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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 1500° 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 4°,

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.

[ o) [ |

—

o — — —— - —— - ——

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.



ANALYSIS OF THE TORSIONAL SHEARING STRESS

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

calculation below:

Torsional S hearing S tress distribution
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Graph 1. Torsional Shearing Stress
Data Kiln :
L =1250 in, Length from driven motor to one of the supports
do =240 in, Qutside diameter of kiln
di =237 in, Inside diameter of shell kiln
HP =40 HP , Power of electric motor transferred to kiln
n =05 rpm, Speed of kiln

G =1.20 x107 25, Modulus of elasticity

Polar moment of ine
_m 4 M4
J= 2 (Do* — Di%)

J =7991595.124 in*

rtia:




Torsion :

63000 x HP
T=rvm—-—
n

T =5.04x 10° Ib.in

The Torsional shearing stress is defined by the equation below:
Tp .
Ss:Tp,r|<p<ro

The result shown in graph 1
The maximum shearing stress is 75.67950961 - %

Angle of Twist :

0=—-
GJ
0 = 0.00376399°

Discussion :
Comparison between ANSY'S 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 ANSY'S 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 _ Ti—-To
2mL L 3 1 (ﬂ) 1
romi T 2i=1 i M ) o

Temperature on each layers are:

q 1
2.m.L " rihi

TL=Ti-

T2=T1-——. tn(i)
2.m.L k1

T3=T2-——. In(is)
2.m.L k2

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

1 d (rdT)_O
r ‘dr \"dr/



The general equation of temperature distribution is:
T=cl.In(r)+c2
where c1 and c2 are constants, and depend on the boundary conditions

atri<r<rl
Boundary conditions are:
r=ri > T=Ti
r=rl > T=T1
then,
cl= Tl—r'i‘l
In(7)
c2 =T1-cl.In(ri)

at:rl<r<r2

Boundary conditions are:

r=rl > T=T1

r=r2 > T=T2

then,
cl= T1—r;rz

In(7)

c2=T1-cl.In(rl)

at: r2<r<r3
Boundary conditions are:
r=r2 > T=T2
r=r3 > T=T3
then,
cl= T2- T3

- r2
In(3)
c2=T1-cl.In(r2)

at: r3<r<ro
Boundary conditions are:
r=r3 > T=T3
r=ro 2> T=To
then,
cl= To—-T3

— —ro
In(3)
c2=T1-cl.In(r3)



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=50F

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

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



127.0 59.65276
128.0 56.41010
129.0 53.19268
130.0 50.00010

Discussions :
The comparison between theoretical data and ANSY'S 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.

Temperature profile along r-direction

PT-10) s J——
1600 +
1400 +
1200
1000 +
800 +
600 +
400 4
200 +

Temperature ( F)

100 105 110 115 120 125 130
r(inc)

Figure 3. Temperature profile

The graph shows that between rl 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 ANSY'S and theoretical solution shows that they are very close for
predicting max. and min. temperature. It means that ANSY'S 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.

4

Figure 4. The model of kiln’s shell

Reaction on the support:

Q
2Cos¢p1

R1=R2=

Moments :

R
M¢ = (22_11 (Secpl — 1 — p1.tand1. Cosd)

p_ QR o |
M¢ = Py (Secdp1 — 1 c|)1.tanc|)1.Cosc|))+2COS¢1 Sin (¢ + ¢1)
in dimensionless :
M—é = i Secpl —1 1 1.C
QR = o (Secp1l —1— Ppl.tand1l.Cosd)
M—% = i Secpl—1 1 1.C Si 1
QR = o (Secpl —1 — Ppl.tand1. 05¢)+2Cos¢1 in(¢+ P1)

10



The general expression of deflection (A ), in terms of elastic energy:

_ mMds
A_f F.EI

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. Sinp
ds =R.do
_ bt?
=

where: t = thickness of the shell

Then the equation of radial deflection becomes:

A§ = %fDCRZ.Sinq;.MCD do

>
o
I

= %fé\ R2.Sin ¢. M{ do

Stress :

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 ANSY'S 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.

12



\ Equivalent Stress Distribution
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Equivalent Stress Distribution
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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:

Rmnaaay

R

11 12
R1 R2 13 R3l4

This model can be simplified as

N‘Q}}‘&ﬁ'{\\\ﬁ& SRR
A R Y
&k&-\&-‘&\%&&}%‘g\%& R

Ma and Mc are

_ —ql7 _ _qlzzt
2 2

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

-3 (13+13)-Mal,—Mcl;
Mb =
2(12-13)

The reactions R1, R2 and R3 are

Mb+3 (1, -1)? Mb-+3 (I3-14)?
R1= R3 =

1, 13

R2=0.%F,li— (R1+R2)

16



Shearing force
The shearing force in each section are.

0<x<ly V(X) = -gx
lp <x< Iy v(X) =-gx +R1
lo <x< I3 V(X) =-gx + R1+R2

I3 <x< 4 V(X) = -gx +R1+R2+R3

Bending Moment

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

la
R1 R2 R3
3
1b " J
% Ic
Id
Where

la=I1

Ib=11+I2

lc=11+12+13

Id=I1+I2+13+14

The moment distribution are

gx

0<x<ly M(x)=-?
gx

la<x<l M(X) = - 7+R1(x—la)

X
lh <x<l¢ M(X) = - q? +R1(x—1,) + R2(x — 1)
X
o <x<lg M(x) = - q? FRI(x— 1) + R2(x — I,) + R3(x — 1)
Deflection:

The deflection can be derived by the equations below:

d’y  M(x)
dx?2  E.I

17




Boundary conditions for this problem are:

la _ lb _ dy l dy lb
y(a)|g =y(a)|;) =0,  @la > o =5
b _ le _ dy lb ay
yibly =y)|y =0, @b >  —|>=-=]F
le _ la _ ﬂ le _ ﬂ lg
Yoy, =y =0 @le > gy =5k
The deflections are:
0<x<l SN B LS +C]
X<lay y(x) = Ell 24 1X
17 4 3
lax<l, Y =-— |- o4 T Rl‘a" + Cax + Gy
1T 4 3 3
lh<x<le, y(x) = - E _ (1214 + R16X _ R1123X n R26X _ Rzlsz n C5X e ]
R O _ Rilax* | Rpx®  Rplpx® | Rsx® R31Cx
le<x<la y(x) = EIL 24 5 6 2 + 6 2 + 6 Crx +C8]

After applying the boundary conditions into the equations of deflection, the constants can be
determined as follows:

Cs=

1 Jagp_pmypR(2E_% 2
(p—1a) 24(1b l2) + 2 (3 3+lalb)]

12 Rry13
C4:E+E_C3la

24 3
qla
CZ 24 Cll
12
Cs=Cs+ RZ b
1 151 1
Co=2b_ b(Rl+Rl)+Rl b+R2b Cs 1y,

24

R3l2
C;= 2

4 3 2
CSZZ_I:_IZC(R1+R2+R1)+IZC (Rila +Ralp +R3le) — C71

18



Calculation example:
Take data input as follows:

g =150 Ib/in
11 =200 in
12 =1300in
13 =600 in
14 =100 in

do = 243 in, Outside diameter of shell
di = 237 in, Inside diameter of shell
E = 1.2 E7 1b/in? ( Modulus of Elasticity )

Results :
Moment of Inertia (1) :

_ m(d§-d})
- 64

I = 16288561 (in?), Moment Inertia for hollow cylinder

Moment at the support:
Ma = -3000000 Ib-in
Mb =-2.37E7 Ib-in
Mc =-750000 Ib-in

Reactions at the support (R )
R1=112371 Ib
R2 =1941587 Ib
R3=23470.39 Ib

Maximum deflection :
ymax = 0.01482 in

19



Trend of the parameters are as follows :

100000

|Shearing Force |

50000 +

ﬂ o ~ ' P :x’( "‘l‘) N
9 400 600 000 1200 1400|1600 1800 2000 2200

-100000 +

-150000

X, (in)

" 4 i " : "

c

-50%0002 Q_‘% 4(')0 6(;0 800 10'00 12'00 14'00 16'00 18' 2000 22p0
-10000000 +
-15000000 +
-20000000 +
-25000000

|Bending Momont]

0.01

X, (in) = - o

E o 4 3 s —]

(i} 400 600 800 1000 1200 1 1600 1800 2000 2200

0.005 +

-0.005 +

-0.01 1

-0.015
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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 | (. 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.

21
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0,15791E+08
0.14897E«08
0,13909E+08
0.,12828E+08
0.11653E+08
0.10384E+08
0.90213E+07
0.75649E+07
0.60148E+07
0.43709E+07
0.26313E+07
0.80199E+06
-,11231E+07
-,31420E+07
-.52546E407
-.74609E+07
-.97610E+07
-.12155E+08
-.14642E+08
-.17224E+0B
-.19895E+08
- .2266BE+08
- .2266BE+08
-, 20676E+08
-.18779E+08
-,16975E408
-,15265E+08
-,13648E+08
~,12126E+08
-,10697E+08
~,93619E+07
~,B1205E+07
-.69729E+07

.22668E+08
‘19416E406 RS - §

0.75410E-02
0.66047E-02
0.56683E-02
0.473138-02
0.37929g-02
0.28520E-02
0.19074E-02
0.95740E-03
0.36672E-10
-.13097E-09
-.96552E-03
.19342E-02
.25000E-02
.38569E-02
.47996E-02
.572278-02
.66212E-02
.74907E-02
.83267E-02
.91252E-02
.98824E-02
-.105958-01
~.11260E-01
-.11874E-01
-,12435E-01
~,12940E-01
-.133882-01
-.13777E-01
-.14106E-01
-.14374E-01
-.14579E-01
-,14722E-01
-,14B02E-01
-,14819E-01
~,14775E-01
-, 14669E-01
-,14502E-01
-.14277E-01
-,13995E-01
-.13657E-01
-.13267E-01
-.12826E-01
-.12337E-01
-.11804E-01
-.11230E-01
-.10618E-01
-.99737E-02
-,93003E-02
-.86027E-02
-.78B60E-02
-.71553E-02
-,64162E-02
-, 56745E-02
-,49365E-02
-,42085E~02
-.34974E-02
-.28102E-02
-.21541E-02
-.15370E-02
..96676E-03
-.45157E-03
-,26152E-07
0,36479E-06
0,38176E-03
0.69746E-03
0.95270E-03
0.11539E-02
0.13061E-02
0.14148E-02
0.14844E-02
0.15200E-02
0.15256E-02
0.15053E-02

<15000E40%
<23470E+08
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//no)Iul.r.lﬂrldlIlrra/projoetlhon-ﬂ.;

1775.
1800.
1825.
1850.
1875.
1900.
1925.
1950.
1975.
2000.
2025.
2050.
2075.
2100.
2100.
2125.
2150.
2175.
2200.

Maximum Bending Moment

[~X-N-R-R-N-N-N-N-E-N-R-R-¥-R-E-N-X-xX-]

1 O000 |1 |  OO0OO0OO0OO0O0O00CO0O

.402B0E+05
.36530E+05
.32780E+05
.29030E+05
.25280E+05
.21530E+05
.17780E+05
.14030E+05
.10280E+05
.65296E+04
.27796E+04
.97040E+03
.47204E+04
.84704E+04
.15000E+05
.11250E+05
.75000E+04
.37500E+04
.19531E-02

Maximum Deflection

=+59190E+07
~+49589E+07
-.40925E407
=.33199E+07
=.26410E+07
-+.20559E+07
-15646E+07
<11669E+07
-B6309E+06
.65298E+06
.53661E+06
.51397E+06
.58514E+06
.75002E+06
.75002E+06
-42189E+06
.1B750E+06
+46B64E+05
+16250E+02

0.14626E-02
0.14008E-02
0.13234E-02
0.12327g-02
0.11314E-02
0.10215E-02
0.90522E-03
0.78413E-03
0.65881E-03
0.53099E-03
0.40061E-03
0.26919E-03
0.13551E-03
0.15021E-06
0.17167E-06
-.13727E-03
=.27608E-03
-.41595E-03
-.55498E-03

= 0.20676E+08 1b-in
= 0.14819E-01 in

arra
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Equivalent Stress Distribution

ANSYS 5.0 A-31
JAN O 0
00:00:00

PLOT NO. 6
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SEQV (AVG)
TOP

DMX =228.804
SMN =2631
=.298E+07
SMXB=.422E+07

g

]

PRES
2631
333675
664720
995764
.133E+07
.166E+07
.199E+07
.232E+07
.265E+07
.298E+07

L
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i; | ANSYS 5.0 A-31
JAN 0 0

00:00:00

PLOT NO. 7

DISPLACEMENT

STEP=1

SUB =1

TIME=1

RSYS=0

DMX =228.804

SEPC=38.86

U

PRES

DSCA=.528838
XV =-1

ZvV =.122E-15
DIST=1212

XF =-44.142

YF =-34.255

ZF =-1102
CENTROID HIDDEN
EDGE

\Defleccion 25
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e ANALYSIS OF THE TORSIONAL SHEARING STRESS.
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27



ANSYS SOLUTION

ANALYSIS OF THE TORSIONAL SHEARING STRESS



ANSYS 5.0 15
JAN 0 19 0
00:00:00

PLOT NO. 7
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.011548
SMN =72.918
SMNB=72.743
SMX =73.913
SMXB=74.089

= f‘o%

s W

1
i
o
o)

72.918
73.029
73.139
73.25

73.36

73.471
73.581
73.692
73.803
73913

IIIIlIIII 5
'

-

Equivalent stress,distibution




oct 04 18:47 1594 hPC1:/hPC3/userB/grads/gembong/project/aorem page 1

/batch

g e e, e e o S s 5 e e S e . w9 8 !
| !
[ 0 e e S e !
! by: Gembong Baskoro !
o i i e e i e e e e e e e e e !
/verify,Torque on the Shell Kiln

Lol Vb aa ot ot Build: tha Model mscat tmmnmsmes s ol

/filnam, Torsi

/title,Model Problem

Junit,bin ! British system using inch

/show,x11 ! Graphic driver

! Define parameter

RHOS=0.281 ! Mass density of Shell ( 1b/in®3 )
MUSR=0.29 ! Poisson ratio of shell kiln
EXX=1.2E7 ! Young modulus of shell kiln

r=120-1.5-12 ! Inner radius of refractorie
‘L=1250 ! Length of Kiln

tr=12 ! thickness of refractorie
ts=1.5 ! thickness of shell
force=5.04e6/xr

/prep7

/pnum, line, 1
/pnum,area, 1
/pnum, kpoi, 1
wpave,r+tr,0
rectng,0,ts,0,L
wpave,r,0

et,1,plane25 t Bt for shell
mp,ex, 1, exx ! mp for shell

mat, 1

eshape, 2

esize,,S
lesize,2,,,10
amesh, 1
/angle,1,-90,2zs,1
/angle,1,60,xs,1
/angle,1,20,ys,1
/angle,1,-10,2zs,1
/replot

finish

/solu
/pbc,all, ,1
dk,1,all
dk,2,all
£,7,fz,-force
8o0lve

/show, gem



‘ginish

04 18:47 1 :
oct 994 hpcl./hpc3/userS/grads/gembong/prOject/sorem Page 2

Setll

/psf ,defa

Jtitle, Equivalent stress,distibution
plnsol, s, eqv
Jzoom,1,296.46,66.357,-99,723,32.209
Jzoom,1,293.16,73.194,-100.46,2.5027
/zoom,1,0ff

lpath,17,7

fﬁi:&?élffg?g,gf eqv. stresses along cross section of model
/angl ,all, 0

plsect. s,eqv

fini



ANSYS SOLUTION

TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A KILN



pmtch

! ; .
| Temperature distribution on radial

b

/Verl f}’ MP

jritle, Temperatur distribution
junits,bin

/show ' x11

jpefine parameters
£ci=0.0139
fcoso . 0347

| b=0.015625
CS‘0-7833 1

7iav=1600 1
To=50 !

R1=120-1.5-12 A
R2-120'1-5 !
R3=120 !

[prep7
peirc,R2,R3,270,360
pcirc,R1,R2,270,360

et,1,planesS5 1
mp, kxx,1,cCs !
mp, kxx,2,cb !

aglue,all
aplot
eshape, 2

esize,,S
lesize,7,5,15
mat, 2

amesh, 2

esize,,2
legize,5,1,15
mat,1

amesh, 3
finish

/solu
sfl,7,conv, fci, ,Tiav
sfl, 1, conv, fco, ,TO
80lve

finish

/post1

/show, temper
set,1

/edge,a11,1
Plnsol, temp

direction of kiln

British system using inch
Graphic driver

Thermal conductivity of refraktorie
Thermal conductivity of shell kiln

Inside temperture
Outside temperature

Inner radius of refractorie ( in )
Inner radius of shell kiln ( in )
Inner radius of kiln ring ( in )

Define element type
Material properties of shell kiln
Material properties of magnesite chrome



ANSYS SOLUTION

RADIAL AND LONGITUDINAL DEFLECTION ANALYSIS OF THE
KILN’S SHELL



/batcg Defl

erify, Deflection opn - .

;Zom, Fha longitudinal direction

/filnam, deflek
it,bin .

i ! British system

| define parameter

yhos=0.281

T asr=0.29 ! Mass density of shell ( 1b/in*3 )
exx=1.2e7 ! Poisson ratio of shell kiln
! young modulus of shell

tr=1.5 ! thick

j o0-tr R ness_of shell
r;fi§0+tr ! inner radius of shell
r_;zoo ! outer radius of shell
ti—200 ! Total length
L2=1300
L3=600
L4=100

/prep?

{/pnum, line, 1
{/pnum, kpoi, 1
{/pnum, volu, 1
/onum, area, 1

R,1,tr
csys, 1

ki

k,2,ro,-60
k,3,ro, %0
k,4,ro0,240

1,23

1,3,4

1'4,2

Csys, 0

k:S,D,O, ’14
k,6,0,0,-(14+13)
k,7,0,0,-(14+13+12)
k,8,0,0,-1

1,1,5

1,5,6

1,6,7

1,7,8

/angle,1,60,ys,1
/angle,1,10,xs,1
Iplot

Adrag,1,2,3,,,,4
drag, 8,11,13,,,.,5
drag,14,17,19,,,.6



[,ara3.29,23,25,,,,7
: aglue ' all

qummMEG all
| pumcmp , all

et,1,8hell63
'mp,ex: 11 exx
mp, NUXY ¢ 1,musr

aplot

eshape, 2
jesize,1,,,30
IESize' 2,,,30
lesiZE; 3,06
esize. ' 14 /25
mat,l

' amesh,1,3,1
esize, ,13/50
mat, 1
amesh,4,6,1
esize, ,12/100
mat, 1
amesh,7,9,1
esize,,11/50
mat, 1
amesh,10,12,1
fini

/solu

/show, hasil
/pbc,all, ,1
dk,17,all
dk,14,all
dk,11,all
dk,15,uy
dk,12,uy

dk, 9,uy

/psf ,pres, ,2
sfa,3, ,pres, -250
sfa,6, ,pres, -250
sfa,9,,pres, -250
sfa,12, ,pres, -250
aplot

eplot

solve

save

fini

/post1
set,]
/pbe, v, ,1
/psf,pres, 2
ledge,all,1
Pldiap'z

/title, Equivalent Str

Plnsol, s, eqv
View,all,0,0,1

ess Distribution



/angl ’ all ’ 0

/replot

/view, all,1,0,0

jangl,1,180,ys,1

/replot
title,Deflecti

{Pldisp‘ : ion

I/View,all. 0,0,1

\/angl ' all ’ 0

/replot

/View, a11, 1,0,0

fangl,1,180,ys,1

/replot

fini




FORTRAN PROGRAM

TEMPERATURE PROFILE ANALYSIS ALONG RADIAL DIRECTION OF A KILN



C

¢ Temperature distribution along r-direction of a Kiln
¢ Sept.,22,94 by Gembong Baskoro

Cc

10

20

25

real T(4),Ti,To,r(4),k(4),hi,ho,c2,n
real sum,fac,qm,Temp

real rmax,rmin

integer i,a

open(unit=10,file="temp")
r(1)=120.-1.5-12.
r(2)=120.-1.5
r(3)=120
k(1)=0.015625
k(2)=0.7833
Ti=1600.

To=50.
hi=0.0139
ho=0.0347
rmin=105.
rmax=130.

sum=0.

do 10i=1,2
sum=sum-+(1./k(i))*log(r(i+1)/r(i))
continue

fac=(1./(r(i)*hi))+sum+(1./(r(3)*ho))
qm=(Ti-To)/fac

do 20 i=1,3
if(i.eq.1) then
T(1)=Ti-(qm/(r(i)*hi))
else :
T()=T(i-1)-((qm*log(r(i)/r(i-1)))/k(i-1))
endif
continue

write(10,'(5x,a))' Temperature on the layers’
write(10,*)
do25i=1,3
write(10,110)L,r(1).1,T()
continue >
write(10,*)



write(10,"(8x,21(-"))")
write(1 0,(8x,a)) r
write(10,"(8x,21 -nM
write(10,*)

Temperature'

do 30 Frmin,m]ax
if (rr.1t.r(1)) then
a=1
cl=(T(a)-Ti)/log(r(a)/nnin)
€2=T(a)-c1*log(r(a))
Temp=c1*log(rr)+c2
elseif ( rr.ge.r(1).and.rr.le.x(3)) then
call con(rr,T,r,c1,c2)
Temp=c1*log(rr)+c2
else
=3
c1=(To-T(a))/log(rmax/r(a))
c2=T(a)-c1*log(r(a))
Temp=c1*log(rr)+c2
endif
write(10,100)rr,Temp
30 continue
write(10,"(8x,21("-)")
100 format(9x,£5.1,2x,f12.5)
110 format(1x,'r (,il,)="15.1,2x,T (,il,") ='£10.5)
close(unit=10)
end

subroutine con(x,T,r,c1,c2)

real x,T(3).,r(3),c1,c2

integer i

if (x.ge.r(l).and.x.lt.r(Z)) then
i=1

else
i=2

endif

c1=(T(i)-T(i+1))log(@/r(i*1))
c2=T(i)-c1*log(r(1))

return

end



FORTRAN PROGRAM

RADIAL DEFLECTION ANALYSIS OF THE KILN’S SHELL



b T L ———

Deflection analysis of the kiln's shell

Genbong Baskoro

Program deflek

real shi, M, pi,shil,teta,=shi,tn, sec
real R,Rx,Ry,Mx My, inc,a,tp,del,itg
real tetal,shi2

C open file
open(unit=l10,file="c:\mproject\npshell”)

define constans

non

pivacos(-1.)
shil=30.*pi/180
ta~tan(shil)
sec=]1,./cos(shil)
Tp=2.°cosshil)
R=]1,

inc=2

a=0

nnNno

write the heading

write(10,*(1x,116("=-"))")
write(10,*)"' teta Rx Ry » Mx My,

. T Tx Ty del ax ay*
write(10,"(1x,216("*-*)1")
write(l10,*)

calculation procedures

nnn

do 10 teta=a,180,.inc
shi=pi*tera/180.
mshi=({l./(2.°pi))*(sec-1.-shil*tan(shil)*cos(shi})
if (teta.gt.150) then 3 —
Memshi+(sin(shi+shil) /Tp)
T=-(1./{2.°p1) ) *shil*tn"cos (shi)+(sin(shi+shil) /Tp)
call inte(shi,itg)
del=itg
else
Memshi
T==(1./({2.*pi))*shil*tn*cos(shi)
call intelishi,itg)
delwitg
endif
c
¢ transfor® O cartesian coordinate
c
teta2=9%C.-teta
shiZ2wpi®teaz/180.
Bx=R*cos(shil)
Ry=R*sin(shi2)
Mx=(1.-¥)*cos (shi2)
My=(1.-M)*sin(shi2)
Tx={1.-T)*cos(shi2)
Ty={1.-T)*sin(shi2)
dx={}.-del) *cos(shi2)
dy={1.-del)*sin(ski2)
c
C write the result
[

write(10,100) teta2, R, Ry, M, Mx, My, T, Ix, Ty, del,dx,dy

1o continue
100  format(lx,£5.1,11(1x,.£7.4))

close (unit=10)
end

€ subroutine for calculating integral using sizpson rule



subroutine inte (b, itgq)
real a,b,itqg,dl,10, fn1
integer j
a=0.
m=100
h=(b-a)/m
dl=0.
lo=0.
do 10 j=1,m/2
dl=dl+h
lo=lo+4'fn1(d1)
dl=dl+h
lo=lo+2+£n1 (d1)
10 continue
itg=(h/3.)'(fnl(a)+lo-fn1(b))
end

c function to be integrate

function fnl (x)

real fnl,pi,sec,shil

pi=acos(-1.)

shil=30*pi/180

sec=1./cos(shil)

fn1=(((1./(2.'pi))‘(sec-l.—shil'tan(shil)'cos(x)))
- +(sin(x+shil)/(2.'cos(shil))))'sin(x)

return

end

- - — - -

subroutine intel(b,itg)
real a,b,itg,dl,lo, fn2
integer j
a=0.
m=100
h=(b-a)/m
dl=0.
lo=0.
do 10 j=1,m/2
dl=dl+h
lo=lo+4.*£fn2(dl)
dl=dl+h
lo=1lo+2*£fn2(dl)
i0 continue
itg=(h/3.)* (£fn2(a)+lo-£fn2 (b))
end
c function to be integrate

= - -

function £n2(x) )
real fn2,pi,sec,shil, x
pi=acos(-1.)
shil=30.*pi/180
=1./cos (shil) j .
§:§=((1./(2.'pi))'(sec—l.-shil'tan(shzl)'cos(x)))'szn(x)
return
end



FORTRAN PROGRAM

LONGITUDINAL DEFLECTION ANALYSIS OF THE KILN’S SHELL



Illn!Inncr-/qtudnlgrr-lproj-oe/bon-.t

Longitudinal Deflection
of
Using Beam Model s

real q,11,12,13,14,do,dl,E, I
:12,13,14,do,d1,E, I, M, Ma, Mb,
real c1.c2,c3,ca,cs.cs,c7,ce.pxﬁi,:?v7:£;§:;:i;°'ld'nl'kz'nj

open (unit=10,file='beamdat’)
pl=acos(-1.)

q=150
11=200
1221300
13=600
14=100

do=243
di=237
E=1.2E7

laesll

1b=11+12
lc=11+12+13
1d=11+12+13414

1=(1./64.)*pi*(do**4-ai**4)

==(1./2.)%q*11%*2
Mes-(1./2.)%q*14%%2
Mb=((~q/4) % (12°*3+13%%3)-Ma*12-Mc*13) /(2*(12+13) }

:g::i.;%g)'::g:lq/2.)'(11012)"2)
=(1. p 2 (Q@/2.)*(13+14)**2
R2=q*1d-(R1+R3) N d

CI=((q/24.)*(1b**4-1a**4)+(R1/2.)*(-(2./3.)*1a**3-(1./3.}*1b**

Jacibes2)) / 1b=1a) } (1./3.}*1b**3+

Cd=(1./24.)*(q*1a**4)+(1./3.)*R1*la**3-C3*la

C1=C3-(1./2.)*R1*1a**2

C2=(1./24.)*q*la*"*4-Cl*la

C5=C3+(1./2,)*R2*1b**2

C6=(1./24.)*q*1b**4-(1./6.)*1b**3*{R1+R2)+{1./2.)*(R1*1la*1b**2)+
(1./2.)*R2*1b**3-C5*1b

C7=C5+(1./2.)*R3*1c**2

c8=(1./24.)*q*1c**4~-(1./6.)*1c**3*(R1+R2+R3}+(1./2.)*1c**2*(R1*
la+R2*1b+R3*1c)-C7*1c

write(10,150)Ma,Mb,Mc
write(10,200)R1,R2,R3
wrice(10,*)

write{10,*) ' ——ecsmmmcc———esmmme—————csammmmmo—ooosessssssss
write(10,°)" x Shearing Bending Deflection *

write(10,*)’ force Moment
write(10,*)" (in) (1b) (1b-in) { in ) ’
Write(10, %)’ =m-m-mm=smm-————msmmme—o——smmsooooosssmsssmsss .

maxM=0
maxy=0
do 10 x=0,1d,25
if (x.ge.0.and.x.le.la) then
v==q*Xx 2
M=-(1./2.)*q*x**
y:({.l(E'I)?'(-(1./24.)'q'x"4¢¢1'xoc2)
write(10,100)x, v, M. ¥

endlf
if (x.ge.la.and.x.lo.lb) then

v=-g*x+R1 R i)
= 3 + -
Y;({%;fi'})?'f-(l./24.)'q'x"(o(l.IG.)'R!'x"J-(1,/g',.
Ri*1a*x**2+C3*x4Cl)
write(10,100)%, V. K, Y

endif
if (x.ge.lb.and.x.lo.lc) then

L O
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//me3/users/grads/arra/project /bean. f arra 12/13/98 513
V=-g*x+R1+R2
H:-(l./Z.)'q'x"2¢R1‘(x-la)oRZ'(x-lb)
Y=(1-I(E'I))'(—(1./2‘.)'q'x"44(1./6.)'R1'x"3-(1./2-)'
* Rl'la'x"Zf(l‘/G.)'R2'x"3-(1./2.)'R2‘1b'x"2+¢5'x¢c6)
write(10,100)x,v,M,y
endif
if (x.ge.lc.and.x.le.1d) then
V=-q*x+R1+4R2+R3
M=-(1./2.)*q*x**2+R1* (x-1a) +R2* (x-1b) +R3* (x-1c)
Y=(1-/(E'I))'(-(1./24.)'q' **4+(1./6.)*R1*x**3-(1./2.)*
R1l*la*x**2+(1./6.)*R2*x**3-(1./2.) *R2*1b*x**2+
(1./6.) *R3*x**3-(1./2.)*R3*1c*x**2+CT7*X+C8)
write(10,100)x,v,M,y
endif

++

if (x.eq.la.or.x.eq.1lb.or.x.eq.1lc) goto 10
if (abs (M) .gt.maxM) maxM=abs (M)

if (abs(y) .gt.maxy) maxy=abs(y)
10 continue

write(10,*)

write(10,*)’-

write(10,250)maxM
write(10,300)maxy

close(unit=10)

100 format (1x,£7.1,3(2x,el1.5))
150 format (1x,‘Ma = ‘,ell.5,2x,'Mb = = ’,ell.5)
200 format (1x,‘R1 = ’,ell1.5,2x,’R2 = ’,ell1.5,2x,’R3 = ’,ell.5)
250 format (1x, ‘Maximum Bending Moment = ‘,ell.5,’ 1lb-in’)
300 format (1x, ‘Maximum Deflection = ',011.5,' in’)
end

‘,el1.5,2x, '‘Mc



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:

Q
2Cos¢p1

R1=R2=

From the free body diagram, the bending moment M can be derived below:
between ¢ =0 and ¢ =TT, is

Ma_¢c = M; — T;.R (1 — cos d) (a)
between p =T -Ppland G =T, is

Mcp = M; — Ti.R(1-cos$) — 2 R sin(p — $1) (b)
Since the tangents to the shell at points A and D remain horizontal,
[, Mdg =0
therefore

(m+¢1) m _
VM + [T Mdd =0

0

or



Jo My = TR (1= cos )} — [y 1 IR sin(d — p1)dp = 0

or

M, — T,.R= f(i—qn)% R sin(p — d1) d )

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

f;Mcos(I)d(I)= 0

therefore

f;{Ml —T,.R(1—cosP)}cospdPp — f;_q)l)%R sin(p — d1) cospdp =0

Thus

T{RIT _ T Q .

—— = f(‘l‘[—d)l);R sin(p — P1) cos P dd (d)

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

M, = —25— (1 — 1. sind 1. cosdl + sin?b1), Ty = — —2— sin?p1 (€)
1 2Ttcosd1 P 2Tcosh1

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

Moments

.R
M¢ = 2—1_[ (secdl — 1 — ¢p1.tand1. cosdp1)

R .
MP = 2—1_[ (secp1 — 1 — dp1.tand1.cosdp1)+ > sin (¢ + ¢1)
cosdpl
in dimensionless :
Mg _ 1
£ = — 1-1-¢l. :
AR om (secpl — 1 — dp1.tand1. cosdp1)
M_g - 1_ _ _ + . 1
R om (secp1 — 1 — ¢1.tand1. cosdp1) bl (¢ + d1)

these results appear in chapter 4
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