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Application of Metal C Ring in Stirling Cryocooler
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Abstract: This article introduces the manufacturing process, material selection, sealing characteristics, and
sealing advantages of a new hollow metal C ring used in Stirling cryocoolers. Given the high leakage rate
and ease of failure of rings made of traditional rubber, PTFE, and solid silver wire, the manufacturing
accuracy of the metal C-type sealing ring is high. After years of testing, use, and demonstrations, the metal C
ring has achieved high reliability and a low leakage rate under conditions of strong impact and radiation
resistance. The leakage rate of the metal C-ring can reach to 10° atm.cm®/s.m, which meets the leakage rate

requirements of Stirling cryocoolers.
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Fig.1 The assembly of Stirling Cryocooler
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Table 1 Working condition of seal in Stirling Cryocooler.

Item Requirement
Design Pressure/MPa 6.0
Design Temp/‘C -75 to 150
Working Pressure/MPa 15t5
Working Temp/°C -70 to 120
Sealing Medium He

T e R e ik B P B T 2 A
s PR A W, 5 S R
ZAEMBIER, TATFTF RS S 503 E R vy
% BOEIR CHBEHE.

2 && CEEHE

G 0@ C B B SO0y B 4 JE % B, R
Resilient Metal C Ring, &z WL T 7477 K18 B G H 2
5 [ AR A% H AT B 2 BT R 2R B C AR
e 2 Do oy e N S e b T g
BEAAAA R 2 i o 0 T P B AN [ A 3 R A ) R
4> 718 B X750 APk CHe 8 30 5 il FE Tl i i
S AT B Nimonic 90 53% Waspalloy &4 - HikF
RATAHUE F AER 3L & 4 718 AR ME RESIUE W% 2.

I 5 2 P 10 114 7 9 A P A S R AR B
SHMEEZ IS R E S, TR AR Y
W ARG — A E R (LB 3) i P e
BMOOLE 4 BAAFRRBRE TZE, Bl )i+
& FEHANN A SR SR A B RE, SN2 g
—J2 30~50 um EMH SR (LR, 8. W, 8
BEGE)



Faat BT Vol.44 No.7

20224E 7 H TRK R 42 JE C B I P 7E T Re bR ) ¥ AL o 1 82 July 2022
SEAL TYPE
Cring C Low load No plating Plating  high load
O ring @ Low load No plating Plating high load
Silver rm‘O Low load high load
PTFE [l | Low rough surface bright surface high
load
rubber SEF. load
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LEAKAGE RATE (221" permm)
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Fig.2 Leakage rates for different seal types
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Table 2 Chemical composition & mechanical properties of Inconel 718

Chemical Analysis/(Wt.%)

Al B C Cr Co Cu Fe Mn Mo Ni N
0.60 0.002 0.009 18.25 <0.01 <<0.01 BAL 0.24 3.01 54.50 0.005

P Si S Ta Ti  NbTa
<0.005 0.05 <0.002 <0.05 1.01 5.08

Mechanical Properties

Test Units  Results High Low
Tensile N/mm?*  excellent 895 894
Yield N/mm?*  excellent 470 470
Elongation,% Percent excellent 42.9 42.6
Grain Size ASTM# excellent 8 8
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(a)Air bending (b) Bending in a 4-slide machine
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Fig.3 Whole stamping forming
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Fig.4 Roll bending process
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Inconel 718
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Fig.5 Hollow metal C ring
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Fig.6 Spring energized metal C ring
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Fig.7 Working principle of metal C ring
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Fig.8 Leakage way between C ring and flange
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Fig.9 Sealing relies on plasticity between C ring and flange
surface defect
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Fig.10 Sealing relies on elasticity of C ring after compression
At 5 PR AR AR % 35 B A P R rh o
DLt R, e B B R R ANEAERT, RRAFERREE
F1 2 3 Pl P R S IR AR T O R — R, AN 2 SRR AR
PN e o o S PR RO SR 1l b 5 &vwea i Y i ]
B, BEE TP K R, 4 RIRZ N X %5
LR T AR G AR R A B B R R P
REZRSZ IR Hs ) St A AR PR o < R 2 Pl
e 2 Z 85 & AT AR BTt LSS B R ) A
SE PR BE T 21X BE T 21 1) B B TR R SR TR RE . R
C A% 3 Pl (s 2 i AT LAIA 3] 1079 atm.cm®/s.m
(HP 30 N R&MFAE 1 em®* A<D , XeHE
FEART— Aol o Bl P izt iz AN ek B Y o <R C AU B
FELAER I o2 T EAE VAR B, B RE SRR
JESEZ, 4 J@#f4 )8 (Metal-to-metal Contact, MMC)
(B TAETT N, MORIIE 163 35 R G P 25 i,
RIAM AT ADRAIE 2 3 A B doe (IR |, AN T
RE 4, 3BT AR LEAE P R e B AR S T 2% =
BeCWH o BRAE, SRS JE A RS R A8




AL T
20227 B

J3 K i 2w C 7Y P TR AR A v WL e K S

\Vol.44 No.7
July 2022

Fgfi, VO A A Al 30 4.

IR, ATA 2 o B P — e, R IRUE
AT G, BAVRAHER AR, 2% B SR
AN S AR AT O 4 8 ) 1 < e 5 B B it o
TRAE . PRONTE T8 o P B AR A, 2 el i K
A T B 0 i PR32 =2 AR % s | 3 T ) S8 P M e
TR BAF I DR A, % e P 3 1 1) <
= O PERIIR AR XE P U058 S D vk =2 3R T 119 sk
B, H T OR4E <) B R el e oA

YY)

AU

11 #MEE C B HEWEA R (2) /5 ()X L

4 BB IRSIT C BB RYIE

ES

N T FRTE R ROCEN C BT R R &
GMHREE, WAVRNEHSEAN&E C BUAEREE
ANSYS BB F T C BB E4E A BRIC /T,
e 11, B 11(a)2 R gaarioakimm, B 11(b)& 4 it
T e P 4 %) e S KT, (b) BT 56 EH T C Y REITE
AZERWEE Ty, W= TR KA /7.

FERRAE A e it (1) AT 70 R0 I i/ a3 8 25 K
Hil 7 48 C P I R 4 - A 2R 1 12,

Fig.11 The metal C ring before (a) and after (b) compression

Definition of Terms

Y = load onthe compression curve above
which leak rate is at required level

Y = load required to reach optimum
compression e2

-
]

load on the decompression curve
below which leak rate exceeds
required level

optimum compression

compression limit beyond which
there is risk of damaging the spring

®  linear load [N/ mm) i

Compression

< —
Permanent deformation

Useful elaslic recovery
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Fig.12 Compression-load curves of metal C ring
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