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Abstract: Residual stress plays an important part in fabricating commercial aero engine Inconel 718 components for their fatigue 
properties, reliability and durability. Due to the limitation of Chinese neutron diffraction instrument and lack of test practice and 
specifications, there is little systematic research on the residual stress of forged compressor disc. X-ray diffraction and neutron 
diffraction methods were used to measure the residual stress of Inconel 718 forged discs at the surface and in the interior, respectively. 
Scanning electron microscope and transmission electron microscope were used to characterize the microstructural features. The 
residual stress state at the disc is in near-surface compression, balanced by tension within the disc core. However, the surface residual 
stress of disc depends more on the rough machining than on the forging process. Also, the dislocation densities increase with 
decreasing distance to the surfaces of disc, and the residual stress accelerates dislocation generation and dynamic recrystallization. 
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1 Introduction 
 

Inconel 718 high temperature superalloy is the main 
material used in aero engine which has high strength, 
resistance to oxidation, good high temperature fatigue 
and creep properties at 700 °C. Aero engine components 
such as turbine disc, blade, case, shaft, seal and fastener 
are all fabricated by Inconel 718. Residual stress 
introduced during the fabrication of Inconel 718 
components would decrease the fatigue properties, and 
have a negative impact on the safety, reliability and 
durability of the commercial aero engine. Residual stress 
nowadays becomes the key technology and critical 
parameter on manufacturing aero engine blade, disc and 
rotors. For the past few years, new materials and 
processes have been developed to fabricate engine 
components in NASA, Siemens, and Rolls Royce, and 

the residual stress measurement becomes a request for 
critical components. 

Residual stresses are self-equilibrating stresses 
within a stationary solid body when no external forces 
are applied [1]. This kind of stresses is difficult to 
measure, hard to predict but gives rise to unexpected 
failure. Residual stresses can be caused either by 
fabrication, joining, assembly, heat or surface treatment, 
service use, or by a complex combination of all of them. 
In many testing methods, X-ray diffraction and neutron 
diffraction are nondestructive and noncontact 
measurements to map the stress field of the actual 
components. The penetration depth of X-ray is only 
several micrometers, which makes this technology 
suitable to detect the surface stress of the samples. 
Neutron provides deeper penetrations, which can probe 
into large components, and it can also reveal the strain 
heterogeneities within the material [2]. 
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X-ray diffraction is already widely used in residual 
stress measurement and with removing the surface 
material, the test depth can also extend to a few 
millimeters. Neutron diffraction has been used for 
residual stress measurement on single crystal Ni base 
superalloy turbine blade [3]. SKOURAS et al [4] 
measured the residual stress of a ferrite steel/Inconel 625 
superalloy dissimilar metal weldment by neutron 
diffraction. WOO et al [5] used neutron diffraction to 
detect that the significant tensile stresses (90% yield 
strength) occur along the weld centerline near the top 
surface on ferrite steel weld. By observing and analyzing 
the variation of the peak shifting, broadening and 
asymmetry of the diffraction peak, stacking fault energy 
and dislocation energy can be determined. These 
parameters are quantitatively correlated to the yield 
strength, serrated flow and strain hardening during 
tensile deformation [6]. 

The through-thickness residual stresses of full scale 
nickel base superalloy aero engine compressor disc were 
measured and the residual stress evolution during the 
forging process of Inconel 718 was studied. TIN et al [7] 
used simulation and neutron diffraction measurements to 
study the residual stress of nickel base superalloy discs 
throughout the entire manufacturing route, including 
vacuum induction melting, vacuum arc melting, 
homogenization heat treatment, cogging, forging, final 
heat treatment and machining. RIST et al [8] did a series 
of neutron diffraction measurements to determine the 
residual stress within a forged then water-quenched 
Inconel 718 aero engine compressor disc, and compared 
with thermal mechanical finite element model. They 
found that the general residual stress in the disc is 
near-surface compression, balanced by tensile within the 
disc interior. CIHAK et al [9] also studied the residual 
stress distribution on hot-forged and water-quenched 
compressor disc made of Inconel 718 by neutron 
diffraction and simulation, and they obtained the similar 
results with Ref. [8]. DYE et al [10] used the finite 
element method to analyze 2 cm-in-diameter small 
cylindrical bars of Inconel 718 quenched in oil, water, 
and air, and validated against neutron diffraction 
measurements of the three-dimensional stress field made 
at the cylinder midsection. 

A lot of research was done on Inconel 718 
superalloy, especially the critical process on fabricating 
Inconel 718 parts, which made the performance of 
Inconel 718 forged disc increased and meet the research 
requirement of Chinese aero engine. Due to the 
limitation of neutron diffraction equipment and lack of 
measurement practice, there is not much systematic 
research conducted on residual stress generated in the 
Inconel 718 forged disc. In this work, residual stresses of 
Inconel 718 forged compressor discs generated by two 

forging processes (speed control die forging and normal 
die forging) were compared by X-ray diffraction and 
neutron diffraction measurements. The influence of forge 
speed on disc core residual stress was discussed, and the 
distribution of residual stress over the disc was illustrated. 
Meanwhile, the microstructural features of Inconel 718 
forged compressor disc were characterized with scanning 
electron microscope (SEM) and transmission electron 
microscope (TEM). 
 
2 Experimental 
 
2.1 Materials and forging process 

The studied material of compressor disc was nickel 
base Inconel 718 superalloy. The major chemical 
compositions of Inconel 718 superalloy were determined 
by fluorescence spectrophotometer as 19.28% Cr, 
52.59% Ni, 5.20% Nb, 3.10% Mo, 1.00% Ti, 0.73% Al, 
and balanced Fe (mass fraction). The Inconel 718 
superalloy was vacuum arc remelted (VAR) for three 
times to d220 mm. Two forging processes were used for 
forging the compressor discs to optimize the process 
with less residual stress generated. Inconel 718 material 
billet was heated in the furnace to 1010 °C for 100 min, 
and the fixture tools were heated to 250 °C. The billet 
was transferred from furnace to die within 30 s, and 
pre-forged from 1010 to above 930 °C. The deformation 
of the billet forging was more than 50%, and then near 
isothermal forging was used for the two kinds of 
processes. The blank was heated to 1010 °C, and the 
close die was heated to 300 °C and kept for more than  
12 h. The closed die forging started at 1010 °C and ended 
above 930 °C with more than 40% deformation. The 
press speed of normal forging process is 4−6 mm/s, and 
the press speed of speed control forging process is   
2−3 mm/s. Then, the discs were heat-treated and roughly 
machined for the following test. The heat treatment 
process is 950−980 °C for 1 h, 720 °C for 1 h, furnace 
cooled to 620 °C for 8 h, and then air cooled. 
 
2.2 X-ray diffraction 

X ray diffraction was used to test the residual stress 
of the compressor disc less than 2 mm from the surface. 
Mn target was chosen for the X-ray diffraction test for 
Inconel 718 because of less error and higher accuracy 
than Cr and Cu target. The surface layer of the disc was 
removed by electropolishing, with voltage of 40 V and 
polishing time of 10 s. The electropolishing parameters 
can be adjusted by the depth of the removed material. 
The first electropolishing depth interval was 20 μm, and 
with the depth increasing, the interval was increased 
from 20 to 200 μm. The error of the electropolishing 
material removal is ±1 μm. The X-ray diffraction 
parameters are given in Table 1. 
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Table 1 X-ray diffraction characteristics and measurement 
parameters conducted on Inconel 718 

Structure Indices 
(hkl) 

Diffraction 
angle, 2θ/(°) Target 

FCC 311 152.88 Mn 
Target 

voltage/kV 
Target 

current/mA 
Exposure 

diameter/mm 
X-ray incident 

angle/(°) 

25 20 2 −20, −15, −10, 
−5, 0, 5, 10, 15, 20

 
2.3 Neutron diffraction 

The neutron diffraction experiments were conducted 
with residual stress neutron diffraction instrument 
(RSND) at China Academy of Engineering Physics. The 
RSND can provide 0.12−0.28 nm neutron wavelength 
for residual stress test which matches the diffraction 
plane spacing of the tested material. Neutron wavelength 
λ=0.1578 nm was used for this measurement based on 
the primary experiments, which can ensure the 
penetration depth and resolution ratio. Nickel base 
superalloy has a face center cubic (FCC) crystal structure, 
and its lattice constants are a=b=c=3.5238 Å with 
α=β=γ=90°. Diffraction plane (311) was chosen because 
its weak intergranular strain sensitivity and diffraction 
angle of 94.5° which is close to diffraction angle of 90° 
(geometric requirement) during the neutron diffraction 
residual stress measurement. Gauge volume is defined as 
the intersection of the incident beam and the diffraction 
beam. The test sample should be placed within the gauge 
volume, because only properties averaged over the whole 
gauge volume can be detected. The sample volume must 
be adjusted based on the received diffraction peak signal 
intensity to obtain distinct peak signal, accurate 
measurement and minor error. The detected count is also 
an important parameter during the residual stress 
measurement. Count is the number of neutrons that the 
detector received in a fixed time. Higher count and minor 
fluctuated diffraction peak should be chosen based on the 
comprehensive consideration of sample volume, neutron 
penetration path, diffraction time and measuring 
efficiency. The convincing diffraction peak intensity 
should be higher than 200 counts and the signal-to-noise 
ratio should be no less than 1:1. Based on the above 
parameter choosing principle, the neutron diffraction 
residual stress measurement parameters adopted in this 
measurement are given in Table 2. 

The discs were placed on the sample stage, and two 
directions were chosen to measure the residual stress, 
which are radial and axial directions. The test positions 
are shown in Fig. 1(a) (axial direction) and Fig. 1(b) 
(radial direction). Figure 1(b) also indicates incident slit, 
scattered slit, jig and workbench. 

Table 2 Neutron diffraction measurement parameters 
conducted on Inconel 718 

Wavelength/ 
Å 

Indices
(hkl) 

Peak 
position/(°) 

Peak 
count 

1.587 311 94.5 800 
Signal-to- 
noise ratio 

Incident
slit/mm2

Scattered 
slit/mm2 

Gauge 
volume/mm3 

8:1 2×4 2×10 2×2×4 
 

 
Fig. 1 Axial direction (a) and radial direction (b) of neutron 
diffraction test 
 

Different from X-ray diffraction, the residual stress 
calculation by neutron diffraction measurement needs 
lattice spacing d0 when the sample is under stress-free 
condition. The d0 value was determined by the following 
method: After all the positions were tested by RSND, the 
disc was sectioned to be 4 mm × 4 mm × 20 mm by wire 
electrode cutting to make sure that the composition and 
microstructure are the same with the sample before stress 
release treatment. Then, the specimen was annealed at 
700 °C for 90 min and furnace-cooled to room 
temperature. The lattice spacing measured by RSND 
with the same parameters on this specimen was defined 
as the stress-free d0. 

The positions of X-ray diffraction and neutron 
diffraction on the Inconel 718 compressor discs are 
shown in Fig. 2. Gaussian fitting was used to analyze the 
peak profiles as suggested by international standard 
method [11]. 
 
2.4 Characterization 

The microstructure of Inconel 718 compressor disc 
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Fig. 2 X-ray diffraction and neutron diffraction measurement 
positions of Inconel 718 compressor disc 
 
was observed using a NOVA NanoSEM 230 field 
emission SEM, and the samples were extracted from A 
cross-sectional line of compressor disc in Fig. 2. The 
SEM samples were cold mounted, ground, polished and 
then etched with a solution of 4 g CuSO4 + 20 mL HCl + 
20 mL C2H5OH at room temperature. A JEM−2100  
TEM was used to observe the strengthening phase γ"  
and determine the dislocation of superalloy along the 

thickness direction of A cross-sectional line of 
compressor disc. The TEM samples were sectioned to 
thin plates, mechanically polished to 100 μm in thickness, 
and then twin-jet electro-polished using a solution of 
33% HNO3 + 67% CH3OH at −25 °C. 
 
3 Results 
 
3.1 Microstructure 

The low magnification image of Inconel 718 forged 
compressor disc is shown in Fig. 3(a) which indicates a 
uniform microstructure. The high magnification image of 
Inconel 718 forged compressor disc is shown in Fig. 3(b) 
which contains γ grains as matrix, equilibrium δ phases, 
and a small amount of NbC inclusions. In addition, the 
Inconel 718 superalloy derives its in-service strength 
mainly from precipitation (below 900 °C) of coherent 
intermetallic nanoscale phases: the niobium-rich body- 
centered tetragonal (BCT) γ" phase and, to a less extent, 
the aluminum-rich and/or titanium-rich face- centered 
cubic (FCC) γ' phase. The size and amount of γ' phase 
and carbide are influenced by quenching method and hot 
compression parameters [12,13].  

Figure 4 shows the TEM microstructural features of 
δ phase and γ" phase in Inconel 718 forged compressor 
disc. It can be seen from Fig. 4(a) that δ phase is 
incoherent with γ matrix, which leads to relatively small 

 

 
Fig. 3 Low magnification (a) and high magnification (b) microstructures of forged Inconel 718 disc 
 

 
Fig. 4 TEM microstructures of forged Inconel 718 disc: (a) δ phase; (b) γ" phase 
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alloy strengthening and adverse effect on ductility. 
However, precipitation of the orthorhombic δ phase is 
also important at hot-working temperatures above 
900 °C, where its presence can be used to control grain 
size through grain boundary pinning [14,15]. It can be 
seen clearly from Fig. 4(b) that the main strengthening γ" 
phase distributes perpendicularly and is coherent with γ 
matrix. 
 
3.2 Stress-free lattice spacing 

The d0 value has effect on residual stress 
measurement by neutron diffraction on nickel base 
superalloy [16]. The stress-free lattice spacings d0,hkl 
were measured using neutron diffraction after a complete 
annealing, and the results are given in Table 3. It can be 
seen that the average values of d0,hkl in two principal 
directions (radial and axial) with a small differences have 
a good agreement with the crystal structure parameters of 
Inconel 718 superalloy [17,18]. 
 
Table 3 Measurement results of stress-free lattice spacing d0,hkl 

Principal direction 2θ/(°) d0,hkl/Å 

Radial 94.5486±0.0015 1.08016±0.00001

Axial 94.5095±0.0071 1.08051±0.00006

 
3.3 Neutron diffraction test results 

The neutron diffraction measurement positions on 
the forged disc are shown in Fig. 2. Due to the large 
thickness of the disc (69 mm of A lines and 35 mm of B 
lines), residual stress on hoop direction is difficult to test 
(depth penetration). Therefore, only residual stress on 
radial and axial directions were tested. Figure 5(a) shows 
the residual stress distributions of line A1, A2 and A3 in 
radial direction and line A2 in axial direction. Figure 5(b) 
shows the residual stress distributions of line B1, B2 and 
B3 in radial direction and line B2 in axial direction. It is 
obvious that radial residual stress near the surface of disc 
(1.5 mm) demonstrates negative values (compressive 
stress), with A1 line showing around −200 MPa residual 
stress and B1 line showing around −50 MPa residual 
stress. When the test position moves into the core of the 
disc (4 and 8 mm), the radial and axial residual stresses 
all become positive (tensile stress). Especially, when the 
test position moves from surface (2.5 or 3.5 mm from 
surface) into interior, A2, A3 and B2, B3 lines all present 
a large stress increase. B2 line in axial direction even 
increases from compressive residual stress to 150 MPa 
tensile residual stress. These results may indicate that the 
surface of the disc has compressive residual stress and 
the core of the disc has tensile stress. A3 line in radial 
direction and B2 line in radial direction both show good 
symmetry, and all of the measured values show 
reasonable error. 

 

 

Fig. 5 Radial and axial residual stresses versus distance to 
reference surfaces by neutron diffraction measurement: (a) A1, 
A2 and A3; (b) B1, B2 and B3 (Both measurements are from 
normal die forging disc) 
 

The experimental error of residual stresses was 
evaluated by the following equation [19,20]: 
 

1( )
(1 )(1 2 )

hkl

hkl hkl

E
u

v v
σ = ⋅

+ −
    

 
2 2 2 2 2

r h a(1 ) ( ) ( ( ) ( ))hkl hklv u v u uε ε ε− + +      (1) 
 
where E is the elastic modulus, v is Poisson ratio, u(ε) is 
the strain uncertainty, and  
 
u(ε)=cot(θ)u(θ)                               (2) 
 

From Fig. 5, the experimental errors are from 7 to 
27 MPa, much smaller than the tested values of residual 
stresses in compressor disc, which indicates the high 
accuracy of experimental results. Generally, large 
experimental errors are associated with less accessible 
parts of the compressor disc and longer effective 
diffraction path, although these are partially compensated 
by using longer data-acquisition time. 
 
3.4 X-ray diffraction test results 

The X-ray diffraction test positions on the forged 
disc are shown in Fig. 2, with a measuring depth of     
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2 mm. Three positions, 10, 38 and 58 mm, and two 
directions, radial and axial directions of neutron 
diffraction, were chosen from the overall surface.  
Figure 6(a) shows the residual stress versus distance 
from the surface of normal forging process by X-ray 
diffraction, and Fig. 6(b) shows that of the speed control 
forging process. The disc surface presents a large value 
of compressive stress (more than −800 MPa), because of 
the high residual stress generated by rough machining on 
the disc surface. After 50 μm layer removal, the residual 
stress increases at first and then becomes almost constant 
down to 2 mm in depth. The residual stress values have 
large difference between radial and axial directions. So, 
the trend of residual stress depended on the distance to 
surface is not obvious. Generally speaking, the residual 
stresses of disc surface (up to 2 mm) are compressive 
stress, and vary from 0 to −400 MPa based on different 
positions. 
 

 

Fig. 6 Radial and axial residual stresses versus distance      
to reference surfaces by X-ray diffraction measurement:     
(a) Normal die forging disc; (b) Speed control die forging disc 
 
4 Discussion 
 
4.1 Residual stress distribution 

Due to different penetration depths of X-ray 
diffraction and neutron diffraction, the Inconel 718 
forged disc was tested both by X-ray diffraction (from 
the surface to 2 mm in depth) and neutron diffraction 
(more than 2 mm in depth). Because of the large gauge 

volume of neutron diffraction (2 mm×2 mm×4 mm), 
when the test position is 2.5 mm, the detector gathers the 
diffraction neutrons from 1.5 to 3.5 mm along the depth 
direction. Therefore, combining X-ray diffraction and 
neutron diffraction can provide a whole scale of residual 
stress variation from the surface to core of the Inconel 
718 disc. 

Figure 7 shows the residual stress distribution with 
X-ray diffraction and neutron diffraction measurement. 
Figure 7(a) shows the residual stress of line B3 for 
neutron diffraction and 58 mm for X-ray diffraction, 
where both measurements start at the same surface 
position (see Fig. 2). Except the surface residual stress 
induced from rough machining (−800 MPa), the near- 
surface residual stress increases from around −100 to   
0 MPa down to 2 mm. The residual stress measured from 
2.5 mm by neutron diffraction starts from 0 to around 
100 MPa. It is really obvious that the residual stress near 
the disc surface displays a compressive stress and the 
inside of disc displays a tensile stress, which is consistent 
with Fig. 5. Figure 7(b) shows the residual stress of line 
A3 for neutron diffraction and 10 mm (from both top and 
bottom) for X-ray diffraction, the two positions are  
away from each other for 2 mm. The residual stress 
distribution trend of Fig. 7(b) is similar with Fig. 7(a), 
 

 

Fig. 7 Residual stress of line B3 for neutron diffraction and  
58 mm for X-ray diffraction (a), and residual stress of line A3 
for neutron diffraction and 10 mm (from both top and bottom) 
for X-ray diffraction (b) (Both measurements are from normal 
process disc) 
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and both show compressive stresses near the surface and 
tensile stresses inside the disc. 

In other works, neutron diffraction measurement on 
forged and water-quenched Inconel 718 disc shows up to 
600 MPa compressive residual stress on the surface, up 
to 400 MPa tensile residual stress in the core [7], and a 
magnitude of 400−500 MPa near the disc surface 
(compression) and at its core (tension) after forging and 
water quenching [8]. However, in this work, the surface 
residual compressive stress can be up to 250 MPa, the 
tensile stress in the core is up to 250 MPa, and the stress 
value is much lower. This could be due to the heat 
treatment which diminishes the residual stress of the 
Inconel 718 forged disc. The solution and aging during 
heat treatment can also decrease the residual stress inside 
the disc. The transition region from compression to 
tension is about 10 mm below the surface of the forged 
and quenched disc [8], while the transition region in  
Fig. 7 shows 2−3 mm below the surface in heat-treated 
disc. 
 
4.2 Influence of forging process on residual stress 

Two close die forging processes were used to press 
the Inconel 718 disc, and the difference of the two 
processes is press speed. Normal forging process has a 
press speed of 4−6 mm/s, and the press speed of speed 
control forging process is 2−3 mm/s. Figure 8(a) shows 
both the radial and axial residual stresses of line A2 of 
normal and speed control forging processes, and Fig. 8(b) 
shows residual stresses of the line B2. The residual 
stresses of speed control disc in Fig. 8(a) are around   
50 MPa less than those of the normal process disc from 5 
to 15 mm away from surface both in radial and axial 
directions. With the distance increasing, the residual 
stress difference of the two kinds of processes is 
decreased, especially in the core of the disc. The residual 
stress difference at line B2 is not obvious, probably 
because line B2 (35 mm) is thinner than line A (69 mm), 
which deforms more uniformly during the forging 
process, and therefore, the influence of press speed is not 
so distinct. 

Figure 9 shows the surface residual stresses 
measured by X-ray diffraction by speed control and 
normal forging processed disc at different test positions. 
The residual stress of speed control forging processed 
disc and normal forging processed disc does not show 
similar trend on the three positions. Figure 9(a) shows 
higher compressive residual stress on the speed control 
disc surface than on the normal disc surface. However, 
the 38 mm test position (Fig. 9(b)) shows opposite 
results, and the 58 mm test position (Fig. 9(c)) shows 
almost the same results of residual stress values. From 
comparison, X-ray diffraction measurement on disc  

 

 

Fig. 8 Radial and axial residual stresses of normal and speed 
control forging processed disc: (a) Line A2; (b) Line B2 
 
surface could not play an important role in differentiating 
speed control and normal forging process. This is 
probably because X-ray diffraction measurement on 
surface residual stress depends more on surface 
machining than neutron diffraction. 
 
4.3 Influence of residual stress on microstructural 

features 
Figure 10 shows the dislocation densities of line A 

of Inconel 718 compressor disc (by normal forging 
process) at different distances to the surface. It can be 
seen that dislocation densities decrease with increasing 
distance to the surface, which is consistent with the 
phenomenon in Fig. 7(b): higher residual stress results in 
higher amount of dislocations. Also, the dislocation 
density around δ phase or grain boundary is obviously 
much higher than that at intragranular, which indicates 
that dislocations tend to generate in high stress 
concentration region. LIN and PANG [21] used discrete 
dislocation simulation to predict the development of 
thermal residual stresses and thermal induced 
dislocations in metal matrix nanocomposites, and found 
that the dislocation density is higher in the interfacial 
region than in the rest of the matrix. With regard to 
Inconel 718 forged compressor disc, the dislocation is  
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Fig. 9 Surface residual stresses by X-ray diffraction 
measurement of speed control and normal forging processed 
disc: (a) 10 mm; (b) 38 mm; (c) 58 mm 
 
generated by dislocation climbing and pile-up during the 
forging process, and then subgrain boundary is formed 
subsequently through regular arrangement. Additionally, 
δ phases distributing along crystal boundary and 
dispersed γ" phase together affect the dislocation 
formation. High density dislocation is beneficial to the 
precipitation of the γ" phase from γ matrix. Meanwhile, 
stacking faults produced by γ" phase precipitation 
promote δ phase nucleation. 

Figure 11 shows the phases and orientation maps of 
Inconel 718 compressor disc (by normal forging process) 
at different distances to the surface. It can be found that 
the average grain size of Inconel 718 forged compressor 
disc at the surface (Fig. 11(a), approximately 2.26 μm) is  

 

 
Fig. 10 Dislocation densities of line A at different distances to 
surface: (a) 0 mm; (b) 2 mm; (c) 10 mm 
 
less than that in the core (shown in Fig. 11(c), 
approximately 4.58 μm), probably because the following 
rough machining or a significant temperature gradient 
induces a large residual stress, which accelerates the 
dynamic recrystallization at the surface of compressor 
disc. Dynamic recrystallization leads to nucleation and 
generates new grains [22]. If the new grains formed by 
nucleation cannot grow up enough and are kept at 
ambient temperature, fine-grained structure forms. 
Moreover, higher residual stresses which result in  
higher density dislocations around δ phases or grain 
boundaries are also beneficial to the dynamic 
recrystallization. They tend to constitute dislocation 
tangling and cell structures, which can form subgrain 
boundaries by annihilation and recombination under 
further shear stress. 



Xiao-yan XU, et al/Trans. Nonferrous Met. Soc. China 29(2019) 569−578 

 

577
 

 

 
Fig. 11 Phases and orientation map of line A at different distances to surface: (a) 0 mm; (b) 2 mm; (c) 10 mm 
 
 
5 Conclusions 
 

(1) X-ray diffraction measurement on Inconel 718 
disc indicates that the surface residual stress is around 
−800 MPa, then increases and is stable at 0 to −400 MPa 
down to 2 mm. Neutron diffraction measurement 
indicates the compressive residual stress of near surface 
and tensile residual stress of center. 

(2) The residual stresses of speed control forging 
processed disc are 50 MPa less than those of the normal 
processed disc from both radial and axial directions 
measured by neutron diffraction. However, the X-ray 
diffraction measurement does not show this phenomenon 
obviously. 

(3) The dislocation densities increase with 
decreasing distance to the disc surface, which is 
consistent with the variation trend of residual stresses. 
Meanwhile, the large residual stress induced by rough 
machining or a significant temperature gradient at the 
surface accelerates the dynamic recrystallization. 
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摘  要：残余应力对商用发动机 Inconel 718 材料构件的疲劳性能、可靠性与耐久性起着重要作用，但由于中国中

子衍射测量设备与测量经验与标准的缺乏，压气机盘件的系统性残余应力研究鲜见报导。采用 X 射线与中子衍射

分别测量 Inconel 718 锻造盘件的表面及内部残余应力，采用扫描电子显微镜与透射电子显微镜观察锻造显微组织

特征。锻造盘件表面呈压残余应力，内部为拉残余应力，且相比于锻造产生的残余应力，盘件表面的残余应力受

粗加工影响较大。位错密度随距盘件表面的距离减小而增高，残余应力会加速位错产生与动态再结晶。 
关键词：中子衍射；X 射线衍射；残余应力；Inconel 718；压气机盘 
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