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Abstract 
Within the paper some experimenta1 results are introduced conceming the evolution 
of bending deformations, occurring in some fiat, prismatic specimens and measured, 
by means of an in situ technique, during the plasma nitriding process. The nitriding 
steel under investigation is 38 MoCrA! 09 and the applied temperatures are: 480 oe, 
500 oe, 520 oe and 550 oe. The measurements have been performed on an origina! 
experimental insta11ation, specially - bui1t for this purpose. 

1. Introduction 

In order to consider, starting even from tbe design stage, tbe complex 
implications of residua! stresses caused by manufacturing processes, botb tbeir initia! 
distribution and subsequent evolution must be known. Specia! attention has been paid 
to tbose processes which represent tbe last operations within tbe technologic flux, 
because tbey are tbe very one which have caused tbe stress state inherited by tbe part 
at tbe beginning of its "life". 

Maximum exploitation of tbe possibilities offered by botb tbe materia! and 
technology involves knowing tbe evolution of residua1 stresses during tbe different 
stages of tbe process, in order to find out tbe potentia! influences of technologica! 
parameters on residua1 stresses distribution. 

In this context, certain research staffs have been lately formed, in severa! 
countries, concemed in tbe modeling of tbe generating mechanism of residua! stresses 
during tbe plasma nitriding process. The information offered by literature are still 
insufficient, tbe continuation of tbe researches on residua1 stresses formation being 
required botb at tbe end and during tbe process, especially in tbe case of plasma 
nitriding. 

After ana!ysing tbe references it follows tbat only tbe X - ray difIraction metbod 
has been employed, until now for monitoring botb tbe occurrence and evolution of 
residua1 stresses during tbe nitriding process. The researchers U. Kreft, F. Hoffmann. 
T. Hirsch and P. Mayr from Stiftung Institut for Werkstofftechnik, Bremen, Germany, 
are tbe fust who carried out, by applying tbe above metbod at tbe beginning of this 
decade, measurements of tbe residua1 stresses from tbe compound layer, during tbe gas 
nitriding process [4], [5]. 
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ln reference [3], from the present Conference, we have introduced a new 
method for experimental in silU research of the residual stresses generating 
phenomenon, during either the plasma or gas nitriding process. 

The method is based on the measurement of bending defIections which occur in 
a fiat prismatic specimen, asymmetrically - nitrided during a complete cycle of 
thermochemical treatment. 

ln the following, some experimental results are detailed, regarding the evolution 
of these defIections during plasma nitriding, at different temperatures, applied to a 
specimen made from 38 MoCrAl 09 steel. 

2. Experimental 

Material 

For the research, the 38 MoCrAl 09 steel, STAS 791 - 80, has been chosen as 
representative among Romanian nitriding steels. The chemical composition of the 
alloy under study was determined by spectral analysis with a Quantovac - type 
apparatus, being listed in Table 1 .  

Table 1 Chemical composition of material, wt-% 

38 MoCrAl09 C Si MD S P Cr Mo AI Residua! elements 
Ni Cu Ti 

STAS I min. 0.35 0.17 0.30 - - 1.35 0.15 0.70 - - -

791-80 I max. 0.42 0.37 0.60 0.033 0.035 1.65 0.30 1.10 0.30 0.30 0.02 

!Prinm 0.37 0.36 0.51 0.019 0.021 1.58 0.15 0.98 0.26 0.29 0.00 

ln order to determine mechanical characteristics, tensile test have been 
performed at the fol1owing temperatures: 20°C, 500°C and 550 oe. 

The following parameters have been determined: proof stress, Rpo2 , tensile 
strength, Rm, percentage elongation, A. 

Tensile tests were peďormed according to the standards SR EN 10002-1:1994 
and SR EN 10002-5: 1995. The tests results are given in Table 2. 

Table 2 Mechanical characteristics 

Temperature, RPe2 Rm A 
[0C] [MPa] [MPa] [%] 
20 795 1080 12  
500 625 740 20 
550 480 530 25 .8 

Specimens 

The specimen have a fiat prismatic geometry (Figure 1). 
The sUĎace protection against nitriding is done by galvanic copper coating, the 

thickness of the protection layer being of approximately 20 J.IlIl. 
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Figure 1. The specimen geometry 

Experimental instaUation 

The experimental set [2], specially designed and built for these tests, contains 
besides all the elements of an usua1 plasma nitriding unit, a displacement transducer and a 
special specimen fixing device. 

The electrieal power required for the testing procedure is about 0.8 kW. 
The nitriding ehamber (Figure 2) is made of a heat-resistant glass eontainer (10), 

fixed with two fasteners on a steel plate (3) representing the anode. Pressuriza.tion is 
ensured by rubber seals. The chamber volume is about 1.25 dm3. 

The steel wall of the ehamber is fixed with screws, on two pads, in a vertieal 
position. 

In the vertieal symmetry plane of the ehamber, are located: 
- the supporting device (8) of the specimen (ll) whieh represents the eatbode and includes 
the thennocouple; 
- the transducer (7) for specimen temperature measuring (in infrared mys) without contact; 
- the induetive displacement transducer (6), [1]. 

On each side of Ibis plane, tbere are two orifices: 
- a passage orifice, for the vaeuum coupling pipe on which a thermal PIRANI-type gauge 
is fastened which measures the pressure in the vacuumed ehamber; 
- an in1et orifiee for working-gas supplying. 

The fiow adjustment of technologie gases is made through a tap provided witb a 
rnicrometrie gauge-screw, attaehed on tbe ehambeťs steel wal.l, right in front of tbe 
admission orifiee. 

On the steel wall of the ehamber the socket (9), is positioned; that makes all the 
neeessary electrieal eonnections. 

In order to dissipate tbe thermal mdiated energy, chamber wall has a groove whieh 
aehieves a eireuit for the water eooling aceording to a "U" - shaped eireuit, 
around all deviees and tmnsducers placed in its eentral area. Water admission and 
exhaustion is made through tbe leakage pipes (1). 

The fiat prismatie specimen, proteeted against nitriding on all its surfaces except 
one is eonsidered to be a rigidly fixed bar in the supporting deviee, at one end, and free at 
the other one. 

At the free end, at a 100 mm distance from the supporting deviee, the speeimen is in 
eontact with tbe transdueer free gauge. The gauge allows to measure tbe displacements lhat 
occur during tbe plasma nitriding as a result of speeimen bending. 
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Figure 2. The plasma nitriding chamber 
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For a given geometry of tbe specimen, the dispIacement magnitude ''transduce'' the 
generation and development of residual stresses during tbe entire period ofthe nitriding process. 

3. Results 

Corresponding to four plasma nitriding regimes, applied to specimens witb tbe fonn 
and dimensions given in Figure I and made from 38 MoCrAl 09 steeL the displacement 
values have been recorded at the free end of each specimen, during tbe entire process. 

Plasma nitriding parameters 
- working medium: nitrogen and hydrogen rnixture, obtained from ammonia dissociation 
at 875°C; 
- gas pressure: 3 -4 torrs; 
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- the voltage between anode and cathode can variate continuously from 300 V to 1 ()()() V, 50 
that for a certain gas worl<ing pressure, the needed specimen temperature could be obtained; 
- nitriding temperatures were: 480 oe, 500 oe, 520 oe and 550 oe. 

Each specimen was maintained at the above nitriding temperatures Wltil its 
displacement, measmed at a 100 mm distance from the fixed end, reached 3 mm. 

In Figure 3, the evolution ofthese displacements is illustrated during plasma nitriding, mrtiI 
the moment before cooling, couesponding to each of1he abo\-e four nitriding temperatures. 

3.00 -r----iIIf_r__---,..------i'tr-----f'>r-..-<ff---, 

E 2.00 --t--�._+_---f-_+_--hH�-+----l 
oS -C GI E GI .. Ol D. 1/1 i5 1.00 --t--..... -+_--/----,�---+---+----l 

0.00 .... �"'r-_+_-r----1r___r--t--._-+--r_---l 
0.00 40.00 80.00 120.00 

lime [min] 
160.00 200.00 

Figure 3. Deflections evolution of the specimens made from 38 MoCrAl 09 steel ,during 
plasma nitriding (displacements measured at a distance of 100 mm from the embedded end) 

After vacuwn cooling, the final dellection has been measured at room 
temperature, inside the nitriding chamber. The results are shown in Table 3. 

Table 3. Final values of the deflections, after cooling the plasma nitrided specimens 

NitridinA temperature (Oe) 
Total deflections 480 I 500 I 520 I 550 

after cooling (mm) 3 . 97 I 4.1 I 4.2 I 4.5 

4. Discussion and conclusions 

By analysing the CUlVes shown in Figure 3, it is noticeable that the defonnation rate of 
the specimens largely increases with increasing nitriding temperature. Thus, for instance, in the 
case of the 480 oe maintaining temperature, the 3 mm deflection of the specimen was 
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measured after 174 minutes (time elapsed from the moment the 350 oe temperature was 
reached) while in the case of the 550 oe nitriding temperatme the above deflection was 
recorded after only 34 minutes. 

The above results have been explained as follows: 
- on are band, with increasing defonnation rate, nitriding kinetics is intensified which 

induces an intensification of the k:inetics of both the growth of ni1rided layer tlůckness and the 
level of residual stresses; 

- on the other hand, due to the high ni1riding temperatmes, a lIllIlked creep is observed 
in the basic material. This fact was experimentally - ascertained by means of creep tests 
perfonned on the same materiaI subjected to tension. Thus, for instance, in the case of a 
constant stress, cr = 200 MPa, an average plastic deformation fp = 0.22 .} 0-2 has been obtained 
at 500 oe after 700 minutes, while at 550 oe the plastie deformation acemnulated in the same 
period oftime (700 minutes) was considerably larger, fp = 3.07.10-2 • 

Thus a thermaI relaxation of residual stress occurs, as a eonsequence of the difference 
between the specme volumes of the phases produced by the treatment and the basic rnateriaI. In 
the case of asymme1ricaI ni1riding, the creep phenomenon aIso causes a considerable increase 
of deformations. 

- during the cooling stage, the defonnations increase of asymme1ricaIIy ni1rided 
specimen is mainIy caused by the defonnations ineompatibility, as a consequence of the 
difference between the vaIues of thermaI expansion coefficients corresponding to the resuIted 
phases and the basic material, respectively. During the first part of this stage, when temperature 
is still high enough, the creep phenomenon is present. 

The obtained resuIts will be used for ascertaining different mathematicaI models which 
describe the residual stresses generating mechanism, during the ni1riding process, according to 
the method introduced by us in reference [3]. 

The above-described experimentaI technique constitutes an important means for in 
silU investigation of the complex phenomenon of stress generating, both in the case of gas 
and plasma ni1riding. 
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