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Crank Pin X| S 0| [} Cast Iron2| Von-Misses Stress H| 1l

Matenal Young | Poisson Density Yield
Mame modulus | ratio Siress
Castiron | 178000 03 [7.197e-006Kg/mm’ | 130MPa

N/mm’

Diameter : 0.042m

Ln

z

%107

von Mises stress (M/m~2)

0.0517471 728286

280 |0.014056/1.5898E7

Max : 15.898 [MPa]
Min : 1.7286 [MPa]

Diameter : 0.038m

%107

18

1.4

1.2

0.8

0.2

X Y Z won Mises stress (M/m~2)

0.029904/-0.011872 |0.0493342 4369E6

0.060659/0.0016985 0.016076/1.9112E7

Max : 19.112 [MPa]
Min : 2.4869 [MPa]

Diameter : 0.034m

=107
2.4

2.2

X Y z von Mises stress (N/m"2)
0029866 9 4628E-4 [0.051973 2.9363E6
0.029452|-0.015062 (00271172 4477E7

Max : 24.477 [MPa]
Min : 2.9396 [MPa]
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Crank Pin X| £ 0] [} High Carbon Steel2| Von-Misses Stress H| 1!

Maternial Young | Poisson Density Yield
Name modulus | rafio Stress
High Carbon EﬂﬂﬂﬂQ 0.205 ?.E?Eﬂ-ﬂﬂﬁkg"ﬂﬂﬂ" 415MPa
Steel N/mm*

Diameter : 0.042m

0.0§

X N

0.029862|-0.012671

M njgzg_- aWalakl

LT LR LR

aan |n

g n 0 LY N

Z

%107

von Mises stress (M/m*2)

0.0517471.7377E6
0140561.5864E7

Max : 15.864 [MPa]
Min : 1.7377 [MPa]

Diameter : 0.038m

%107

0.8

0.2

X Y il von Mises stress (MN/m*2)

0.020004 -0.011872 0.049834 2 5024E6
0.060659/0.0016985 |0.016076/1.90ME7

Max : 19.091 [MPa]
Min : 2.5024 [MPa]

Diameter : 0.034m

x107

2.4

2.2

1.8

1.6

1.4

1.2

X Y £ wvon Mises sfress (N/ma2)

0.029866 9 4628E-4 0.05197V3|2.9363E6

0.029452|-0.015062 |0.027117|2.4477E7

Max : 24.477 [MPa]
Min : 2.9363 [MPa]
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Crank Pin X| S 0] [} Alloy Steel2| Von-Misses Stress H| 1l

Matenal Young | Poisson Density
MName modulus | rafio

Yield
Siress

Alloy Steel | 210000 | 03
(42CtMn) | N/mm’
Steel MN/mime

7 9e-006kg/mm

030MPa

Diameter : 0.042m

%107

1.4

0.05

1.2

0.8

0.6

X Y z von Mises stress (M/m"2)
0.028862-0.012671 |0.051747|1.7282E6
0.028234/0.0015280 |0.014056(1.5898E7

Max : 15.898 [MPa]
Min : 1.7282 [MPa]

Diameter : 0.038m

%107

0.05

X Y Z von Mises stress (M/m*2)
0.020904-0.011872 [0.049834 2 4B69EG6
0.060659|0.0016285 [0.016076(1.9112E7

Max : 19.112 [MPa]
Min : 2.4869 [MPa]

Diameter : 0.034m

N %107
.y s

1.5

X Y il won Mises stress (N/m"2)
0.029866 2.4628E-4 [0.021973|2.9363E6
0.028452(-0.015062 [0.027117(2.4477E7

Max : 24.477 [MPa]
Min : 2.9363 [MPa]
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Beam Modeling & Boundary Conditions
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Beam Modeling2| Von-Misses Stress H| !

von Mises stress (N/m?)

Line Graph: von Mises stress (N/m?)
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Cast iron

15.552 [Mpa]

19.9978 [Mpa]

26.392 [Mpa]

High carbon steel

15.553 [Mpa]

19.9975 [Mpa]

26.32 [Mpa]

Alloy steel

15.555 [Mpa]

19.976 [Mpa]

26.329 [Mpa]
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3D-Model vs 3D-Beam

Cast Iron

0.042 [m]

0.038 [m]

0.034 [m]

3D-Model

15.898 [Mpal]

19.112 [Mpa]

24.477 [Mpa]

3D-Beam

15.552 [Mpa]

19.9978 [Mpal]

26.392 [Mpa]

High Carbon Steel

0.042 [m]

0.038 [m]

0.034 [m]

3D-Model

15.864 [Mpal

19.091 [Mpa]

24.477 [Mpa]

3D-Beam

15.553 [Mpa]

19.9975 [Mpal]

26.32 [Mpa]

Alloy Steel

0.042 [m]

0.038 [m]

0.034 [m]

3D-Model

15.898 [Mpa]

19.112 [Mpal]

24.477 [Mpa]

3D-Beam

15.555 [Mpa]

19.976 [Mpal]

26.329 [Mpa]
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Chapter 4 Analytic Solution

Analytic Solution for Von-Misses stress & Shear stress

Bore diameter (D) =53.73mm,
Force of piston: Fy=Area of BorexMaximum combustion
Pressure

E, =2 % D? X By, =7.93KN

To find the Thrust force acting on the connecting rod (Fg).
we should find the angle of inclination of the connecting rod
with the line of stroke ().

Angle of inclination sin @ = ﬂ‘ii = :m:f

Which implies, @ = 8.24°

From that we have, Thrust force in the connecting Rod.Fy =

T % _ BOIKN
cos @ cos B.24°

Now the Thrust Force 15 divided into Tangential and Radial

Components

1) Tangential force on crankshaft, Fr = Fy(sin(6 + @)) =
8.01(sin(35 + 8.24°)) = 548KN

2) Radial Force on Crankshaft, Fz = Fy(cos(6 + @)) =
8.01(cos(35 + 8.24%)) = 5.83KN

Reactions at bearings due to tangential force 1s given
. - _Fr_ :
by.Hr, = Hy, = = 2.74KN

Similarly, Reaction at bearings due to Radial Force Hp, =
Hg, =% = 291KN

4.1.1 Design of crankpin
Let diameter of crankpin in mm, d=35 24mm

We know that Bending Moment of Crankshaft at the centre
of the crankshaft,

Mg = Hp, x b = 125.8KN-mm

Twisting Moment of Crankshaft, Tp = Hp, X R = 48.2KN-
mm

From this we have, Equivalent Bending Moment, M., =

J(K,, + M,)? +%(;{r +T.)% = 135KN
Von-Misses Stresses induced i the crank pin, o, =

MeuX32 _ 3258MPa
wXa

Equivalent Twisting Moment, T,,, =  M,? + T,2
Shear Stress'T = 2% — 15.71MPa

wxdd

Piston Diameter: D

T
FP:Z*DZ*Pmax

. Q)_sin@
sin@ = Ur
E
F, = —F2
e~ cos®

Fr = Fy(sin(6 + @)), Fr = Fy(cos(6 + 0))
FR

Fp
Hry = Hpy = > Hgy = Hg; =5

MC =HR1Xb, TC=HT1 XR

Mg, = \/(Kb + MC)2+ 4/3 (Kt + TC)Z

M,, x 32
% = T X d3
T,, = ’MCZ+TC2
Ty x 16
t= T X d3

Structural Static Analysis of Crankshaft - B. Mounika1, Madhuri .R .P.

-O&~FE A4 D
- OAE9 3

-0 = pinQ| 4=, ¢ = rodd

- Connecting Rod®| thrust force

Tangentional, Radial Force

Reaction Force at bearing

Bending Moment, Twisting Moment

Equivalent Bending Moment

Von-Misses stress

Equivalent Twisting Moment

- Shear stress

Engine Block
Piston

Connecting Rod

\ Crankshaft

CNELEEEED
T
—h-l I-d—-— h (Piston Offset)
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Analytic Solution

clc; clear all; close sll;

R_CrankPin = 8.821; ¥ [m], radius of crank pin
D_Bore = ©.05373; %[m], diameter of bore
Length_CrankPin = ©.032; %[m], length of crank pin
% Input from the Command Uindow

Pmax = input('Enter the

sximum pressure (P

A_Bore = pi/4¥D_Bore~2;
Fp = A_Bore * Pmax * 10°6; % Force of Piston

ro=4;

theta_rl = [0:9.01:14.47];

theta_r2 = [14.47:-0.01:-14.47];
theta_r2 = [-14.47:0.01:0];

theta_r = [theta_rl, thets_r2, theta_r3]:

thets_cl = 18@/pi*asin{4*sin(theta_r1*pi/180));
theta_c2 188 - 18@/pi*asin(4*sin(theta_r2*pi/188));
theta_c3 = 36@ + 180/pi*asin(4*sin(theta_r3*pi/18@));
theta_c = [theta_cl, theta_c2, theta_c3];

theta_c_input = input( Ente for theta_c (degres

[~, idx] = min(abs(theta_c - theta_c_input));

theta_c = theta_c(idx);
theta_r = theta_r(idx);

cos(theta_r * pi / 180); ¥ thrust force in con

Fq / us 3

* sin(pi/18@*(theta_c + theta_r)); % Tangential
* ); % Ra

;

Ft =
Fr cos(pi/18@*(theta_c + theta_r)); % Radial forc

2; % Reaction at bearing due to tangential for
/ 2; % Reaction at bearing due to radial force

Hr

Length_CrankPin; ¥ Bending Moment of
Tc = HEt * R_CrankPin; % Twisting Moment of Cran

Kb = 1; Kt

=1 (Bending Stress Amplitude Factor),
Mev = sqrt((Kb+Mc)

2+ 9.75%(Kt+Tc)*2); % Equivalent Ben
rho_v = Mew * 32 / pi / (R_CrankPin * 2)°3 / 1008008; %

Tev = sqrt(Mc"2 + Tc2); % Equivalent twisting Moment

necting rod
force on crankshaft
e on crankshaft

ce

Kt (Torsional Stress Amplitude Factor)
ding Moment

[MPal, Von-Misses sftresses

tau = Tev * 16 / pi / (R_CrankPin * 2)~3 / 1080088; % [MPa], Shear stress

figure;
hold on;
theta_unit = linspace(@, 2%pi, 108);

x1 = sin(theta_c * pi / 18@);

yl = cos(theta_c * pi / 183@);
plot(cos(theta_unit), sin(theta_unit), 'k--',
plot(@,e, ko', 'Marker:

plot(xl,yl, 'ro

'Ma

% Plotting Connecting Rod

distance = 4;

%2 = @; y2 = sqrt{distance2-x1."2) + yl;
plot([x1,x2] , [y1,y2], 'k, 'Linewidth', 2.8 )

% Plotting Piston

piston x = [-8.5 @.5 8.5 -@.5 -8.5];
piston_y = [y2 y2 y2+1 y2+1 y2];
fill(piston x,piston_y,'g")

x1im([-1.5 1.5]); ylim([-1.5 6.5]):
axis squal;
title( Cranksh
xlabel( x');

on & ConnectingRod');

fprintf('Von-Mi
fprintf('Shear

MPa\n', rho_v);
, tau);

2); % Tracking Line

18); % Crank Pin

*Crank Axis’, *Crank Pin','Connecting Rod®,'Piston’);

Enter the maximum pressure [(Pmax)

in MPa:

Enter the maximum pressure (Pmax)

in MPa: 3.5

Enter a valus for theta c (degreej:l

Enter the maximum pressure (Pmax)

in MPa: 3.5

Enter a value for theta c (degree): 2Z8.35

Von-Misses Stress (rho w): 15.65 MPa

Shear Stress (tau): 7.9%2 MPa

CrankShaft with Piston & ConnectingRod

= = =Tracking Line

O Crank Axis
@ Crank Pin
Connecting Rod

A Piston

6
5L
4l
3L
=
P
1 -
.
¢ \
]
o ! ©
i
\
N ’
~ -
_“— - -
1 | 1 | | 1
-5 4 3 ! 8 0
X

Input 1
Maximum
Pressure

Output 1

Stresses

Output 2
Plot
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1 clc; clear all; close all;

2

3 R_CrankPin = @.821; ¥ [m], radius of crank pin

4 D_Bore = @.85373; %[m], diameter of bore

5 Length_CrankPin = ©.832; %[m], length of crank pin

6

7 Pmax = input('Enter the maximum pressure (Pma H

z Von-Misses Stress vs 8

=] A Bore = pi/4¥D Bore~2; 18 L

19 Fp = A _Bore * Pmax * 18~6; ¥ Force of Piston ‘

11

12 r = 4; % ratio of connecting rod & crank m
13 theta_rl = [@:0.01:14.47];

14 theta_r2 = [14.47:-9.01:-14.47]; o 1
15 theta_r3 = [-14.47:0.81:0]; %

16 theta_r = [theta_rl1, theta_r2, theta_r3]; 3 —
18 theta_cl = 18@/pi*asin(4*sin(theta_rl*pi/18@)); ] |
19 theta_c2 = 180 - 18@/pi*asin(4*sin(theta_r2*pi/1l8e@)); §

28 theta_c3 = 360 + 18@/pi*asin(4*sin(theta_r3*pi/18@)); 4 |
21 theta_c = [theta_cl, theta_c2, theta_c3]; %

2 g |
23 theta_c = [theta_c1, theta_c2, theta_c3];

24 theta_c = mod(theta_c, 36@);

25 =
26 rho_v_values = zreros(size(theta_c)};

27 tau_values = zeros(size(theta_c)); 10 ‘ | ‘ ‘ | ‘ ‘

28 0 50 100 150 200 250 300 350 400
22 [0l for i = 1:length{theta_c) Theta _ (degrees)

30 current_theta_c = theta_c(i);

31 current_theta_r = theta_r(i);

32

33 Fq = Fp / cos{current_theta_r * pi / 18@); Shearsu-essvssc

34 Ft = Fg * sin(pi/18@*{current_theta_c + current_theta_r)); 9 T

35 Fr = Fg * cos(pi/18@*{current_theta_c + current_theta_r));

a6 Ht = Ft / 2; |
37 Hr = Fr / 2;

38 Mc = Hr * Length_CrankPin;

3a Tc = Ht * R_CrankPin; . -
40 &

41 Kb = 1; Kt = 1; = _
42 Mev = sqrt{(Kb+Mc)"2 + @.75%(Kt4+Tc)"2); @

43 rho_v_values(i) = Mev * 32 / pi / (R_CrankPin * 2)"3 / leeeeeo; (%

44 5 -
45 Tev = sqrt(Mc"2 + Tc"2); 2

46 tau values(i) = Tev * 16 / pi / (R_CrankPin * 2)~3 / lee2ee2; w |
47 H end

48

49 figure; —
5@ subplot{2, 1, 1);

51 plot(theta_c(1,1:572@), rho_v_values(1,1:579@), 'b-', 'LinewWidth', 2); 56 | | | | | | |

o title("Von-Misses str RE 0 50 100 150 200 250 300 350 400
53 xlabel( Theta_c (degrees)’ Theta_(degrees)

54 ylabel( von =5 Str s C

55 legend

56 grid onj

57

58 subplot(2, 1, 2);

59 plot(theta_c(1,1:579@), tau_values(1,1:5798), 'r-', ‘Linewidth’, 2);

68 title('Shear Stress vs 9_c');

61 xlabel( Theta_c (degre :

62 ylabel( Shear 5t (r

63 grid on;

@
B
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3-D Model & 3D-Beam & Analytic

Cast Iron
3D-Model
0.042 15.898
[m] [Mpa]
0.038 19.112
[m] [Mpa]
0.034 24.477
[m] [Mpa]

3D-Beam

15.552
[Mpa]

19.9978
[Mpa]

26.392
[Mpa]

Analytic

15.65
[Mpa]

20.87
[Mpa]

28.79
[Mpa]

Von-Misses Stress H| 11

0.479 %

6.30 %

11.65 %

0.042

0.034
[m]

3D-Model

15.864
[Mpa]

19.091
[Mpa]

24.477
[Mpa]

Fillet 75, Mesh?o| Hal =

High Carbon Steel

3D-Beam

15.553
[Mpa]

19.9975
[Mpa]

26.32
[Mpa]

Analytic

15.65
[Mpa]

20.87
[Mpa]

28.79
[Mpa]

0.374 %

6.352 %

11.78 %

Alloy Steel

3D-Model

0.042 [m] 15.898
[Mpa]

0.038 [m] | 19.112
[Mpa]

0.034 [m]  24.477
[Mpa]

3D-Beam

15.555
[Mpa]

19.976
[Mpa]

26.329
[Mpa]

Analytic

15.65
[Mpa]

20.87
[Mpa]

28.79
[Mpa]

0.479 %

6.30 %

11.65 %
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0.042[m] 0.038[m] 0.034[m]

3D-Model 17.282[Mpa] 24.869[Mpal] 29.363[Mpa]

1. Crank pin2| X|S0] Z0{F0f| 2t crank pind| 2&5t= S50| S7t

— X|g0| HoU+E 23 vt ERYeHX D, 3
- W20l 5|2 ol 73

Cast iron High Carbon Steel Alloy Steel

3D-Model 17.282 [Mpa] 15.552 [Mpa] 15.65 [Mpa]

2. 240| M2 23 #s

-1 L= |-

= 343 MIEEQ 20|= LiFHEU =T8S AHE5IH S8 et 0io|
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