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A shaft is a rotating member usually of circular cross-section (solid or
hollow), which transmits power and rotational motion.

Machine elements such as gears, pulleys (sheaves), flywheels, clutches,
and sprockets are mounted on the shaft and are used to transmit
power from the driving device (motor or engine) through a machine.
Press fit, keys, dowel, pins and splines are used to attach these
machine elements on the shaft.

The shaft rotates on rolling contact bearings or bush bearings.
Various types of retaining rings, thrust bearings, grooves and steps in
the shaft are used to take up axial loads and locate the rotating
elements.

Couplings are used to transmit power from drive shaft (e.g., motor) to
the driven shaft (e.g. gearbox, wheels).



TYPES OF SH AFTS Go, change the world

Axle: The term ‘axle’ is used for a shaft that supports rotating elements like
wheels, hoisting drums or rope sheaves and which is fitted to the housing by
means of bearings. In general, an axle is subjected to bending moment due to
transverse loads like bearing reactions and does not transmit any useful torque,
e.g., rear axle of a railway wagon.

Spindle: A spindle is a short rotating shaft. The term ‘spindle’ originates from the
round tapering stick on a spinning wheel, on which the thread is twisted.
Countershaft: It is a secondary shaft, which is driven by the main shaft and from
which the power is supplied to a machine component.

. Jackshaft: It is an auxiliary or intermediate shaft between two shafts that are
used in transmission of power.

Line shaft: A line shaft consists of a number of shafts, which are connected in
axial direction by means of couplings. 3
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Material Selection

Geometric Layout (fit power transmission
equipment, gears, pulleys)

Failure strength

Static strength

Fatigue strength

Shaft deflection

Bending deflection

Torsional deflection

Slope at bearings and shaft-supported elements
Shear deflection due to transverse loading of short
shafts

Critical speeds at natural frequencies
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Detailed Design
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Design for manufacture
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e This project deals with design of drive shafts using a C programming code. In most practical applications,
gears and pulleys are mounted in large number on shafts.

e Thereby, the process of determining suitable diameter of shaft by traditional methods becomes tedious
and time consuming.

e A program code is written which determines diameter by considering the length of the shaft, power
transmitted, rom of the shaft, diameter of pulleys and gears, tension ratios of pulleys, pressure angles of
gear and position of gears and pulleys on shaft

PARAMETER USED
M - Maximum bending moment T - Torque (Twisting moment) rp-radius of pulley
T - Maximum allowable shear stress d-Diameter of shaft T1,T2-Tensions on tight and
slack
o — Maximum allowable normal stress P-Power (in kW) L-Length of shaft (mm)
Cm - Shock factor N-speed in rpm G-Rigidity Modulus
Ct - Fatigue factor rg-radius of gear
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#include<stdio.h>
#include<math.h>

int main()

{

char ch;

int i,j,m,n,Z,l0ad,q, cho ;
FILE *fptr;

char driver, driven, pos;

double T,Cm,Ct,N,ss,Lt,d,P,PI,pa,RH1,RH2,RV1,RV2, MH1, MH2, MV1, MV2, Mtmax, Meg, H, B, C, D, k[1e], p[1@], rp[1@], rg[1€],1p[18], 1g[1@], t[1@],ang[

PI=3.14159265; //input parameters
do
{

printf("This is a program to design transmission shafts and plot bending moment diagrams\n");

printf("1. To determine shaft parameters\n");

printf("2. To plot bending moment diagram for various loading cases\n");
printf("Enter the choice (1 or 2)\n");

scanf("%d", &cho );

switch(cho )

{

case 1:

{
printf("power in kw= ");

scanf("%1f",&P);
printf("Allowable shear stress(MPa)= ");
scanf("%1f",&8ss5);
printf("speed in rpm= ");
scanf("%1f",&N);
printf("type of load\n");
printf("1-steady loads\n");
printf("2-minor shock loads\n");
printf("3-heavy shock loads\n");
scanf("%d",&load);
if(load==1)
{
Cm=1.5;
Ct=1.8;
}
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flse 1 (1oad==2) for(j=1;j<=m;j=7j+1) // input parameters for pulleys
Cm=1.75; {
§t=1°253 printf("\n gear %d\n",j);
else pr-]:-ntf(“-'-: ------------- \n“);
{ printf("radius of gear(mm)= ");
ng§°2§_ scanf("%1f",&rg[j]);
y Sere printf("power given to gear %d= ", j);
printf("Cm=%f\n",Cm); scanf("%1f",&8p[j]);
printf("Ct=%f\n",Ct); printf(“pressure angle of gear= ");

printf("total length of
scanf("%1f",&8Lt);
printf("total number of pulleys= ");
scanf("%d",&n);

printf("total number of gears=
scanf("%d" ,&m);
T=(9.55e+86*P)/N;
printf("Torque transmitted T =
for(i=1;i<=n;i=i+1) /7 input

shaft(mm)= ");

P H

%Ff N-mm\n\n",T); /S /torgque
parameters for pulleys

{

printf("\n pulley %d\n",i);
printf(*-------meeeeeeu-- ")

printf("radius of pulley(mm)= ");
scanf("%1f",&rp[i]);

printf("power given by pulley %d= ",i);
scanf("%1f",&p[i]);

printf("angle made by pulley %d with horizontal=
scanf("%1f",8ang[i]);
ang[il=(PIs18e)*ang[i];
printf("tension ratio of pulley=
scanf("%1f",8k[i]);
printf("point of application of load= ");
scanf("%1f",&81p[i]);
t[i]l=(9.55e+@6*p[i])/N; //torque
t1[i]=(t[i)/rp[i]1/(k[i]-1));

",1i);

");

scanf("%1f",&pa);
pa=(PI/188@)*pa;

printf("point of application of
scanf("%1f",81g[j]);
t[j]=(9.55e+@6*p[F])/N;
ftljl=(t[3]l/relil);
fr(jl=ft[jl*tan(pa);
RHg[j]=6;

Rvg[j]=@;

RHg[j]=Ffr[]];
Rvg[j]=Fft[j];

if (RHg[i]<®e.1)
RHg[1]=0.8;

if (Rvg[i]«®e.1)
Rvg[i]=0.8;
printf("-------mmmmm e n")
}

load(mm)= ");

//torque
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// reaction forces at bearing break;

RH1=@; case 2:

RH2=8; {

RV1=@; float length, load_app, load_loc, uload_app, uload_len, udlci;
RV2=@; int load_type,cs;

for(i=1;i<=n;i=i+1) printf("Simply supported beam\n");

{ printf("Length of the beam in m");
RH1=RH1+((RHp[i])*(Lt-1p[i]))/Lt); sc§nf("§f', 8length); p

RH2=RH2+( (RHp[i]*1p[i])/Lt); printf("Enter load case:\n");

printf("1. Point load\n");
printf("2. UDL\n");
scanf("%d",8load_type);

RV1=RV1+((RVp[i]*(Lt-1p[i]))/Lt);
RV2=RV2+((RVp[i]*1p[i])/Lt);

¥ cs=1oad_type;
for(i=1;i<=m;i=1i+1) fotr = ;m);en('c:\\Users\\Rithuik Shankar Raj\\Documents\\LOCAL FILES\\Sth Sem\\DME-1\\filed.txt", "w");
{ if(Fptr == NULL)
RH1=RH1+((RHg[i]*(Lt-1g[i]))/Lt); {
RH2=RH2+((RHg[i]*1g[i])/Lt); /* File not created hence exit */
RV1=RV1+((Rvg[i]*(Lt-1g[i]))/Lt); printf("Unable to create file.\n");
RV2=RV2+((Rvg[i]*1g[i])/Lt); break;

}
printf("The reaction forces of left bearing RH1=%f N and RV1=%f N\n",RH1,RV1); fprintf(fptr, "%d\n", load_type);
printf("The reaction forces of right bearing RH2=%f N and RV2=%f N\n",RH2,RV2); felose(fptr);
Mv[1]=8; .
MV[m+nl=8; if(cs == 1)
MH[1]=0; {
MH[m+n]=8;
?“1"[ 1]>1el1D) print(*Load applied in kN \n");

scanf("%f",810ad_app);

MH[1]=RH1*1g[1]; printf("Location of Load from left end of the beam in m\n");
Mv[1]=Rvli*1g[1]; scanf("%f",810ad_loc);
} fptr = fopen("C:\\Users\\Rithwik Shankar Raj\\Documents\\LOCAL FILES\\Sth Sem\\DME-1\\filel.txt", "w");
else if(fptr == NULL)

{
MH[1]=RH1*1p[1]; /* File not created hence exit */
MV[1]=RV1*1p[1]; printf("Unable to create file.\n");
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clc; clear; close all

disp(‘'Simply Supported Beam');
fileID=fopen('C:\Users\Rithwik Shankar Raj\Documents\LOCAL
formatSpecs'%f';
A=fscanf(filelD,formatSpec);
fileID=fopen('C:\Users\Rithwik
formatSpec="%f";
Befscanf(fileID,formatSpec);
fileIDefopen('C:\Users\Rithwik Shankar Raj\Documents\LOCAL

< Shankar Raj\Documents\LOCAL

formatSpec="%7";
T=fscanf(fileID,formatSpec);

Type = T(1,1);
if Type =e 1
W= A(2,1);

a = A(3,1);
c=L-3;

R1 = W*(L-3)/L; X Left Support Reaction.
R2 = W*a/L; ¥ Right Support Reaction.

else
W= 8(1,1);

b = 8(2,1);

FILES\5th

FILES\Sth

h Sem\DME-1\filel.

Sem\DME-1\file2.

Sem\DME-1\fileO.

]

~
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o

g = B(3,1);
3 = (cg-b/2);
c = L-a-b;

R1 = W*b*(b+2"c)/(2°L); ¥ Left Support Reaction.
R2 = W*b*(b+2*a)/(2*L); ¥ Right Support Reaction.
end

% Discretization of x axis.

n = 1000; X Number of discretization of x axis.

delta_x = L/n; X Increment for discretization of x axis.
x = (@:delta_x:L)'; % Generate column array for x-axis.

V = zeros(size(x, 1), 1); X Shear force function of x.
M = zeros(size(x, 1), 1); X Bending moment function of x.

% Data processing section

if Type »= 1

for ii = 1:n41

% First portion of the beam, 0 < x < b
V(ii) = R1;

M(ii) = R1*x(ii);

% Second portion of the beam, b < x < L
if x(ii) >= »

V(ii) = R1-W;

M(ii) = RI*x(ii)-W*(x(ii)-a);

end

end

x1 = a;

Mmax = W*a*(L-3)/L;

else

for ii = 1:n+1

% First portion of the beam, 8 < x < a

if wiii\ s 2

o
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if (i) < 2 a A 77 % Second portion of the beam, atb ¢« x ¢ L
V(i) = R1; 78 V(i) = -R2;
M(ii) = R1*x(ii); 79 M{ii) = R2*(L-x(11));
elseif a <= x(ii) 88 x(ii)< a+b 28 and
% Second portion of the beam, a < x < a+b 81 end
V(ii) = R1-W*(x(ii)-a); = 5 x1 = asb*(b+2%¢)/(2%L);
M(i) = R1*x(1)-W*((x(i1)-2)"2)/2; 83 Mmax = W*b*(b+2%c)* (4%a"L+2%b"c+b 2)/ (B°LA2);
elseif x(ii) »= (a+h) 24 and
% Second portion of the beam, a+b < x < L a5
V(ii) = -R2; 36 disp(" ");disp (['Left support Reaction' ' = ' num2str(R1) " ' 'kN'])
M(ii) = R2*(L-x(ii)); 87 disp(' ");disp (['Left support Reaction' ' = ' num2str(R2) " ' 'kN'])
end 33 disp(' ");disp (['Maximum bending moment® " = ' num2str(Mmax) ' * “khm'])
end 20
x1 = a+b*(b+2%c)/(2%L); 98 figure
Mmax = W*b*(b+2%c)*(4%a*L+2%b*c+b 2)/(8°L 2); 01 subplot(2,1,1);
end 92 plot(x, ¥, 'r', linewidth',1.5);
93 grid
disp(" ");disp (['Left support Reaction’ ' = ' num2str(R1) ' * ‘kN']) 94 line([x(1) x(end)],[0 @], Color’, k' );
disp(' ");disp (['Left support Reaction’ ' = ' num2str(R2) ' ' "kN']) 95 line([@ @],[@ V(1)], Color’, r", linsuidth’,1.5);
disp(" *);disp (['Maximum bending moment’ * = * num2str(Mmax) ' ' ‘khm']) 96 Line([x(end) x(end)],[@ V(end)], Color',"r', linewidth',1.5);
97 title('Shear Force Diagram’, fontsize’,16)
figure 98 text(a/2,V(1),num2str(V(1)), 'HorizontalAlignment', "center', 'FontWeight','bold’, "fontsize',16)
subplot(2,1,1); 99 text((L-c/2),V(end),num2str(V(end)), HorizontalAlignment', 'center’, 'FontWeight', 'bold", 'fontsize’,16)
plot(x, Vv, "r';'linewidth’;1.5); 168 axis off
grid 101
line([x(1) x(end)],[@® @], 'Color', 'k"); 182 subplot(2,1,2);
line([@ 0],[@ V(1)], Color’, r", linewidth',1.5); 103 plot(x, M, 'r','linewidth’,1.5); |
line([x(end) x{end)],[@ V(end)], 'Color','r"', linewidth',1.5); 104 grid
title('Shear Force Diagram’,’fontsize',16) 185 Line([x(1) x(end)],[@ @], Color’,'k');
text(a/2,v(1),num2str(V(1)), 'HorizontalAlignment', 'center’, 'FontWeight', 'bold"', 'fontsize',16) 106 line([x1 x1],[® Mmax],'LineStyle',"--*, 'Color’,'b");
text((L-¢/2),V({end),num2str(V(end)), "HorizontalAlignment ', "center’, FontWeight', 'bold’, fontsize’,16) 107 title( 'Bending Moment Diagram','fontsize',16)
axis off 168 text(x1+1/L,Mmax/2, num2str(roundn(Mmax, -2)), ‘HorizontalAlignment®, ‘center’, 'FontWeight ', 'bold’, fontsize
169 text(x1,0, [num2str{roundn(xl,-2)) ' m'], Horizontalalignment', 'center', 'FontWeight', 'bold', 'fontsize’,16]
subplot(2,1,2); v 110 axis off

11
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Shear Force Diagram

Bending Moment Diagram
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Data: P= 45kW; N=330rpm; C,= 1.0; C= 1.5; G=80GPa; L=1500mm; Pressure angle @ = 20°; 7,,,,, = 40MPa;

tp = 300mm, r, = 87.5mm, = = 3
2

Driving pulley
T'| W I|l - n
2, Dmer 1 Driven gear The torque transmitted by the shaft
Direction 9.55x106P
o oLV T = ——— N —mm => T=1.30210° N — mm

(s
B>
-
LT

600
h 1500

400

Rpy= 10912N and Rgy= 3968 N

Right View =

Determination of maximum bending moment

Maximum bending moment is at C
Therefore, M= 4.37%10° N-mm

16/ (CuMZ + (G|

M= M, + M2 TTmax
M,=Mp=0
Mp =3.283x10° N-mm d = 94.8mm

Mc = 4.37%10° N-mm

14



CASE 1: OUTPUT

his is a program to design transmission shafts and plot bending moment diagra
. To determine shaft parameters

. To plot bending moment diagram for various loading cases

nter the choice (1 or 2)

power in kw= 45

otal length of shaft(mm
otal number of pulleys=
otal number of gears= 1
orque transmitted T = 13©2272.727273 N-mm

pulley 1

adius of pulley(mm)= 300

bower given by pulley 1= 45

bngle made by pulley 1 with horizontal= ©
ension ratio of pulley= 3

pboint of application of load= 600

bower given to gear 1= 45

bressure angle of gear= 20

point of application of load(mm)= 1100

he reaction forces of left bearing RH1=6653.627318 N and RV1=3968.83116S N
he reaction forces of right bearing RH2=7445.202396 N and RV2=10914.285714 N
aximum bending moment MTmax=5284735.321608 N-mm

he diameter of shaft d=96.213592 mm

nd of program

Go, change the world
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power in kw= 327.3
A\]llowable shear stress(MPa)= 188
kpeed in rpm= 2500

P=327.3 KW Jpe of 1oad

1-steady loads

N:2SOO rpm P-minor shock loads

-heavy shock loads

T=1250 N-mm
L=1650 mm (Length of drive) e

otal number of pulleys= ©
otal number of gears= ©
orque transmitted T = 1250286.000000 N-mm

his is a program to design transmission shafts and plot bending moment diagrams
1. To determine shaft parameters

2. To plot bending moment diagram for various loading cases
Enter the choice (1 or 2)

1

power in kw= 327.3

Allowable shear stress(MPa)= 188

speed in rpm= 2500

type of load

1-steady loads

2-minor shock loads

3-heavy shock loads

1

Cm=1.568000

Ct=1.000000

total length of shaft(mm)= 1656

total number of pulleys= ©

total number of gears= @

Torque transmitted T = 1250286.000060 N-mm

he reaction forces of left bearing RH1=6.000000 N and RV1=0.000000 N
he reaction forces of right bearing RH2=6.e6€eeee N and RV2=0.000000 N
aximum bending moment MTmax=0.800008 N-mm

he diameter of shaft d=46.389055 mm

nd of program

power in kw= 327.3
|lAllowable shear stress(MPa)= 188
speed in rpm= 250@

type of load

2-minor shock loads
3-heavy shock loads

total length of shaft(mm)= 1650

total number of pulleys= ©

total number of gears= @

Torque transmitted T = 1258286.000000 N-mm

The reaction forces of left bearing RH1=6.000600 N and RV1=6.860000 N
The reaction forces of right bearing RH2=0.800808 N and RV2=8.060000 N

The reaction forces of left bearing RH1=0.0008000 N and RV1=0.000000 N
maximum bending moment MTmax=©.©00e0 N-mm

The reaction forces of right bearing RH2=0.660000 N and RV2=8.000000 N

5 bending moment MTmax=e.20@0e8 N-mm the diameter of shaft d=49.834711 mm
maX1mHm =L 8 - End of program
the diameter of shaft d=37.521776 om N e
End of program

Do you want to continue? (Yes(Y) or No(N)))



CASE 2: DRIVE SHAFTS Go, change the world

e MATERIAL: STAINLESS STEEL
o MAXIMUM SHEAR STRESS: 108 MPa

A drive shaft or Cardan shaft is a mechanical component for transmitting torque and
rotation, usually used to connect other components of a drive train that cannot be
connected directly because of distance or the need to allow for relative movement between
them

Here we have run the calculations for
: 1. Steady Conditions
: 2.Minor Shock loads

3.Heavy Shock loads

17



CASE 2: DRIVE SHAFTS

Go, change the world

Here we have obtained shaft diameter
1. Steady Conditions: d=38 mm
2.Minor Shock loads:d=40 mm
3.Heavy Shock loads:d=50 mm

The author of the paper had obtained a shaft diameter of 60mm
This is because fatigue failure was also considered.

18
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. A generalised C program code has been written for computing shaft diameter for

simply supported shafts on bearings with any number of gears and pulleys.

The code has been compared to the results obtained analytically.

This eliminates human error, makes the process less tedious and faster.

MATLAB code has been developed to take the output values of the C code (in the
form of binary text files), read these values and use them to plot the bending and
shear force diagrams of various load configurations.

. A sample simulation using LiveLink for COMSOL and MATLAB can be

conducted or shaft-pulley system.

19
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The current C project code creates a text file containing the values entered by the user.
The required values are then extracted into a column vector in MATLAB which are to be
used for the plotting of shear force and bending moment diagrams. This necessitates
manual execution of the MATLAB code which needs to be automated.

This process can be made faster and efficient by incorporating the codes into
SIMULINK to form a console application with integrated graphics (GUI), thereby
making it easier for any user to access and analyze shaft specifications.

The generated outputs can also be linked with Solidworks software to create a sample
design of the shaft based on the input parameters along with stress-strain analysis of
the shaft design to display its working under normal conditions. This makes this
application compatible on an industrial level.

The data from the C and MATLAB program can be used as an input for COMSOL for
FEA analysis to give deeper insight into shaft design.

20
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it

The data from the C and MATLAB program can be used as an input for COMSOL for
FEA analysis to give deeper insight into shaft design.

e The LivelLink feature of COMSOL can be implemented for this purpose.

gear_rattie_with_bearing_misalignment.mph - CUMSUL Multiphysics o x
fy Materisls Physics Mesh Study Results  Developer

] 3 = B R gear_sattle_with_bearing_misalignment mph - COMSOL Multiphysics - o
P Variables + | = : = Compute | @ Stress (mbd) * Windows » Definiions  Geometry ~ Materiols  Physics  Mesh  Study  Results  Developer
X Functions + - = Vi 4 Study 1~ & Add Plot Group = Reset Desktop ~ A g Variables = = import - e = Compute I Stress [mbd] * Windows =
Parameters Build Add  Multibody Add Build M AMYSI Z > ¥, e Pi A = ” H i £ - ;1 e v
S & T- u unctions + udy 1+ 0t Group » set Dasktop -
2 Moterial | Dynarics > Physics. | Mesh : 4 Component  Add Parameters Build Mulbody Add  Bulld Mesh =
" h Me tudy 2 1= Companent - Parameter Case All Dynamics * Physics  Mesh 1+ i Add Study
~ % Setting . va
\ X Q| - I == tings - lics -8
o @ BuidAl - EEe - D 2 el oLl arameter ramr b T Li1@e
4 @ gear sattlewith bearing misalignments
. o gear.ratiewih bearng iy warmeters: Gener ] ima= = : ff stras y @
S ey . x 4 © Gobal Oufritiors Label: | Parameters: General L Time=0.31416 igned=1 Surface: Sacond strass, YY )
" 02
Parameters: General y
= ~ Parameters 01 m 10
SeexerE Parameters: Gaars o
) . " o [
User-controlled mesh - Perometers: Roller Bearings Mame  Expression Value Descriptior &
) Geometry Parts omegad | 20(rad/s] 20 rad/s Mean angu 0.1 0
¥ Build Settings - D) Materiols ™o 100[N*m) 100 Nm Loading tor
Companent 1 fcomp 1) =
[ Build new operations automatically o T Tpifomegad 0314165 Tine perioe - iz
udy isMisalign_ 0 o Is misaligne
4 & Results 0 . 10
Datasets
Derived Vahues -0.05 N
Tables -4
z W Displacement (mbd) z
Y\L' W Velocity (mbd) Y\L' x &
== Applied Loads [mbd)
W Stress (mbd)
* Angular Speed
Messages ~ Progress Log vs Bearing Force Messages ~ Progress log _—
* Bearing Moment =

21
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