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Fig.1  Schematic diagram of ring rolling
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Fig.2  Typical manufacture process of superalloy ring 
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Fig.3  Manufacture process comparison between rectangular 

ring (a) and profile ring (b)
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Fig.4  Finite element simulation for ring rolling of alloy GH4169: 

(a) finite element simulation model and (b) distribution of 

strain rate during ring rolling
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Fig.5  ЗК79 ring made by ring rolling
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Fig.6  Mixed crystal microstructure defect in GH4738 ring after 

ring rolling
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Fig.7  Comparison between finite element simulation result and 

microstructure of Inconel 718 ring

[6, 20]

: 1# E: 11~20 µm, 

S: 9.53~10 µm; 2# E: 11 µm, S: 10 µm; 3# E: 11~20 µm, S: 

9.53~10 µm 

�Q£ï��*+¾¿æW���[>�·3P�g

W�]����Q£º»CDÌ#�¸¹?H17R

��CD¸¹?HeEé/Sr÷3Y����Qf

�CDÌ#���¸¹?H��Qf�w�8£@º

»�1£ðcç8 cç����/?�ÓèÃ+z

d�!> "8#$N'��¸¹º»��½®��

þeN�?H8�Q$��VQf�@Aº»�CD

ÌÙ�rç��8$BÊ¶�­#23�ÉÊË3 

#�

��

� $%& 

����$&�	µ����=��Èo��¢

%&É�3-º¶z��	µ�'+Y����6 

789:%������'(ÀÁKpo�'��?

H�PY����QR�@A�q?HSTUVWX3

gW����Qf�Q£$B�?H\�f�]�>

¶·¸¹Ã�ÜDª¥E���d�����Q£$

BÀÁ­#23�P(K����Qf�Q£º»�

�fG3P����æWCD�$BÊ¶���CD

ù
G¾�N®�Q£º»�CD¼@8*+¾¿�

Óµjá�����Q£?H��®8½®3V��

����Qf�¦È�f�åA�CD¼@mnÀ)�

*�?H�þNOQ£º»�����YnT �-

�%��>°CDÌÙ±²8�@WÀjtå�Q£

º»¶·¸¹�CD��+���Qf�/?�e�

+ÚsÜgrç¸¹��WÚÛ��CD-$BÊ¶�

N|G¸Ó�V������QR�CDZ�G�É

å,�mnP(3 

 

����    References  

[1] Du Jinhui(Ä
Å), Lv Xudong(ÆÇÈ), Dong Jianxin(ÉÊ

<) et al. Acta Metallurgica Sinica(
»��)[J], 2019, 55(9): 

1115 

[2] Wang Dan(Ë Ì), Liu Zhi(Í Î), Wang Jianguo(ËÊ�) 

et al. Forging & Stamping Technology(]Ï#$)[J], 2020(5): 

128 

[3] Ma Yiwei(ÐÑÒ), Wang Zhihong(ËÓÔ), Liu Dong(Í 

È) et al. Acta Aeronautica et Astronautica Sinica(NO�

�)[J], 2011, 32(8): 1555 

[4] Hua Lin(Õ Ö). Ring Rolling Theory and Technology(\^

���ª�#$)[M]. Beijing: China Machine Press, 2001 

[5] Hua Lin(Õ Ö). Thesis of Doctorate(-.ª�)[D]. Xi’an: 

Xi’an Jiaotong University, 2000 

[6] Zambrano-Robledo P, Salinas-Rodriguez A, Almeraya 

Calderon F. Proceedings of the Symposium of Aeronautical and 

Aerospace Processes, Materials and Industrial Applications[M]. 

Simulation model of ring 

Observation location after rolling 

E9experimental result 

S9simulation result 

1# E:11-20 µm S:9.53-10 µm 

2# E:11 µm S: 10 µm 

3# E:11-20 µm S:9.53-10 µm 

20 µm 

1# 

2# 

3# 

1# 

2# 

3# 



� 5�                                  ( )U9�DE
\�^\�4��z­n                                 ®1865® 

Switzerland: Springer, 2018: 107 

[7] Song J L, Dowson A L, Jacobs M H et al. Journal of 

Materials Processing Technology[J], 2002, 121(2-3): 332 

[8] Jan Awrejcewicz. Numerical Analysis-Theory and 

Application[M]. Croatia: InTech, 2011: 373 

[9] Huang Chunfeng(×ØÙ). Forging & Stamping Technology 

(]Ï#$)[J], 1998, 23(4): 11 

[10] Liu Zuxin(ÍÚÛ). Thesis of Master(Ü.ª�)[D]. Harbin: 

Harbin Institute of Technology, 2017 

[11] Hua Lin(Õ Ö), Qian Dongsheng(ÝÈÞ), Deng Jiadong(ß

wÈ) et al. Forging & Stamping Technology(]Ï#$)[J], 

2018, 43(7): 17 

[12] Yang Yong(à á), Zhang Hua(â Õ), Liu Feng(Í Ù) et al. 

Proceedings of the 11th China Superalloy Conference(�ã¨

ä���DE
�åª�æ)[C]. Beijing: HTSM, 2007: 25 

[13] Liu Dong(Í È), Fu Mingjie(çèé), Wan Ziyong(ê�ë) 

et al. Acta Aeronautica et Astronautica Sinica(NO��)[J], 

2007, 28(5): 1276 

[14] Guo Lianggang(ìHí), Yang He(à E), Jin Jiancheng(


îï). Journal of Mechanical Engineering(��bð45�

�)[J], 2010, 46(24): 1 

[15] Xu Kunhe(ñò�), Zhang Wenxue(â��), Yang Daijun(ó

ôõ) et al. Froging & Stamping Technology(]Ï#$)[J], 

2016, 41(10): 92 

[16] Guo Lianggang(ìHí ), Chen Xiaoqing(ö÷ø ), Yang 

He(à E) et al. Journal of Mechanical Engineering(��b

ð45��)[J], 2014, 50(14): 126 

[17] Hawkyard J B, Johnson W, Kirkland J et al. International 

Journal of Mechanical Sciences[J], 1973, 15(11): 873 

[18] Jiang Ridong(ùtÈ), Huang Shuhuai(×úû). Journal of 

Huazhong University of Science and Technology(Õ�
#1

���)[J], 1997(A01): 1 

[19] Dewasurendra L. A Finite Element Method for Ring Rolling 

Processes[D]. Ohio: Ohio University, 1998 

[20] Huez J, Noyes J L, Coupu J. Proceedings of the 4th 

International Symposium on Superalloys 718 & Derivatives: 

Energy, Aerospae, and Industrial Applications[C]. Pittsburgh: 

TMS, 2001: 249 

[21] Wang Z W, Zeng S Q, Yang X H et al. Journal of Materials 

Processing Tech [J], 2007, 182(1-3): 374 

[22] Xie C, Dong X, Li S et al. International Journal of Machine 

Tools and Manufacture[J], 2000, 40(1): 81 

[23] Kim B S, Moon H K, Kim E Z et al. Journal of 

Manufacturing Processes[J], 2013, 15(4): 635 

[24] Ouyang Bin(üóý), Xu Dong(ñ È), Fan Maoyan(þ�

�). Die & Mould Industry(��4�)[J], 2017, 43(10): 13 

[25] Sui F, Chen L, Liu X et al. Acta Metallurgica Sinica, English 

Letters[J], 2009, 22(2): 81 

[26] Sui F L, Chen L Q, Liu X H et al. Journal of Iron and Steel 

Research (International)[J], 2009, 16(5): 43 

[27] Sui F L, Yue Z, Liu X H et al. Applied Mathematical 

Modelling[J], 2013, 37(20-21): 8776 

[28] Lu X D, Du J H, Deng Q. Materials Science & Engineering A 

[J], 2013, 559(1): 623 

[29] Xie Xishan(���), Dong Jianxin(ÉÊ<), Fu Shuhong(ç

��) et al. Acta Metallurgica Sinica(
»��)[J], 2010, 

46(11): 1289 

[30] Li Linhan( � Ö 	 ), Dong Jianxin( É Ê < ), Zhang 

Maicang(â
�) et al. Acta Metallurgica Sinica(
»�

�)[J], 2014, 50(7): 821 

[31] Zhu Qing(� 
), Dong Jianxin(ÉÊ<), Zhang Maicang(â


�) et al. Rare Metal Materials and Engineering(º?
»

23 45)[J], 2017, 46(9): 2546 

[32] Shen G, Semiatin S L, Shivpuri R. Metallurgical and 

Materials Transactions A[J], 1995, 26(7): 1795 

[33] Wang Xincai(ËÚ� ). Special Steel Technology(��#

$)[J], 2016, 22(2): 41 

[34] Wang Tao(Ë �), Li Zhao(� �), Xia Chunlin(�ØÖ) et 

al. Proceedings of the 13th China Superalloy Conference(�ã

�ä���DE
�åª�æ)[M]. Beijing: Metallurgical 

Industry Press, 2015: 130 

[35] Mukhtarov S, Ganeev A, Nagimov M et al. Key Engineering 

Materials[J], 2017, 746: 69 

[36] Tang Xiaohui(� � Å ), Yang Shulin(à ú Ö ), Zang 

Dechang(���) et al. Hot Working Technology(�w44

�)[J], 2015, 44(7): 153 

[37] Xie Yongfu(�ë�), Li Yufeng(���), Su Chunmin(CØ

�). Journal of Ordnance Equipment Engineering(� !�

45��)[J], 2017, 38(7): 168 

[38] Hu Y, Liu D, Zhu X et al. International Journal of Advanced 

Manufacturing Technology[J], 2018, 96: 1165 

[39] Zhang Yonglu(âá"), Tong Jintao(#
�), Ju Quan($ %) et 

al. Hot Working Technology(�w44�)[J], 2017, 46(13): 151 

[40] Wu Quan(& '), Xu Weiping(ñ()), Yang Guangfu(à*

+). Hot Working Technology(�w44�)[J], 2009, 38(11): 

111 

[41] Büscher M, Witulski T. Proceedings of the 9th International 

Symposium on Superalloy 718 & Derivatives: Energy, 

Aerospace, and Industrial Applications[C]. Switzerland: 

Springer, 2018: 1001 





®1866®                                        º?
»23 45                                             � 50� 

 

Research Progress on Ring Rolling Technology of Superalloy Ring Forging 

 

Jiang He

1, 2

, He Fangyou

2

, Xu Liang

2

, Dong Jianxin

1

 

(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China) 

(2. Wuxi Paike New Materials Technology Co., Ltd, Wuxi 214161, China) 

 

Abstract: Superalloy exhibits excellent overall performance at high temperature. As a result, it is widely used in the field of aerospace, 

petrochemical engineering and so on. Superalloy ring forging is mainly used in the component of receiver, combustor, sealing ring, etc. 

With the development of high performance aero-engine, the demand of superalloy ring forging with high quality keeps increasing. 

Previously, most focus is put on superalloy used for turbine disks and blades. Related research is carried out on alloy design and 

optimization, manufacture technology and deformation mechanism. However, there is only limited work about superalloy ring forging. 

Hence, in the present work, the development of ring rolling technology of superalloy ring forging is summarized. The application of 

numerical simulation technique in manufacture process design of superalloy ring forging is discussed. The main superalloy used as ring 

forging is compared. At last, the difficulty in microstructure control during ring rolling process of superalloy is analyzed. This review work 

is made hoping to provide some theoretical guidance for the research and development of superalloy ring forging with high quality. 

Key words: superalloy; ring forging; ring rolling technology 
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