% 48 %% 10 a5k 42 2019 4 10 A
Vol.48 No.10 Infrared and Laser Engineering Oct.2019

ATl HF MG FLEY 10 kW B3t 19x1 =BT ER
SR ER B R, G

(1. B KRF RFFERLTFTHRFEN, T B % 710069;
2. PEMFRBGELFAHEZIMALH ZAXFERAHLE,RE BEZ 710069)

i OE: AR RAMIFR I EA—REAMEREGER, SRHELETRAOKFEALAELN
FIMNAR, A 3 3 3 R S AU PT A R 6 ik o R e it AR dir e g ke AV R 19 & R4 i 972nm FF
PR T FILT 10kW ZUH R T R AEA8 T & k. B AT AL & R ey Aok R eh 72 A3 5 & R
Koy E AR ERAEARENS RGBT EETSH, TRELTRAERTERENS
#Makit, £ 300mm #9ARKEAZIAT AAL— AR HBELZ KA KRG FAF 10441 kW, EBE AR
21 mm. & 5% 2.46nm 89 = 8] AR TS RO A R F X F) 98.2% ., F1A 10kW 2 18 JE 48 T & Rk
HT R T AT TR 5 e AR AR A B B RS SL R B, LR E 4 ) 5 2] 570 mm = 70 mm.,

X@iE. fREMATAEER; o22nm FFHREAS; kA4 H;  10kW A ROk, HOokHIL
FESES: TN248 XEktRERG: A DOI: 10.3783/IRLA201948.1005013

19x1 space incoherent beam combining for 10 kW laser

perforation in oil well
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Abstract: Laser perforation is a forward-looking technology in the oil well completion engineering, which
has great application value for improving oil recovery. In order to improve the laser power and laser
transmission safety used in oil well laser perforation, 10 kW —laser space incoherent combining was
realized by using 19 fiber—transmitted 972 nm semiconductor lasers. By studying the effect of the radii,
separation distances of collimated laser beams on the spot overlapping efficiency of combined laser beam,
and simulating cross section energy distribution of combined laser beam, the structure design of a 19x1
space incoherent beam combiner was completed. A space incoherent combined laser beam with a single
beam shape was achieved within the beam combining length of 300 mm, with a maximum combined
power of 10.441 kW, a focal spot diameter of 21 mm, a line width of 2.46 nm and a combined efficiency
of 98.2%. Ground laser perforation experiments for sandstone and steel plate were performed using the
10 kW spatial incoherent beam laser with perforation depths of 570 mm and 70 mm, respectively.
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Fig.1 Schematic of 19x1 laser space incoherent beam combining
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Fig.2 Positional relationship between the spot of the collimated
beam at the center position and the spot of any other

collimated laser beam
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Fig.3 Variation between the beam propagation distance and the
spot overlapping ratio of the beam combined laser under

different conditions

HFAREREFAH1.2m, M o HHKNAAS

1005013-3



bk T2

% 10 #

www.irla.cn

%48 %

BEMr 2 W&, #£ F=1.2m.0.=8.33 mrad .h,=12 mm Fi
hy=24 mm ¥ %) 46 25 0 N AR TR o [EHE,m 5 z Z (A
A2 A B 23 Sl an B 3(b) T 3(c) s o AT LA Y, o
(BRI [R) — A BN B & R K Az B, i
F hEEHEEN 12mm, & —NEOCHE H BT
it FH 1 K1 Z B ELAR (D) WA RE T BR 3G K . % B 5 &
AR N K BE R AL M SR B, Dy B S K B E
10 mm . 2% & 31 5K 1 53 38 6 T 9 0 BO6 1 S IR
KA T2l M E O R ER 20 5 D, Z
[ 1) J5c K FEAE B ey 70%, ) o 9 fe K fH 2y 3.5 mm,
M8 2 3) A 1Y 6, fH A8 1E Ky 5.41 mrad

N0 S IR AW E N F=1.2m 0=3.5mm
0.=5.41 mrad .h,=12 mm Fl h,=24 mm B} ,m 5 z Z[H]
A2 AL A A T 3(d) TR o =12 mm FlI hy=24 mm X}
T4 A5 K B Az il Aze 43 31 4 490 mm Al 240 mm,
WA, AU Az BT Az fH 38 Tk 45 1A R K BE RS
RIS

R, MRS LT 250 20 45 iy e B EOE R 1
H o MERCEM 0 2R ER N

O=arctan(M,/2f) (8)

w=M,/2+fxarctan(6,) (9)

A f MEE R ICH BEE, 4 M,=440 um . 6,=

arcsin (0.22) . w=3.5 mm I}, B¢ 57 23 2 (8) #1(9) , i+ 5
A[7% 0 {8 K 14.75 mrad , £ {f 7 14.9 mm,

BT ORI S H (M=440 pm, f=arcsin(0.22),
f=14.9 mm), F| ] ZEMAX 5 PF 4 57 06 e 80T )
SEARETY B 4 Fros o B EOGHE E oot om
my Fl my 3 4> 3K 35 Bd 20 A o 38 98 8 3 > 3K e Y
G TE MR AR R DL R A A T A BR A 1] BE
B, e EHOC R o FIUEBUM 6 4 5452k
3.5 mm Fl 14.75 mrad () ¥] 4 & € H . RAHE S
B,myomy Foms B R B AR (@, 1=1,2,3) B (6) L &
P A~ 38 6 T Y il 32 AR (@, ap) 73 3 8 (9=7.0 mm,
z=2.0mm,a;;=—75.0 mm, a;,=+5.3 mm), (¢,=12.0 mm,
t,=1.5mm, a,=+20.0 mm, a»=—11.7 mm) fl(¢;=12.0 mm,
t,=3.5 mm, a;=+30.0 mm, a,=+15.7 mm) . G2} i H
vig 1 m1 om2 F m3 45 AH < 38 O A Y R R
(Po,p1, PRI E N 5.4.9.6 A1 4.1 mm,

ETWHt¥ 28 (h=12mm, k= 24 mm, 0=
3.5mm, 0,=5.41 mrad, F=1.2m), F|H ZEMAX & {4
fEcvakesy |5 R A T N o i O 1 R e g 1

WHLIGH My M, Il M 3 A BRI % 55 21 % . 38 2 )5 3%
3 > BR T B A G O Tl A AR TR R LA BR8P A
Sk T 5 18] R A B L 5 R OB B I AR @ B4
{E 43 1 20 mm ) 4R BEE M o K5 32 45 #0 B Y i A
% TRACEPRO # X & A0 1 B T RE 2 2> A
AT B R L 3 BRI R A9 38 6 Il R AR
JE B DA K AR &0 PR A~ 3K T TR BE, B DR R AR R AT R K
G R Az, 280 S50, My M, F M Bi i
2 0, ¥k 85 mm (F A6 fLAR) . My, M, 55 1)
JE R (T3) LA K 5 A58 ' T Y il 28 21 42 (ba , b) 3 931 4
(T,=8.0 mm, b=+% ,bp,=+510 mm) FiI (7,=10.0 mm,
by=—105.0 mm , b»,=+110.0 mm), M, K= E 3 mm {
T B o my My, My FI M 55 R A 38 ' T 2 ]
B2 (g0, g1, g2) RN 65.0,22.0 F1 28.0 mm

o
o
S)
)
<<
>
%

P 4 Sl T HE T T RIDE IR R0 Y 45 8 R B 1A
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Fig.5 Cross-section energy analog distribution of the beam combined laser at different positions( z is the distance between the cross section

and the focal spot)
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surface (c) of the sandstone after laser perforation,
photographs of the incident surface (d), exit surface (e)

and side (f) of the steel sheet after laser perforation
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