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Material iterative development of aero carburizing gear steels
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(1. AECC Harbin Dongan Engine Co., Ltd., Harbin 150066, China; 2. School of Material Science and Engineering, Harbin Institute
of Technology, Harbin 150001, China)

Abstract: In this paper, the intergenerational development, component characteristics, and strengthening mechanism of carburized
gear materials for aerospace power transmission systems are reviewed. The first-generation carburized gear steel is low-carbon
medium/low-alloy steel, and the surface hardening of the carburized layer structure is realized by Fe;C carbides. Due to the low
content of alloying elements, the tempering resistance of the first-generation carburized gear steel is poor, and the general service
temperature range is within 200 °C. Among the first-generation carburized gear steels, the content of carbide-formation elements of
16Cr3NiWMoVNDBE material is relatively high. This material can be developed for the second-generation carburized gear steel with
a wide-range service temperature through the critical saturation carburization process. The second-generation carburized gear steel is
a low-carbon medium/high-alloy steel. Some M,C strengthening phases with high tempering resistance can be precipitated during the
tempering process by further improving the alloying degree and appropriately increasing the content of Mo element with strong
tempering resistance. The overall service temperature range is raised to 350 °C. The third-generation carburized gear steel is low-
carbon ultra-high alloy steel, and the “secondary hardening” effect works thoroughly via computational methods. Therefore, the
material can be used in a temperature range below 500 °C for a long time. The existing alloy structural steel system can not avoid the
problem of rapid strength decay after long-term service at high temperatures above 500 °C. Therefore, the next-generation carburized
gear materials will be developed based on iron-based alloys with excellent oxidation resistance.
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Table 1 Brand and component of the Ist generation carburized gear steel(mass fraction/% )

[3-8]

Brand C Cr Ni Mo v Nb Mn W Si

9310 0.08-0.13 1.00-1.45 3.00-3.50 0.08-0.15 — — 0.45-0.65 — 0.20-0.35
12CrNi3A 0.10-0.16 0.60-0.90 2.75-3.25 — — — 0.30-0.60 — 0.17-0.37
12Cr2Ni4A 0.10-0.15 1.25-1.75 3.25-3.75 — — — 0.30-0.60 — 0.17-0.37
14CrMnSiNi2MoA  0.11-0.17 1.20-1.60 1.40-2.00 0.20-0.40 — — 0.65-0.95 — 0.35-0.65
18CrNi4A 0.15-0.20 0.80-1.10 3.75-4.25 — — — 0.30-0.60 — <0.35
18Cr2Ni4WA 0.13-0.19 1.35-1.65 4.00-4.50 — — — 0.25-0.55 0.80-1.20 0.17-0.37
20CrNi3A 0.17-0.25 0.60-0.90 2.75-3.25 — — — 0.30-0.60 — 0.17-0.37
20Cr2Ni4A 0.17-0.24 1.25-1.75 3.25-3.75 — — — 0.30-0.60 — 0.20-0.40
16Cr3NiWMoVNDBE  0.14-0.19  2.60-3.00 1.00-1.50 0.40-0.60 0.35-0.55 0.10-0.20 — 1.00-1.40  0.60-0.90
17CrNiMo6 0.17-0.19 1.60-1.80 1.50-1.70 0.28-0.35 — — 0.65-0.90 — <0.30
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Table 2 Brand and component of the 2nd generation carburized gear steel (mass fraction/% )
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[25-26]
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Brand C Cr Ni Mo A% Cu Co w Si Mn Al
EX 53 0.10 1.05 3.50 3.30 — — — 2.13 — — —
Pyrowear 53 0.10 1.00 2.00 3.25 0.08 2.00 — — 0.90 0.40 —
Pyrowear 675 0.07 13.0 2.60 0.80 — — 1.60 5.40 — — —
M 50Ni L 0.13 4.00 3.50 4.25 1.2 — — — — — —
CBS 600 0.19 1.45 1.00 — — — — 1.05 0.60 0.06
CBS 1000M 0.14 1.12 2.94 4.77 — — — — — — —
Vasco x-2 0.14 4.76 — 1.40 1.40 2.07 — 1.40 — — —
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Table 3 Brand and component of the 3rd generation carburized gear steel (mass fraction/%

F IR 21, Wi 4B B #2052 5 D) b [RIAE, ikt
Ao WL EC R E T 15 0GR R P A B I B T
MSONIL 280 B0k Rk oK@ A3 [l ks, AT LL
75 316 °C KIIRAE, S 55 — QB B 4040 v fry
o, ITHATIB B . BUL S IR B TR AL A
B AL = Al b 2 P T T BIOPE L UL 2 R T
MSONIL f3% 55 5, BARIE 9310 (1 13.2 45", M
TR A 4 TCE A k5] 12% LT, Bk H:
WA o 15, B BRI SR AR B s e T 8 P,
R AR R R A, W/ T B I Tk, 32
0T TR 7

3 F=ZRSEERN

3% [# Latrobe Specialty Steel Company - 20 tt:
42 90 4EfR7E BG42(14-4 Mo ) Al F1 AFCT77
7 e R P DT VE R AN SRRl =2 1, D R ]
BT RS CSS-42L" " MRHB RS 1B 2
A AVELAT G S 0 TR L R | TR B TR b o
TR LU R W e P B 3 5 I S B, A A3 T R
B AR B 8 80 MSONGL #2 7+ 100 ¢ L |
CSS-42L J{ Ry 18 1R 52 B v 5 2 0 19 5 =402
BRIGTEBIL S, TP T 58 =AC B B 5 B r i1 5
W, HETC AR —ARB mU 5e i IS, $4H
SEEBEH, A2 s 3 31 A1l A
S 5 = AR B ik O A B 0 R A% TR EE <500 C. A
T3 LLER, B =ARB GRS BT, B
Ferrium CS62 #b, & 41t & m ¥t 30%, J& T4t
R IR = A SN . S5 8 —RBmk
VAR HIAH L, 55 = AR ik 15 50 438 A R e
[Cr+Ni] & 4o B, A BLUR T i A5 2] iR
T, FERE A () WAL ELS, i H L G
AR5 P BB 7 ST o P B A ) ) FOARR 5 4, 5 A
FEKIMFEIN Co &R, MHAH =Bk
BHAE 400 °C LU S m iR AR e M, B OR Vg

RS ORESR%) "O

[16,34-35]
)

Brand C Cr Ni Mo A% Co W
CSS-42L 0.12 14.00 2.00 4.75 0.60 12.50 —
Ferrium C61 0.15 3.50 9.50 1.10 0.08 18.00 —
Ferrium C64 0.11 3.50 7.50 1.75 0.02 16.30 0.20
Ferrium C69 0.10 5.00 3.00 5.00 0.02 28.00 —
Ferrium CS62 0.08 9.00 1.50 — 0.20 15.00 —
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Table 4 Room mechanical properties of 9310, Pyrowear 53 and Ferrium C61 [

25,39-40]

Brand o/MPa 09,/ MPa Al% Z/% g\l/[CI/’a'ml /2) A /I "{Cempering/ Case hardness ~ Matrix hardness
9310 1206 1068 16 53 94 — 150 58-62HRC 34-42HRC
Pyrowear53 1172 965 16 66.5 127 118-129 200 59-63HRC 36-44HRC
FerriumC61 1655 1551 16 70 143 — 480 60-62HRC 48-50HRC
FerriumC64 1579 1372 18 75 94 — 495 62-64HRC 48-50HRC

Note: 4y, is V-notch impact energy.
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Table 5 Component comparison of aero-ultra high strength
steel Ferrium S53, AerMet 310 and CH 2000( mass

fraction/% ) "+
Brand C Cr Ni Mo V Co W
Ferrium S53  0.21 10.0 5.5 20 03 140 1.0
AerMet 310 0.25 24 110 14 — 150 —
CH 2000 0.12 5.0 6.0 40 03 140 1.0
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