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Results on bearings

Tests performed by bearings manufacturers in both Elasto-HydroDynamic lubricating and boundary 
lubricating conditions show that GKHYW has longer fatigue life compared with existing solutions M50 and 
50NIL. All these features make the deep nitrided GKHYW an excellent solution for high reliability and safety 
aerospace components.

 Bearing Type Flash washer 6309 NJ212

Te
st

 c
on

di
tio

n

Axial load (daN) 1075 530 300

Radial load (daN) - 1600 1200

Hetrzian stress (MPa) 4200 3200 3100

Speed (min-1) 1500 2200 1200

Lubrification ISO 46 oil ISO 46 oil ISO 46 oil

Temperature (°C) 40 Room Temp. Room Temp.

L 1
0L

ife
 (h

) GKHYW �•1300 3863 1240

M50 ≥1300 942 560

M50 Nil 850 - 980

X20WCr10 990 - -

Bearing Type M50NiL M50 GKHYW

Boundary lubrification L10 (h) >900 >900

Dented raceways L10 (h) 503 >900

Short litterature review on GKHYW for bearings applications :

1.	 Deep Nitrided 32CrMoV13 Steel for Aerospace Bearings Applications - Daniel Girodin - NTN TECHNICAL 
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2.	 Deep Nitriding of the 32CrMoV13 Steel (AMS 6481 0.32% C-3% Cr-1%Mo-0.2% V) and its Application for 
Aerospace Bearings - Pierre Joly and Daniel Girodin - Toronto, May 2005

3.	 Comparison of fatigue performances of 32CrMoV13 and M50 steels in presence of surface indents - 
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4.	 Physical Properties of Contemporary and New Alloys for Aerospace Bearing Applications - Ragen, 
Anthony, Spitzer - Bearing Steel Technology, ASTM, STP1419, pp383-384, Jul 2002

5.	 Metallurgical and tribological evaluation of 32CrMoV13 deep nitrided steel and XD15NW high nitrogen 
martensitic steel for aerospace applications - Pichard, Girodin, Dudragne, Moreau - STP1327 Bearing 
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Rolling contact fatigue results from NTN-SNR in Elasto-
HydroDynamic and boundary lubricating conditions
Extract from paper 1
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APPLICATION IN TRANSMISSIONS  
GKHW / YW FOR GEARBOXES

Technical challenges on gearboxes 

The major challenge for gearboxes is to achieve a very high power density, i.e. transmit very high loads with 
minimum weight and casing. Regarding material and technology, this means withstanding the highest 
pressure on contacts area (tooth roots and flanges) resulting in very high fatigue performances requested on 
both tooth bending fatigue mode and the rolling/sliding contact fatigue mode. 

In addition to this strong challenge, we face specific requirements:
•	 Resistance to oil loss
•	 High reliability and high TBO needed (Time Between Overhaul)
•	 Control of excitation sources (noise reduction, fretting, loss of torque) requiring damage tolerant material
•	 Function integration by being able to build a single part combining structural, gear and bearing functions 

and using the same material 
•	 Process cost savings
 

Nitrided GKHW for gearboxes 

Many companies made the choice very early to develop nitriding and deep nitriding technologies to replace 
carburizing. There are several obvious advantages :

•	 Due to high tempering, no influence on material properties to run gears up to 250°C, 482°F in oil-off 
condition

•	 Low distortion process given the opportunity to design thin walls on gears 
•	 High surface hardness given high resistance to pitting/scuffing/fretting and the opportunity to integrate 

other functions on parts (bearings races for instance) 

This process of nitrided gears necessitates a very careful selection of the choice of steel in relation to the gear 
application. In this field, the use of GKH (single air melted, remelted or VIM/VAR) covers all the gears design 
considerations and bring the highest value of this technology: 

•	 Exceptional bending fatigue performance
•	 Very deep case requirement (0.75mm, 0.0295in achieved in 120Hrs nitriding)
•	 Limited influence of ageing during nitriding on core properties 
•	 Exceptional compromise of core hardness and damage tolerance
•	 Surface metallurgy with limited depth and favorable compound layer
•	 Weldable material (EBW for instance) giving the opportunity to avoid mechanical assembly 
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The table below summarizes typical mechanical properties obtained for best-in-class gears material (under 
remelted condition for A&D grades) comparing carburizing and nitriding technologies

Usual name A&D 
name Technology

Operating 
tempe- 
rature 
(°C, °F)

Case properties Core properties Lf case 
hardened 
material 

(MPa, 
ksi) *

Top 
hardness 

(HV10)

Case 
depth 
(mm, 
inch)

UTS 
(MPa, 

ksi)

YS0.2 
(MPa, 

ksi)

K1c 
(MPa.Vm, 
ksi.Vinch)

10NiCrMo13-5
AISI 9310 FADCW

Carburizing

150, 302 700 1.4, 
0.0551

1150, 
167

900, 
130 120, 109 1050, 152

16NiCrMo16-5
BS S82 FADSW 150, 302 700 1.4, 

0.0551
1450, 
210

1150, 
167 100, 91 /

14NiCrMo13-4 
AMS6548 FADHW 150, 302 700 1.4, 

0.0551
1350, 
196

1000, 
145 130, 118 1100, 159

AMS6308 / 200, 392 700 1.4, 
0.0551

1172, 
170

965, 
140 126, 114 /

15NiMoSiCr10 
AMS6495 FNDW 250, 482 700 1.4, 

0.0551
1350, 
196

1030, 
149 120, 109 1093, 159

AMS6475 /

Deep  
nitriding

450, 842 850 0.45, 
0.0177

1240, 
180

1150, 
167 / /

40CrMoV12-9 GH4W 450, 842 820 0.7, 
0.0276

1350, 
196

1100, 
159 110, 100 1100, 159

33CrMoV12-9 GKHW 450, 842 820 0.7, 
0.0276

1250, 
181

1060, 
154 180, 164 1140, 165

* Fatigue Testing Conditions
Rotative Bending mode R=-1 – frequency 100Hz
Kt = 1.035 sample polished in the longitudinal direction

Fatigue limit at for 20.106 cycles with stair case method

While standard carburized solutions can no longer be used at high operating temperatures (>250°C, 482°F), 
nitrided gears are one of the existing solutions today that can cope with oil-off requirements.  Best-in-class 
FNDW carburized can be used with a high temper but still presents some disadvantages as any other 
carburized solutions in term of distortion management. 

In addition to that, some customers report a Total Cost of Ownership lower than 10% when comparing deep 
nitrided GKHW to other standard carburized solutions using legacy remelted grades (AISI 9310, BS S82 or 
14NiCrMo13-4).

Remelted gears grades comparison  – typical value
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Short literature review on GKHW and GKHYW for gears applications :
1.	 Role of Carbon during nitriding and influence on mechanical properties, G Fallot, Thèse de Doctorat 

2015, ENSAM Paris and MSMP - Laboratoire Mécanique, Surfaces, Matériaux & Procédés 
2.	 Influence des carbures intergranulaires induits par la nitruration sur la propagation de fissures de fatigue 

de contact d’acier allié pour engrenage - Le, Villen, Klebern, Buffiere, Cavoret, Sainte Catherine, Briancon 
- JIFT 2016, 22ème Congrès Français de Mécanique 2015

3.	 3D Observation of Rolling Contact Fatigue Crack Network in Nitrided Alloyed Steels - Le, Villen, Klebern 
Buffiere, Cavoret, Sainte Catherine, Briancon - 42nd Leeds/Lyon symposium on tribology 2015

4.	 Modeling of distortions induced by the nitriding process - Depouhona, Sprauela, Mailh, Mermozb – 
21ieme Congrés Français de Mécanique 2013

5.	 Residual Stresses and distorsions simulation of nitrided disc - Barrallier, Goret, Vardon, Deloison - JCPDS-
International Centre for Diffraction Data 2009 ISSN 1097-0002

6.	 Phase transformations and induced volume changes in a nitrided ternary Fe{3% Cr{0.345% C alloy) - 
Jegou, Barrallier, Kubler - R. 2010 Acta Materialia 58 pp. 2666 2676, Elsevier

7.	 Experience with large, high speed loaded gears  - Dehner, Weber -  Geartechnology 2007
8.	 Influence des éléments d’alliages sur la genèse des contraintes résiduelles d’aciers nitrurés - Jegou - 2004 

Thèse de Doctorat
9.	 Link to https://www.youtube.com/watch?v=oD4jKBOIBwc (EC225 - Bevel Gear Vertical Shaft Process)
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NOTES:
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