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On the Spring Properties of Ir}conel X Type Alloy.

Yoshiaki KANa1, Fujio Sexi, Kazunori KAMISHOHARA

and Michira UcuryAMA
Synopsis:

Authors have reported in the preceding study, as part of a study on super alloys for springs, on the
spring properties of Refractaloy 26 type alloy. This time, they investigated the spring properties at the

room .temperature and elevated temperature of Inconel X type alloy. This alloy was treated under
various combinations of solution temperature

» , solution time, aging temperature, aging time and cold
reduction before aging.

Characteristics at the room temperature were determined by hardness, tensile, grain size or deflection
tests to confirm the spring properties.

using coil springs subjected to an
Compression coil

Spring properties at the elevated temperature were investigated
optimum solution treatment, aging treatment, and cold working.
springs were manufactured for this investigation and heated from room temperature,
with the temperature and deflection registered, then the modulus of rigidity and proportional limit in
twisting at high temperature determined. To confirm the stabilit
coil springs were heated and cooled cyclically. Also the micro-
were observed with the help of electron-microscope.

Results obtained were as follows 5

1) A combination of 982°C (solution treatment) and 704°C X 9~44 hr
better mechanical properties at room temperature than any other combinat

2) Maximum mechanical properties at room temperature, under a combination of cold working and
aging treatment, can be obtained with lower aging temperature and shorter aging time.

3) The aging treatment and cold working do not affect the modulus of rigidity.

4) The proportional limit in twisting is influenced by the aging temperature,
‘working. It hardly goes down up to about 600°C. _

5) Permissible stress for this alloy is up to about 40 kg/mm? for one strengthened by cold working and
aging treatment, when the upper temperature of reversed cyclic heating .is about 400°C.
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Table 1. Chemical composition of specimen (%). BLED & 5 7 A OB ORLEE &3 B O
Table 7 iIZ/R§ED TH S
Ni | o Ti No | AL | e
3. R B 7 &
Bal ‘ 15°61 2°44 0°70 0-47 ‘ 6°50
Table 7 (TR L7 & 5 BRABRITIKOEBR R L 2T
¢ | s Mn po| s Freor. |
0°017 ‘ 0°29 0°48 0°003 ‘ 0°004 3-1 BIEER (BR
EX§y 300mm © 4mm § ML DEEHEIOL
Table 2. Solution treatment of specimens. .
Table 3. Aging treatment of specimens.
Solution temperature Solution time
) (hr) Solution treatment Aging treatment
871 (1600°F) 0°5 Terr(lg)(e}r;a.turez L T(lﬁf Ten?gér?ture 'I?}rlr;g:
927 (1700°F) 1 - -
982 (1800°F ) 2 082 649 (1200°F) 0°5
1038 (1900° F ) 3 (1800° F) 704 (1300°F) 2
1093 (2000° F) 4 2 760 (1400° F) 9
1149 (2100°F) 5 1140 816 (1500°F) 44
1204 (2200°F) 6 (2100°F ) 871 (1600°F) | 200
1260 (2300°F) 927 (1700°F)
Table 4. Duplex aging treatment of specimens.
Secondary aging treatment
Solution treatment Primary aging treatment ,
' Temperature (°C) Time (hr)
871°C (1600°F) 760 (1400°F) 0°5
0R50 o X 2hr 732 (1350°F) 2
#82°G (1800°F) 816°C (1500°F) 704 (1300°F) - 9
X 2hr 677 (1250°F) a4
760°C. (1400° F) 649 (1200°F ) 200
X 9hr
Table 5. Cold reduction and aging treatment of specimens.
Reduction (%) Aging treatment
Solution treatment Speci £ tensil
ecimen nsi . . .
pan d Eai d(I)lesse test(; Coil spring Temperature (°C) Time (hr)
0, 17 0, 19 593 (1100°F) 0°5
o o 24, 38 26, 36 649 (1200°F) 2
082°C (Xlg(})lg F) 50, 62 472 62 704 (1300°F) 9
72, 79 72, 80 760 (1400°F) 44
89, 816 (1500°F) 200
871 (1600° F)
Table 6. Dimensions of coil springs.
Wire dia. (mm) 4°0 Total number of coils 7°5
Coil dia., outer ( mm) 30°0 Effective number of coils ) 55
Coil dia., mean ( mm) 26°0 Direction of coils Right hand
Free length (mm) 1010 Type of ends Squared & ground
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Table 7. Treatments of specimens and kinds of tests.

Treatments of specimens

Tests

Solution treatment

Hardness, tensile properties, grain size

Solution treatment—>Aging

Hardness, tensile properties, grain size,
Modulus of rigidity, proportional limit in twisting

Solution treatment—Duplex aging

Same as above

Solution treatment—>Cold drawing—>Aging

Same as above

Solution treatment—>Coiling—Aging

Modulus of rigidity and proportional limit in twisting
at elevated temperature, reversed cyclic heating

Solution treatment—Coiling—Duplex aging

Same as above

Solution treatment—>Cold drawing—Coiling—
Aging

Same as above
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Electron microstructures of InconelX type alloy etched with

chromic acid (2Vol) and hydrochloric acid (1 Vol).
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