
 

SHOT PEENING OF BRITTLE MATERIALS - STATUS AND OUTLOOK  

Wulf Pfeiffer1, a, Johannes Wenzel1,b  
1Fraunhofer IWM, Woehlerstr. 11, 79108 Freiburg, Germany  

awulf.pfeiffer@iwm.fraunhofer.de, bjohannes.wenzel@iwm.fraunhofer.de 

Keywords: Shot peening, residual stress, brittle material, strength, damage, ceramic, cemented 
carbide, chromium, plating, coating. 

Abstract. Shot peening is a common procedure to improve the static and cyclic strength of metal 
components by a combination of work hardening and the introduction of compressive stresses into 
the surface region. Our investigations through the last years showed that high compressive stresses 
of more than 1 GPa can also be introduced in brittle ceramics under specific shot peening 
conditions. These stresses significantly increase the near-surface strength. Based on the findings for 
ceramics, shot peening procedures have now been developed for cemented carbides and hard 
chromium platings. Recent investigations showed that, due to the higher fracture toughness of 
cemented carbides, shot peening could be performed using higher peening intensities leading to a 
higher gain in strength properties. Although chromium platings are less brittle than ceramics, shot 
peening of these layers are very challenging due to the formation of a micro-crack network being 
typically for these coatings. Nevertheless, first results indicate the possibility of a successfully shot 
peening of these coatings. 

Introduction 

Shot peening is a common procedure for improving the static and cyclic strength of metal 
components. It is based on a multiple localized plastic deformation of near-surface regions. This 
results in a surface layer which is improved by strain-hardening (increase of dislocation density), 
grain refinement and macroscopic compressive residual stresses. At room temperature, brittle 
materials like ceramics, cemented carbides or hard chromium platings respond differently to stresses 
beyond the elastic limit, in general, damage emerges before the occurrence of any plastic 
deformation. Thus, strengthening of brittle materials due to plastic deformation induced 
compressive residual stresses has been thought of not being possible.  

However, recent investigations [1, 2] show that high compressive stresses of more than 
1000 MPa can also be introduced near the surface of brittle ceramics under specific shot peening 
conditions. In loading situations which are characterized by a steep near-surface stress gradient, the 
load bearing capacity of such strengthened surfaces can be increased very significantly. Such 
loading situations exist, for example, in roller and sliding bearings [3, 4] or metal forming tools [5]. 
Based on the findings for ceramics, shot peening investigations have been performed on cemented 
carbides and chromium plating. This paper compiles the status of own investigations on shot 
peening of brittle materials.  

Damage and deformation during contact loading of brittle materials  

Metals benefit from shot peening through a combination of multiple plastic stretching of the near 
surface and plastic flow beneath the surface in the area of maximum shear stresses. Damage 
generally only occurs in case of the so called over-peening which involves fatigue of the near 
surface by too many impacts.  

Brittle materials behave differently. The high tensile surface stresses acting during impact of the 
balls - leading to plastic flow in case of ductile metals - cause the creation of surface damage due to 
missing plasticity. As an example for peening induced damage, Fig. 1 shows the typical Hertzian 



 

cone cracks for a shot peened silicon carbide ceramic. Nevertheless, the hydrostatic stress field 
below the surface may lead to additional plastic deformation in those regions.  
 

  
Fig. 1: Micrographs of the surface (l) and the cross section (r) of a silicon carbide specimen showing 
typical shot peening induced impact damage. 

 
The successful shot peening of brittle 

materials is based on the dissimilar 
dependencies of damage causing tensile surface 
stresses and deformation causing shear stresses 
below the surface on the diameter of the 
indenter [6]. Fig. 2 shows this for a silicon 
nitride ceramics being exposed to ball 
indentation tests using different ball sizes [7]. If 
the ball diameter is restricted to dimensions 
defined by the dashed triangular field, it is 
possible to create subsurface plastic deformation 
without introducing surface flaws.  

While this is true for ceramics and cemented 
carbides, the situation is somewhat different for 
hard chromium platings. Although the hardness 
values of typical chromium platings are less 
demanding than those of ceramics and cemented 
carbides (unfortunately, fracture toughness 
values of chromium platings, describing the 
brittleness in a better way than hardness values, 

are not available), shot peening may introduce severe damage due to the stress concentrations at 
micro cracks being present in almost all hard chromium platings.  

Figure 3 illustrates this by a micrograph of a Vickers indentation (load 100 N) into a 250 µm 
thick hard chromium plating, Fig. 4 by a Finite Element modelling (2D, no plastic flow included) of 
the stress distribution in a field of micro cracks loaded by tensile stresses. The micrograph of the 
Vickers indentation shows the typical cracks, initiating at the corners of the indentation. In addition, 
cracks were created which, presumably, are elongations of already existing surface and subsurface 
micro cracks. Thus, the possibility of a successful shot peening of hard chromium platings is 
dominated by the size, orientation and distribution of micro cracks.   
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Fig. 2: Ball on plate test on silicon nitride: 
Development of plastic deformation and fracture 
as a function of the ball radius [7]. Successful 
shot peening has to be performed using 
parameters defined by the dashed triangular 
field. 



 

 
 

Fig. 3: Micrograph of the Vickers indentation 
into a hard chromium plating showing cracks 
initiating from the edges of the indentation and 
adjacent to the indentation. 

Fig. 4: Stress distribution (σ11) in a field of micro 
cracks showing the stress peaks in the vicinity of 
the crack tips. White = high stress, black = low 
stress. 

Materials and experimental details  

Materials. Flat specimens of commercially available silicon nitride ceramics (manufacturer: H.C. 
Starck Ceramics), cemented carbide (manufacturer: Ceratizit) and 250 µm thick hard chromium 
platings on steel type 1.7225 (manufacturer: Topocrom) were investigated. Table 1 summarises the 
materials and the most important material characteristics.  

 
material   type strength hardness fracture toughness 
silicon nitride 
ceramic 

N3208   877 MPa  
(4-point-bending) 

15.2 GPa HV10 4.2 MPa m1/2 

(Vickers indentation) 
cemented carbide BC 20 

(WC-Co) 
2700 MPa  
(3-point-bending) 

13.9 GPa HV10 ~ 20 MPa m1/2  

(Vickers indentation) 
hard chromium 
plating 

const. 
current 
density of  
22 A/dm² 

not available 8.6 GPa HV10 not available 

Tab. 1: Materials investigated 
 

Shot Peening. Shot penning was carried out using an injection system. Tungsten carbide beads with 
a diameter of 610 – 690 µm and a hardness of 14.9 GPa HV1 were used as shot. The pressurised air 
and the beads were supplied to the jet nozzle through two different tubes. The beads were then 
accelerated in the nozzle to a pressure specific high velocity and hit the sample surface. The peening 
pressure ranged from 0.2 MPa to 0.3 MPa. Peening time was adjusted to reach a min. of 100 % up 
to 200 % coverage. 
 
Residual Stress Determination. The residual stresses and dislocation densities were determined by 
X-ray diffraction (XRD) in case of ceramics and cemented carbides [8]. For depth probing it was 
necessary to remove, stepwise, thin surface layers by polishing with 3 µm diamond abrasives. This 
mechanical material removal resulted in the introduction of additional small residual stresses. In 
case of hard chromium platings the incremental hole drilling method [9] was used as a pronounced 
texture hindered from reliable X-ray measurements. It should be pointed out that this method allows 
a reliable determination of stresses up to 60% of the yield strength.  
 



 

Strength Determination. The surface strength was determined using ball-indentation testing. The 
advantage of this testing method is its high surface sensitivity due to the rapidly decreasing tensile 
stresses with depth. Thus, the effect of shot peening can clearly be separated from the material 
characteristics of deeper regions. The tests were performed using an electro-mechanical testing 
machine. The load carrying capacity was determined by continuous increase of the load until an 
applied acoustic sensor is triggered by sound emission of a damage-event. The diameters of the 
indenters had to be adjusted to the different materials and are indicated in the results.  

Results of shot peening treatments 

Residual stresses. The effect of typical shot 
peening treatments on the near surface stress 
states of the three different materials is shown 
in Fig. 5. The same shot size of 0.65mm was 
used for all materials, the peening pressures 
varied between 0.2 MPa and 0.3 MPa.  

Depending on the material and the peening 
pressure compressive residual stresses up to 
2500 MPa are introduced. While the total 
amounts of compressive residual stresses do 
not differ too much for the different materials, 
the affected depth is quite different. The surface 
layer containing compressive residual stresses 
is the shallowest for the silicon nitride ceramic 
(ca. 80 µm) and significantly thicker for the 
cemented carbide (130 µm). In case of the hard 
chromium plating the stress state of nearly the 
complete plating with a thickness of 250 µm 
was changed from tension to compression.  

In most cases peening resulted in stress 
distributions with a maximum residual 
compressive stress below the surface. This is 
due to the fact of the maximum shear stress 
during impact being located below the surface. 
In case of the silicon nitride specimen peened 
with 0.2 MPa the maximum stress is obtained 
at the surface which may be due to a non 
sufficient coverage. In case of the cemented 
carbide specimen the maximum residual 
stresses at the surface are due to sand blasting 
treatment performed before shot peening for 
cleaning purposes.  

Near Surface Strength Properties. The 
effect of high compressive residual stresses 
introduced by the shot peening can easily be 
visualized by Vickers indentation as shown in 
Fig. 6. The not shot peened specimens 
developed the typical crack formation at the 
edges of the indentation, whereas in the surface 
of the shot peened specimens only very small 
cracks can be detected.  
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Fig. 5:  Depth distribution of residual stresses of 
shot peened silicon nitride (top), cemented 
carbide (middle) and hard chromium plating 
(bottom) using two different peening pressures. 



 

   
Fig. 6: Vickers indentations in partially shot peened specimens, respectively. (l) silicon nitride test 
load = 100N, (m) cemented carbide (test load = 2.5 kN), (r) hard chromium plating (test load = 
100N on polished surface ).  

 
From the length of cracks introduced by Vickers indentations fracture toughness values of  

14 MPa√m could be calculated in case of the ceramic [10]. This is more than twice the value 
determined for a polished surface. In case of the cemented carbide specimen, the maximum load 
carrying capacity of the Vickers indenter (2.5 kN) was not sufficient enough to introduce cracks into 
the shot peened surface. In case of the hard chromium plating the micro crack system of the plating 
hindered a reliable calculation of a fracture toughness value.  

The influence of shot peening on the load carrying capacity determined by the ball indentation 
test is shown in Fig. 7. For silicon nitride there is also a high increase of approximately three times 
higher load carrying capacity found. The standard deviation of the shot peened silicon nitride is very 
small due to the fact, that the measurement range of the load cell was limited to ca. 9.5 kN. Only 
values that where within the measurement range were taken for analysis. A smaller ball diameter of 
the indenter was not suitable. The load needed to initiate a surface crack is approximately three 
times higher for the shot peened cemented carbide specimen than for the non shot peened one.  

In case of the chromium coatings it was necessary to polish the surface in both, initial and shot 
peened state, to reduce influences of surface roughness. Additionally an indenter ball with 11.12 
mm diameter was used for the tests on chromium coatings in order to avoid sharply localized load 
onto the inhomogeneous microcrack network. A significant increase of load carrying capacity was 
determined for the 240µm thick hard chromium platings. About 10µm thickness were lost due to 
surface polishing. 

According to the different ball diameters the results of cemented carbides and silicon nitride on 
the one hand, and chromium platings on the other hand can not be compared directly, but the 
respective increase in load carrying capacity is nevertheless characteristically for each case.  

d = 4.77 mm ball indenter

0,0

2000,0

4000,0

6000,0

8000,0

10000,0

12000,0

lo
ad

 c
ar

ry
in

g 
ca

pa
ci

ty
 in

 N_
_

initial state shot peened 0.2 MPa

silicon nitride cemented carbide         

d = 11.12 mm ball indenter

0

200

400

600

800

1000

1200

1400

1600

lo
ad

 c
ar

ry
in

g 
ca

pa
ci

ty
 in

 N_
_

initial state shot peened 0.2 MPa

chromium plating
 

Fig. 7: (l) Load carrying capacity of shot peened, silicon nitride and cemented carbide specimens. 
Ball indentations using a ∅ 4.77 mm silicon nitride ball. (r) Load carrying capacity of shot peened 
chromium plating (surface polished). Ball indentations using a ∅ 11.12 mm silicon nitride ball. 



 

 
Conclusions. The presented investigations show that, using a novel shot peening process 

developed for ceramics [11], micro-plastic deformation and high compressive residual stresses in 
the range of 2000 MPa can be introduced also into the near-surface region of brittle materials like 
cemented carbides and hard chromium platings. For comparable shot peening conditions the 
amounts of maximum residual stresses are comparable whereas the depth of the compressive stress 
field depends on the type of material. The higher the hardness the shallower the shot peening effect. 
Ball indentation tests show that shot peening can significantly increase the near-surface strength of 
brittle materials. This is due to the fact of initiation of cracks in brittle materials being directly 
controlled by the amount of tensile stresses acting at imperfections in the material. Shot peening 
induces compressive stresses reduces the loading stresses during impact and, thus, increases the load 
bearing or carrying capacity of the near surface regions. In addition, the compressive residual 
stresses reduce the development of surface cracks during contact loading although a localized 
plastic deformation occurs – a material behavior generally only expected for metals.  
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