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Abstract: In order to research the impact motion law of the dual-fluid rotary valve impactor in rotary percussive
drilling, and optimize its performance parameters, through the analysis of its forces in the phases of stroke and return,
the finite difference method is used to create the mathematical model of the rotary valve piston movement, and a
simulation computer program compiled with MATLAB software is applied to simulation of the dynamic process of the
rotary valve piston to obtain the optimal impact performance parameters of the dual-fluid powered rotary valve drilling
impactor. At the same time, the influence of the difference in the area between the upper and lower chambers of the
impactor, and the flow rate and pressure drop of the oil pressure system on the impact performance of the dual-fluid
powered rotary valve drilling impactor is studied, and the orthogonal analysis test for impact energy, impact frequency
and 1mpact power is designed. The results are optimized by Design-Expert software to improve the working
performance of the impactor. The results show that the piston rod diameter and pressure drop have prominent effects on
the impactor performance, while the flow rate has little effect on the impactor performance. After optimization, the
impact energy, impact frequency and impact power are increased by 21.88%, 12.9% and 37.6% respectively. The
research has guiding significance to the design and application of hydraulic impactors.

Key words: hydraulic impactor; dual-fluid drive; rotary percussion drilling; rotary valve piston; mathematical model;

orthogonal test

Y fm B #A : 2022-05-18; & H #§ : 2022-09-07 DOI:10.12143/j.2tgc.2023.04.010

ESTUE - [ - GRS GRE Hb BT R PRR T S % T O A 00 XORK Sl L A% 1 B b i SR A Y (45 : KF202010)

SE—1EE JTEW]L T DUK, 19954 4, B BT AR, 5 1, S0 M Bl PRECRDFFE TAR AL 5T UE XA B 56 5, yinyi21@qq.com

BEEE FER,H DR, 1962 44, BIBR, 15t TR, ML, SRR 22 8 R BOR 5 07 8 i BIF 58 AR, 36 50T i 08 X2 B s 29 45,
ligm@cugb.edu.cn,

SIAME I 22 [ R D e IR Bl b i i 45 4 Ak RE S SO AW 52 [ 7] 5 4R T2% , 2023, 50(4) : 70-76.
YIN Guoming, LI Guomin. Optimization of the structural performance parameters of the dual-fluid powered rotary valve drilling impac-
tor[ J]. Drilling Engineering, 2023,50(4):70-76.



5550 55 4 1)

TVIE A5 DH U IR0 IF il & 254 HE RE S EUE AL T 5T 71

0 3%

JHE b A8l R AR B0 A Bl k5 e o o o AR S
{468 Sk A b ek g 0 [ 2 B U A R B W A AR R
07 2, 78 b G R R RR Sy by IR R R B R .
Hi AR T B AR 22 1 bk sh ol i ShRE T 1R 4 Sk B
A DT R B2 3 Bl e o, A s st J22 R % S
Hb 2B gz R SR el Al AR
(18 A% 0 38 A ——— 0 2 o o 5 A0 A AR IR A A 4R
S, T X LG 2 B 1 AR R Rl st ) ) B ) R, Bl
@ 2 ol Bl B AR B O AR AN 1 7 0 1 R A Ak
B A TE AT B T, D 4 s ol B 0 A
FFA L 2 R A A R A B R R

[ P A0 B o 2 B9 2 R 55 IR B
TEE NS . Lazutkin 25578 20 1 X7 W 8h o
i A o o AR AR A A5 R R R O R A R T —
T DAAR 4 B HL 2 for 5 A0 10 22 5, A s W sh ob
i i op b AR A i 20 Xuan 2B T — Rl
FF b 3K 3K 2l 19 87 20 i e v o Bl L 92 T EL Al BT
I3k 3R gl wj ok 4 TG 2E E R | TG JE e IR Aot fRE ol AR
PR bk h vy SR B R g6 A 224 5T L
R R v Al % L aE R L T 64.2 %0 . Huang
SENOE YDC BU U ok 28 09 TAR R LA T TRFST,
ST T YDC B wp i #5809 8 1 SR i 5 T &
PR AR PP L T AR R RE A AT 48 L R B Y 2 A A
HET il it vp i 2R R A5 BE S BY R L P R
AR o i PERE . Zhang 25 UBF SR T T —
o B e e v A T R i A s T
— A1 E 32 Bl R Y T8 B0 R BSOS A | S A A L 2
5 IR0 25 A LB A A, b R o 7 A el
SIUE° B0 RLIE T o FRala ok iy A1 [ I U e R
T —Ff i 1 OB Bt b i B L% T ECR ARG AR
il T 9L R 0 4 1 3 4 [ B SR FH 5 80 59 B
(AT 3 0 T PAD B S T I 5 | AR Y R B ) A, HLAT 4
P 15 B iy B K T R A K AN SRR A
Xif v AL o ok # 0) o 2 SRLA AT TR SE L R A
BIR 22 43k Xof 1% ZE b AT 0 T8, R B A 5 T 5 K
K BE v AL o RS el PERE RO R . A
2 L WBRT Bl LR R T i MR R AT — 1A
PRV, A A B 3 oo s A R B AT A 1 1
RHPERE . M oBr & ESL T B AR 215.9 mm ) PDC
Sk FA A AT BRI, 2 B T 48 I S 5o it s
RIS B R B i B R TR B K e el T

Hoo HO U5 28 T e P gh v o g HLEG vk
e A A vp A T E A OB B oY R R R T 4R
s it T I A BRI B IR WOK S RE R LR
bk oo A BB A, 1T DA R0 o B ROR
Bl S B A IR B BRI A By o SR AT OR T
T 2 Bl o A I S A Sk A B O D Tk AR R A
J2 P S BT R OE L FH AECR A e A T
Mo AR IR T AR ., RN
L AT op i g v D S R p e ORI
T b T 5 R h ey i o & X IR R R iR
RS T b T

B N A0 ool g 2 T R AR T bl 2% Y Bl i
RO 75 i, AHL R 22475 DL 3R o e AR S 3 )
A0 ST, BEIN T X T ZE 25 R 1 B A, BT ARSI i 2
TP A JOT X T S 2 R Y B A IR R o T e o A
4 i T 25 i O IS, E b 4l B O A5 AN B e 4 R
P o AR SCEP X2 YA T I — P OB 8K 8 DH A
B 1R I o T AR AT 5T, 6 R SE LS M @ S sh
2ERLR S MATLAB fff BT 2 7y, il ad i ik ik
SR 43 AT o A DG S 06 L oo P BE Y R

1 Xk i R 56 FF b 5 2R 4 A
11 wphAsas i

XU K 2l DH %% i B 1 o o 245 32 22 0 8l i bl
L3 R LA A oh o WL 3SR 4 A . B T AL
S v A 0 32 Bl R TR R AL SR S B AR
7 2h B 1 DR A, b o LA 2 b o R 0 R AR
HLAG B BB 7= Ak Bk sl ob i sh B 38 20 o 7 ob
i TAE SRR b, U8 0K B3k s 20 i 1 0% 2 e 5% 51 9K 5
A TAE i 2 7= A 04 1R Y HR il 9K 3 % 1 37 9 7=
A RS Bl B T SE G B v R R T B R
FEMAT B T TR . BURAR P T fLIE IR Y
U I h Ve W R T R &R G B PO B e R R
T, RO AT, % 06 ZE 7 A B K I AR A T AR
e b AR TAE B, B 1 DH B I B oh
FETVECT AP N
1.2 TAERH

WE LR, thifi e Dk SR KR K H
kIR AR D3k BRI K H ik TR Je 2k ik
A BN ) e Tk AL 2 AT B AL sl il B o
T AL Bl Bl i 1 06 JE e i A% Sl B2 i 2R 09 B )
Bar N, R R R BTG S 7 A E B 0 sh R



72 iR TR

202347 H

18 20 22 25 26 2728 29 30 31 32 33 34

- NS \f‘/#‘/’( Blw
Tl
T

/
12 14 171921 23 24

1—E 3k 2—ME —  3—Thik Bk s A—IBFF T3k  5— b3k M4k s 6—Thak iy th il s 7—f& shfh s 8—h B2 3k s 90—V %
W 10— M A 5 11— o a5 5 12— A M A 5 13— 5 14—l 28 ; I5—PRAR A Bt s 16— & REAN ; 17— L% 5 18—k
T8I 5 19— [13H 58 3 5 20— B R 5 21— b i 8 A 5 22— 308 ZERT A ; 23— 1 75 2 ; 24— F I 5 25— I M4 % 2E 55 5 26—
PP S 5 27— PR 5 28— AN =5 29—HK IE I 5 30— IE 453k 5 31—l T 5 32— il 42 5 33— A 48 34— T sk

1 DHEF@EEHMERLEMRE

Fig.1 Structure of the dual-fluid powered rotary valve drilling impactor
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Table 1 Main parameters
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Fig.2 Motion process division
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Fig.3 Diagram of the impactor stroke stage
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Fig.4 Diagram of the impactor return stage
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performance parameters
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Table 2 Factors and levels
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Table 3 Simulation calculation results Table 4 Impact energy variance analysis
R a Wb/ A e o) L KL L S R
- F./ F,/ s %/He /KW iRl 49691.34 6 8281.89  193.94  <C0.0001
mm  (Les’)  MPa F, 36279.26 1 36279.26  849.56  <<0.0001
130 2 8 48.843 12.5 0.611 F, 1345.00 1 1345.00 31.50  <C0.0001
2 30 2.25 9 53.572 13.158 0.705 F, 10841.52 1 10841.52  253.88  <C0.0001
330 2.5 10 58.037 13.514 0.784 F\F, 103.70 1 103.70 2.43  0.1260
4 30 2.75 11 62.239 14.085 0.877 FF, 1121.86 1 1121.86 26.27  <0.0001
5 30 3 12 66.177 14.493  0.959 F,F,  9.88E-05 1 9.88E-05 2.32E-06 0.9988
6 325 2 9 66.469 13.699 0.911 2% 1964.38 46 42.7
7 325 225 10 72.147 14.085 1.016 BB 5165572 52
8§ 325 25 11 77.520 14.706  1.140
9 325 2.75 12 82.588 15.152 1.251 x5 MEMEFEDN
10 32.5 3 8 46.011 10.309 0.474 Table 5 Impact frequency variance analysis
11 35 2 10 91.276 14.493 1.323 W EHM AmE Bl F{H P
12 35 2.25 11 98.273 14925 1.467 LT 111.4 6  18.57 638.72 <0.0001
13 35 2.5 12 104.910 15.625 1.639 F, 0.16 1 0.16 5.52  0.0232
14 35 2.75 8 60.881 10.989 0.669 F, 22.83 1 2283 785.24 <<0.0001
15 35 3 9 66.797 11.494 0.768 F, 87.86 1 87.86 3022.61 <<0.0001
16 375 2 11 127.498 15.385 1.962 F\F, 0.14 1 0.14 4.86  0.0325
17 375 225 12 136.389 15.873 2.165 FF, 0.058 1 0.058 1.98  0.1657
18 375 25 8 81.770 11.494 0.940 F,F, 0.35 1 0.35 12.09  0.0011
19 375 275 9 89.787 11.905 1.069 B2 1.34 46 0.029
20 375 3 10 97.365 12.346 1.202 BEZ 11273 52
21 40 2 12 182.652 16.129 2.946
22 40 2.25 8  112.398 11.905 1.338 F6 MEMEFENN
23 40 2.5 9  123.572 12.346 1.526 Table 6 Impact power variance analysis
24 40 2.75 10 134.190 12.821 1.720 P SERM AmE S ¥H F1H P1H
25 40 3 11 144.251 13.333  1.923 i %1 13.29 6 2,22 279.85 <C0.0001
F, 6.64 1 6.64  838.29 <C0.0001
TEFH W PR 2R 22 156 A AR (B 2F B R 17405 ) F, 0.87 1 0.87  109.58 <<0.0001
A3 Dk whees Ty ok A R RD wh o DR AT 22 0BT F, 5.13 1 513 647.57 <<0.0001
SIHT AR T I K 4~6, F\F, 0.095 1 0095 12.04 0.0011
PR/ 3 T R, X L B PO 0.56 Lo 086 708 00001
Jo MRS R T S i I 5 I 0 4 SR G 95 43 F,F, 6.43E-03 1  6.43E-03 0.81 0.3722
BT R R RO B ek 2 AR T 090 40 T
B R g th | B I SR A R e s o 1865 62
AW A e g Y AR R I X e g T .

VEVERE 7= — W T &2 . R Design-Expert
B X B 2 SR AT A e S O e L A
M F,=40 mm F,=2 L/s .F;=12 MPa. fifb)5,nh
dr 4 T 21880, sl MR B i T 12.9% , vl
NEPEEE T 37.6%(WET).

Table 7 Optimization comparison of performance parameters

5 Wi/ R/ Hz iR/ kW
Ak i 149.864 14.286 2.141
A5 182.652 16.129 2.946
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