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Application of Additive Manufacturing Technology in the Development
of F-class Gas Turbine Burner

YAN Wei,RU Dong, CHEN Ming-min
( Shanghai Electric Gas Turbine Co. Ltd. , Shanghai, China, Post Code :200240)

Abstract: In order to shorten the development cycle of burner repair and low NO, emission combustion
technology for heavy-duty gas turbine, and to break the technical barrier of manufacturing hot parts, a
complete set of processing technology of the F-class burner was developed by using additive manufacturing
technology. The standard hydrocyclone has been successfully trail-produced . On this basis,damaged burn-
ers on units has been replaced by using the burners made by additive manufacturing technology. In the de-
velopment process of new low NO, emission combustion technology,a number of burners have been pro-
duced and verified by full temperature ,full pressure and full-scale experiments. the new type of low NO,
emission burner has been successfully produced in batch. From concept design to manufacturing, the de-
velopment process of F-class heavy duty gas turbine burners has been thoroughly opened up. These appli-
cations show that additive manufacturing technology has great potential to bring substantial values to enter-
prises in gas turbine service , R&D and manufacture.

Key words: additive manufacturing technology , F-class gas turbine , burner

RS B :2021 — 04 — 19 ;83T B 1 :2021 - 06 - 15
EEE B (1993 -) &, ERE A, EPREARTE L.



5510 1]

Bl A, M HDEORTE B BUR A AL e AR T & Hh B N - 223 -

51

il

F R EALR BB T g O PR T
2z —, LR % Fem TR BOR &, — Ok
WG LA RAMEGERE Y L2, A = R g 5
Ko 3 AR B, PR R 2 T LA A R R A
F AL, ARETE 2R S ER LR 55 b A P 451
MEZAT R, Pk, RS LR 7R R
e AT BAC IR A 7 T e R IS 8 19 4 1 I Ay R A A e 11
Ji]

SR (3D FTER) BEARANE H B A HIIH P
Se PR S AR, SR G Ly =R L2
PRAE T i e, A K A i AR B R
AT SR AE T — R 2R = R i i, FERE/DS,
PEIRA R o A AR G Ly ik, 3G
FEARBEAR T A= T b B 096 BHE #E , 1 72 o 7
A TRy A AT RATR %5 5 b [al JACRN P o R A R — b
SEATRREE R A Oy R Y EAT, S R
AA 53 2 R 3 (LOM) | O [ Ak 57 A B Y
(SLA) | BEFE MW PE 45 (SLS) | Mot 1 X 45 1k
(SLM) F& Rl L AR i A (FDM) 45 46 Jas 38 b1 il 3t
— MR RO E X A Ak (SLM) Fi AR, B gk X 06 4
B o HeA AR B T3 JEL B, B = 4R A
it CAD B4t b3, i ok 9 F 43 J2 ) i I F ol A B
A,

RGO G B M RSl & R SR A
FHEG A Tl 3 A SR il 5 KA 68 5 1A LU B T 19 ik
. GE A HEILIE T Morris 23 &l 2 K F Avio 24
A, TF A A A s P 1 3 XSO 46 (SLM) Fi
TR AL (EBM) 3 0™ o T 1T 7 F 54 bt
il e A, B 3 IR HE ECRUR & 45 (DLE) | 58 A
T SGT - 700/SGT — 800 #A K 22T e (1916 & T 4EF0
SGT — 1000F fy 45l r" " o

FigHRS F SRS I N R TE AR %= 454, 1
BRI E 24 2 HR3 JREBaAF . MR bedi vl
B IRPREIEE, BB BER b A 00 A b 45 e e 1
o O EBERRE S I R PR, R B
FE MR H s BURBAPRER R ERREA | S Ry BT AR

i, HR3 AR SE M i 1 BiroR., & F{EBE

WRIERR LA IE AN AR IE A SN o Y, [y

H R A = i .

ﬁﬁﬂﬁﬁé%%
O

AR R A

1 HR3 ARG rEE
Fig. I HR3 burner sketch

T SRR AT R h E BT XHE B b a
3k T e AR AL AT AL , K 3 M Rl B R FAAE LT
3 NI :

(1) HR3 fRbean a2 IR 55 . 7ER P41
Pt IS FTERG & 1 AR SR BE o, R Be i 3k T e
i e HH DU 57 10070 B AR B A R G o SR TS A
] B AT B T 0 i Sk A R AT S 4B, T LA AR RO
D YERE B A IRAS A AE R 3

(2) W& IFEEO P o IRRRBEROR T R
ERAR PAERRBRBE U A BT 5T L, O A ad B i
DL S T IR R e i an . A IS G HEA AT LA
PR AR 7 A AR AT AR S AR

(3) = A AERE A7 o F TR il i DR
AT RAFE R B B bR i 2 £4 R R 9 56 A iR RE T
S BLRE FRY , HEAT AR BRAS /At e ol i

1 EMEERRERRBEERSHH
N7

PR TECHLAE Ry P e BB, 280 40 T DR 45
AR, PP 1 B R AR A i A B 3R 35 v
] HR3 (EBEAGE fr A T R B 2R 5 AR (2
B AT LU AN RE PRI A S BOa 2 T B e
LA R 47 , AnpABE b b (S T T RAN IR R
5% . BRBLREINE 2 PR 8 —Ers
e, W ALBOA BB BB AR o ARl R I, L
PECAS LT 2T LR W A 04 3 1, ELR I A 4
B, ARAERE S p R o o Al o 1 BRI 55, B



. 224 - # RE B

J1 IO 2021 4

I o 2 — S B B B 1, 2 XA Il 3 RAH 2 Y PR
FEIET o HRAEPPAG , H2 4% (4 A B8 8 1 1 (U L 2% 2%
R, AT T LALRSEGE F , SE e i A i 22 B 119
jj‘%o

(a) #RBEAR I HBE ik

() 24 P T P 3 2R

B2 HR3 gALER IR R
Fig.2 HR3 burner damage cases

A T IS5 MBI, B D HR3 (BT
Beaw ol , 3TE A A ba AN 18] 3 7S o A X 384 61 ol
R FFIA TR T AT, I 2 RES RO T 2K
LR TR B, B0 B R K 99. 9%, AF 5 T
MR IHEAREE K o i, b9 A 2 RS 4 b o]
&M HR3 Rl e dii s F T B A ML ) |
bear e T,

3 B HliE HR3 [EUTRERS
Fig. 3 HR3 burner produced by additive manufacturing

technology

2 B BISRARTERESE & PRI A

BRES

BEA [ 20 PR AR B4R L, PR R T ) A
R AR L HTT AR L 2 A AL HE SR R AL
AR PR R EAR. LA AT B R
HLA L LA ZCR AL HE R H 2023 41 H 1 H iy
S 30 mg/m’ FER T AR AR LA R

2.1

15 mg/m* ™™ ORHIR S A LR B R R 4 T A 10
PR, FARHEHOHT U B s (9 1 2 30 7 JE B .

R AR BER AR T & 3 B AE e MR BB IR AR 1
DAL TIPS R E PRI BFIE o A FIBCIEL AT 0 2 1y
Rk R IG , ik — R I A B e iy 7]
SEME IR B0 T L AR 2 R I ke 5 I
e RERE SR TR T, B R SININ Tak
R D T T R B 1R ) 9% P A L
FRC S PRI . 1B e PR e, oy 3
FRRO A E OB IR, I e R B, AW
5 22 3SR ) A AR L ) — 2T B ke
R IS 22 A5 4 AN I T e 3, T A e e
BT S B ik i AL
2.2 MRS R AR RHRAIE SR IR T B R

BRGEWMHEC2RETREE, kD
H R SRITTE S 1 R o, SR 4 T 400 4
S P T Z TR RN LAHE (AR 28 9 A nde 4
PR R B AN T B P I R TR A B
T L SRR SR B . B RS R AR T TR &
BN, RN 4 R

e R AR

1

1

1

1

1

1

1

i

1 r

11

1

T |

11 PRL S5
|

P T NT LT B
e I TS
11

| EI | I Ha
P 3
T 7
| EI |

11

L

R0 R A

E4 #REELE 3D fTENRE
Fig. 4 Process of 3D printing for R & D prototype
trial production



5510 1]

Bl A, M HDEORTE B BUR A AL e AR T & Hh B N - 225 -

ARAABIR AR, SEB TR MR P e HERCH) H 1Y,
BEVH AT IR R ARG e i PTG i T 4ok
TEAIRAARL ML, BABE T R R AR T TR AL R
TR R beas e G0N 107 175 58 3 4, il ad
b TR BTN 5 (a) IR JE I SE PR &
B ARGITIEATAE 3 0 A e it i R ¢ 38 5 o [
M F R/ AR AR AT R, WEREAR 2 2 I 57 5
WA TC IR AR E RS, X LA R AR A B9 5
Medto BUT—MR B KRR T TR, IR Nl
TBEABOEH LR, WE S (b) Fran. #ERHA
B R TG TA5H AR T 17% o

(a) HLAE N T
B S5 EHEEEgn T ERERET FRARER

Fig.5 Comparison of AM and traditional processing

(b) — &3

in mechanical design

A 1) 3 P A R — R O s o, B — 2
—JZ AR S, A KB Ty e, B FEAR
FIRAE BAR, RS AR, R B R e wH
P FRIZ, AR A 2 LR R R,
6 g ia SR A AT B — A MR B I S A G ke
B, MEZR BB B R T 2k, SE SR AT ER T = Ak A
PG IR s AL . W RUE A LR R
A4 FTERMF B 10 F “ TR o B LA, 7ERRBE #5815
VB B 5 SRR T 3 1A PR a5, R D e 2
P s B A A, (A A e R U, S Y SRS
HLH,

2.3 HKEMZHEEIT
Xt F IR B E AR B TR, WS

HYFTER 2R B0 FIARCHORT R B8 4, O SEAR AL T A
P HIEH— YRR . LGN TAE R AR BT A
TORTEACHI S B FHER B2, PIAh T L4 SR
B

FTEPfHALER
MR R

Eo6 BMITHB=ZHMA
Fig. 6 Printing of suspended twisted blade

FTER IR Be e Sk e A e as AT AL —
& i LA S i AR o by T A 3 T [
TR A T3] B 422 ) N B AR5 R AR BAL LN 38 2
A 220, BT LATEST ER SR B 2 i 5 ZORE AR B3 11 Ab 3K
3, 5 IR AU TR G AR S 1, R R
77 7 B

o

(a) #RH H

(b) AR ER N

B7 IREERKEIGT
Fig. 7 Magine design for welding groove

WAJE A 5/ 158 R TG ) LA, TN ] 8 s e Afor
B EER ) R HEA TR , 18] B SR A, RS N
i ST BIR AR RGN B 5 Fh R AR
PC B AL T AR A i, (ELSEERUE R, XA 5 5
AR R0 A i 4T ED SR04 RE R — YO, 4
RATENBRATE A TTENCER G , 1B HE A T #0E
AT L 28T — T R SO , o I R T 8 1)
i IS RO G [ 1 (6 o o L B T — B
BAEH,WE 9(a) Bron. vkttt B & Br, 56 —



. 226 - #H

e zh h T &

2021 4

Ao (B v 0 [5] f if— 2 % i Ax i, 2SS RS T
ST ] e HOGHE, A0l 9 (b) BirzR

8 EMEER
Fig. 8 Ideal model

(a) U BEA A

(b) AV 1T 5 i % ik

B9 EBEHmmMRmRENTGE
Fig.9 Two ways to add allowance for cylindrical surface

AR, SR I A G BOAR , TEBTAL B A 75 2L
eI DGR RE , RN FE RE o B 45+ A g b 2
BT T HEIESE o WA DG R RS A3 T2 A
A GRS , TR TTED , ST BRIR & J5 11 & i
TERE.

2.4 ZERE

BIF A et i 8t PR BERA B AT T 4Rl

B, S5 M 10 iR,

®
N\

10 FHEMREMRIRERE

Fig. 10 Prototype of new type of NO,. emission burner

—BBER I Fr AT R, — A B .

I Fob 5 A T £ 8 i i 7 32 B 0 LA S B, A 3D 4T Ep
Pie 5 A P e A, RO A T 5 BT AR AT
HPRE . PO bE AR 7E 2l 2 1R 2 R %
& (& 11(a) ) BT TR, LA R -5 HUHRCR —
2, AEA BB HERL

3 HEMHIERARENEE T R A

K It GoRG ¥ T LM eds , TSI ) 75 %2
AR AR RIEINZ 3 ~ 6 A, Bt ™
ot 1 30 R LT RSE A PRARAE AL AL 9 A [R) 4t
IR TR B A, — BN 1 ~5 I, B RE
FoILPERTTHR o TEIR A , B L AT AR UL,
B A ) i A /N i R O B R AR R Sl Y
iz

G5 iR 1 ) A0 R 55 5 1 O 9T Ep 2, 94 1
AR i R SR IS G B AR AL ™, i B
P ] R DRI 7 i YT B AE A, 3 Tl a4 4 ,
it 3 3 o I AR RO A SR AR — Bk . /e
A AT EUR RIS BEAR W 11 (b) firR .

(b) £JELIR B

(a) &I A

11 JRiEsRHtEmT

Fig. 11 Batch burner manufacturing

4 &

BRI E LEARTE F PR TR LA e a5 T
& ERTPLSHAELATE 3 A4S J5 i

(1) #hbedetE BN . KRR RLE AR
FTEQ e Sk PR THR e A A8 B AT AR R 4
B PRA R AR S A 1 TR 0, R REUR T & %
FIEH

(2) WFAJEFPE PR o AR R il A
AT AR AR 7 A A R R R s AT IR bR S B . A
RReaEE BT B B, DAPERESE — IS8 A9 B 4k



5510 1] Bl 5,55 A RIETORTE F SRR LA & T A A ] - 227 -
}Eiﬁfﬁ‘-ég*@iﬁ—i—l—,ﬁ}_ﬂiii—]—%ig‘}f\ﬁiﬂﬂ%faﬂg I‘ﬂ@f;*]‘ tended for biomedical application[ M ]. Riode Janeiro: Mem Inst

EIV T AL FHL 75 2% 58 B 1 1) o T S e AN R 2Z (81 1
PR AR, MBI R SO B AR B, JFAE R
SEALEAC VAR, S5 ISR R I LA s PR
ROTHERE o R IIAR 10 5 B 45 6 1 oA o) 3 AL 2801 —
B &, ARUET A e 2R A VIR o

(3) PRt A= . B RIS & SR AT LAE
T B B DR 7 2 T B R 17 7 F) B A S TRY B T, 5
B PR Y , AT AR AR/ R i 2, SR T
gt Ly sCRIAN A o (BRI B T 3 7 S
19T 25 1 Ak 3 AR A0 R 4 T B AR UE At B R i —

£ b 38 i PR AR TR R LA
) 3 HoRE R R e, T B g A FERR SR LR
55 IF AN AR 7745 75 T S LR BT o

SE Lk :

[1] LIPSON H,KURMAN M. Fabricated ; The new world of 3D printing
[M]. New Jersey: Wiley Publishing,2013.

[2] WALTERS P,DAVIES K. 3D printing for artists: research and ere-
ative practice| J |. Rapport ; Journal of the Norwegian Print Associa-
tion,2010(1) ;12 —15.

[3] RAMOSOEU M E,CHIKWANDA H K, BOLOKANG A S, et al.

Additive manufacturing; Characterization of TI-6AI4V alloy in-

Oswaldo Cruz,2010.

FESRAE R AR AR (3D ATED) BOR B RE[ 1], HLRHI &
5H3ME,2013(4) ;1 -4,

LU Bing-heng, LI Di-chen. Development of the additive manufac-
turing( 31 printing) technology[ T]. Machine Building Automation
Jun 2013 ,42(4) .1 -4

GE Aviation. Additive Manufacturing[ EB/OL]. (2015 -7 —29).
http ://www. geaviation. com /company /additive-manufacturing.
html.

FeAM, T B, S RS T R AL R R
AR L] Ai=s 3 ,2020,13(2) <26 - 28.

WU Hong-chao, YUAN Hao, WEI Jia-ming, et al. The application
of addictive manufacturing technology in gas turbine research, de-
velopment and manufacture[ ] |. Aerospace Power,2020,13(2) .
26 -28.

TROCHE. B A SRR R AL R R RT [ ] B L R
2017(3) .61 —64.

XU Wen-tao. Application of additive manufacturing in the manu-
facture of gas turbine[ J|. Gas Turbine Technology,2017(3) :61 —
64.

DB 32/3967 - 2021, [ 7 2UHR TR AL 75 He 4 HE T A HE
[5].

DB 32/3967 — 2021 , Emission Standard of Air Pollutants for Sta-

tionary Gas Turbine[ S].
(% # %K)



