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Abstract: The shot peening process used mainly to hardened the surface and  increases the fatigue life of 

the rotating parts . This cold treatment will change the designed natural frequency of the part  and  change 

the vibration characteristics  . Especially when this parts are driven by a high speed velocities.  This 

research investigates the behavior of the vibrations after a superficial treatment done by shot peening. An 

experimental test rig was manufactured, and different industrial applications and geometries have been 

tested and treated by shot peening process. Three important commonly used industrial applications are 

selected to study and investigate its vibration characteristic after shot peening treatment namely 

connecting rod, crankshaft, and supercharger shaft for a  (3Kv)  generator.  Vibration parameters such as 

acceleration velocity and displacement for  specific time duration was recorded and analyzed  also,  the 

natural frequency and  first six mode shape  . The fundamental increases after shot peening and the 

percentage of increasing in natural frequency for crankshaft, connecting rod, and supercharger shaft are 

(26 %),  (32 %), and (20 %) respectively where . For comparison reason a different numerical finite 

element models for the connecting rod, crankshaft and superchargers shaft are suggested and 

implemented in ANSYS 15. A good accuracy was achieved between numerical models and experimental 

measurements.  
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 خصائص تطبيقات صناعية محددة
 

 انباسد عهى يعانضت عًهٍت وهٍت.  انخعب عٍاة  صٌادة و انذواسة الاصضاء اسطظ نخصهٍب اساسا حسخخذو بانكشاث انسفع عًهٍت الخلاصة:

  انبغذ هزا.  عانٍت بسشعاث نهذوساٌ حخعشض انخً نلاصضاء خصىصا. نلاصضاء الاهخضاص خصائص و انطبٍعً انخشدد بخغٍش حقىو وسىف

 رلاد اخخٍاس حى وقذ,  انغشض نهزا اخخباسي صهاص حصٍُع حى.  بانكشاث انسفع بىاسط انسطغٍت نضتاانًع بعذ الاهخضاص سهىك يٍ نهخغقق هى

   وهً الاهخضاص عهى بانكشاث انسفع حارٍش  نذساست بانكشاث انسفع بىاسطت يعها انخعايم نغشض انهُذسٍت الاشكال يخخهفت صُاعٍت حطبٍقاث

 نفخشة الاصاعت و انسشعت,  انخعضٍم يزم الاهخضاص خصائص(.  صاسس سىبش عًىد يع( kva3)   نًىنذة انخىصٍم رساع و,  انًشفق دعًى) 

 انخىصٍم رساع,  انًشفق نعًىد  انطبٍعً انخشدد فً صٌادة اٌ.  انطبٍعً نهخشدد اًَاط سج اول حغهٍم يع,  وحغهٍهها حسضٍهها حى يغذدة صيٍُت

 انعُاصش طشٌقت باسخخذاو عذدٌت ًَارس اقخشاط حى انًقاسَت ونغشض.  انخىانً عهى% ( 62 و% 36% ,62)  هً صاسس انسىبش عًىد و

 انًُارس بٍٍ صٍذة دقت وحغققج.  ANSYS 15 بشَايش بخىظٍف صاسس انسىبش عًىد و انخىصٍم رساع,  انًشفق نعًىد(  FEM)  انًغذدة

 .انخضشٌبٍت وانقٍاساث انعذدٌت

 
1. Introduction 

 

 In the simplest words, the vibration of engine equipment's is the simple movement of 

back and forth or wiggles of machines and components. For example, driven system 

(pumps, compressors), drive motors, and the shafts, bearings, belts, gears, and other 
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components that compose mechanical systems. Vibration in all equipment is a sign of 

worry and a reason for problems. But in sometimes, vibration is a normal part of the 

running machine and should not cause any concern. In other situations, vibration is a 

major part of the machine design. For instance, some vibration nearly inescapable in the 

internal combustion engines, compressors, and reciprocating pumps. Shot peening is a 

cold working process where a small spherical ball bombarded the surface of a part. Each 

shot is striking the metal acts as a tiny peening hammer imparting a small indentation or 

dimple on the surface [1].  

The shot peening machine has evolved into two main types air blast and wheel. The 

air blast machines pressurized air is used to feed the ball into the air stream with the 

combination of gravity feed  [2]. Speed of media can be changed by regulating the air 

pressure some reduction in shot effectiveness can occur due to shot rebound when the 

blast is directed normal to a surface  [3]. The crankshaft is a complex geometry in the 

engine, which converts the reciprocating displacement of the piston to rotary motion 

and experiences a large number of load cycles fatigue [4]. Connecting rods are wide 

using in a various engines. The connecting rod connects the piston to the crankshaft, 

and its main function is to transfer the piston pressure to the crankshaft. The free 

vibration nonlinear slender rotating shaft with simply support conditions and the effect 

of shear deformation is negligible because the shaft is slender the nonlinear system was 

analyzed by the multiple range method analyzed by M. Shahgholi   et al. [5] While; M. 

H. Jalali et al. [6] Investigate the dynamic behavior of the rotating system the dynamic 

characteristics of a high-speed rotor with certain geometrical and mechanical properties 

were evaluated at rest and under operating conditions. The modal analysis of the rotor at 

rest under free–free boundary conditions this is done with the beam finite element 

model, 3D finite element model test and comparison of the results indicated satisfactory 

agreement between them and Yasser Fouad et al.  [7] .  

Evaluated the effect of shot-peening on the high cycle fatigue performance of the 

age-hardening aircraft alloy Aa2024 at different Almen intensities Using spherically 

conditioned cut wire (SCCW 14) with a rate of shot size 0.36 mm and at Almen 

intensities of 0.1, 0.2, and 0.3 mm A with full Shot peening coverage (100 pct.). 

ŽAGAR Sebastian et al.  [8] Dealt with the effect of different shot peening (SP) 

treatment conditions on the ENAW 7075-T651 aluminum alloy. The obtained 

maximum value of compressive residual stress ranges between -200 MPa and -300 MPa 

at a depth between 250 μm and 300 μm. M. M. Rahman [9] Under variable amplitude 

loading conditions the fatigue life of the AA6061-T6, was studied the effect of shot 

peening with different surface finish for a two stroke free piston engine at the most 

critical location The shot peening has produced repeatable results indicating 

improvement in the fatigue life over the range of loads and geometric configurations.  

All the above aforementioned studies concentrate on the vibration behavior of 

rotating shaft and others on increasing the material resistance against corrosion, 

cracking, and cycling load by using shot peening treatment with different time.  Other 

aspects which form the main idea of this work. This includes design and  manufacturing 

for a machine to be  suitable for shot peening treatment. By controlling many 
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parameters such as shoting distance line of shot and ball size. This work are devoted to 

examine the vibration behavior on natural frequency before and  after shot peening with 

different  shot peening process variables. 

 
2. Experimental work  
  

        In order to study and control the Shot peening  process  parameters like shot time 

(ST), ball size and distance of shot an experimental rig was designed and manufactured. 

It is consist of 3-axis rotation machine equipped with a variable radius nozzle connected 

to a flexible hose and air compressor. The air  compressor pressure ranges between 1-10 

bar  as shown in Fig.(1)  (a & b). 

 

 
 

 

 
(b) Experimental rig 

Fig.(1) Shot Peening Experimental Rig. 

(a) CAD design. 
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The design allows for 3-axis movement and rotation for the tested specimen as 

shown in Fig.(2)  this movement are controlled by three variable speed motor  ranges 

(50-1300 rpm). 

The selected  steel balls  diameter are (0.6 ,3, 4 mm ). 

Three commonly used  industrial applications are chosen  and tested  namely 

connecting rod, crankshaft and supercharger shaft for a kerosene generator(3 Kv) . 

The material properties are listed in table (1). The geometric properties are shown in 

Fig.(3) a ,b and c 

 

 

Fig.(2) 3-axis movement and rotation. 

 

Table (1): Material specification. 

Properties Crankshaft  Connecting rod Supercharger shaft  

Young's modulus  165 MPa 71.7 GPa 210 GPa 

Density 7100 kg/m3 2.81 g/cm3 7.85  g/cm3 

Poisson's ratio  0.275 0.33 0.27  

Tensile stress 414-827 MPa 572 MPa 655 MPa 

Yield stress  330 MPa 372 MPa 415 MPa 
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(a)                                                                                          (b) 

 
 (c) 

Fig.(3) Three different applications (all dimensions are in mm) 

 
3. Results and discussions 

 

The shot peening distance (SD) and ball size are an important shooting process 

variable. The hardness of Six aluminum shafts with 100 mm length have been tested 

after shot peening . The hardness are measured with INNOVA test Fig.(4-a) and when 

the ball trace are tiny will measured with micro hardness device Fig.(4-b) . Where the 

distance between nozzle and sample is an important factor tested and analyzed. 

Different ball distances are examined as shown in table (2). 
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Table (2): Different ball distances. 

No Length HRC before shot  HRC after shot Ball Size Distance from nozzle 

1 100 mm 51.34 66.75 4 mm 50 mm 

2 100 mm 47.47 74.46 4 mm 40 mm 

3 100 mm 48.7 26.69 4 mm 25 mm 

4 100 mm 47.98 92.58 3 mm 40 mm 

5 100 mm 50.72 65.2 3 mm 25 mm 

6 100 mm 48.2 31.6 3 mm 10 mm 

 

To get the natural frequency of the generator connecting rod, generator crankshaft 

and supercharge shaft the excitation method have been used. An experimental vibration 

apparatus are constructed to measure the natural frequency based on frequency response 

function(FRF). consist of Accelerometer type KISTLER (4371 sensitivity 9.8 mV/g) 

,Condition amplifier type 7749.  

Oscilloscope model GDS-810S with (100 MHZ) as maximum frequency and (FFT 

spectrum analysis with two input channel) , special Testing hammer ,Computer to drive 

the system of oscilloscope using serial connection and Rig for fixing the sample during 

the test. As shown in Fig.(5). 

 

   (a) INNOVA test device model VERZUS 700                                                       (b) Microhrdness device 

Fig. (4) 
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Fig.(5).Experimental vibration measurement setup. 

 

The numerical results of the natural frequency of the connecting rod, crankshaft, and 

supercharge shaft is obtained by employing the ANSYS MODAL 15. The simulation 

results of natural frequency that has been obtained from ANSYS program as shown in 

Figures (6, 7, 8)  was used for comparing with experimental frequency .  
 

  

  
(c)             

 
 
 

  

(d)            
 
 
 

 

  

                   (a) 𝒇𝟏  𝟖𝟏𝟏 𝟗𝟔 𝑯𝒛                                                        (b) 𝒇𝟐  𝟐𝟖𝟎𝟐 𝟗 𝑯𝒛  

           (e) 𝒇𝟓  𝟕𝟎𝟐𝟎 𝑯𝒛                                                                           (f) 𝒇𝟔  𝟗𝟏𝟕𝟔 𝟐 𝑯𝒛 

Fig.(6) First Six natural frequency and mode shapes for connecting rod 
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Fig.(7) First Six natural frequency and mode shapes for crankshaft 

 

 

  

(a)               (b)              

  

(c)              (d)             

  

(e)              (f)              
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Fig.(8) First Six natural frequency and mode shapes for supercharger shaft 

 

    Table (3) explain that;  

(A) natural frequency will increase by 32%, 26.08% and 20.0% for connecting rod 

,crankshaft and supercharger shaft respectively and it is obvious the increasing in 

natural frequency of connecting rod with percentage (32 %) for experimental Nƒ before 

and after shot peening.  

(B) The frequencies of generator crankshaft after and before the shot peening with ball 

size (3 mm) with numerical Nƒ.  

(C) The increasing in natural frequency of crankshaft with percentage (26 %) for 

experimental Nƒ before and after shot peening.  

(D) The frequencies of supercharger shaft after and before the shot peening with ball 

size (3 mm) with numerical Nƒ, and obviously the increasing in natural frequency of 

supercharger shaft with percentage (20 %) for experimental Nƒ before and after shot 

peening. To best test the parts that treated with shot peening have been examined its 
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response to vibration in their real position while working, and the vibration is measured 

by using (Accelerometer device), this device has been explained in the previous section. 

 

Table (3) Measurements of Natural frequency values. 

Part name Natural frequency (Hz)  Ba

ll size 

mm 

Shot 

distance(SD) 

or shot 

time(ST)  

Experimental  

Before shot 

peening  

Numeric

al Ansys15   

Experimental  

after shot 

peening 

Deviation

% 

Connecting 

rod  

849.25 811.96 1249 32.0 0.6 15 min 

Crankshaft  365.5 

 

352.75 

 

494.5 

 

26.08 3 

 

40 mm 

 

Supercharge

r shaft  

344 

 

320.82 

 

430 

 

20.0 3 

 

40 mm 

 

 

Table (4) explains the vibration behavior of the super charger shaft before and after 

shot peening process, where the vibration is decreasing after shot peening. 

The table (4) clarifies the vibration behavior of the crankshaft and connecting rod for 

generator without load before and after shot peening. The decreasing percent in 

maximum FFT is (9.12 %). The table (4) clarifies the vibration behavior of the 

crankshaft and connecting rod for generator with load before and after shot peening. 

The decreasing percent in maximum FFT is (28.75 %). 

 

Table (4) Measurements of Natural frequency values. 

 

4. Conclusions 

The natural frequency will increase with shot peening process. This is very important 

1- The Nƒ after SP will be increased with (32 %, 26.08 %, and 20%) for connecting rod, 

crankshaft about, and for supercharger shaft respectively. 
2- The vibration decreasing of maximum FFT acceleration for connecting rod during work after 

shot peening with (25.74 %), for crankshaft after shot peening during work without load with 

(9.12 %), and for supercharger shaft after shot peening during work with load (28.75 %). 
 

Part name Case Acceleration amplitude (mm/s2) 

Max Min FFT max 

Connecting rod Before SP 55.89 -55.78 15.81 

After SP 48 -46.22 11.74 

% Deviation 

(Before SP-After SP/Before SP) 

14.1 17.1 25.7 

crankshaft Before  SP 66.92 -69.18 30.46 

After  SP 60.51 -61.63 27.68 

% Deviation 9.57 10.9 9.12 

Supercharger shaft Before  SP 73.5 -62.6 29.56 

After  SP 55.43 -45.77 21.06 

% Deviation 24.5 .26.8 28.7 
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