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Abstract 

Crushers are one of the most important size convertible equipment that is used in coal, mechanical, and other similar industries. 
They occur in many sizes and capacities which vary from 0.1 ton/hr. to 50 ton/hr. They can be categorized on the mechanism used. 
Crushers are mainly of three categories i.e. Cone crusher, Jaw crusher and Impact crusher. Our objective is to design numerous 
mechanisms of an Impact crusher like drive mechanism and discharge mechanism which will be useful in reducing weight, cost 
and take full benefit of the volume and also do their inspection. Impact crushers contain the use of impact rather than pressure to 
crush materials. Here the material is held within a barred enclosure, with openings of the number one size at the bottom, end or at 
sides to agree crushed material to discharge through them. This category of crusher is generally used with soft materials like coal, 
seeds or soft metallic ores. The mechanism used here is of Impact loading where the time of use of force is less than the natural 
frequency of vibration of the body. Since the hammers/blow bars are rotating at a very high speed, the time for which the particles 
come in contact with the hammers is very small, hence here impact loading is applied. The shaft is well thought-out to be subjected 
to torsion and bending. The grinding screen is also designed for optimal output from the crusher.  A performance model is also 
considered for the horizontal shaft impact crusher so as to find out the relative trapped between the feed, the crusher constraints 
and the amount created. 
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1. INTRODUCTION 
A crusher is a device that is designed to reduce large solid chunks of raw material into smaller chunks. Crushers are 
commonly classified by the degree to which they fragment the beginning material with primary crushers that do not have 
much fine quality, middle crushers having more significant fine quality and grinders reducing it to a fine power. A 
crusher can be considered as primary, secondary or fine crusher depending on the size reduction factor.  
a) Primary crusher – The raw material from mines is processed first in primary crushers. The input of these crushers is 
comparatively wider and the output products are grainier in size. Example - Jaw crusher, Gyratory crusher, etc.  
b) Secondary crusher- The crushed rocks from primary crusher are directed to these secondary crushers for advance size 
reduction. Example:-reduction gyratory crusher, Cone crusher, disk crushers etc.  
c) Fine crushers- Fine crushers have fairly small openings and are used to crush the feed material into more even and 
finer product. Example - Gravity stamp. 
 
1.2 HORIZONTAL SHAFT IMPACT CRUSHER 
These break rock by impacting the rock with hammers/blow bars that are fixed upon the outer edge of a spinning rotor. 
Here the rotor shaft is aligned along the horizontal axis. The input feeded material hits the rotating hammers of the rotor 
and due to this sudden impact it breaks the material and further breaks the material by throwing it on to the breaking 
bar/anvils. These have a reduction ratio of around 10:1 to 25:1 and are hence used for the extracted materials, sand, 
gravels etc. [6]. 
Here the feed material is crushed by highly rigorous impacts originating in the quick rotational movement of 
hammers/bars fixed to the rotor. The particles are then crushed inside the crusher as they collide against crusher parts and 
against each other, producing finer, better-shaped product. Adjusting the distance between impact frame and rotor frame 
can change the shape and size of the output.  
In an impact crusher the breakage takes place in a lesser time span as compared to the conical or jaw crushers. So here 
the nature and magnitude of forces as well as the energy dissipated due to impact breakage is different from that of the 
relative slow breaking that occurs due to compression or shear in other type of crushers. 
In an impact crusher the breakage takes place in a lesser time span as compared to the conical or jaw crushers. So here 
the nature and magnitude of forces as well as the energy dissipated due to impact breakage is different from that of the 
relative slow breaking that occurs due to compression or shear in other type of crushers. 
 
1.3 OPERATING PRINCIPLE OF THE HORIZONTAL SHAFT IMPACT CRUSHER 
The Impact Crusher Machine rotor revolves in fixed direction by means of driving action of triangle belt that connects 
with motor. Above rotor, there are sets of suspended impact plates. Material enters into the crushing chamber through the 
charging hole and feeding guide plate. The blow bars fixed on rotor strikes the feed material onto impact plate and then 
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fall from it to mutually shock material blocks. Therefore, material will be moved recurrently and repeatedly in the 
crushing chamber that is composed of rotor, impact plate/ anvils, hammers/ blow bars , by means of which intense shock 
phenomenon will act predominantly, and the material will be crushed along its natural crack and hence bulge. The gap 
between impact plate and hammer/blow bar can be adjusted according to practical requirement by adjusting the angle and 
distance of the impact anvils. Product output is easily controlled by varying the rotor speed, input feed rate and the 
grinding screen configuration. [8] 
 
2. DESIGN PARAMETERS:  
For good performance, all the factors below should be taken into account:  

 Assortment of a proper crushing chamber for the material.  
 Feed rate control.  
 Apt dimensioning of the discharge conveyor with regards to crusher’s capacity.  
 Selection of proper material and size for the impacting members.  
 Setting of the optimum number of hammers, rotor speed, etc.  
 The input material properties like density, strength, etc.  

 
The factors below, when not taken care of may affect the performance of a crusher.[4][9]  

 Occurrence of humid material in the crushers’ feed.  
 Extreme humidity.  
 Isolation of feed in the crushing chamber.  
 Irregular dispersal of feed over the crushing chamber  
 Deficiency of feed control.  
 Incorrect motor size.  
 Deficient capacity of the crushers’ discharge conveyor.  
 Extremely hard material for crushing.  
 Crusher functioning at a rotation speed below required conditions  

 
2.1 IMPACT ENERGY CALCULATION PER UNIT MASS FOR A HORIZONTAL SHAFT CRUSHER 
The Basic Assumptions made here:  
1. Rotor mass is much greater than mass of single particles in the feed  
2. Before impact, linear velocity of the crushing bar is much more important than the particle velocity. Hence KE of 

particles is negligible. 
3. It is also assumed that most particles enter into the collision with the rotor bars in the median region of their impact 

areas with the hammer 
 

 
Fig1. A Single particle just after with the rotor bar of a hammer crusher 

 
Considering the conservation of linear momentum, before and after the impact the energy/ mass is given as 

 
Where, R = Rotor radius  
Hb= height of impact surface of crushing bar/ hammer.  
ω = rotor angular velocity 
It is also found out that the kinetic energy is a dominant form of energy in an impact crusher. The amt. of 
specific kinetic energy (KW h/T) is found to be a function of the particle size and the rotational speeds of the 
rotors.  
The intensity of dynamic stress induced by the rotor and by the impact into the fixed surface [2] i.e. the breaking 
bars/wall can be calculated as 
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S= ρVpVpp 
Where S= dynamic stress (Pa)  
ρ= density of the rock  
Vp= propagation velocity of the longitudinal stress wave  
Vpp= peak particle velocity = impact velocity = Vi 
We have Vi = ωd 
It was also found out that the mean diameter of the fragment produced by the impact [2] 

 
Where ω= rotational speed (rpm)  
Klc= fracture toughness of rock (Pa m0.5)  
Ρ=density of rock (kg/m3)  
Vp= propagation velocity of longitudinal elastic wave (m/s)  
L= dimension of the rock sample (m) 
 

3. DESIGN 
Designing a horizontal shaft impact crusher for materials like asbestos/ aluminum ore/ clay wet/ cryolite/ lime stone / dry 
sand (say ρ = 1600 Kg/m3) with a feed rate of about 350 mTPH and the top feed size as 1000 mm. 
2.1 Design of Hammer / Blow bars 
The hammers or the blow bars are subject to shear force at the point of fixation, centrifugal force due to rotation, bending 
force due to striking of the material. 
When a sudden impact is observed by the blow bars due to input feed striking over, it experiences an impact load. The 
effect of impact loads differs appreciably from that of the static loads as with a suddenly applied load, both the magnitude 
of the stresses produced and resistance properties of materials are affected. 
Hammers or blow bars can be made using different sections like, I section, T section, S section, cylindrical bars, 
rectangular bars etc. The shape of the hammers decides the impacting capacity as well as the strength of the crusher [9]. 
Hammers are mounted of the rotor plates or rotor drum using lock pin mechanism. 
Let us consider a hammer or the blow bar made of Manganese steel and having a rectangular cross section. 
Length of bar = 1500 mm; Width of bar = 400 mm; Thickness of bar = 114 mm;Material = Manganese steel; 
Density ρ = 7.8 g/cm3;Young’s Modulus E= 165 GPa = 165 X 103 N/mm2; Yield Stress σys= 350 MPa = 350 N/mm2;. 
Height of fall of material h= 36 inch = 914.4 mm; Wt. of each hammer/ blow bar = 477 Kg 
The hammer is considered to act like a cantilevered beam with 1/3 of its width inserted in to rotor plate slots for the 
fixation purpose. 
 
Impact Bending Stress (statics): 

a) When the cantilever is subjected to a concentrated load at the mid of its span 
 
Total span screen area per hammer =67% of area of the hammer plate=  
Now from a feed rate of 350TPH and revolution of 480 rpm of the rotor in one second i.e. 1 rotor has 2 impacts. 
So tonnage/impact  
 
Let y be the bending applying impact equation [5] we get,    
Where P is the equivalent static force    
Also for a cantilevered beam subjected to a load the deflection [5] is given as    
 
 
 
Where I is the moment of inertia      

 
 

Here         
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So we get            
 

 
 

 
So Max. Moment 

 
Now we have allowable moment 

 
Since Mall>Mmaxthe design if safe for this condition 

 
 
 
(b) When the cantilever blow bar is subjected to a concentrated load at the tip of the cantilever  

 

 

 

 

 
 

 
 

 
 
Max Movement               

 
Since Mmax<Mall hence the design if safe for this condition 

 
(c) Impact bending stress due to cantilever beam subjected to uniformly distributed load 

Total tonnage/ hammer/ impact = 119.21 N 
Length of exposed blow bar l = 400 X (2/3) = 267mm 
Height of fall h = 36 inch = 914.4 mm 
W = 119.21 N 
 
Since the weight is distributed uniformly over the length l = 267mm 
We have  

 
 
 
 
The Bending moment at any section X from the fixed is given as [5] 
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Integrating we get  
At x=0,y=0 C1=Wl3/24 
  
 
Small work done due to yhe impact distributed load.  

So the total work done become  

  

 =  

  

  
Also static Work done         

  

  

  

  

  
 So we get  
Max Moment, Max  

Max stress Induced,  
But max allowable stress  
So the design is safe in accordance to this condition too. 
 
Static load shearing 
 By using strain energy method [5] and approximating the loading to be a static one. 
 Shear stress produced due to force F at any distance is 

 
Shear strain energy for the small volume 

 
So the total strain energy  

  
 

  

Here  

 
 
 
 

DESIGN OF V-BELT DRIVE 
A V- belt drive mechanism drives the rotor. 
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                                                                      Fig.: Cross section of V grooved Pulley 
 
Power to be transmitted = 450 Hp = 335 KW (calculated from the crushing requirement and its drive power required) 
So according to the V belt standards [Khurmi R S, Gupta, V-belt and rope drives, A text book of machine design, 2005] 
Minimum pitch dia. D of pulley = 500 mm 
Pulley dia. at sheave d2 = 300 mm 
Top width of v belt, b = 38 mm 
Thickness of v - belt, t = 23 mm 
2β = 36º (assumed) 
For pulley 
w = 32 mm ; d = 33 mm ; a=9.6 mm 
c=23.4 mm ; f= 29 mm ; e=44.5 mm ; No. of sheave grooves (n) = 20 
For belt: 
Coeff. of friction = μ = 0.25 (leather) ; σ all = 7 N/mm2 ; ρ = 1.2 X 103 Kg/m2 N1 = 1000rpm 
As we have N1/N2 = d2/d1 
So d1 = 144 mm 
Let the overhang be, x= 1000 mm 
So we have      sin α = (r2-r1)/x  ؞α = 22.9º 
Angle of lap on the driving pulley Θ =180º-2α = 134.2º= 2.34 rad 
Mass of belt per length = area X density = 0.841 Kg/m 
Velocity of belt     V=  
Centrifugal tension Tc= mv2 = 1193.88 N 
Max tension in the belt T= σ X a =7 X 701.5 = 4910.5 N 
Tension on the tight side = T1 = T – Tc = 3716.6 N 
Also we know that  
 
DESIGN OF ANVILS 
Anvils are the structures that help in crushing by further impacting with the material thrown by rotor assembly. These 
structures can be made up of thick plates or beams fixed at one face such that we can change the orientation as well as 
alignment so as to alter the distance between the rotor and the anvil. This mechanism also helps in changing the angle at 
which the material impacts on the anvil so as to get the required size and shape of the fragmented particles. A number of 
such anvils are used to get the fragmentation at different levels and angles. 
Considering anvils to be rectangular beam aligned at an angle Θ w.r.t the horizontal axis. 
Force exerted by incoming particle F = mrω2 
Where m = mass of incoming particle = 25 Kg (assumed Max) 
r = radius of rotor = 1633 mm=1.63 m 
ω= rotor angular velocity = 2πN/60 = 16π 
So F = 102855 N 
For impact loading we multiply it with a factor of 2.5 hence force acting on the anvil during impact P = 2.5F = 257138 N 
Let the dimensions of the anvil be 1500 X 2000 X 50 mm3. 
The anvil is made of manganese steel with σ= 500 MPa 
 
(a) When the load is concentrated at the tip of the anvil 
Here P = 257138 N 
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d= 50 mm ;b =2000mm ; l=1500 mm 
We can see that Bending moment = P l sinΘ 
So Max Bending Moment = Mmax = P.l = 385707552 N mm 
Max Allowed bending moment = Mallowed= σZ = σ(bd3)/6 = 500 X (2000 X 503)/6= 20.83 X 109 N mm 
Since the allowed bending moment is higher, the design is safe for this type of impacting. 
 
(b) When the load is uniformly distributed over the anvil 
Here P = 257138 N 
Load distribution p=P/l = 171.425 N/mm 
Now the moment in the beam with uniformly distributed load at any point is given as M = px2/2 
Here bending moment will be max when x= l = 1500 mm 
So maximum bending moment = Mmax = pl2/2 = Pl/2= 192853500 N mm 
But max allowed BM = = Mallowed= σZ = σ(bd3)/6 = 500 X (2000 X 503)/6= 20.83 X 109 N mm 
Here also the allowed bending moment is higher than that of the max bending moment produced. Hence the design is 
considered safe in this condition too. 
 
DESIGN OF ROTOR SHAFT (STATIC CONDITIONS) 
 
Material of Shaft = Cast Iron 
Density of Cast Iron, ρ = 8000 Kg/m3 
Shaft dia., d = 300 mm 
Weights on rotor shafts 
Weight of rotor plates = 12600 Kg 
Weight of Rotor hammers = 4 X 477 Kg 
Volume of shaft  
So self-weight of rotor shaft  
Now in for the two shaft mounting points A and B… the reaction forces have the relation 

 
As ΣMb = 0…. So 
 RA = 77538.25N 
 RB = 77538.25N 
We can see that, since it is a completely symmetric figure. The bending moment will be max at the center of the shaft. 
Hence max. Bending moment 

  
Now allowable bending moment M = σZ =σπd3/32 
Hence we can see that the design is safe. 
Now considering the bending moment due to tension on both sides of belt we get 
T1+T2 = 4278 = R1 + R2 
also Ra X 2300 = 4278 X (2300/2) 
Ra = 2136 N 
Rb = 2136 N 
Max Moment  
So bending moment due to action of load on shaft as well as tension from belt 
Now turning moment acting T = p/ω = 53.34 X 106 N mm 
Thus equivalent Me =0.5(M+(M2+T2)0.5 )= 90.7 X 106 N mm 
And equivalent Te = (M2+ T2)0.5 = 98.58 X 106 N mm 
So stress induced = τs = Te/Z = 37.21 N/mm2 Hence the design is safe when compared to the ultimate stress. With FOS = 
276Mpa / 37.21Mpa = 7.4 
 
RESULT 
 
FINAL DESIGN PARAMETERS 
Density Of rock / particle ρ = 1600 Kg/m3 
Rock/feed Material = Asbestos/ aluminum ore/ clay wet/ cryolite/ limestone/ dry sand 
Input feed rate = 350 TPH 
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Top feed size = 1000 mm 
Max speed of rotor rotation N= 480 rpm 
Power req. from motor = 450 HP 
End size of particle = 60 mm 
Dia. of rotor = 1500 mm 
Width of rotor plate assembly = 1500 mm 
No of rotors (plates) used = 9 
Rotor material = Manganese steel 
Hammer dimension = 1500 X 114 X 400 (mm) 
Hammer material = Manganese steel 
Density of Manganese steel used = 7.7 g/cu. cm 
Weight of rotor plates (total) = 4850 Kg 
Weight of hammer (each) = 477kg 
Shaft Dia. for rotor = 300 mm 
Young’s modulus of elasticity for manganese steel E = 165 X10 3 N/mm2 
Yield stress σys = 350 N/mm2 
Height of fall of material = 36” = 914.4 mm 
Total area of hammer/ bar exposed for impact = 67 % of area of Bar surface area 
Tonnage/ impact on bars = 119.21 N 
Material for rotor shaft = Cast Iron 
Diameter of Fly wheel / pulley at end of rotor = 1500 mm 
Over hang between the driving and drive pulley = 1000mm 
Number of Belts = 2 
Pitch length of V- belt = 5.64 m 
Dia. of Motor shaft pulley = 144mm 
Hole size in square mesh of screen = 75 mm 
Grinding screen area = 2.5 m2 
 

                                
FIG. : Proposed design of Crusher Assembly with            FIG. 14: Proposed design of Crusher Assembly with rotor,  
  rotor, flywheel, impact bars and casing          flywheel, impact bars and casing  

(FRONT VIEW)      (SIDE VIEW) 
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