCREASE

6-10-10'
0% sUP

d

N

5-10-10
5% SLIP

INCRE ASE

SLIP

G-
10% Sl
10% SLIP 2 TAPER

<~ N

-10-10

=38~
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BULL 1lL2-kLH

B 0732290 coozees 1 [

Fo/Skg0.4
N/NG=0.35

6-10-0
B JINCREASE
VAN 2nd
\/J HARMONIC / HARH;ONIC \\—/\//
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-10-10
-lo-10 0% SUP
6-20-0 0% SuP 2 TAPER
INCREASE
SLIP
INCREASE
DAMPING
6-10-10 % 50
~10- 5% SLIP
6-30-10 5% SuP 2 TAPER

€-10-10
5% SLIP
3 TAPER

L

G

INCREASE
SLip

6-10-10
0% SLIP

6-10-10
0% SLIP
2 TAPER

6-10-10
10% SLIP
3 TAPER

9]

-39-
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BULL 11L2-k9 B oez2290 oooavaz 3 [

O-1

[=]

LA
o
Lai

-0 6:10-0

A INCREASE A INCREASE :'/:lf'fg':
7N 2nd zod ¥ /No=0.
\[J * HARMONIC \/ HARMONIC \\/\//-
ADD
PUMP
DAMPING
INCREASE
DAMPING

€-10-10
0% SLIP
2 TAPER

6-10-10
6-20-0 Q% SLP

INCREASE
IP

Q,
o
.

4

INCREASE
DAMPING
6-10-10
5% SLIP 3 TAPER
INCREASE INCREASE
DAMPING SLIP
&-10-10
&-10-10 10% Stl Q% SLI
6-65-10 % SLIP ¢ TAPER 3 TAPER

E 0 —~ = P —
N

40~

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handli ng Servi ces, 2000



Q-10-0
INCRE

BULL LLLZ2~bkH

§-10-0
ASE

12-10-0
AINCREASE

AN 2nd

A
~/

INCREASE
DAMPING

>

INCREASE
DAMPING

6-30-10

o
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I nformati on Handl i ng Services,

m}
3

2 nd

B 0732290 gop3sas s T

Fo/Skz0.4
N/N3=0.45

H

ONIC /\/—/ VHARMONIC W

ADD
DAMPI NG

Ot

6-10-10
0% SLIP

0% SLIP
2 TAPER

0-10

3 TAPER

i

S

lNCREASE

\(

~10-10
5% SLIP

2 TAPER

L—

7

INCREASE
supP

=10-10
10% SLIp

2 TAPER

I

% SLIP

0 —~

7
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BULL 1lL2-&9 l 0732290 0003724 7 r

INCREASE INCREASE Fo/Sk;_:,OA
N/N620.5
\‘\/\’u HARMDNIC / lHARMONIC Wl
ADD
PUMP
DAMPING
!NCHEASE
10
6-10-10 0% SLIP
6-20-0 0% SUP 2 TAPER
ril
INCREASE
sSLIP
INCREASE

DAMPING

6-10-10
6-30-10 5% SLIP

/1
/N \/ '
iINCREASE INCREASE
DAMPING sSLIP
N =-10-10
6-85-1D 10% 5L
) \/i/”
-42- £
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BULL llL2-&H9

0-10-0 6-10-0
A INCREASE B INCREASE
Znd 2nd
m HARMONIC HARMONIC

ADD
PUMP
DAMPING

INCREASE
DAMPING

6-10-10
0% SLIP

2 TAPER

~ J 0732210 oooavas g I

Fo/5kz0.4
N/N3=0.55

6-10 -
C% SMP
3 TAPER

W

J

”\f/

]

INCREASE
DAMPING

6-10-10
5% SLIP

2 TAPER

I

s. -
5% SLIP
3 TAPER

INCRE ASE
SLIP

&-10=10
0% SLIP

3 TAPER

0]

-43-
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INCREASE

QQ

BULL LLL2-&9

€-10-0
B INCREASE

12-10-0

2nd

INCREASE
DAMPING

\jN

INCREASE
DAMPING

INCREASE
DAMPING

6+65-10

W HARMONIC
DD
F'ING
/ICNC\REASE

N e & H

J 0732270 ooozves o f

‘Fo/Skig0.4

HARMONIC

€-10-1
0% SLIP
2 TAPER

6-10-10
0% SLIP

N/N6=0.6

3 TAPER

Y i

6-10-|0
5% SLIP

5% SL
2 TAPER

I

L =M

INCRE ASE
SLIP

6-10-10
0% SLIP

0]

L=
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BULL 11L2-LS

J 0732290 ooo3vae

12-10-0
INCREASE INCREASE Fo/Skz0.5
N nd 2nd N/Né=0.1
NS HARMONIE = HARMONIC o
DD
P!NG
INCREASE
DAMPING
6. -
0-10 5 SLIP
% SLIP 3 TAPER
) 0%
SO T ~~ Leas
NCHEASE
SLIP
INCREASE
MPING
1010
6-30-0 % SLIP
\.-ﬁ\/
iNCREASE ) lNCREASE
DAMPING sLIP
0-10
6-65-10 % SLIP

r

-45-

Z
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BULL 11L2-bA ] ov32290 noo3vas 4 1

w l2—l0 o
INCREASE INCREASE Fo/Skg0.5

2nd

HARMONIC V HARMONIC v N/No=0.15
ADD
PUMP
DAMPING
INCREASE
DAMPING
10 €40-10
7o 1P
% SLIP : Ll
“f\\\S;/ Q?\\V:;/
INCREASE
sLIP
INCREASE
DAMPING
~10-10
6-30-10 % SLIP
lNCREASE

-0
% SLIP
3 TAPER

46~
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BULL 1LL2-tS I 0732290 0003729 I:.r

INCREASE

Fo/Skz0.5
N/N5=0.2

[N

M 2nd
\/ HARMONIC HARMGNIC \/
ADD
PUMP
DAMPING

INCREASE
DAMPING

-10-10
6-20-0 % SLIP
%HSE
SLIP

INCREASE
DAMPING

-ID-10
Q% SLIP
2 TAPER

e
3 TAPER

AN

[N

6-30-10

NS

INCREASE INCREASE
DAMPING SLIP

-10
Ya SLIP

6-65-10 3 TAPER

F
N
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BULL 1Li2-k9

i

\
]

DD
UMP
DAMPING
INCREASE
DAMPING

10-10
6-20-0 0% SUP

6-10-0
INCREASE B INCREASE
2nd )~ 2nd
HARMONIC HARMONIC \/"

% SLIP
2 TAPER

W 0732290 copavan 2

Fo/Skg0.5
N/N&=0.25

a
2 TAPER

;\,\

G

L

INCREASE
LIP

INCREASE
DAMPING

-10-10
6-30-10 % SULIP

M0 10

%o SLIP
3 TAPER

«

E
NS

INCREASE
SuP
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BULL 1lL2-kA “J o73ze90 noozzan u )
0-10-0 6:10-0
A INCRF-;ASE INCREASE Fo/Sk0.5
-~ HARaugmc B / N/N8&=0.3

S

PUMP
DAMPING

INCREASE

2od  _\
HARMOMIC \/

6-10-10
Q% SLIP
2 TAPER

DAMPING
&-10-10
6-20-0 0% sSuUP
INCREASE
SLIP
*
INCREASE

CAMPING

6-10-10
3% SLIP

J /

6-10-10
5% SLIP
2 TAPER

6-10-10
5% SLIP
3 TAPER

L
A

INCREASE INCREASE

DAMPING sLiP
§-10-10

6-65-10 10% SLiP

6-10-10
10% SLIP
2 TAPER

6-10-10
10% SLIP
3 TAPER

(0
A

N

-49-
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BULL 11La3-k9 J 0732290 0003732 b I

INCREASE % Fo/Skz0.5
2nd i &=
HARMONIC // HARMONIC \\Hﬁbjff/ N/N&=0.35

ADD
PUMP
DAMPING
INCREASE
DAMPING

610-10 6-10-10
Shl <,
6-20-0 0% SUP O o
C ~ \\/J\fJ/ -
INCREASE
SLIP

INCREASE
DAMPING

M ’ 6-10-10
B-10-10 5% SLIP
6-30-10 5% SLIP 2 TAPER
\\H/}7/' \\\JDﬂF,»/ \\v//J ~

INCREASE
SLIP

4

6-10-10
3% SLIP
3 TAPER

&

6-10-10
10% SLIP
2 TAFER

€-10-10
IC% SLIP
3 TAPER

€-1C3-10
0% SLIP

0

-50-
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BULL 1LlLE2~LH

HARMONIC /

3

/
1
[
o

UMP
DAMPING

INCREASE
DAMPING

6-10-10
6-20-0 Q% SUP

INCREAS|
B —\

2nd
HARMONIC \\I\//

€-10-10
0% SLIP
2 TAPER

P ov3z2290 oooavaz s |

Fo/Skz0.5
N/No=0.4

6-10- 10
Q% SLIP
3 TAPER

(

D C—
N\~ 7

1
‘:—
[
=~

€-10-10
5% SLIP
2 TAPER

&-10-10
5% SLIP
3 TAPER

INCREASE
/SL,
INCREASE
DAMPING
&-10-1O
&6-30-10 5% SLIP
E L —

%

N\t

INCREASE INCREASE
DAMPING sSup

6-10-10
6-65-10 0% SLIP

6-10-10
10% SLIP
2 TAPER

€-10-10
0% SLIP
3 TAPER

S

N

F 0 ~
\_
-51-
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BULL 11L2-bd J] 0732290 0003734 O r

12-10-0

H

INCREASE

Fo/Skg0.5
N/N5=0.45

2nd

\,\\x\/ * HARMONIC

INCREASE
DAMPING

2nd
HARMONIC

ADD
PUMP
DAMPING

§10-1a 0% SLIP

0% SUP 2 TAPER

C —~ | u.l'/‘<J

w7

INCREASE
DAMPING

6-20-0

6010
6:10-10 = SLIP
5% sup 2 TAPER

L — — M,
TN

INCREASE
sLip

-10+10 ! b
10% SLIP 2 TAPER

o/ \P/l

s

§

52~

+
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BULL 11L2-L9 Orde290 DO03735 3, r

6-10-0 12-10-0
INCREASE INCREASE FO/Skﬁﬂ.S
2nd B o 2nd N H N/No2=0.5
HARMONIC _ // HARMONIC \/\/\/ '
ADD
UMP
DAMPING
INCREASE
DAMPING

610-10
0% SLIP

C

Q%~SLIP
2 TAPER

INCREASE
DAMPING

6-1Q-10
6-30-10 5% SLIP

E L -

VA=

iNCREASE INCREASE
DAMPING SLIP

6-10-1C
0% SLIP

0]

6-65-10

)

<

~53~
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BULL 1LL2-&9 1 0732290 000373, 3 r

0-10-0 &-10-0
A INCREASE \ B 7 nmanASE Fo/Skg0.5
2nd 2nd .
P} n =
\/_, HARMONIC / VHARMONIC N/No=0.55
ADD
UMP
DAMPING
INCREASE
DAMPING

&-10-100
0% SLiP 2 TAPER
C'//\\f‘- — J —4
INCREASE
SLIP

INCREASE
DAMPING

6-10x]
5% SLIP

6-30-10 2 TAPER 3 TAPER

INCREASE
SLIP
6-10:
6-10-10
10% |
0% SLIP %/TASF'LES

0] Q

-5
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BULL 1li2-&9

"] ov32290 0003737 s§

8-10-0

12-10-0
INCREASE B " INCREASE Fo/5kz0.5
{ 2nd ) N/No=0.6
U\J HARMONIC J \ﬂ HARMONICW \/Q ‘
ADD
PUMP
DAMPING
INCREASE

DAMPING

6-10-1
610-10 0% SLIP
0% SUP 2 TAPER

J

INCREASE
DAMPING

6-10-[0
5% SLiP

INCREASE INCREASE
DAMPING SLIP
610
6-10-10 0% Skig
6-65-10 ID% SLIP 2 TAPER
F O A
JA
V\A/\/ ’
-55-
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BULL 11L2-L9 l"n?aaeqa 0003738 7 r

0-10-0, 6-10- 12-10~
INCREASE INCREASE Fa/5kz0.6
2nd & a 2nd O N/Na=0.1

. nd N
Ay HARMONIC ™~ ~7 HARMONIC ™ N7
ADD
PUMP
DAMPING
INCREASE
DAMPING
210-10
6§-20-Q 0% SL
- Fan %
NS NS
INCREASE
SLIP
INCREASE
DAMPING
6-30-10
e~
INCREASE INCRE ASE
DAMPING SLiP
6-85-10,

{

~56m
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BULL 1LlL2-p9

0732290 oonazas 4 T

0-10-0 6-16-0 f2-10-0
'NC'*ZE;ZSE INCREASE =z Fo/Skz0.6
2nd &=
L Ny HARMONIC¥ HARMONIC f > N/NG=0.15
ADD
PUMP
DAMPING
INCREASE
DAMPING

EAC-10
€-20-0 % SUIP
4\\/
INCREASE
sSLIP

INCREASE
DAMPING

~30-10

i L ~57-
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BULL 1kL2-B9

I g732290 0dgo37?u0

w

0-10-0 6-10-0 12-10-
INCREASE INCREASE Fo/5kz0.6
HARZr:gmc‘\ o N/NG=0.2
NS HARMONIC \/
ADD
PUMP
- DAMPING
INCREASE

DAMPING

-H0-10
€-20-0 0% SLIP,

M

S

INCREASE
BLIP
INCREASE
DAMPING
€0-10
6-30-1G % SLIF
INCREASE INCREASE
DAMPING SLIP
&r16-10
6-65-10 % SLIR

%
<

«58-
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BULL llba-kE9

12-10-0

INCREASE INCREASE

.TJ?HEEHU 0003741 ?r

Fa/5kg0.6
N/N6=0.25

-0
0% SLIP
3 TAPER

2ad 2nd  _\
\/ HARMONIC HARMONIC \/_/
A0D
PUMP
DAMPING
INCREASE
DAMPING
10-10 s
: 0% SLIP
€-20-0 0% SLIP 2 TAPER
— J/

INCREASE
SLIP

S
X

INCREASE
DAMPING

4210

£10-10 5% SLIP

£30-10 5% SLIP 2 TAPER

-0
5% SLIP
3 TAPER

<
<
<

INCREASE
SLIP

0% SLIP
2 TAPER

A0-10
10% SLIP
3 TAPER

=50
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BULL 1iLZ2-E9

.n?aaaan 0003742 9 r

6-10-0 12-10-0

INCREASE E3 INCREASE
2nd N i

2nd \
HARMONIC HARMONIC v

Fo/5kg0.6
N/NG=0.3

ADD
PUMP
DAMPING

INCREASE
DAMPING

6-20-0 0% SLIP
D G/

INCREASE
SLIP

6-10-10
0% SLIP
2 TAPER

6-10- 10
0% SLIP
3 TAPER

INCREASE
DAMPING
6-10-10 8-10-10
E-10-10 5% SLIP 5% SLIP
6-30-10 5% SLIP 2 TAPER 3 TAPER
INCREASE INCREASE
DAMPING SLIP

\\’///’ _

&-10-10
10% SLIP,

6-10-10
0% SLIP
2 TAPER _

€-10-10
10% suLiP
3 TAPER

-60~

COPYRI GHT 2000 Anerican PetroleumlInstitute

I nformati on Handl i ng Services,

2000




BULL 11L2-kY rﬂ?aaequ goo3?u3 o ]_

2

&-10-0

INCREASE B AN INCREASE Fo/SkiO.é
2ad 2nd .

e // il \\J/ N/NG=0.35

o0
PUMP
DAMPING

>{
=

INCREASE
DAMPING

6-10-10 -10- k0
8-10-10 0% SLIP 9% sup
6-20-0 0% SLUIP 2 TAPER 3 TAPER

i
{
c

INCREASE

<
3
;

INCREASE
DAMPING

6-13-10
5% SLIP
3 TAPER

/

6-10-10
5% SLIP

6-30-10

E

<
C

INCREASE
SLIP

6-10-10
10% SLIP
2 TAPER

6-10-10
10% SLIP
3 TAPER

6-10-10
10% SLIP

-f] -
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BULL 1LL2-B9 I 732290 0po3arzuy & r

INCREASE INCREASE Fo/Sk=0.6
2nd 2nd N/N&=
HARMONIC HARMONIC /No=04

ADD
PUMP
DAMPING

INCREASE
DAMPING

6-10-10
Q% SLIP

G

VWA

2 TAPER

INCREASE
SLIP
INCREASE
DAMPING
6-10-10
6-30-10 % SLIP

E
=V

INCREASE INCREASE
DAMPING SLIP

-
N

. 6-10-10
6-65-10 0% SLIP

S

<
<E’

-62-
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—

BULL 11L2-Ld Imaeaqu 0003745 q’]‘

12-10-0

INCREASE INCRE ASE, H Fo/Skz0.6
2nd [ ENEETR N/N6=0.45
\'\\\,\/ HARMONIC ‘\// HARMONIC \/\/_/
ADD
PUMP
DAMPING
INCREASE
DAMPING

-0
Q% SLIP
2 TAPER

-1(Y-10
o SLIP
3 TAPER

g
[ee]
o

6-10-10
§-20-0 0% SLIP
C

el Vel v

INCREASE
SLIP
INCREASE
DAMPING
-10-10
€-30-10 5% SLIP 2 TAFER

L~ — M/A/—

U
-
Rl

INCREASE
SLIP

Cjo-lo
10% SLIP
-
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10% SLIP
2 TAPER

P/

|t

-63-



BULL LiLE-kA9

J 0732290 ooo37ue &

Fo/Skz0.6
N/N2=0.,5-

0-10-0 6-10-0
INCREASE B INCREASE
2nd 2nd
HARMONIC HARMONIC

Y

ADD
PUMP
PAMPING

INCREASE
DAMPING

6-10-10

6-20-0 0% SUP

c A

D Y
INCREASE
SLIP
INCREASE
DAMPING
6-10-10 5% SLIP
6-30-10 5% SLIP 2 TAPER

5% 1P
3 TAPER

E L/

v/ \

IMCREASE INCREASE
DAMPING _ SLIP

~10-10

6-65-10 0% SLiP

N_/\
\—

0y

\/_,J

\-

-64-
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BULL 1lL2-tMg ' 0732290 0003747 & r

8-10- 0
INCREASE INCREASE

\ ] 2nda ] H

\/ \/ HARMONIC V HARMON[C
ADD
PUMP
: DAMFING

INCREASE
DAMPING
&-1Q0-tQ .
Q% SLIP
C Yy
L\/ ! Y
INCREASE

1NCREASE

Fo/Skg0.6
N/N=0.55

6-10%)
6-10-10 5% SHIP 5% S
2 TAPER 3 TAPER

5% SLIP
L /\“

N

NCREASE
SLiP

6-10-10

10% SLI,P-/_/\
(0)

/ ¥

-65-
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BULL 1lL2-E9 l 0732290 0003748 O r

6-10-0

INCREASE
2nd

Fo/Skz0.6
N/N&=0.6

2né |
HARMONIC ‘

INCREASE
DAMPING

6-10-10

®
0% SLIP 0% sLIP

2 TAPER

A T J

EASE

INCREASE
DAMPING

&-10 -1
6-10-10 5% SLI
6+ 30-!0 5% SLIP 2 TAPER
WA Py
INCREASE INCREASE
DAMPING
8-10-10
6-65-10 10% SLIP 2 TAPER

-686=
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BULL LlLe-kA

21%

I D732290 0003749

0-10- 610+ . 12-10 .
INCREASE INCREASE Fo/Skz0.7
2nd 4 2nd N/No=0.1
HARMONICY <7 HARMONIC
ADD
PUMP
DAMPING
INCREASE
DAMPING
i0-10
6-20-, % 8
= Fa'
VNS TN
INCRE ASE
SLIP
INCREASE
DAMPING
619410
0-10 % SLI
6-30- % S TAP,
;= -
NS =7 v
INCREASE INCRE ASE
DAMPING SLIP
61510
10% SLI
-65- TAP)
7
~— RV

/ig
%o
-67-
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BULL 11LL2-&9 l p7322490 QOO03750 & r

&-10- 12-10-
INCREASE INCREASE Fo/Skz0.7
_2nd ol 20d % { N/N&=0.15
HARMONIC — \_ HARMONIC — S
ADD
PUMP
DAMPING
INCREASE
DAMPING
6-0-10 ’ &-1g- 10
0-10 % SLI 0% SLIP
6-20; % S 2 TAP TAP
A
N N vl
INCREASE
SLIP
INCREASE
DAMPING
0-10
6-30- % S
N N
WCREASE
SLIP
&x40-10
% S

=68=
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8732290 goo3rsy g

0-10- &-10- 12-10+
manAssu\ INCREASE , Fo/Skg0.7
2nd 2nd % N/Na=
"V —— HARMONIC N HARMONIC ™ —7 /Na=0.2
ADD
pUMP
DAMPING
INCREASE
DAMPING

6-10-10
0% SLI

INCREASE
SLIP
INCREASE
DAMPING
-1Q-10
&-30 % S

INCREASE INCRE ASE
DAMPING sLiP
-0
G-10 1% SLIP
6-65-10, % 8 TAPI

-69-
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BULL 1LL2-kL9 . 0732290 0og37s2

0-10- 8-10-0
INCREASE INCREASE
Znd 2nd \

v HARMONIC HARMONIC \//

Fo/Skg0.7
N/N&=0,25

DAMPIN G
INCREASE
DAMPING
-10-10
0% SsuP

INCREASE |
SLIP

INCREASE
DAMPING

6-10-10
6-30-10, 5% SLL

N e

=10
5% SLIP
2 TAPE

6-1G-10

5% SLIP,
3 TAPE

INCREASE
sLP
-lo -10
10% SLIP 0% SLiP
|o°y. 2 TAPE| 3 TAPE

<
]
<

-70-
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BULL 11L2-L9 1 W¢32290 0003753 3 r

=

0-10-0 6710-Q 1210~
INCREASE INCREASE
2nd 2nd
HARMONIC

<

o

1
HARMONICV

0D
PUMP
DAMPING
INCREASE
DAMPING
O-10 6-10-10
S 0% SLIP
6-20-0 0% SUPR, 2 TASP'EFI

Fo/skz0.7
N/N2=0.3

6-10- 10
0% SLIP
3 TAPER

\
\
<

INCREASE
SLIP
INCREASE
DAMPING
&-10-10
€-10-10 5% SLIP
63010 5% SLI 2 TAP

610-10
5% SLIP
3 TAP

<

e

INCREASE INCRE ASE
DAMPING sup
8-10+10
§-10-10 10% SLIP
6-65-10 0% SL 2 TAP

6-10-10
10% SLIP
3TA

N
<

_71'-
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0-10-0

BULL 1lLZ2-kA9

INCREASE

A INCREASE
/ 2nd

\J/’ HARMONIC

INCREASE
DAMPING

6-20-0

<

X

INCREASE
DAMPING

6-30-10

<

6-10-10
0% SuUP

Znd
HARMONIC

6-10-10
0% SLLIP
2 TAPER

P 0732290 ooozvsy 5

Fo/Skg0.7
N/N&=0.35

6-10-~ 10
0% SLiF

3 TAPER

@

INCREASE
SLIP

6-10-10
5% 5L

e

v J 7

6-10-10
5% SLIP
2 TAPER

6-10-10
% SLIP
3 TAPER

C

INCREASE
SLIP-

6-10+~10
0% SL

6-10-10
0% SLIP
2 TAPER

+ fE-I0-10
0% SLIP
3 TAPER

C

-72-
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BULL llLZ-L9 1 0732290 0003755 7 [

/
v 1
N

. &-10-0 12-10-G
INCREASE INCREASE H Fo/Skg0.7

20d 2nd ) N/N&=0.4
HARMONIC = HARMONIC \/"

ADD
PUMP
DAMPING

INCREASE
DAMPING

0% SLIP
2 TAPER

— J 7

6-20-0

3 TAPER

I

INCREASE
DAMPING

10410
=10-10 /s SLIP 5% SLIP
5% SLIP 2 TAFER 3 TAPER
M N
INCREASE INCREASE
DAMPING SLIp
~1Q-10
§-65-10 0% SLIF

\/

-73-
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0-10-0

A
S

6-20-0

6-30-10

e

BULL LiL2-EH

. p732290 0003756 9 r

G

6-10-0
INCREASE INCREASE \ H Fo/Skz0.7
2nd 2nd " .
HARMONIC HARMONIC N/No=0.45

INCREASE
DAMPLNG

D

Al

]
2
(=)
Q

0% SuUP
G+

/
/

\/,/'\\/’

UMP
MPING

-t

INCRE ASE:
DAMPING

INCRE.
%,

ASE

-10-10
% SLIP

I
2 TAPER

=74=
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0-10-0

INCREASE

BULL 1liL2-L9

s-l&y\/\
\[ INCREASE

12-10-0

e

8-20-0

4

§-30-10

Q

INCREASE
DAMPING

6-65-10

2nd”
HARMONIC

INCREASE
DAMPING

INCREASE
DAMPING

2nd

o

PUMP

DAMPING

6-10-10
0% SLIP

H

Vo
HARMONIC \/\\/

1P
2 TAPER

Fo/Skz0.7
N/N5=0.5

Ll
3 TAPER

e

INCREASE
SLIP

6-10-10

— J A

o~/

&
5% SLIP
2 TAPER

I

6-19-1
3% 1P
3 TAPE

N\

&-10-10

/

L~

=75~

2000
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BULL 1kL2~EH

INCREASE

12-10-0

INCREASE
DAMPING

6-30-10

INCREASE
DAMPING

2 nd’

H

HARMONIC

p y
€10-10

0]

"~

6-10-1
- 0% St
0% su_rP\ 2 TAPER /’\

1 0732290 0A03758 2 I'

Fo/Skg0.7
N/N5=0.55

INCREASE
SLIP

-10-10
5% SLIP

61010
5%
3 TAPER

<

INCREASE
SLIP

6§-10-10
0% 8Lt

10% SLIp
2 TAPER

3 P

\\/

«-76=
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BULL 1lL2-E9

.EI?EIEE!‘IEI aoo3759 4 l_

12-10-0

INCREASE B ~ INCREASE
AN ji \Vl -

2nd 2nd
\’\// U HARMONIC HARMONIC

ADD
PUMP
DAMPING

INCREASE

DAMPING
€-10-10
0% SUP

H Fo/Skz0.7
N/No=0.6

8-10-10
0% sLIe
2 TAPER

A~

INCREASE
SLIP

INCREASE
DAMPING

6-10-10
5% SLIP,

6-30-10

2 TAPER

A4

E

M A

-

L/

INCREASE INCREASE
DAMPING SLIP
G-10-10

6-65-10

\

10% 5L
2 TAPER

F Ay

-77-
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