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DIAMOND BIT MATHEMATICAL MODEL this Handbook. Next calculate two values for » W (s lR11] x g
'Y e . 1 m - - 2 3 - *® e " = ®
The mathematical model of a diamond drill _ E.B. m:m_ then the no.__mmu%_,‘_w_t_um values for W W 5 ololss m 0 W 3. a
bit represents the actual behavior of the bit as it ( umnms.mﬁ_onn_qmnm M..ﬁ ._:m mmrmﬁms F values using H.v fO mwm 2 0|0 |5z, plO m o mma
5 - . o » - a m -
penetrates the formation. Two mechanical fac- | wo”mﬂﬁmumm conditions that the bit was actually m RKEE M_ W B ..m. m o o mg
- - N
tars influence the diamond tools performance. E_Wm i s - . ) 0 o
They are (1) the number of effective cutting ! ﬁm:,:__..m_ﬁ e "AT. m._, ﬁm_m::ﬁﬁ..,m o”:,_m:c: R . | on
elements and the number of times any cutting ( qmm_zwﬂ_%m <m,:”m at the selecte values for g o B o _.|._. wm
olement passes over the formation, and (2) the %Eﬂ A__ﬁ,,h_,,__..m_m t. . . > U o P 5102 J|d mm
amount of surface area in contact with the ,_._Aﬂ n m“_.__m ﬂmﬁm,ncéﬂ ' ”_‘mﬁm ont mmﬁus . a8y 0 Bi= m
formation thus controlling the unit loading of worksheet r< _u.,o.:_:.w_ﬁ m%m:nc;aﬂugm:m:a: E ﬁ mv o u .___v l
= ' 3 »
the cutting element. rates {on 1 ; right side of the graph) versus the b3z % a
( selected “P" values (across the bottom of the m R I -l
The Number of Effective Blades graph) and drawing a straight line through the plol o~ Ll
) . two points. Label this line “Drilling Rate s e s
One effective blade can be defined as a cutting @ RPM [ I s b s N o o 3
ic i : . _ & Ll
element é?orn_nomma the o_::._m Hvoﬁmﬁ,wqﬂcmwznﬂm The formation resistance curve is created by J g2z N g J .fw % mm
hole one time uring one complete revo plotting calculated formation resistance (on the _W L mmm P m.v b nZ o o
the drill string. . ) ) left side of the graph) versus the selected “P” Zl= mmw. RS 1 Jd\z2 p i
Therefore, by simply adding the width of cut 7 values and drawing a straight line through the | W % 85% SR = B mw m
(C) made by each dizmond, we can calculate the two points. Label this line “Formation Resist- | Bl L
number of diamonds it will take to form one ince @ Ibs.” —
blade. The E‘,n:: of cut AQ,nm___mn_ the diamond’s \ A similar set of calculations and graph are FORMATION RESISTANCE (LBS/SO. 1000}
“coverage", increases as the diamond penetrates 7 prepared for the bit and operating conditions t0 8
into the rock. Values for “C'" for various be evaluated. It is now possible to make an o008k
diamond sizes and penetration depths are shown i estimate of anticipated performance _ oo
i i i i ) 001
in Table A. The penetration (P) is Emmm:ﬂan_.:._ ( Enter the reference graph at the actual expe-
thousandths of an inch. .ﬂ:m, E.B.”, oreffective rience penetration rate (right side of graph) and
blade line, on the q._._ﬂ_,..m:,__m_.:om_ model represents | draw a line horizontally to intersect the “Drilling oon
the number of blades at any given'P” value and is Rate” curve. Then proceed vertically to the
obtained by dividing the total diamond coverage “Eormation Resistance” curve. By drawing a
: i " ’ = 002
on the bit by the total length of a single blade horizontal line to the left side of the graph, the | Z
(TBL) measured across the face of the Dit. ._..:m effective formation resistance can be determined. m_uanu
penetration (P) times the number of effective 53 (7/7) 2
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ke number of revolutions (

blades (E.B.) times t
vm:mimm_o: rate.

will give us the res ulting
Diamond Area and the Formation Resistance

B we can read the ac
in contact with the rock at any

plying the number of face
diamond area (A), we can
(AT.)iIN contact with the

From Table wal area (A (

of each diamond
aper yalue. BY multi
stones (NFS) by the
calculate the total area

(

rock.
The formation resistanc

g the net bit weigh

@ can be calculated by
dividin L by the total area
(AT.).

By starting with
of a diamond bit

om:m:m.ﬁ__o: rate

the known
it is

in a specific formation,
possible 10 estimate the pengtration rate of a
different bit design andfor the influence of
changing rotary speed and/or net bit weight, 50
long as bit size, mud weight, and depth are
essentially the same. A set af worksheets have
peen developed 1o simplify the eyaluation pro-

cedure.

Using the \Worksheets (
e bit for which the penetra-
Obtain values for "C'" from
n Tahle B. Total blade
in Table ¢ under the
Lo angle column. The |
amond size can be
tyles section of

Eirst start with th
tion rate is known.
Taple A and “A" fror
length |TBL) is found
proper crown shape and cof
f face stones and di

number O
the tables in the 5

found from
52 (1)

. Now the procedure is reversed, using the new
:_uw:._.wﬂou”.qmmwmmq the @qmu,,.. at the effective
e . stance value (just determined on
e erence graph) on the left and proceed
orizontally to the Resistance”’
curve, then vertically to the “Drilling Rate”
a:_.ﬁ.m and finally horizontally to the right t
o.c.SS. predicted penetration rate qoﬂ\ the _._m,“
operating conditions.

By preparing several “Formation Resistance’
.‘.g,..._:_..mm. at different net bit weights and several
?Om:.:_h_dm_ Rate” curves at different rotary speeds,

influence of these parameters on penetration
rate can be studied.

“Formation
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TABLE B
WA VALUES _.Ecz._ STOMES

[ETONES | uneren | CARAT PENETRAT [ON _[F]
PER CT. WEIGHT ["000  [.005  |.o025 | o000 |
BIT contoum 12 060 0314 001885 ). oo0gk |.oo0k7 | .oools
20 -070 . 0hag .00zzoo|.00110 | .00055 . 00022
13 .080 - 0746 .002514).00126 |.0006% | .00025
=l mlz|zlz|alsle|zlel2lals 2] in L 0k7 L002828] 00141 | . @o071 | 600018
/ ( EEEHE B EEE E EE B ELE 7] JihsB | .oo3ibzf.a0157 | o007 | .ooo3n
o I = 5 . 1939 003456 ).00173 |. 00066 | .00035
o e i " dii
s | | P =l ] E 3 i : (o
= ﬂmmmnm1ﬂnﬂ?se—«wi3 2518 003770|. 00188 |  oooy: 00038
a =| gl e|lg|s|s|g|5|T|E|g|8|s|a|a8]|2 A . 3203 .oohod4 | oozok |.ooloz | . oookr
z g 1.5 - k0oo 004339, 00220 |. 00009 | . 0004
2 g 2 - haz0 .o04713] 00235 [.o00118 | .oool7
= =lelsulal=le o -
M 8 m%ﬁwﬂwwm.ﬂwmmﬁm 1.7 - 5970 -005027]. 00251 |.00126 | . 00050
. ) bl B fi e o el I e B Wl el s L4 7160 00534100267 |, 00134 | .00053
_ 1.2 .B503 .005655]. 00282 | ookt | . ooosy¥
- e
4. SURFACE AREA OF SPHERICAL SEGMENT i ol Z|8|8|2 m e EEI R E R L : 1008 :008369] 00228 | ooy |.-gvos0
2 Y ol a|3|s|a alz|e|s|ele CARAT PENETRAT ION {P)
e i e %1555 vueren | AL b oe 00T
. 200 (A3 006384 0011k | 00157 | ooas3
el ala|ela alalmlalale s
mm Yk e m, 2128 m a8 m g m .zl 1.350 .uaauwm 00329 |.00065 | .00066
[ WHERE ( Sa | TS T R o 220 1.552 .006312].00345 | 00173 | 00069
P= PENETRATION OF DIAMOND INTOD ROCK OR o - 230 1.773 007226 | 00361 | . o080 .poaiz
DEFTH OF GROOVE CUT BY DIAMOWD far » L2y = I A BB ¥
il m m g12/2|2|s|2|2lel2|2|2 zho 2.015 o075k |.00377 |. 001 00075
c: COVERAGE -WIDTH OF GRODVE CUT BY EACH STONE & P = 1 heel el 5= R R E -250 2.178 .007854).00392 |.00196 | .00079
— SREEE (BF R SR i 260 2.562 008169} 00koB |.oo0206 | .ooo082
Cpz AL COVERAGE OF ALL DIAMON N CUTTING
FACE OF BiT @ P{Cy:C = MD. OF STOMES) we =11 2: 869 -0URNE3 1. 00hzN | 00212 | 00085
Z. | elal ol alodwlad bl A EIELS 280 3.200 .008737|. 00439 |.o0zz0 | .oooss
L A AREA OF DIAMOND IH CONTACT WITH ROCK @& P { Ew | B[RS = { I~ 200 3556 009111 | cokss |.00228 | cooest
Afz  TOTAL AREA OF DIAMONDS IN COKTACT WITH ROCK -300 3.536 009425 (. 00471 | 00236 | . 00094
Lhpz A x HO OF STONES) 310 4. 341 .009739).00487 [.00243 | 00097
BL: BLADE LENGTH 320 5977 ‘oloesk| 00563 | 00250 | Loolo0
330 5.139 010368 ].00516 |.00259 | .00l104
BH: NO OF EFFECTIVE BLADES € P 3k 5.730 .010682|. 00536 [, 00267 | 00107
{ (350 6.150 .010996 |.00550 |.o0z75 | .oonio
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a
z =
o] =
z w
< I
- < TABLE €
a
w = ( (
=
2 i
= 0 - .
a TABLE & (CONTINUED Bit a0t a0° e 120
m z o T —_ M “E YALUES HOUND STONES slze cone Cone tone Cone
[
GO,y By Ao < Wiz | 3530 | 3939 | 2.987 | 2.608 |
= = ; ; 2
o () ..Pm TR L. 0 ( T e PENETRATION (P) . 4 5/8 3.617 | 3.226 3.04k | 2.387
% 5w mﬂ._ﬁ a WENGHT | 670505 [ 0075 ] 0010 ] | b3/s | 3706 | 330 3.128 | 3.075
- w z . 005 1. :
Z W=z 2 E o 200 | 1.166 | .oayia | .06t | .ok | .oo8z 5 3/h | b.518 3,727
Is] W._ = 1 E N z o 210 | 1.350 .o8auk | .osko| .o4s6 | .o289 5 7/8 507 3.815
L w Cyg m W 220 | 1.552 | .o09165 | .0655 | 0666 | 0296 [ 1.693 3901
o W a0V e~ M,._I_.. 230 | 1773 | o038t |.cezt | .07y | o030 6 1/8 | b.7B2 3988
Y_.w_ " m M & n,n DP__B % alw 240 | 2.015 03591 | 0685 | 0487 | .0309 6 1/2 m._“n_. 4,532 4,275 ”.pg
= Mo w x(3 .250 | 2.278 .09798 | .0700 | 0437 | .0318 £ 5/8 5.189 | &.619 h.362 .294
w g2l an. w o 260 | 2562 | 10000 |.o7n | oso7 | o322 & /4 | 5.276 | h.go7 | A.ash | b.3B0
S =G g Do Ola 270 | 286 | .10138 o728 | 0517 | .08 CEE T ST
Q@ ola ™ 0 4la ] 758 | 5973 | 5316 | 5.021 | hem
IR S T > 9|3 .280 | 3.200 | .1039 |.0742].0526 | .0334 : L : -
oxaUww<> - Zm .230 | 3.556 .10583 | .0755 | .0536 | .03ko 734 | s.o6z | 5.40h | 5.084 | 5.017
M Xl 300 | 3.936 1077 |.0768 | .0545 | .03%6 8 3/8 6.569 .m,a_.ma 5.497 | 5.394
S a0 310 | 4.3k3 | .09k [.o781 | .0sss | o3z §1s2 | 6.38 | s.0100 | 5,585 | 5,40
vl ( 320 Ldgrz | 1135 f.oan | .os63 | 0357 i Bas8 | 6785 | 6.017 | 5.672 | 5.568
2 = 330 |s.239 | 133 |Losos .05z | L0363 B 3/k | 6.B3k | 6.102 | 5.757 | 5.656
o o 30| 5.710 11463 | 0819 | (o581 0368 3 1/2 7.k52 | 6.629 6.237 | 6.095
Z 350 | 6.250 1166z | o831 | 058 | o374 9 5/8 7.541 | 6.713 6.324 | 6.182
2 o R 9 3/h | 7.627 | 6.801 | 6.h11 | 6.268
e z 3 7/8 | 7.716 | 6.838 | 6.436 | 6.356
il ( W0 sz | Bash | 130 | 6911 | 6.761
< o ( W5/ | 8.320 | 7.%09 | 6.998 | 6.849
= v o 3/% | 8.9 | 7.496 | 7.08 | .93
o e 12 9.435 | 6.366 | 7.909 | 7.743
< O 72 3/16 | 9.566 | 8.495 | B.0m0 | 7.743
5 3 12 1/4 5.611, | 8.538 B.083 | 7.319
o 2 13 3/4 9.299
- 0O
( ,

510 )
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TABLE C

TOTAL BLADE LENGTH (TBL)

C Crown V Cromm
BIT an” [[TH LLE ar 19"
SI1ZE Cone Cone Cone Lone Cone

bt 3. kb 3.356 | 3.285 | 3.607 | 3.L62
4 5/8 3.571 3.480 Wio | 3.732 | 3.587

4 34 3.596 3,605 2535 | 3.857 [ 3.712

5 344 b.zhy 4.iky | h.osg | LGS | 6,28

51/ 372 4,266 | 4,186 | 4,600 | B.406

] b 437 4,391 | 4.309 | B.725 | 4.53]

178 b, 622 4,516 | h k36 | & B50 | h.o656
172 b. 743 4.620 | 4.525 | 5.0%6 | .68
578 L. BAY 4o7hs [ 4,650 | 5.22% | s.000
34 | w.e93 | w.sge | 4775 | 5.386 | 50138
1/2 5,471 5.319 | 65.202 | 5.842 | 5.593 |
s | 5.596 | s.oueh | 5327 | 5987 | 5728
3y 5. 721 5,569 | 5.452 | 6.092 | 5.843
6. 42 | 6. 186

142 6.153 5.975 | 5.835 | 6.567 | 6.31)

58 6.278 6,100 | 5.960 | B.712 | B.436

34 6,403 6.225 |'6.085 | 6.837 | 6.561

e &.790 6.580 | 6.419 | 7.299 | B.987

5/8 | 6.315 6.705 | 6 Skh | T.MI4 ) 7.012

37k 7.040 6.830 | b.6BY | 7.548 | 7.237

]
6
[]
[
i
7
7
§ 378 | 6.028 5.860 | 5.710
[
[]
[]
9
il
]
]

778 T.165 6.955 | 6,794 | 7.674 | 7.362

10 172 7.4k 7.215 | 7.040 | @.044 | 7.700

10 5/8 | 7.585 7.340 | 7.185 | B.163 | 7.825
10 374 7.690 7.465 | 7.230 | 8.234 | 7.950

12 8,402 B.159 | 7.973 | 9.14& | B.750

12 3/16 | B.530 B.347 | 8.161 | 5.332 | B.938

12 /4 8.652 8.409 | 8.223 | 9.3%4 | 9.000

T2 12406
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