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Abstract: With the increasing capacity parameters of the pelton unit, the size of the core component runner of the unit con-
tinues to increase. Due to the manufacturing capacity and performance guarantee process of forging manufacturers, the qual-
ity risk of thick and large martensitic stainless steel forgings is enormous, which has become a key factor in the success of
the development of large pelton units. The external water bucket has a complex structure, low material utilization during
forging processing, high manufacturing costs, and difficult to control defects such as pores and slag inclusions during
manual welding, resulting in high welding quality risks. This article develops a set of additive technology suitable for the
manufacturing of large impact runners based on the structural design of arc additive manufacturing process, integration of ro-
bot arc additive manufacturing system, and process research. It has been successfully applied to the manufacturing of impact
runners, greatly compressing the specifications of center body forgings, releasing the manufacturing risks of thick and large
martensitic stainless steel forgings, and improving the material utilization rate and welding quality of external buckets.
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Fig.1 Large pelton runner circumferential split structure
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Fig. 2 Stress analysis of runner bucket
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Fig.3 Structure of the runner donut manufacturing process
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Fig.4 robot WAAM system of bucket tail
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Fig.5 Design of WAAM tooling for external buckets
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Fig.7 Tntegrated control system for robot WAAM
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Fig. 8 Three-dimensional modeling of the WAAM process of the
bucket tail
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Fig. 9 Three-dimensional modeling of the WAAM process of the exter-

nal bucket
é B s
> o
SRS SR B2

10 SMERZK SHEREE RIS /R B35 1% tE
Figure 10 Schematic diagram of the comparison of interlayer mis-

alignment before and after flipping the external bucket
FRRIET , SR P BE RO A2 s (UL 11a) , R A
L, R AR R 2, SR A A IR B AR ), 7T 2
SIA0AS b i A A SR AR B o 5 7R 2 R
BRI, SR 2 81 [ 7 ik WL 11b) |, J2 8] ey
[l ] 32 )22 Bt AT AR & e i S5 ks, T
SR 28 SUB, JRy 0 (MR T 23 () RME , A5 T
U o S3oh, KRR B R 2 2 i th £k, 2R
FLZAE S 0 B LRI B, 7E 3 2 XSO AR L
SRAE AR VIR, SN BE 5 PRI T 1 28 B AR & T
AN A HBE (UL 11e) o BFIL, Bl HERIET, J8]s
AN JEE 5 B AT 2 22 JA R S, B S B AR
SN 5 T2 22 ] AR i A
33 EMIZSEER
R T2 SBURR B b T FIMERE R0 G4,
P IIG A B B S A B T R AR = e e 9
FiTERE . M SECEFREE R B R R
ISR RE R )2 R B A B A IR
R PR B o 2R e 1 KN e i R4
5 A A R o R R | 4 B e gt ™ E A ]
Rt/ Gy R i IR Ve AL

(
|
(
E (
|
[
(

PURERUE i S IR

(a) HZPLE AL

JEIBIFTTw SRR

(b) JZ 2 ML

(o) ¥ 1 5 LA B ML)
E 11 h SRR ST
Fig. 11  Different trajectory planning for WAAM
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Table1 WAAM process parameters
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Fig. 12 Analysis of the morphology and inclusions of the impact frac-
ture of the WAAM metal
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Fig. 13  Actual picture of the circular protection device
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