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Abstract: An experimental study on the nanosecond laser processing of the spiral groove on the dry
gas seal rotational ring surfaces made of GH4169 was carried out. Orthogonal tests and one-factor methods
were utilized to reveal the effects of laser power , scanning speed. filling spacing and repetition frequency
on the spiral groove depth and bottom roughness Ra, and to determine the appropriate combination of laser
processing parameters. The results show that the greatest influence on the depth of the spiral grooves on
the surfaces of GH4169 alloy is the laser power, followed by the repetition frequency and the scanning
speed, and the greatest influence on the roughness of the groove bottoms is the scanning speed, followed
by the repetition frequency and the scanning spacing. With the laser power of 18 W, scanning speed of 40
mm/s, fill spacing of 0. 005 mm. and repetition frequency of 50 kHz. the spiral grooves on the machined
rotational ring surfaces is able to meet the machining requirements of groove depth of 7 pm, and groove bot-
tom roughness of Ra<<0. 8 pm.
Key words: nanosecond laser machining; GH4169 alloy; dry gas seal; surface spiral groove; surface
roughness
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Fig.1 YLP-MP20 nanosecond laser equipment and

principle of operation
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Tab.l1 GH4169 specimen material properties
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Fig.3 Dynamic pressure groove structure and

measurement position
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Fig.4 Laser processing scanning method

3 AH Gtk

3 EXREEHERS

S e TN T2 B0k 8l T R R ORI 5
e P2 B2, AR SR F Ly (3D IE 38 R BEA T 90 15 11 %
AT 2 Bl e 3K F BEAT IE S 0 b . K 2
JIT 7 R TE S I B T 3% B A% LR N A Bl T R
TR L RS J32 00 £ 45 3R L 181 5 By IE A2 18R e
2l T M £ 2 THT T 550 D e B 0T

®2 EXHBESHRVELER
Tab.2 Orthogonal test parameters and

measurement results

“lp/w v/ (mmes ) f/kHz | s/mm fi/ pm Ra/pm
1 15 30 50 0.005 5.720 0.915
2 15 40 60 0.01 3.500 0.795
3 15 50 70 0.013 2.430 0.911
4 18 30 60 0.013 6.334 0.791
5 18 40 70 0.005 6.419 0.796
6 18 50 50 0.01 6.426 0.912
7 21 30 70 0.01 10.454 | 0.740
8 21 40 50 0.013 13.684 1.029
9 21 50 60 0.005 7.413 0.928
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Tab.3 Mean and extreme variance analysis of slot

depths

o BOCTIR | B | EEBURE | B REE 1Y
- EERE G iyiy A EEAE
T 11.650 22.508 25.830 19.552
T, 19.179 23.603 17.247 20.380
T, 31.551 16.269 19.303 22.448
T, 3.880 7.503 8.610 6.517
T, 6.393 7.868 5.749 6.793
T, 10.517 5.423 6.434 7.483

6.637 2.445 2.861 0.966
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Tab.4 Mean and extreme variance analysis of

roughness of groove bottom
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T, 0.874 0.815 0.952 0.880
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T, 0.899 0.917 0.816 0.910
R 0.066 0.140 0.136 0.094
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Fig.6 Effect of laser power on shallow groove depth

and groove bottom surface roughness

L7 it S T s W RS SR 3 878 T AN TR
YRR RS E AL, Q& 7a fTE 70 iR . MR
BAR B L WOL Rl B %5 B2 AU =5 T bR Y e ol 1
0.38 J/cm®, F B 1 & AL B2 R Tl T B B0 0]
THT R 0y o R TG 2 TR 85 A K T A TR L
R, B 5 SCERC 19 ] rp OCFRobpe il S E LT Y
TSR B IR AH — 2, B2 D K R otk RE
it B TR A AL I Ak R R A
ZIFAUI L, BEE WO T YR A kg i K,
P 7c AP 7d T 7R S 06 Y B R 2 1 5 bR B
Toby 1L, A RE AR AR T T T 40 0 A R [ Ao AR
T T 2R T s R N T L 3R T AR
T AH KR AN WG A RS RERE B Ra B A 5

0 1 285um 0 1 285 pm
(b)P=9W (c)P=15W
7.5“[m 7_5Em
0 1 285um 0 1 285 um 0 1 285 um
(dP=18W (e)P=21W )P=24W

7 AEEAWEMIEHERE R RRE
Fig.7 Morphology and contour of the groove bottom

after processing with different laser powers
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Fig.8 Effect of scanning speed on shallow groove depth

and groove bottom surface roughness
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Fig.9 Morphology and contour of the groove bottom

after machining with different scanning speeds
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and groove bottom surface roughness
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Fig.11 Bottom shape and contour of the groove after

machining with different filler spacing
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Fig.12 Effect of repetition frequency on shallow groove

depth and groove bottom surface roughness
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Fig.13 Morphology and contour of groove bottom after

machining with different repetition frequencies

4 #H#

DR DG PR BOG#5 4F GHAL69 & & R 1
T T MR E R A5 AL A SO P A R
[) f 2L R o A A SR in T 3 T R G R e R
25 P Sk n T i A S e E TR R N TS
B N X GHA169 A 4 3% 18 30 F A IR B2 52
e RS O 38 R Oy B 52 0 D R Al
JEE o T T REURE 52 T i R I 2 A B LR Ry

R AT A B
2) AN TR IO i T 2 038 5 o 7E B % A
e BE S RN GHA169 4 4y A8 520, i T 15k oy

D 5 3B 0 55 o 1 T 20 R RN /NI ISR R BE 3
AV 1) 385 Ty 238 R R AR N TS 1 A R A R {HL [
I 2 e AL R JEC 17 2 T 5 ok R 0 4l S
% T 45 i 00 Mk REUR RS ¥ 50 1M1 ) E5F 5% o A %
R RS RLRE J32 , B BEAY N T2 800] L4 5 5)
R B T R
IVHFPPOE I T LA 18 W 47 4 3 i

40 mm/s. 3 75 (8] BE 24 0.005 mm . 8 & J5i % h 50
kHz B, GH4169 4 4 7 16 3 JE A8 AT DL 2 Al i
he="7 pm FEJEAURE JE Ra<<0.8 pm (N T 223K .

B3k

(1] BXIC, RMW =, Mk E . 55 BRHEE KR mH b
JBEX A B RE R R e [T M5 %, 2017,
42 (1): 27-33.

MAO Wenyuan, SONG Pengyun, DENG Qiang-
guo, et al. Influence of Surface Roughness of Spiral
Groove Bottom on Dry Gas Sealing Performance
[J]. Lubrication and Sealing, 2017, 42 (1). 27-33.

[2] MAO Bo, SIDDAIAH A, LIAO Yiliang, et al.
Laser Surface Texturing and Related Techniques for
Enhancing Tribological Performance of Engineering
Materials: a Review [J]. Journal of Manufacturing
Processes, 2020, 53: 153-173 .

(3] EAF, THEM. Hg. & AR AP0 B R m

TEHE R BT S BUR [T, WE <8h 5 % £, 2016,
36 (11): 1-6.
WANG Yan, YU Xuemei, LU Long, et al. Re-
search Status of Non-contact Mechanical Seal Sur-
face Grooving Technology[J]. Hydraulic Pneumatic
and Seal 2016, 36 (11): 1-6.

[4] MARTINEZ S, LAMIKIZ A. UKAR E. et al.
Analysis of the Regimes in the Scanner-based Laser
Hardening Process[J]. Optics and Lasers in Engi-
neering, 2017, 90: 72-80.

[5] ZHAO Wanqin, WANG Lingzhi, YU Zhishui,
et al. A Processing Technology of Grooves by Pico-
second Ultrashort Pulse Laser in Ni Alloy: Enhanc-
ing Efficiency and Quality [J]. Optics and Laser
Technology. 2019, 111: 214-221.

[6] DOU J, CUIJ, FANG X, et al. Theoretical and
Experimental Study on Machining Rectangular Mi-
crogroove of Diamond by Femtosecond Laser[J]. In-
tegrated Ferroelectrics, 2020, 208 (1): 104-116.

[7] HU Tianrui. YUAN Songmei, WEI Jiayong. et al.
Micro-grooves Machining and Optimizing on SiC/
SiC Composites by Femtosecond Laser-based on Re-
sponse Surface Methodology[J]. Ceramics Interna-
tional, 2024, 50 (1PB): 1665-1682.

[8] DHAKER L K, PANDEY K A. Particle Swarm
Optimisation of Hole Quality Characteristics in Laser
Trepan Drilling of Inconel 718[J]. Defence Science
Journal, 2019, 69(1): 37-45.

[9] NAVEED A, MADIHA R, SALMAN P, et al.
Controlling the Material Removal and Roughness of
Inconel 718 in Laser Machining [J]. Materials and
Manufacturing Processes,2019,34(10):1169-1181.

[10] DENKENA B, GROVE T, KRODEL A, etal. In-

2213



REALE TR S8 36 B 2 10 3] 2025 4F 10 A

[11]

[12]

[13]

[14]

[16]

[17]

creased Performance in High Speed Turning of Inco-
nel 718 by Laser Structuring of Pcbn Tools[J]. Pro-
cedia CIRP, 2018, 77:602-605.

AVADHOOT R, SATISH C. Experimental Inves-
tigation on Laser-processed Micro-dimple and Micro-
channel Textured Tools during Turning of Inconel
718 Alloy[J]. Journal of Materials Engineering and
Performance,2022,31(5):1-16.

TXIC, Rz, XA, & T % B IRHER
BOLIM T T 285 (1], TRFE 548K, 2018, 50
(5): 253-262.

MAO Wenyuan, SONG Pengyun, DENG Qiang-
guo, et al. Research on Laser Machining Process of
Spiral Groove of Dry Gas Seal[ J]. Engineering Sci-
ence and Technology, 2018, 50 (5): 253-262.
FCTT, KNG, R, A gy RO LA
R RS R s ek (V] Th RO .
2023, 50 (12): 269-276.

MAO Wenyuan, LIU Xiaolei, CHEN Shuo, et al.
Calculation and Experimental Validation of Groove
Depth for Nanosecond Laser Machining of Dynamic
Pressure Grooves in Mechanical Seals[ J|. China La-
sers 2023, 50 (12): 269-276.

BXTC. RIS s, S U B IR E A
e T T 28 ACE 44k [T]. TR S EA,
2021, 53 (2): 195-202.

MAO Wenyuan, SONG Pengyun, DENG Qiang-
guo, et al. Optimization of Laser Machining Process
of Dry Gas Seal Spiral Groove by ACE Method[J ].
Engineering Science and Technology, 2021, 53
(2): 195-202.

LA, ERSE. HMmE . L ETARFERRITN
TARFmEERBOCR =ML LT]. MRS, 2022,
36 (5): 44-52.

WANG Yan, WANG Yingyao, XIAO Yufeng,
et al. Ultrafast Laser Precision Machining of Dry
Gas Seals Based on Ordered Modeling Design [J].
Materials Guide, 2022, 36 (5): 44-52.

EAT SLREAS, i —0g, &5 % B AR T
FEHOGT & 1 S BRI K S s e[ T, s R
FCARERERD . 2023, 50 (10): 142-150.
WANG Yan, KONG Kangjie, HE Yiming, et al.
Parametric Modeling and Experimental Validation of
Controlled Laser Preparation of Dry Gas Seal End
Face Grooves[ J]. Journal of Hunan University (Nat-
ural Science Edition), 2023, 50 (10): 142-150.

P S0, BRUK, BRL SR GNER IO N T 2. 54 CI/
SIiC &2 & MR BE b FLIR R AE [T, E AL T2
2020, 31 (8): 983-990.

JIAO Haowen, CHEN Bing, LUO Liang, et al.
Ablation Hole Characterization of 2. 5-Dimensional

CIf/SiC Composites Processed by Nanosecond Laser

2214

[J]. China Mechanical Engineering, 2020, 31 (8) .
983-990.

ChREdE, PRIGELE . BR¥E . 45 . T 00 6 3 & 4
A 0 B 5 O I O Bl Ak i B R 1 A T BT R AT Y
(JJ. ROt . 2023, 50 (16): 186-197.

MA Guiying, CHEN Xiaoxiao, CHEN Tao, et al.
Surface Quality of Coupled Laser-polished Silicon

(18]

Carbide Ceramics Based on Bidirectional Spot Over-
lap Rate Modulation [J]. China Laser, 2023, 50
(16): 186-197.

MO BRI, PR, S RBPBOLSUM R G &
Y SRR BT S L] T E O . 2023, 50
(16): 175-185.

XIAO Pulu, CHEN Guanhua, CHEN Yu, et al.
Femtosecond Laser Structuring of Titanium Alloy
Surface Morphology and Wettability[J]. China La-
ser, 2023, 50 (16): 175-185.

7K % WO . HEE R . 4§ . BE BT A 4 O B AL
T2 % i 5x [J]. WOE £ AR, 2016, 40 (4) »
512-515.

FU Yonghong, GU Yali, KANG Zhengyang, et al.
Experimental Study on Laser Burring Process of Ce-
mented Carbide [J]. Laser Technology. 2016, 40
(4): 512-515.

e 28 . KIS L 4 AR L L A5 . Bk R TET BRI ZUAA 1Y UK
T R A B I FE L] OGS 2022, 49
(10):258-272.

HE Wanying, YAO Peng, Chu Dongkai, et al. La-
ser Processing of Titanium Surface Micro-convex
Weave and its Cell Adhesion [J]. China Laser,
2022, 49(10): 258-272.

R, DR, Bl L OREEOR 2 gk &
WA TR 2B R BRI AT T [T Mo 506 12
HERE, 2021, 58 (11): 247-255.

HAN Yuan. MA Yuping, WANG Haihang. et al.

Femtosecond Laser Etching of Nanodiamond Coat-

[19]

[20]

[21]

[22]

ing Material Removal Rate[J]. Advances in Lasers
and Optoelectronics, 2021, 58 (11): 247-255.
(RE =HB)

EER AT & Ak L0 2002428 B RS2 . BFSE D7 1) R 1K 7F
i % B R AR IE 5 N T . E-mail: sduliwengian@mail. sdu.
edu.cn, 3 B GEEMER) 196944, Hz W LI A
Ui BIF 5 75 T Sy S ik in B 5 R g HOR T L 5 T Bl
A G5 R E I REAL BT 5 T B AN T T A S A
TaREESH NS, E-mail:melius@sdu. edu. cn,

AR SCH IS

ZESCAE X MR B G A TR Bl B I 0 R A A i
Jeil L], b EPUAE T2 . 2025, 36(10) : 2207-2214.

LI Wengian, LIU Zhanqiang, ZHAO Jinfu, et al. Nanosecond La-
ser Machining of Spiral Grooves of Dry Gas Seal Rotational Ring
Surfaces[ J]. China Mechanical Engineering. 2025, 36(10) : 2207-
2214.



