
EXPÉRIMENTAL TEST :

• Induction heating

• External cooling by natural air

• Internal cooling by water (25°C), 

• Temperature-time cycles measured 
by spot-welded thermocouples (type 
K f 80µm) 

• In-house LabView data acquisition 
system

THERMAL FATIGUE RIG UNDER CONTROLLED ATMOPSPHERE THERMAL FATIGUE SPECIMEN

THERMAL CYCLES

OXIDATION AND CORROSION EFFECTS ON THERMAL BEHAVIOR  OF OXIDATION AND CORROSION EFFECTS ON THERMAL BEHAVIOR  OF 
HOT WORK TOOL STEEL X38CrMoV5 (AISI H11)HOT WORK TOOL STEEL X38CrMoV5 (AISI H11)
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Hot forming tools (die-casting, forging, roling..) work under transient thermal cycling

Damage mechanisms of these tools result of complex interactions between corrosion, oxidation, thermal fatigue and 
mechanical loading.

The aim of these investigations is to to get a better insight of the interactions between environmental (oxidation, Al) effect 
and thermal fatigue. Part of high pressure die casting after  30 

000 cycles

heat checking

Uni-axiale 
cracks

Thermal cycle (temperature measured 
on the edge of specimen)

Tubular specimen (F internal= 10mm, F external = 30mm)

Damage mechanisms of hot work tools steels
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SR3-Air

Al pack cementation process :Cracks depth evaluation :
• Vp : lateral view
• Vh : top view
• ap : cracks depth

Variation of cracks depth vs. Number 
of thermal cycles under air and inert 

atmosphere

Vp
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Oxidation decreases thermal fatigue crack 
initiation life

No clear effect of oxidation on crack 
propagation rate is observed

Mail to:pascal.lamesle@enstimac.fr
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-Test 100-650°C  

Heating time: tch= 1,3s
Cooling time: tr= 7,5s

-Test 100-600°C  

Heating time : tch = 1,1s

Cooling time : tr= 7,1s

Chemical composition (%wt)

of X38CrMoV5 steel - 47HRC

Cracks initiation mechanism

Parallel cracks initiated in oxide 
scale 

In Air

Thickness = 1mm

Radius of curvature = 0,5mm

dinter-cracks �  15 mm 

doxyde �  20 mm 

micro cracks

crack 
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Low Cr content

High Cr content
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SR1-AirSR1-Argon

• Low temperature (500°C) Al-Pack 
cementation < steel tempering temperature 
(605°C)
• AlCl3 activator
• Fe2Al5/FeAl3  scales

In Argon

Cracks initiated only in oxidized area

Steel

Fe2Al5

FeAl3

Cross section of thermal fatigue test 
specimen after low temperature Al pack-

cementation

Fissure dans le 
matériau

Cross section

External oxide layer 
with low Cr content

STEEL

Cracks in 
oxide    

Previous 
Austenitic grain
boundary

Crack in material

Environnemental effect on  X38CrMoV5 damage was studied : 
• Surface oxidation decreases cracks initiation life .
• Cracks initiation in oxide scale result from thermal, mechanical and corrosion coupled loadings. 
Low temperature Al- pack cementation process allows to obtain intermetallic scale  on  X38CrMoV5 steel with microstructure preservation
• Iron aluminium intermetallic phases decrease the thermal fatigue crack initiation life of low silicon X38CrMoV5 die steel

Thermal fatigue tests with high control of temperat ure cycles allow to rank various steel grades and be tter understanding of Al molten and thermal fatigue  interactions
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QuickTime™ et un
décompresseur TIFF (non compressé)

sont requis pour visionner cette image.
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Fe + Al

Fe + Al
Fe + Al

Al
Al

Fe2Al 5

Fe2Al 5FeAl3

FeAl3

Fe, Al, Si
ternary

compouds

Fe, Al, Si
ternary

compouds

a)

X-ray diffraction patterns  :
a) On industrial mold after 20 000 cycles
b) On lab-specimen after Al pack-cementation

Aim :
- To be near industrial conditions
- Control of thermal conditions
- Control of mechanical loading
- To better understand the damage 
mechanisms of tools

Industrial goals :
- Standard tests development
- Ranking of steel grades

Scientific goal
- Cracks initiation and propagation
modeling
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1) H� ttinger induction facility  - 25kW, 3 to 4 MHz frequency
2) Data acquisition system (National Instrument PXI-1002 Š Soft Labview)
3) Gas pipe
4) Chamber with controlled atmosphere
5) Vacuum pump
6) SR1 Specimen
7) Water cooled direction through the TF specimen
8) Induction coil

Thermal cycle : 100-650°C
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Vh

Specimen axis

Crack area

ap

Variation of cracks depth vs. Number of thermal cycles
under air and inert atmosphere and with or without 

intermetallic scale
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