Grade breakdown of task
[image: ]Notes to be fulfilled for obtaining full marks: -
· Two-stage compound reverted helical gear reducer.
· Power Delivered: 15kW
· Input Speed: 1440 RPM
· Speed Reduction: 1:20 (±1%)
· Gears and bearings: Gears and bearings life should exceed 10,000 hours.
· Assume the normal pressure angle (𝜙𝑛) to be 20 degrees for all gears.
· Assume the helix angle (𝜓) to be 30 degrees for all gears.
· The overall Gearbox height Y= 20 cm.
· The overall Gear-box size need to be minimized. 
· The chosen portions of the gear train (e) are to be as evenly divided between the stages as possible. 
· It is desirable for the input shaft and the output shaft of a two-stage compound gear train to be in-line.




Final Inventor drawing should look like this for the gears + Appropriate casing of the dimensions requested of course.
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To check if the number of teeth for all gears are acceptable, we can find the angular
velocity of gear Ng: -

M, (Y
() )
%) &

Task 3: Approximate gear box dimension

jiven the maximum size of the gearbox to be Y=20 cm, we can estimate the minimum
diametral pitch for the gears. This is done by relating gearbox size to gear diameter using
an expression: -
Overall height equation: -
, 4 ds 2 N
Y +-++ 7 + clearence + thickness (2/P=Addendum
height)

Solving for P and substituting d=N/P: -

y-clearanct
el

. dy=

We can find the addendum in order to find total max diameter in order to estimate size of
gearbox: -

P
Addendum: == 05cm 10+ 0.5 = 10.5~11 cm

N P
Face width of the gears: 2% = 2% = 3.14 cm =

Hence, approximate dimension will be: x*y*z 11em x 20em x 3.14em
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Task 4: Calculate speed, torque and load on each gear: -

Calculating angular velocities and torgues: -
Gear 2:w; T,Gear 3: w; — Ny — TyGear 4: w,
V, = 49teeth N,
According to the gear specification, the input speed is 1440 RPM OR 24 rev/sec and our
required output speed should b

® ws =1440 RPM OR 1
® w, =72RPM OR 7.54 rad/sec

Using the teeth to velocity ratio, we can calculate the I ars 3 and 4 to
be: -

. < oy =a, = ()« (14 23 RPM OR 33.87 rad/sec

Now that we
o extract the torque for gear 2: -

o H=Tw; = Tsws---

Using ratio of torques to angular veloc
and gear 5: -

=(1.989) *
(1.989) *+ 0.443 KNm

(1.989) * z5= = 0.0995 KNm

429PM
= fes|
2 GE3S0 - 4/5/2020





image6.png
<«

board
c
s U

B Progress report-Task Lpdf

O Type here to search

of Four Title Slide Options X

SZpIRDttfrGWsnK?pro

O YouTut

Calculating velocities and loads: -
W,y

=

In order to calculate the load on the gears, we should consider the linear force components
acting on each gear at the mesh points, this is done by: -

W

Calculating the pitch-line velocities of gears 4 and 5: -
= Vs = ndgng = m = (0.0275) * =2.07m/s = Vs

Calculating tangential transmitted load: -

W,ytang, =7.23 » tan(22.8)

Wyytan 23 + tan(30)
Calculating total load: -

W = W,y/(cos(y) cos(@,,

o

3

ABEEBOO® 7z dx
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In order to calculate the load on the gears, we should consider the linear force components
acting on each gear at the mesh points, this is done by: -
Calculating the pitch-line velocities of gears 4 and 5: -
< *(0.1225) + (2) = 0.46m/s
Calculating tangential transmitted load: -
. W, o = 326 KN = Wi,
Caleulating the radial, axial loads using tangential load and velocity calculated earlier: -
o Wy, = Wtand, = 326 » tan(22.8)
o Wi = Weatany
Calculating total load: -
o W =We/(cos() 2.6/(cos(30) » cos(20)) = 40.1 KN = Wi,
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Task Mark Details of Requirements for cach Section

1. GEAR/PINION 25 Correct and accurate dimensions for the minimum possible gearbox
DESIGN size. Show your details of approaching your answers and justify them.
2. OUTPUT, INPUT & INTERMEDIATE SHAFTS DESIGN
Bearing arrangement Appropriate bearings types and arrangements selected from the 3 feasible
design options. Justify your choice.
gcar and Bearing Forces calculated accurately using the relevant approach.
orces

Fits, geometry and surface Tolerances identified correctly.
finishes identified. (ie.

Overall gearbox size)
Key Design Key profile and length appropriate.
3. STRESSES INDUCED INTO THE OUTPUT SHAFT

Analytical Analysis 15 Accurate analysis done with all details and calculations included.

Numerical Analysis 10 Appropriate FEA analysis and correct interpretation of results. Insightful
L FEA comparisontoanalytical results.
4. PRODUCE THE DRAWINGS

Part drawings 5 Drawing appropriate for manufacture activity.

Asserbly drawing 10 Drawing appropriate for assembly activity
Presentation 3 Overall presentation through“Exploded View”, “Assembled View'|
TOTAL 100
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Introduction: -

rbox, also known as a transmission unit, is used to provide speed/torque using rotation
of gears/gear trains and shafts. It delivers high speed power from a rotating power sour
to low speed devices.

A gearbox can be of two types: -
Single stage gearbox: Converts high speed input to one output, usually has two gear
and shafts
« Mulistage gearbox: Converts high speed input to multiple speeds output. Has more
than two gears and shafts, used to reduce speed in different stages.

o Allows vehicles to commute under different load and path conditions by delivering
more forque.

o Used in production industry

 Used in power production factories/devices (wind turbines)

Tasks for this report
1- Find gear ratio.

Find number of teeth for pinions and gears.
3 Approximate gear box dimensions
4- Caleulate speed. torque and load on each gear.

(These tasks are performed using the *Project specification” values)

Project specification: -

Gear type: Helical gear

Power delivered (H): 15 KW

Speed ratio/reduction: 1:20(+ 1%)
Input speed (nf) (n,.): 1440 RPM / 24re
OQutput speed (nl) (1,): 72 RPM / 1 2rev
Normal pressure angle (9,): 20

Helix angle (1):30

Pinion gears: Na/Ns

Non-pinion gears: N, /Ny

Overall height (Y): 20 cm

2 432PM
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Task 1: Gear ratio

Gear ratio i the ratio of how many tums output shaftgear will do with one rotation of
the input gear, it expresses the output torque o the input torque. In order to minimize

our material usage, we will evenly divide the portions. Using the speed ratio (output to
input speed), we can calculate the gear ratio: -

n =en =l=leo =
s m=eny-.ove=h=h=on =

Knowing that number of teeth ratio between gear and pinion is ‘m’, we can deduce that ‘m

Ny
Task 2: Number of teeth for pinion and gear

o calculate the number of teeth for each gear (pinion and gear) we must consider it to
be an interference fiee system, thus we must take account of the minimurm number of
teeth needed in order to avoid interference.

Interference: The portions where tooth profiles that are not conjugate at the point of
meshing are known as interferences. Which means, one tooth profile will produ
angular velocity to the other tooth profile at mesh point

In order to avoid interference, number of teeth of pinion should be found using: -

2kco.

Mo = Grzmysino;
cang 1 (tanoy)

gy <0 = tan (G

(Tangential pressure angle)

k=1

Np =550 120 + 207 + (1 + 2 20)sin? (22

Hence, number of teeth for pinion gears N3 /Ng: 11 teeth

Using the teeth ratio ‘m’, we can calculate for number of teeth for

[m+m? + (1 + 2m)sin?@,

can-t (2220

cosy 229

2 cos(30)

N N;

N M 1
Hence, number of teeth for non-pinion gears Ny /N,y -
41
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