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Removal of Carbon Deposition on the Inner Wall of Turbo
Shaft by Magnetic Needle Grinding
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ABSTRACT: The work aims to remove carbon deposition from the inner wall of aero-engine turbo shaft. Magnetic needle
grinding method was used to remove the carbon deposition on the inner wall of the turbo shaft. The surface morphology of the
inner wall of the turbo shaft before and after removal of carbon deposition by grinding was observed by 3D ultra depth of field
electron microscope. Scanning electron microscope was used to measure and analyze the components of carbon deposition on
the inner wall of turbo shaft and the matrix components of turbo shaft. At the same time, the composition of inner wall of turbo
shaft after the removal of carbon deposition by magnetic needle grinding was determined and compared with the matrix
composition, to verify the thoroughness of carbon deposition removal. Carbon deposition on the inner wall of turbo shaft was

completely removed by magnetic needle grinding. The elements in the carbon deposition were O, C, Na, Al, Si, Ti, Fe, Zr, Mo. S
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and K, and the elements in the matrix were C, Al, Si, Ti, Zr and Mo. The elements on the inner wall of the turbo shaft were C,

Al Si, Ti, Mo, O and Fe measured after removal of carbon deposition with magnetic needle grinding, showing that the carbon

deposition on the inner wall of the turbo shaft was completely removed after magnetic needle grinding. The results of

composition analysis show that this result is correct that the carbon deposition on the inner wall of turbo shaft obtained from

surface topography analysis is completely removed. At the same time, it shows that the method of removing carbon deposition

on the inner wall of turbo shaft by magnetic needle grinding is feasible and achieves good results.

KEY WORDS: magnetic needle grinding; carbon deposition; surface morphology; scanning electron microscope; turbine shaft;
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Fig.1 Principle diagram of removing carbon deposition from
inner wall of turbine shaft

P2 g B — R B e Tl ) PN B SR A B FRL AL
ek Im1 e 3 Sl R [T, S8 b9 8 il b 2% IO g 2l B9 TR
WL . SEPrin Tk R b, R B REFE 22 6] 30 A il
8, P s SR E IR A o AN HAZ 2R
iz BB A F T 4205 0 2 R i B Tl P9 BE 1 AR AR

20 e 1 B PN T ) BT AL T AR A AR AR Y
Wby, BEET BT AL, Wk A S R REET )



F49% ol

WRAESE - WEET R ) TF I 25 B 0 8 il 1 B U - 261 -

B2 AR R iz Sh Bl

Fig.2 Motion track diagram of magnetic needle in turbineshaft
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Fig.3 Schematic diagram for removal of carbon deposition by magnetic needle: a) contact between magnetic needle and
workpiece, b) magnetic needle enters the carbon deposit, c¢) carbon deposit layer ploughed by magnetic needle, d) falling off of
carbon deposition at scraping part of plough



- 262 E-3 TR N

2020 4 6 H

2 WSt NTRBEERRGRNEE

P 4 Sy e i P BE BB 25 B A9 S 36208 S IR
o5 =3 7 3 R ) R Y 2 B A R RO AL
5 R 0 = TCR ST B 5 = TR 3
AP B E AR, TIORE Bl AR Ry =
JTCR SA4s , =588 — o A el a5 B B 4, I
ATRBHIN TS, =1 B =l Hrp—A
FOE AT B IR S AL B, s =R
FERE S, R BI R i e gl
IPUEHAES SR L, W B AR PLL, R

Sealing device
at both ends of
turbine shaft

Turbine shaft
rotating motor

Turbine shaft

Sliding table

Magnetic pole disk

DU E LB ALERIEE 6 b, mREmyLEEsh, W)
B, BLETEN & L HL AL sh, ek
WARMIALBREC S /E T, A shil & i s i il 1) iz
Bl TERRHIIFF 25, RSPl AL,
SR SR HLRL B T, AT A = E A L T 1] i
AL RSN, T R S BN EE s A
FRRE K AT A TR S PO A B S8 Tk I o REST R
WA RE BIRES IV, BR800 e Sh e s e Al A
¥eghy, W B TE HEHLHUE FI R 7 Sl b £ 9 Fe b it 1)
B E), AEASREET A TP e b A e P[] IR s e Al 1) 58
B AL B, REET XTI EE AN AR O A TN T
Tee pipe

Three-jaw chuck

Top device

{ |

Three-jaw chuck  Structural
spindle device  support frame

Slide rail

Polar disc Three-way pipe
motor seal sleeve

Pl 4 b i A R B e 25 AR S 06 s T 1

Fig.4 Schematic diagram of experimental device for carbon deposition removal from inner wall of turbine shaft
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Tab.1 Experimental conditions

Name Experimental conditions

Turbo shaft

Experimental workpiece
Speed of magnetic pole disk 700 r/min
130 mm/min

250 r/min

Velocity of linear motion
Turbo shaft speed

#1.0 mmx8 mm stainless steel

Magnetic parameters needle 1 kg

400 mL water base grinding

Dosage of mixed solution fluid+1600 mL water

Grinding time 40 min

K5 ses TR ER
Fig.5 Schematic diagram of experimental workpiece
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Fig.6 Surface morphologies of before (a) and after (b) carbon deposition removal
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Fig.7 Surface morphology of inner wall of turbine wheel axle in different states: a) before carbon deposition is not removed,
b) after sanding by abrasive paper, c) after removal by magnetic abrasive of magnetic needle
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Tab.2 EDS results for different markup areas in Fig.7

wt%
Spots C (0] Na Al Si Ti Fe Zr Mo S K
I 60.09 26.37 — 1.25 0.50 2.52 8.05 — — 0.34 0.87

I 12.47 25.41 0.28 3.13 0.59 37.65 16.43 1.32 2.71 — —
I 7.14 — — 6.15 0.84 80.57 — 2.29 3.02 — —
I\ 3.84 23.53 — 3.84 0.63 51.86 13.12 — 3.18 — —




F49% ol

WRAESE - WEET R ) TF I 25 B 0 8 il 1 B U 265 -

KRB BT REEH TR I T BB A Fe JTTERAE
mECHI N BERIASR R, SRR ZS B IF AR, ik
T 3 g e R IR R B . Ze SR AR AT RESE
PN BB A2, Bl A skb Ze LR, WA
ATRESE Zr B REACAR, TN ROR E (D E 2

Wk PLE B el LRG3, PR W T LS8
SR BRi A B P BE 0 R , LI e 1 Il R TR )
Hrig 2 4h

5 #Hig

1) M i 55t A% v . (BB UL 8 e T 1 ) B 2
I 163 8 2l PN BERRBR AT AR TDE S, 15 25 BR AR Z i
FAEE,  BRBURJE Y 15 58 P BE 3% i A A 21 UK 5%
B, RERIEEA.

2) O T Y UERE B T BIEIE i i A el P BE BB
e LRI EE AL LG, K mL s s S O 2 R A
a8 Tl PR BE FSC 20 R il B M B HEA TR L, &
SRR, el A RE B A L BR LB

SE k-

(11 s, s &SRR Al s s e HORBESE D], K
% KIEFLT R, 2016.
HE Liang. Research on the ultrasonic cleaning technology
of acro-engine low pressure turbine shaft[D]. Dalian: Dalian
University of Technology, 2016.

21  EEl, 2HE, 0, 5 8BS BRI T 2H ARV
[]. BB T2, 2010(5): 78-81.
WANG Wei, JIANG Jia-yu, WANG Bin, et al. The study
of process technology of ultrasonic carbon remover[J].
New technology and new process, 2010(5): 78-81.

(31 Whob . P 2 A R W e S X T
HRAKID]. ¥ra: ILAKAE, 2016.
YAO Shuai-shuai. Carbon cleaning research and process
optimization for remanufactured parts with molten salt[D].
Jinan: University of Shandong, 2016.

[4]  ARZEXS. A P BR AR T S ] BHEL S A l,
2012(23): 335-337.
ZOU Wei-xing. Ultrasonic carbon removal process pra-
ctice[J]. Science and technology & enterprise, 2012(23):
335-337.

(5] i, Pidle, Boci, 45 SRR RINGE /N ARG 4
BHNREICH AR ). AAPURS B shbin T4
K, 2018(7): 145-147.
YANG Hai-ji, CHEN Yan, JIN Wen-bo, et al. Application
of spherical magnetic pole in polishing of inner surface of
small diameter TC4 tubes[J]. Combination machine tools
and automatic processing technology, 2018(7): 145-147.

[6]  skiEE. AR VB LR BT M s AT 5T D).
#ili: I TRHERE, 2016.

[10]

[11]

[12]

[13]

[14]

[15]

ZHANG Zhi-chao. Tiny parts precision grinding machine
design and experimental research[D]. Anshan: Liaoning
University of Science and Technology, 2016.

tros st A EOKBEILCHL Y TAE s B ST [D].
el I TRHER, 2014,

XU Zong-gui. Research of permanent magnetic mill
working principle and application[D]. Anshan: Liaoning
University of Science and Technology, 2014.

MORI T, HIROTA K, KAWASHIMA Y. Clarification of
magnetic abrasive finishing mechanism[J].
materials processing technology, 2003, 143-144: 682-686.
2N, WRate, JRIMGSR. SRS BIRE WS L BRFLAR 5L
ARBRIBTTE[T]. HAEPURS AL TR, 2018(3):
26-29.

LI Kuo, CHEN Yan, ZHOU Chuan-qiang. Study of vibration
assisted magnetic abrasive finishing of intersection line of

Journal of

pinhole deburring[J]. Modular machine tool and automatic
processing technology, 2018(3): 26-29.

KA. AR BT PLA B S g5 (D).
#il: ILTRHRE, 2016,

ZHANG Zhi-chao. Tiny parts precision grinding machine
design and experimental research[D]. Anshan: Liaoning
University of Science and Technology, 2016.

A, P, skaH, A5 MRt fiy 2 bt i
RSB R AR E AT I]. i HlE R, 2017(9):
66-70.

LI Kuo, CHEN Yan, ZHANG Zhi-chao, et al. Experimental
study on using alternating rotating magnetic field to
remove air film hole burr on blades[J]. Aerospace man-
ufacturing technology, 2017(9): 66-70.

Hagfe. IUMHTTZOR A 22 B0 T 28 0F R F
JrHT[D]. KJE: RIFEETOR2, 2015,

GAN Lu-hua. Experimental study and numerical analysis
of ultrasonic deburring process for intersecting lines of small
holes[D]. Taiyuan: Taiyuan University of Technology, 2015.
KAJAL S, JAIN V K, RAMKUMAR J, et al. Experimental
and theoretical investigations into internal magnetic
abrasive finishing of a revolver barrel[J]. International
journal of advanced manufacturing technology, 2019,
100(5-8): 1105-1122.

LIU Z Q, CHEN Y, LI Y J. Comprehensive performance
evaluation of the magnetic abrasive particles[J]. The
international journal of advanced manufacturing technology,
2013, 68(1-4): 631-640.

LIN C T, YANG L D, CHOW H M. Study of magnetic
abrasive finishing in free-form surface operations using
the Taguchi method[J]. The international journal of advanced
manufacturing technology, 2007, 34(1/2): 122-130.
BER, Wk, S50 REDPE D RBRGU B el b
BHNAFFE[T]. Aizs HEHR, 2014(9): 88-90.

LI Yan-jun, CHEN Yan, GUO Long-wen. Study of deburring
on edge of micro nozzle by magnetic abrasive finishing[J].



266 -

EN TR NN

2020 4 6 H

(18]

(19]

Aerospace manufacturing technology, 2014(9): 88-90.
WL, B, W, S RAR-RE =G HTE TAIS Bk
HaENRMVERDLAEIURS A sifm TH AR,
2018(2): 140-147.

TAN Yue, CHEN Yan, ZENG lJia-heng, et al. Study on
inner surface of TA18 titanium alloy pipe by electrochemical
magnetics composite finishing[J]. Modular machine tool
and automatic processing technology, 2018(2): 140-147.
i, e e, XUBE, 5. BORBTES £ ER A17075 28
AL BRI ARSI, REFEA, 2019, 48(4):
302-309.

JIAO An-yuan, ZHANG Long-long, LIU Xin-long, et al.
Experimental study of deburring in Al7075 cross hole edge
based on magnetic particles grinding[J]. Surface technology,
2019, 48(4): 302-309.

LR, AUE, W, S BAERIE SERE &
HEALAGIAIRITEL]. PR T R54R, 2017, 53(19): 114-119.
JIAO An-yuan, QUAN Hong-jun, CHEN Yan, et al. Exp-
erimental study on ultrasonic magnetic composite grinding
of titanium alloy cone holes[J]. Journal of mechanical
engineering, 2017, 53(19): 114-119.

JAIN V K, SAREN K K, RAGHURAM YV, et al. Force

analysis of magnetic abrasive nano-finishing of magnetic

[21]

[22]

(23]

[24]

and non-magnetic materials[J]. International journal of
advanced manufacturing technology, 2016, 896: 1-11.
VERMA G C, KALA P, PANDEY P M. Experimental
investigations into internal magnetic abrasive finishing of
pipes[J]. International journal of advanced manufacturing
technology, 2016, 88(5-8): 1-12.

WL, ORIV, ki, A5 RS IRRHE E
MR T]. AR EIR 50 H, 2002(4): 261-294.
FAN Qi-ming, MI Zhen-tao, ZHANG Xiang-wen, et al.
Research progress on improving thermal stability of aviation
fuel[J]. Petrochemical technology and application, 2002(4):
261-294.

RN, RALE, Pz 2 B R ORI B R 1Y
)], HEPERTAR, 2015, 36(12): 1901-1908.

LI Hao, ZHU Bao-zhong, SUN Yun-lan. The effect of
magnesium powder on the combustion characteristics of
aluminiunv/ice fuel[J]. Propulsion technology, 2015, 36(12):
1901-1908.

A, XU, Rewd, 2. FRIEMUE MRS ] T. 22
RERBARMR[I]. AT, 2001(1): 34-37.

ZHU Yue-lin, LIU Hui-cong, XIONG Chang-jian, et al.
Development of aerial fuel refining equipment in China[J].
Petrochemical equipment, 2001(1): 34-37.

( F4EsE 258 W)

(7]

(]

[11]

[12]

[13]

WANG X, LIN J Z, MULLEN, et al. Transparent, conduc-
tive graphene electrodes for dye-sensitized solar cells[J].
Nano letters, 2008, 8(1): 323.

SHAO Y, WANG J, HONG W, et al. Graphene based
electrochemical sensors and biosensors: A review[J]. Elec-
troanalysis, 2010, 22(10): 1027-1036.

PUMERA M. Graphene-based nanomaterials for energy
storage[J]. Energy & environmental science, 2011, 4(3):
668-674.

STANKOVICH S, DIKIN D A, DOMMETT G H B, et al.
Graphene-based composite materials[J]. Nature, 2006,
442(2): 282-286.

CHEN J, WANG K, ZHAO Y. Enhanced interfacial inter-
actions of carbon fiber reinforced PEEK composites by
regulating PEI and graphene oxide complex sizing at the
interface[J]. Composites science and technology, 2018,
154: 175-186.

MARAMI G, NAZARI S A, FAGHIDIAN S A, et al.
Improving the mechanical behavior of the adhesively bonded
joints using RGO additive[J]. International journal of
adhesion and adhesives, 2016, 70: 277-286.

GULTEKIN K, AKPINAR S, GURSES A, et al. The

[14]

[15]

[17]

effects of graphene nanostructure reinforcement on the
adhesive method and the graphene reinforcement ratio on
the failure load in adhesively bonded joints[J]. Composites
part B: Engineering, 2016, 98: 362-369.

SADIGH M A S, MARAMI G. Enhancing fatigue life in
adhesively bonded joints using reduced graphene oxide
additive: Experimental and numerical evaluation[J]. Inter-
national journal of adhesion and adhesives, 2018, 84:
283-290.

RAMANATHAN T, ABDALA A A, STANKOVICH S, et
al. Functionalized graphene sheets for polymer nanocom-
posites[J]. Nature nanotechnology, 2008, 3(6): 327-331.
W, U, FISER, S BRGORPRHER R AT 4E Y
S HORE ST RS SO S R SR D). BEEE AN/ S5 R,
2018(1): 108-113.

LI Jun, JIAO Wei-cheng, YAN Mei-ling, et al. Advance in
research on interface synergism of carbon nanomaterials
grafted carbon fiber composites[J]. Fiber reinforced,
2018(1): 108-113.

XIER, FAMRR, EBEHE, 5. WOLHEHRHRE 5T U5
FEMA T VA AT [T]. BOG 52051, 2014(3): 241-245.
LIU Zhen, WANG Yao-ming, WANG Ying-weli, et al. Analy-
sis and research on laser shear plastics shear strength test
method[J]. Laser & infrared, 2014(3): 241-245.



