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Optimization of Performance of Multi-dimensional Impactor with
Built-in Drill Bit Based on PB-BBD Response Surface Method

WEI Ming-ji', LI Chen-tao', WANG Xu-dong®, LIU Yang-yang', XIA Cheng-yu', QIAN Li-gin'"
(1. School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China;
2. Shale Gas Research Institute, Southwest Oil & Gasfield Company, Petrochina, Chengdu 610000, China)

[ Abstract] The length of the impactor is generally about one meter according to the current application of all kinds of impactors. As
the existing impactor increases the distance between the stabilizer and the drill bit, it will cause the theoretical build slope and the lat-
eral force of the drill bit to decrease when it is used in connection with the drill bit. This will in turn affects the drilling deviation sec-
tion. In this regard, the multi-dimensional impactor with built-in drill bit can effectively solve this problem. Firstly, in order to maximize
the performance of the multi-dimensional impactor with built-in drill bit and reduce the pressure loss, the PB ( Plackett-Burman)
screening test design was adopted to conduct screening tests on the internal parameters of the impactor . The effect of each parameter on
the tool performance was as follows: Jet channel width > inlet area > Outlet area > length of oscillating cavity > width of double
feedback channel > curvature radius of wall attached surface > wedge Angle. Then, BBD ( Box-Behnken design) response surface
method was used to provide an in-depth analysis of the top three significant impact parameters. The optimized combination of the inter-
nal structure of the multi-dimensional impacter with built-in drill bit was obtained as follows: the inlet area is 1 203. 416 mm’, the jet
channel width is 14 mm, and the outlet area is 455 mm’. Finally, the effectiveness of the optimization method was verified by the sim-
ulation of Fluent software, which met the design requirements.

[ Keywords] multidimensional shocks; PB ( Plackett-Burman) screening test design; BBD ( Box-Behnken design) response surface

method; fluent simulation; pressure drop
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Fig. 1 Basic structure of multi-dimensional

impactor with built-in drill bit
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Fig. 2 Classical state of multi-dimensional impactor
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Fig. 3 Outlet of multidimensional impactor
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Fig. 4 Internal structural parameters of the

multi-dimensional impactor tool
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Fig.5 Computational domain of impactor fluid
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Table 1 PB design test factors and levels

A P ATFBIE  E7KTFHUE

A A TE Y/ mm? 1100 1 300

B UL IE T8 B/ mm 12 16

C P i K B/ mm 120 130

D WU B B T8 B8/ mm 4 6

E B RE T T 242/ mm 200 240

F B 1/ (°) 45 55

G H T A/ mm? 440 470
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Table 2 PB design test scheme and results

F5 A B C D E F G Y,/Pa Y,/Hz
1 1 -1 1 -1 -1 -1 1 3 857 456. 651 16.243 2
2 1 -1 1 1 -1 1 -1 3964 735.376 17.354 8
3 1 1 -1 1 -1 -1 -1 2 240 788. 420 15.658 2
4 -1 1 1 -1 1 -1 -1 3071 887.675 17.854 2
5 1 1 -1 1 1 -1 1 2 004 207.768 16.658 4
6 1 -1 -1 -1 1 1 1 3427 321.773 18.258 7
7 -1 1 1 1 -1 1 1 2 939 647.942 17.865 2
8 -1 1 -1 -1 -1 1 1 2 407 949.749 16.5259
9 -1 -1 1 1 1 -1 1 4 600 938.772 18.369 8

10 -1 -1 -1 -1 -1 -1 -1 4564 418.867 19.658 3

11 1 1 1 -1 1 1 -1 2 495 584.365 17.857 2

12 -1 -1 -1 1 1 1 -1 4 811 796.994 19.668 7

WA 5347, LA o 57 2 46 Y, e B A, 45 3] 1]
A7 #E, R
Y, = 3365561 -367 2124 — 838 884B +
122 814C + 61 458D + 36 395F -
24 388F - 159 307G (1)
3 0 PB i HAE o 4 R DL 6 s
BT X B AR Y, BBRHERON AR, 2% 7% T 5
(5% ) S 2 P T LAGE 2 P {E (P < 0.05 Sk i 3
T MR EAL RN H(H >2.776 NN T)
B, AR 3 AT, & SR X TR BRI iy )
*3 PBIRITABEHTER
Table 3 Analysis results of PB design test

Akt F P vk
A 62. 86 0.001 4 W
B 328.03 0.000 1 B3
c 7.03 0.056 9 FNTE
D 1.76 0.2552 ENTES
E 0. 62 0.4759 ENTES
F 0.28 0.626 4 NTE
G 11.83 0.026 3 B#E

18.1115
7.928 1
26516 34395
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Fig. 6 Parato diagram of the standard effect of

parato £

average pressure consumption
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Fig. 7 Parato diagram of the standard effect of
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tool impact frequency
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RE RIS 0 WA T BEE 3 AR KT 0. 01 B E AR, IR RR A 15 1 e R 5L
F4 PR, R* =0.956 1, X RIWIBAIEH .3, WA BORELF,

5 JgWe o U A BT A R AR R RERE A AU R B A X T 5 TR TR AR Z (R
Bor e R AR Ie 45 R AT O 22 0 45 BOSRHRYE . [RIE, J4UITAY P =0. 219, F 0. 05, 3t

BN 6 P i 17 AR R 5 25 7 M 4L WIRAL 1 158 22 #0AIK, 3 3 Design-Expert]2 R 43
X 5 A BEAT AT, DLoh e d F2RAE AR D X6 1 24 R By = 24 w1 T 4 1] 8
Y, R S AR £ 2 B 7 AR N Bis

Y, =3.11 -0.29B - 0.2954 - 0.25G -
0.022 5B° +0.027 54 +0.262 5G° +
0.055BA - 0.025BG + 0. 09546 (2)

©

#4 BBDRXBEEKE %

Table 4 Levels of BBD test factors %

K- BHRE Y /mm A LA/ mm? A/ mm? e
-1 12 1 100 440
0 14 1200 455
1 16 1 300 470

®x5 BBDRIHARRER
Table S BBD design scheme and results

75 B A G Y,/MPa Y,/Hz

1 0 1 -1 3.22 18.64

2 0 0 0 3.01 18.25

3 0 1 1 2.81 18.79

4 0 0 0 3.15 19.67 g

5 0 0 0 3.17 18.54 2

6 1 0 1 2.84 18.08 g

7 -1 0 -1 3.81 18.72 o

8 0 -1 1 3.39 16.60

9 -1 -1 0 3.67 18.02

10 -1 0 2.97 17.72

11 -1 0 1 3.46 18.64

12 -1 1 0 3.15 17.05

13 0 -1 -1 4.18 20.04

14 1 1 0 2.67 17.63

15 1 0 -1 3.29 18.66

&6 BBDEItHERN
. . . SBS
- Ta;)l; ; A;aly\s:s of variance of BBD design % A ‘::‘:::::::::::‘: =
B i mEFIm F P e

Fei 9 2.181 29 0.242366  12.09  0.007 1

B 1 0. 672 80 0.672800  33.57  0.002 §_

A 1 0. 696 20 0.696 200  34.74  0.002

G 1 0. 500 00 0.500 000  24.95  0.004

B 1 0.001 87 0.001 869  0.09  0.772

A? 1 0.002 79 0.002792  0.14  0.724

G2 1 0.254 42 0.254423 12.70  0.016

BA 1 0.012 10 0.012100  0.60  0.472

BG 1 0. 002 50 0.002500 0.12  0.738 .

AG 1 0.036 10 0.036 100 1.80  0.237 (o) S 15 t 1 TS M P R e
wmE 5 0.100 20 0.020 040

KPIT3 0.08500  0.028333 3.73  0.219 K8 sl [ X -4 AR Y 2w
afiiR 2 2 0.015 20 0.007 600 Fig. 8 The influence of influencing factors on

ait 14 2.281 49 average pressure consumption
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