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%VED Proj ect
clc
clear all

%Power and torque requirenents

H = 62; % Power (hp)

w 2 = 1200; % pm

w_51 DEAL = 155; % pm

m = sqgrt(w_2/w 51 DEAL); %gear ratio
phi = 20; %leg

N2calc = (2/ (((1+2*m *(si nd(phi)~2)))*(msqrt (m2
+(1+2*m) *(sind(phi)"2))));

N2 = 15;

N3cal ¢ = mFN2;

= ((N2/ N3cal c)"2)*w_2; % pm
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N3;

= ((N2/N3)"2)*w_2; % pm
= (N5/N4) *w 5; % pm

f = H*550*60; % ft-Ibf/mn
HIbf/w2, %ft-IDbf

4 = HIbf/w.34;, %ft-|Dbf

5 =HIbf/w5; %ft-Ibf

e = (N2/ N3)"2; %gear ratio

=& E6

A NEiE
oM

%ear Specification

Y = 60; % Gearbox hei gth(in)

cw=1.5; % earance + wall thickness(in)

Pmin = (N3+ N2/2 +N5/2 +2)/(Y - c_w); %D anetral Pitch(teeth/in)
P =3; % anetral pitch used

d2 = N2/ P; %n

d4 = d2; %n

d3 = N3/P; %n

d5 = d3; %n

v23 = pi*d2*w_2/12; %t/ mn
v45 = pi*d5*w 5/12; %t/ mn

W 23 = 33000*H v23; % bf
W 45 = 33000*H v45; % bf
| = (cosd(phi)*sind(phi)/2)*(m (1+m);




%Asssum ng Q v=7 precision for comrercial gears

A = 65.1;
B = .731;
k_v45 = ((A + sqrt(v45))/A) "B;

k v23
Fcal c
F23 =
F45 =
Cpf 23
Cpf 45
Cma =
Cnc
Cpm
Ce = 1;

((A + sqrt(v23))/A"B;
4*pi | P;

% n

% n
(F23/(10*d2))-.0375+. 0125*F23;
(F45/ (10*d4))-.0375+. 0125* F45;
. 15;

PPROI T WWIH I

kn23 1 + Cnc*(Cpf23*Cpm + Cma*Ce) ;
knd5 1 + Cnc*(Cpfd5*Cpm + Cma*Ce) ;
Cp = 2300; %psi

ko=1;

ks=ko;

Cf =ko;

J24
J35
kB
Yn
Sh

Gear 4

sig_c4 = Cp*sqrt ( (W 45*ko*k_v45*ks*kma5* Cf )/ (d4*F45*1)); %ont act
Stress(psi)

L4 = 20000*60*w_34;

Zncal c4 = 1.4488*(L4n-.023);

Zn4 = . 9;

Kr= .658 - .0759*l og(1-.95); % 95% reliability

Sccal c4 = (Sh*sig_c4)/(Zn4); %Al | owabl e Contact Stress(psi)

%St eel Grade 2 Carburized and Har dened

Sc4 = 225000; %psi

ncd = (Scd4*Zn4)/ (sig_cd*Kr);

sig td4 = (WA45*k_v45*P*kmi5)/ (F45*J24); Y%Bending Stress(psi)

St4 = 65000;

sig_ all4 = St4*Yn/Kr; %q 9-34

ntGear4 = sig alld/sig t4

. 25;
. 38;
1;
. 9;
1.5;

nt Gear4 =

2.9835

Gear 5

sig c5 = Cp*sqrt ((W45*ko*k_v45*ks*kmi5*Cf )/ (d4*F45*1)); %Cont act
Stress(psi)




L5 = 20000*60*w_5;

Zncal c5 = 1.4488*(L5"-.023);

Zn5 = . 9;

Sccal ¢5 = (Sh*sig_c5)/Zn5;

%t eel Grade 2 Carburized and Hardened
Sc5 = 225000;

nc5 = (Sc5*Zn5)/ (sig_c5*Kr);

sig_t5 = (W45*k_v45* P*km5) / (F45*J35);
St5 = 65000;

sig_all5 = St5*Yn/Kr;

ntGear5 = sig_all5/sig t5

ntGear5 =

4.5350

Gear 2

sig_c2 = Cp*sqrt ((W23*ko*k_v23*ks*knR3*Cf )/ (d4*F23*1));
L2 = 20000*60*w_2;

Zncal c2 = 1.4488*(L2"-.023);

Zn2 = .9;

Sccal c2 = (Sh*sig_c2)/2Zn2;

%St eel Grade 1 Flane or induction hardened Type B
Sc2 = 170000;

nc2 (Sc2*zZn2)/ (sig_c2*Kr);

sig_t2 = (W23*k_v23*P*kn3)/ (F23*J24);

St2 = 22000;

sig_all2 = St2*Yn;

ntGear2 = sig_all2/(sig_t2*Kr)

ntGear2 =

2.5058

Gear 3

sig_c3 = Cp*sqrt ((W23*ko*k_v23*ks*knR3*Cf )/ (d4*F23*1));
L3 = 20000*60*w_34;

Zncal c3 = 1.4488*(L3"-.023);

Zn3 = .9;

Sccal ¢c3 = (Sh*sig_c3)/2Zn3;

%St eel Grade 1 Flane or induction hardened Type B
Sc3 = 170000;

nc3 = (Sc3*Zn3)/ (sig_c3*Kr);

sig_t3 = (W23*k_v23*P*kn3)/ (F23*J35);

St3 = 22000;

sig_all3 = St3*Yn;

ntGear3 = sig_all3/(sig_t3*Kr)




nt Gear 3 =

3. 8089

Shaft Layout

% NTERVEDI ATE Shaf t

Syns X
W23 = W 23*t and(phi);
W45 = W 45%t and( phi);

%-rom VM Di agram for yz and xy pl ane

M ot C = 8694. 08;

Mot B = 2149. 5;

Mot (x) = piecew se(x<3, (MotB/3)*x, 3<=x<12, (MotB + ((MotC
MotB)/(12-3))*(x-3)), 12<=x<15, MotC + (-MotC/ (15-12))*(x-12));
% i gure

% pl ot (Mot (x))

%xis([0 15 0 9000])

Motl = double(Mot(10.5));

%Al SI 1045 CD

Sut = 108053; %psi

Sexp = .5*Sut; %psi Sut=<200kpsi

ka = 2. 7*((Sut/1000)"-.265);

kbtemp = .9;

ke = . 868;

SeAssunmp = ka*kbt emp* ke* Sexp;
Kfl = 1.7,

Kfsl = 1.5;

ns = 1.5;

Adl ((16*ns)/pi);

Bdl ((2*Kfl*M ot 1)/ SeAssunp) ;

Cdl = sqgrt((3*(Kfsl*T34*12)"2))/ Sut;
%li aneters at |

dcons5l = (Adl * (Bdl + Cdl))~(1/3);

dsl = 3.0;

d4lLib = d51*1. 2;
d4l = 3. 4;

R = d5I/10;

% Fati gue stress conc. factors @point |

Ktl = 1.6;

gl = 0.87;

Kfl =1 + gl*(Ktl - 1); %onc. factor bending
Ktsl = 1.38;

gsl = 0.9;

Kfsl =1 + gsl*(Ktsl - 1); %conc. factor torsion




Kb = 0.91*(d51)~"-0.157; %i ze factor
SeActual = ka * Kb * ke * Sexp;
%Cal c. safety factor using Von m ses

sigal = (32 * Kil * Motl) / (pi * d513);
sigm = sqrt(3*((16 * Kfsl * (T34*12)) / (pi * d5143))"2);

nflntShaftlLargestD = 1 / ((sigal/SeActual) + (sigm / Sut)) %.86

% Yield
Syl = 68167;

nyl nt ShaftLargestD = Syl / (sigal + sigm)

% Keyway at J
MotJ = double(Mot(11.5));

KtJ = 2.14;

gl = 0.7,

KfFJ =1+ qJ*(KtJ - 1) ; %onc. factor bending
Ktsd = 3;

gsJd = 0.78;

KfsJ =1 + gsJ*(KtsJ - 1); %conc. factor torsion

si gaJ
sigml

(32 * KfJ * MotJ) / (pi * d5173);
sqrt(3*((16 * Kfsd * (T34*12)) / (pi * d5143))"2);

nfintShaftKey = 1 / ((sigal/ SeActual) + (sigmd / Sut))
%poi nt K (groove)
M ot K = doubl e(M ot (13.5));

d6K = d51/1. 2;

dé = 2. 6;

% %li aneters at K

% % %

%d / (1 + ((0.246 - (3.08*10"-3)*Sut + (1.51*10"-5)*Sut”2 -
(2.67*10"-8)*Sut~3))/sqrt(0.01))

KfJ = 5;
sigaK = (32 * KfJ * MotK) / (pi * d6"3);
nflnt Shaft G oove = 1 / ((sigaK/ SeActual))

%o%oint At H-------mmmmm e e e
%

% %li aneters at H

% MotH = double(Mot (4.5));

%sigal = (32 * Kfl * MotH) / (pi * d5173);

%nfH =1/ ((sigal/SeActual) + (sigm / Sut))

% nyH = Syl / (sigal + signl)




%

% % Keyway at G

% Mot G = double(Mot (3.5));

%sigaG = (32 * KFJ * MotG / (pi * d5173);
%nfG=1/ ((sigal SeActual) + (sigm) / Sut))
%

% %point F (groove) left side

%

% MotF = double(Mot(1.5));
%sigaF = (32 * KFJ * MotF) / (pi * d6K"3);
%nfF =1/ ((sigaF/ SeActual))

nf I nt Shaft Lar gest D

2.5761

nyl nt Shaf t Lar gest D

2. 3120

nf I nt Shaft Key =

1. 5504

nf | nt Shaf t G oove =

2. 2257

INPUT SHAFT

syns y

Mot N = 2079. 18;

Mot (y) = piecew se(y<=3, (MotIN3)*y, 3<y<=6, MotIN -
(MotIN3)*(y-3));

% i gure

% pl ot (Mot (y))

%xis([0 6 0 2100])

M ot A = double(Mot(4.5));

%Al SI 1045 CD

Sut = 90648; %psi

Sexp = .5*Sut; %psi Sut=<200kpsi
ka = 2. 7*((Sut/1000)"-.265);

kbtemp = .9;

ke = . 868;

SeAssunmp = ka*kbt emp* ke* Sexp;
Kfl = 1.7,

Kfsl = 1.5;

ns = 1.5;




AdB = ((16*ns)/pi);

BdB ((2*Kfl*M ot A)/ SeAssunp) ;
CdB = sqgrt ((3*(Kfsl*T2*12)"2))/ Sut;
%li aneters at B

dconsB = (AdB * (BdB + CdB))~(1/3);

dB = 2. 4;

dALi b = dB*1. 2;
dA = 2.8;

RA = dB/ 10;

% Fati gue stress conc. factors @point A

KtA = 1.6;

gA = 0. 86;

KFA =1 + gA*(KtA - 1); %onc. factor bending
KtsA = 1. 38;

gsA = 0.90;

KfFsA =1 + gsA*(KtsA - 1); %conc. factor torsion
Kb = 0.91*(dB)~-0. 157; %ize factor

SeActual = ka * Kb * ke * Sexp;

%Cal c. safety factor using Von m ses

sigaA = (32 * KFA* MotA) / (pi * dB3);
sigm = sqrt(3*((16 * KfsA * (T2¥12)) / (pi * dB*3))~2);

nflnputLargestD = 1 / ((sigaAl SeActual) + (sigmA/ Sut))

% Yield
SyB = 76870;

nyl nput LargestD = SyB / (sigaA + signh)

% Keyway at A (Gear 2) -----------mmmm oo
Mot B = double(Mot(3));

KtB = 2. 14;

gB = 0. 76;
KiB =1+ gB*(KtB - 1) ; %onc. factor bending

KtsB = 3;
gsB = 0.78;
KfsB =1 + gsB*(KtsB - 1); % conc. factor torsion

si gaB
si gnB

(32 * KIB * MotB) / (pi * dB3);
sqrt(3*((16 * KisB * (T2*12)) / (pi * dB*3))~2);




nfl nput ShaftKey = 1 / ((sigaB/ SeActual) + (sigmB / Sut))

%poi nt C (groove)

M ot C = double(Mot(1.5));
ddib = dB/ 1. 2;

dC = 2.0;

KfC = 5;

sigaC = (32 * KIC* MotC) / (pi * dC'3);

nf I nput Shaft G oove = 1 / ((sigaC SeActual))

nf | nput Lar gest D

4.1878

nyl nput Lar gest D

4.1146

nf | nput Shaf t Key

2. 0801

nf | nput Shaft G oove =

3. 8558

OUTPUTSHAFT

syms y

MotI N = 5821. 7;

Mot (y) = piecew se(y<=3, (MotIN3)*y, 3<y<=6, MotIN -
(MotIN3)*(y-3));

% i gure

% pl ot (Mot (y))

%axis([0 6 0 6000])

M ot A = double(Mot(1.5));

%Al SI 1045 CD

Sut = 90648; %psi

Sexp = .5*Sut; %psi Sut=<200kpsi
ka = 2. 7*((Sut/1000)~-.265);
kbtemp = .9;

ke = .868;

SeAssunmp = ka*kbt emp* ke* Sexp;




Kfl = 1.7;
5;

Kfsl = 1.

ns = 1.5;

AdB = ((16*ns)/pi);

BdB = ((2*Kfl*M ot A)/ SeAssunp) ;
CdB = sqgrt((3*(Kfsl*T5*12)"2))/ Sut;

%li aneters at B
dconsB = (AdB * (BdB + CdB))~(1/3);

dB = 4.188;
dALi b = dB*1.2
dA = 4.8;

RA = dB/ 10;

% Fati gue stress conc. factors @point A

KtA = 1.6;

gA = 0. 86;

KFA =1 + gA*(KtA - 1); %onc. factor bending
KtsA = 1. 38;

gsA = 0.90;

KfFsA =1 + gsA*(KtsA - 1); %conc. factor torsion

Kb = 0.91*(dB)~-0. 157; 9%ize factor

SeActual = ka * Kb * ke * Sexp;

%Cal c. safety factor using Von m ses

sigaA = (32 * KFTA* MotA) / (pi * dB*3);

sigmA = sqrt(3*((16 * KfFsA * (T5*12)) / (pi * dB"3))"2);
nf Qut put LargestD = 1 / ((sigaA/ SeActual) + (sigmA / Sut))

% Yield
SyB = 76870;

nyQut put LargestD = SyB / (sigaA + sigmh)

% Keyway at A (Gear 2) ------------mmmm oo
Mot B = double(Mot(3));

KtB = 2. 14;

gB = 0. 76;
KiB =1+ gB*(KtB - 1) ; %onc. factor bendi ng

KtsB = 3;
gsB = 0.78;

KfsB =1 + gsB*(KtsB - 1); %conc. factor torsion




si gaB
si gnB

(32 * KIB * MotB) / (pi * dB3);
sqrt(3*((16 * KisB * (T5%12)) / (pi

* dBr3))A2);

nf Qut putKey = 1 / ((sigaBl/ SeActual) + (signmB / Sut))

%poi nt C (groove)

M ot C = double(Mot(4.5));
ddib = dB/ 1. 2;

dC = 3. 4;

KfC = 5;

sigaC = (32 * KIC* MotC) / (pi * dC'3);

nf Qut put G oove = 1 / ((sigaC/ SeActual))

dALi b =

nf Qut put Lar gest D

nyQut put Lar gest D

5. 0256

3. 2118

2.9048

nf Qut put Key =

1. 6435

nf Qut put G- oove =

6.1993

Bearing Load Capacity

o8-
FDI

om FBD of all shafts
n = 693.05; % bf

FDQut = 1940.58; 9% bf

FDL

= 716.52; % bf

FDR = 2898. 03; % bf

e
X0

i bull parameters
= .02

10



theta = 4. 459;

b = 1.483;

a = 10/3; %ol |l er bearings
af = 1. 2;

RD = .95; 9%5% reliability

v = theta - xo;

u=(1-RD)"(1/b);

den = xo + (u*v);

% nput

Lin = 20000*60*w_2;

xDin = Lin/(1le6);

Cl0in = af *FDI n*(xDi n/ den)~(1/a); % bf
C10i nN = C10i n*4. 448

%€ut put

Lout = 20000*60*w_5;

xDout = Lout/(1e6);

ClOout = af*FDQut *(xDout/den)”~(1/a); % bf
ClO0out N = ClOout *4. 448 %N

% nternedi ate

% eft

LL = 20000* 60*w_34;

xDL = LL/(1e6);

Cl0L = af *FDL*(xDL/den)”(1/a); % bf
C10LN = C10L*4. 448 9N

%R ght

LR = 20000* 60*w_34;

XxDR = LR/ (1e6);

Cl10R = af *FDR*(xDR/ den) ~(1/a); % bf
C10RN = C10R*4. 448 9N

C10i nN =

3. 8043e+04

ClOout N =

5. 7431e+04

C10LN =

2.8879e+04

C10RN =

1.1681e+05
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