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ABSTRACT 
 

 

 

Rotary Cement Kiln (RKC) has a very important role in the cement manufacturing 

process to convert raw materials into clinker. Clinker is a solid material in the form 

of granules with a diameter of 3-25 mm. RCK is in the form of a cylindrical tube 

that rotates horizontally at a certain tilt angle. Raw materials are burned in the RCK 

through several stages at different temperatures up to 1500o C. The size of the RCK 

depends on the capacity of the cement industry. For example, the cement industry 

with a capacity of 7800 tones/hour, the RCK has dimensions of 84 m in length, 5.6 

m in diameter and a rotational speed of 2.8 rpm with an RCK tilt of 4o. 

Therefore, RCK must have the strength to be able to withstand operating conditions 

with high loads and temperatures. This master project aims to analyze the RCK's 

shell, especially for shear stress, temperature profile, and deflection that occurs in 

the RCK's shell. This analysis uses two approaches, namely Finite Element 

Analysis using ANSYS software and the results are validated based on formulas 

derived from theory and calculated using the FORTRAN program. 
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GENERAL INTRODUCTION 

In cement industry, Rotary Cement Kiln ( RCK ) can be divided into two 

processes: dry, and wet process. The differences of these processes can be seen on the feed 

materials, also the size of RCK. In wet process the feed materials have the slurry form, and 

the size of RCK is large enough. On the contrary in dry process the feed materials are dry, and 

the size of RCK is small. Due to these reasons, most of the cement industries use the dry process. 

RCK is used to produce clinkers, as a main material for performing cement, by burning 

the feed materials. The processes in the RCK can be divided into pre-calcination, calcination, and 

pre-cooling. These processes related with the chemical reactions. To perform clinker heat generated 

in the axial direction of RCK, while RCK moving. The Geometry of RCK is a cylinder shell with 

refractory inside. This construction is supported by three or more pairs of rollers, it depends on 

the size of RCK. These rollers keep RCK moving freely. The general construction of RCK is 

shown below. 

 
 
 
 
 
 
 
 
 

Figure 1. General Construction of a Kiln 

The objective of this report is to present the analysis of the kiln's shell. This project is 

divided into several tasks i.e. analysis of the torsional shear stress, temperature profile 

analysis along radial direction, radial and longitudinal deflection analysis of the kiln's shell. 

All the analysis is solved by two methods, theoretical method, and finite element method. The 

data result is obtained by making FORTRAN programs to support all the information needed. 

Analysis of these problems is performed by employing the Finite Element Method and to 

be compared with the theoretical solution. A software called ANSYS is used to obtain the finite 

element solution while FORTRAN program is written for theoretical solution. 
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ANALYSIS OF THE TORSIONAL SHEARING STRESS 

The torsional shearing stress along cross-sectional area of Rotary Kiln is defined by the 

calculation below: 

 

 

 

 

 

 

 

 

 

 

Graph 1. Torsional Shearing Stress 

Data Kiln : 

L  = 1250  in , Length from driven motor to one of the supports 

do  = 240  in , Outside diameter of kiln 

di = 237  in , Inside diameter of shell kiln 

HP  = 40  HP , Power of electric motor transferred to kiln  

n = 0.5  rpm , Speed of kiln 

G  =1.20 x107  
lb

in2 , Modulus of elasticity 

 

 

Polar moment of inertia :  

J = 
𝝅

𝟑𝟐
 (Do𝟒 − Di𝟒) 

J = 7991595.124 in4 
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Torsion : 
 
 

T = 
63000 x HP

n
 

 

 

T = 5.04 x 106  lb.in 

 

The Torsional shearing stress is defined by the equation below: 

 

Ss = 
T.ρ

J
 , ri < ρ < ro 

 
The result shown in graph 1  

The maximum shearing stress is 75.67950961 
lb

in2 

 
 

Angle of Twist :  

 

θ = 
T.L

G.J
  

 

θ = 0.00376399o 
 

Discussion :  

Comparison between ANSYS solution and Calculation: 

 

 Calculation result ANSYS Solution Error (% ) 

Minimum Shearing Stress 74.733515 72.918 2.429  

Maximum Shearing Stress 75.679506 73.913 2334  

 

 

From this table, the error is small enough. The difference between calculation result and 

ANSYS solution can be explained as follows: In the actual condition, torsion is transmitted 

by the electric motor through the gear to the kiln. So that the force acting on the gear is the 

factor that determines the calculation of the shearing stress. However, the calculation is 

done by considering the torsion. This is different from the ANSYS solution that considering 

the force. 

 

In conclusion, the error is caused by the fact that ANSYS consider the force and the 

calculation does not. However, the error is small enough, so that it is acceptable. 
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TEMPERATURE PROFILE ANALYSIS ALONG RADIAL 

DIRECTION OF A KILN 
 

 

 

Temperature distribution along r-direction: 

 

The method of conduction on multi layers shell is used to analyze the temperature distribution. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Temperature along r-direction 

 

where :  

layer 1 is refractory  

layer 2 is shell  

 

Heat per unit length is :  

 
q

2.π.L
 = 

Ti−To
1

r1.hi
 + ∑ .  

1

ki
 .ln(

ri+1

ri
)+

1

r4.ho
3
𝑖=1

 

 

Temperature on each layers are: 

 

T1 = Ti - 
q

2.π.L
 . 

1

r1.hi
 

 

T2 = T1 - 
q

2.π.L
 . 

ln(
r2

r1
)

k1
 

 

T3 = T2 - 
q

2.π.L
 . 

ln(
r3

r2
)

k2
 

 

Temperature distribution along r-direction is solved by the governing equation below: 

 

1

r
 .

d

dr
 (r.

dT

dr
) = 0 

5 



 

The general equation of temperature distribution is: 

 

T = c1 . ln(r) + c2 

 

where c1 and c2 are constants, and depend on the boundary conditions 

 

at: ri < r < r1  

Boundary conditions are:  

r=ri → T=Ti  

r=rl → T=T1  

then, 

c1= 
Ti− T1

ln(
r1
ri

)
 

c2 = T1 – c1.ln(ri) 

 

at: r1 < r < r2  

Boundary conditions are:  

r=r1 → T=T1 

r=r2 → T=T2  

then, 

c1= 
T1− T2

ln(
r1
r2

)
 

c2 = T1 – c1.ln(r1) 

 

at: r2 < r < r3  

Boundary conditions are:  

r=r2 → T=T2 

r=r3 → T=T3  

then, 

c1= 
T2− T3

ln(
r2
r3

)
 

c2 = T1 – c1.ln(r2) 

 

at: r3 < r < ro  

Boundary conditions are:  

r=r3 → T=T3 

r=ro → T=To  

then, 

c1= 
To− T3

ln(
ro
r3

)
 

c2 = T1 – c1.ln(r3) 
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All the equations above solved by FORTRAN program ( enclosed ) with data as follows: 

 

rl =120-1.5-12 (in)  k1=0.0156  Ti=1600 F  

r2 =120-1.5  (in)  k2 =0.7833  To=50 F  

r3 =120  (in)    hi = 0.0139  

ho= 0.0347 

 

also assume that;  

ri =105 (in) at r equal - infinite  

ro=130 (in ) at r equal + infinite 

 

 

Result and discussions  

Print out result can be seen below:  

Temperature on the layers  

r(1)=106.5  T(1) = 1463.82300  

r(2)=118.5  T(2) = 86.32988  

r(3)=120.0  T(3)= 83.09261 

 

--------------------------------- 

r Temperature 

--------------------------------- 

105.0  1600.00200  

106.0  1509.00300  

107.0  1403.39400  

108.0  1283.37700  

109.0  1164.46600  

110.0  1046.64100  

111.0  929.88210  

112.0  814.17070  

113.0  699.48780  

114.0  585.81530  

115.0  473.13560  

116.0  361.43150  

117.0  250.68620  

118.0  140.88350 

119.0  85.24620  

120.0  83.09255  

121.0  79.66168  

1220  76.25889  

123.0  72.88387  

1240  69.53619  

125.0  66.21539  

126.0  62.92106  

7 



127.0  59.65276  

128.0  56.41010  

129.0  53.19268  

130.0  50.00010 

--------------------------------- 

 

Discussions :  

The comparison between theoretical data and ANSYS solution appear on the table below: 

 

 Theoretical ANSYS  Error (% ) 

Max. Temperature 1463.823 1465 0.08 

Min. Temperature 83.09261 97.952 15.17  

 

Temperature profile is shown in the graph below.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Temperature profile 

 

The graph shows that between r1 and r2 temperature drops very rapidly, also it looks linear. 

These conditions occur because the material, Magnesite Chrome brick, behaves as insulating 

material, and the linearity of the graph caused by the slope between every point is very small. 

The comparison between ANSYS and theoretical solution shows that they are very close for 

predicting max. and min. temperature. It means that ANSYS solution is capable of predicting 

temperature profile in the Kiln. 
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RADIAL DEFLECTION ANALYSIS OF THE KILN’S SHELL 
 

 

The deformation of kiln's shell can be predicted by making a model with the assumption 

that long is uniformly distributed in the specific area and neglects the rotation of kiln. This 

assumption can be described as seen in figure 1. The load is labelled a5 Q/2, and the reaction 

as R. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The model of kiln’s shell 

 

 

Reaction on the support: 

 

R1 = R2 = 
Q

2Cosϕ1
 

 
Moments : 

 

MA
C = 

QR

2π
  (Secϕ1 − 1 − ϕ1. tanϕ1. Cosϕ) 

 

MC
D = 

QR

2π
  (Secϕ1 − 1 − ϕ1. tanϕ1. Cosϕ) + 

QR

2Cosϕ1
  Sin (ϕ + ϕ1) 

 

in dimensionless : 

 

MC
A

QR
 = 

1

2π
  (Secϕ1 − 1 − ϕ1. tanϕ1. Cosϕ) 

 

MD
C

QR
 = 

1

2π
  (Secϕ1 − 1 − ϕ1. tanϕ1. Cosϕ) + 

1

2Cosϕ1
  Sin (ϕ + ϕ1) 
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The general expression of deflection ( Δ ), in terms of elastic energy: 

 

Δ = ∫
m.M.ds

F.E.I
 

 
where:  

m = Bending moment caused by auxiliary force F  

M = Bending moment caused by actual load Q  

F = Represent an auxiliary force  

 

so that: 

 m = F.R. Sinϕ 

 ds = R.dϕ 

 I =  
b.t3

12
 

where: t = thickness of the shell 

 

Then the equation of radial deflection becomes: 

 

ΔD
C =  

1

E.I
 ∫ R2. Sin

C

D
ϕ. MD

C
 dϕ 

 

ΔC
A =  

1

E.I
 ∫ R2. Sin

A

C
ϕ. MC

A
 dϕ 

 

Stress : 

 

τ = 
M.c

I
 

 

where: 

 

c = 
t

2
 

 

Then after substituting the momentum equation into stress equation, it is given: 

 

τ D
C  = 

6

b.t2. MC
D 

 

Also, 

 

τ C
A = 

6

b.t2. MC
A 

11 



From these equations the moment distribution can usually be related to stress distribution and 

displacement. On the other hand, moment distribution can describe all the conditions 

happening on the kiln’s shell. The moment distribution can be seen in the graph below.  

 

The data for generating this graph is taken from the data of the kiln as seen in the previous 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Moment distribution 

 

The trend of these results agree with the ANSYS solution. 

 

Conclusions:  

Due to the load distribution, shell tends to deform in the radial direction. It also deforms the 

shell in the longitudinal direction. The maximum deflection occurs at the long distance of the 

supports, or there is similar to cantilever beam. However, in the radial direction there are very 

small deflection. From these results, it is reasonable to give more attention to the deflection in 

the longitudinal direction instead of radial direction.  
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LONGITUDINAL DEFLECTION ANALYSIS OF THE  

KILN’S SHELL 
 

 

 

Longitudinal deflection of the kiln can also be determined by making a model of kiln as a beam. 

The kiln has three supports on it as shown below:  

 

 

 

 

 

 

 

 

This model can be simplified as  

 

 

 

 

 

 

 

 

 

 

Ma and Mc are 

 

Ma = 
−ql1

2

2
 , Mc = 

−ql4
2

2
 

 
By applying three-moment method, Mb can be determined as 

 

 

Mb = 
−

q

4
 (l2

3+ l3
3)−Ma.l2−Mc.l3

2(l2−l3)
 

 
The reactions R1, R2 and R3 are  

 

R1 = 
Mb+

q

2
 (l1−l2)2

l2
 , R3 = 

Mb+
q

2
 (l3−l4)2

l3
 

 

R2 = q. ∑ li − (R1 + R2)4
i=1  
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Shearing force  

The shearing force in each section are.  

 
0<x<l1   v(x) = -qx  

l1 <x< l2  v(x) = -qx +R1  

l2 <x< l3  v(x) = -qx + R1+R2  

l3 <x< l4  v(x) = -qx +R1+R2+R3 

 

Bending Moment  

The moment in each section can be derived based on the beam shown below: 

 

 

 

 

 

 

 

 

 

 

Where 

la=l1  

lb=l1+l2  

lc=l1+l2+l3  

ld=l1+l2+l3+l4 

 

The moment distribution are 

 

0 < x < la   M(x) = - 
qx

2
   

la < x < lb   M(x) = - 
qx

2
 +R1(x − la)  

lb  < x < lc   M(x) = - 
qx

2
 +R1(x − la) + R2(x − lb)   

lc  < x < ld   M(x) = - 
qx

2
 +R1(x − la) + R2(x − lb) + R3(x − lc)   

 

 

Deflection:  

The deflection can be derived by the equations below: 

 

d2y

dx2
=

M(x)

E. I
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Boundary conditions for this problem are:  

 

y(la)|0
la

 = y(la)|la

lb  = 0, @la  →  
dy

dx
|0

la = 
dy

dx
|la

lb  

 

y(lb)|la

lb
 = y(lb)|lb

lc  = 0, @lb  →  
dy

dx
|la

lb  = 
dy

dx
|lb

lc  

 

y(lc)|lb

lc
 = y(lc)|lc

ld  = 0, @lc  →  
dy

dx
|lb

lc  = 
dy

dx
|lc

ld
 

 

The deflections are: 

0<x<la, y(x) = - 
1

E.I
 [− 

qx4

24
+ C1x + C2]   

la<x<lb, y(x) = - 
1

E.I
 [− 

qx4

24
+

R1x3

6
−

R1lax2

2
+ C3x + C4]     

lb<x<lc, y(x) = - 
1

E.I
 [− 

qx4

24
+

R1x3

6
−

R1lax2

2
+

R2x3

6
−

R2lbx2

2
+ C5x + C6]    

lc<x< ld,  y(x) = - 
1

E.I
 [− 

qx4

24
+

R1x3

6
−

R1lax2

2
+

R2x3

6
−

R2lbx2

2
+

R3x3

6
−

R3lcx2

2
C7x + C8] 

 

After applying the boundary conditions into the equations of deflection, the constants can be 

determined as follows: 

 

C3 = 
1

(lb−la)
 [

q

24
(lb

4 − la
4) +

R1
2

(
2la

3

3
−

lb
3

3
+ la lb

2)]   

 

C4 = 
qla

4

24
+

R1la
3

3
− C3la   

 

C1 = C3 −  
R1la

2

2
 

 

C2 = 
qla

4

24
− C1 la   

 

C5 = C3 +  
R2lb

2

2
 

 

C6 = 
qlb

4

24
 − 

lb
3

6
 (R1 + R1) + 

R1la lb
2

2
 + 

R2lb
3

2
 − C5 lb   

 

C7 = C5 +  
R3lc

2

2
 

 

C8 = 
qlc

4

24
 − 

lc
3

6
 (R1 + R2 + R1) + 

lc
2

2
 (R1la + R2lb + R3lc ) − C7 lc   
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Calculation example:  

Take data input as follows:  

q =150 lb/in  

l1 =200 in  

l2 = 1300 in  

l3 =600 in  

l4 =100 in  

 

do = 243 in, Outside diameter of shell  

di = 237 in, Inside diameter of shell  

E = 1.2 E7 1b/in2 ( Modulus of Elasticity ) 

 

Results :  

Moment of Inertia (I) : 

I =
π.(do

4−di
4)

64
= 16288561 (in2), Moment Inertia for hollow cylinder  

Moment at the support:  

Ma = -3000000 lb-in  

Mb = -2.37E7  lb-in  

Mc = -750000  lb-in  

 

Reactions at the support (R )  

R1 = 112371  lb  

R2 = 1941587  lb  

R3 = 23470.39  lb  

 

Maximum deflection :  

ymax = 0.01482 in  
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Trend of the parameters are as follows : 
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Conclusion:  

The beam model is not capable of analyzing the behavior of the kiln shell. The major 

reason for the difficulties of the beam model is in the support. Kiln shell in practice is supported 

by two rollers in each section so that it is different with beam model that consider one support 

in each section. Also, in practice the load is distributed inside of the kiln shell, however in beam 

model the load is distributed outside the beam.  

In general, the beam model can usually be used to predict the trend of the deflection of 

kiln shell. This is possible because in the deflection formula there is term I (. moment of inertia 

), so that it can be used for different shapes of model, such as hollow cylinder.  

From the trend line of the deflection, maximum deflection occurs in the position where 

two supports have the longest distance. On the other hand, it happens at the position where 

maximum bending moment occurs.  
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APPENDIX 

 

ANSYS SOLUTION  

• ANALYSIS OF THE TORSIONAL SHEARING STRESS.  

• TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A 

KILN 

• RADIAL AND LONGITUDINAL DEFLECTION ANALYSIS OF THE KILN’S 

SHELL. 

 

FORTRAN PROGRAMS  

• TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A 

KILN.  

• RADIAL DEFLECTION ANALYSIS OF THE KILN’S SHELL. 

• LONGITUDINAL DEFLECTION ANALYSIS OF THE KILN’S SHELL. 
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ANSYS SOLUTION 

 

 

 

ANALYSIS OF THE TORSIONAL SHEARING STRESS 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

  



ANSYS SOLUTION 

 

 

 

TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A KILN 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



ANSYS SOLUTION 

 

 

RADIAL AND LONGITUDINAL DEFLECTION ANALYSIS OF THE 

KILN’S SHELL 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

  



 

 

 

 

 

 

 

  



FORTRAN PROGRAM 

 

 

 

TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A KILN 

 

 

 

 

  



 

 

  



 

  



FORTRAN PROGRAM 

 

 

 

RADIAL DEFLECTION ANALYSIS OF THE KILN’S SHELL 

 

 

 

  



 



 

 

 

 

  



FORTRAN PROGRAM 

 

 

 

LONGITUDINAL DEFLECTION ANALYSIS OF THE KILN’S SHELL 

 

 

 

  



 

 

 

 

  



 

 

 

 

  



DERIVATION FORMULA IN CHAPTER 4 

 

A free-body sketch of the shell is shown below: 

The model of Kiln’s Shell 

 
 

Reaction on the support: 

 

R1 = R2 = 
Q

2Cosϕ1
 

 

From the free body diagram, the bending moment M can be derived below:  

between ϕ =0 and ϕ = π, is 

 

MA−C =  M1 −  T1. R (1 − cos ϕ)       (a) 

between ϕ = π - ϕ1 and ϕ = π, is 

 

MC−D =  M1 −  T1. R (1 − cos ϕ) −
Q

2
 R sin(ϕ − ϕ1)    (b) 

 

Since the tangents to the shell at points A and D remain horizontal,  

 

∫ Mdϕ = 0
D

A
   

 
therefore  

 

∫ Mdϕ +
(π+ϕ1)

0
 ∫ Mdϕ = 0

π
(π−ϕ1)

   

 

or 

 



∫ {M1 −  T1. R (1 − cos ϕ)}dϕ −
π

0
 ∫

Q

2
 R sin(ϕ − ϕ1) dϕ = 0

π
(π−ϕ1)

   

 

or 

 

M1 − T1. R = ∫
Q

2
 R sin(ϕ − ϕ1) dϕ

π
(π−ϕ1)

      (c) 

 

Since the horizontal displacement of point, A relative to point D is zero then.  

 

∫ M cos ϕ dϕ = 0
D

A
   

 

therefore  

 

∫ {M1 − T1. R (1 − cos ϕ)} cos ϕ dϕ −
π

0
∫

Q

2
R sin(ϕ − ϕ1) cos ϕ dϕ = 0

π
(π−ϕ1)

   

 

Thus 

 
T1.R .π

2
= ∫

Q

2
R sin(ϕ − ϕ1) cos ϕ dϕ

π
(π−ϕ1)

      (d) 

 
Solving equations (c) and (d) simultaneously, the result is 

 

M1 = 
Q1.R 

2πcosϕ1
(1 − ϕ1. sinϕ1. cosϕ1 + sin2ϕ1), T1 = − 

Q1.R 

2πcosϕ1
sin2ϕ1  (e) 

 
Finally plug equation (e ) into (a), and (b ) to get: 

 

Moments 

 

MA
C = 

Q.R 

2π
 (secϕ1 − 1 − ϕ1. tanϕ1. cosϕ1) 

MC
D = 

Q.R 

2π
 (secϕ1 − 1 − ϕ1. tanϕ1. cosϕ1)+ 

Q.R 

2cosϕ1
 sin (ϕ + ϕ1) 

 

in dimensionless : 

 

MA
C

Q.R
 = 

1 

2π
 (secϕ1 − 1 − ϕ1. tanϕ1. cosϕ1) 

MC
D

Q.R
 = 

1 

2π
 (secϕ1 − 1 − ϕ1. tanϕ1. cosϕ1)+ 

Q.R 

2cosϕ1
 sin (ϕ + ϕ1) 

 
these results appear in chapter 4 
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