
Introduction into GRANTA EduPack
M A T E R I A L  S E L E C T I O N  O F  S P R I N G S  F O R  J U M P I N G  L O C O M O T I O N  A N D  H I G H - P R E S S U R E  T U R B I N E  D I S K

V Y S H A K  S U R E S H K U M A R

2 0 2 0 9 0 2 7 5



• Introductory learning
• Can be used by any one from schools to universities
• Basic description of around 70 widely used materials
• Limited Data of material properties

• All of level 1 with around 100 widely used material 
with around 110 widely used materials

• Additional numerical data, design guidelines and technical notes
• Typically used for people who are finishing their bachelor degrees

• For advanced users with over 4000 materials
• Specialized packs like Aerospace, Polymer, etc.
• Extensive data for all materials

•For aerospace application additional
material property with temperature
dependent data is added to the database









Performance Index
▪ Developed by Prof. Mike Ashby

▪ PI is the ratio of parameters of material used to 
optimize and maximize the performance of a 
component based on objective, specific function 
and limiting constraint of the design

▪ Design Factors
▪ The main variable that needed to be optimized is defined as 

the objective (minimizing cost or mass)

▪ Function is defined as load condition and basic geometry (a 
column in compression)

▪ Limiting constraint is defined as the criteria that is to be met to 
avoid the failure of a component

▪ The geometry parameter that can be varied with the choice of 
material is called free variable (thickness of a plate)
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Review on 
Performance Indices
▪ It has been seen that there are four main design 

parameters involved

▪ It can be expressed as 𝑃 = 𝑓1 𝐹 . 𝑓2 𝐺 .𝑓3 𝑀 ; G 
= Geometry, M = properties of material and F = 
functional requirement

▪ The product 𝑓1 𝐹 . 𝑓2 𝐺 is defined as the 
coefficient of structural efficiency where as 𝑓3 𝑀
is the coefficient of material efficiency

▪ Minimizing 𝑓3 𝑀 , the overall performance index 
could be maximized or minimized.



Understanding the performance index
▪ Focusing on High Pressure Turbine Disk of an aircraft engine

▪ Understand the function: Similar to a flywheel which generates 
KE by the rotational forces and transfer this energy to the 
mechanical energy which in-turn rotates the shaft

▪ Define the constraints: Fixed outer radius, and the material 
should not fracture and have enough toughness to resist the 
initiation of crack

▪ Objective: Maximize the KE per unit mass

▪ Free variables: Choice of materials



Derivation for selecting the gradient line
▪ Energy stored in a rotating disk is given by 𝑈 =

1

2
𝐽𝜔2, where 𝜔 is the angular velocity and J is the polar moment of inertia

▪ J can be defined as 𝐽 =
𝜋

2
𝜌𝑅4𝑡, where 𝜌, is the material density, R is the disk radius and t is the disk thickness

▪ ⇒ 𝑈 =
𝜋

4
𝜌𝑅4𝑡𝜔2

▪ Next, we define the mass of disk and can be expressed as, 𝑚 = 𝜋𝜌𝑅2𝑡

▪ Focusing on the objective which is to maximize the KE per unit, it can be expressed as, 
𝑈

𝑚
=
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▪ The increase in rotational speed of the turbine disk results in the increased energy generation along with its centrifugal force and 

hence the max principal stress generated can be written as 𝜎𝑚𝑎𝑥 =
3+ν

8
𝜌𝑅2𝜔2, where ν, is the Poisson’s ratio, ≈

1

3
for solids.

▪ This maximum principle stress should not exceed the yield or failure strength 𝜎𝑦 with a safety factor, S. This will create an upper limit 
to the disc radius R and angular velocity 𝜔 which are the free variables

▪ Rearranging the equations we get; 
𝑈

𝑚
=
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𝜎𝑦

𝜌

▪ This shows that the best material for HPT Disk are those with high values of the material index 𝑀 =
𝜎𝑦

𝜌
(kJ/kg)

▪ Now the gradient can be calculated taking the log of each side which gives 𝑙𝑜𝑔𝜎𝑦 = 𝑙𝑜𝑔𝜌 + 𝑙𝑜𝑔𝑀, which is like the equation of line,  
𝑦 = 𝑚𝑥 + 𝑐and hence the gradient (slope) for this material selection will be 1



Selection of materials
§ Before selecting the materials, we should know what are the 

primary minimal conditions that should be considered

§ The operating temperature of the disk will be between 200℃
− 300℃at the bore to around 650℃ at the rim

§ The rotation speed will be more than 10,000rpm and hence the 
mechanical stress could reach around 1000MPa at the time of 
takeoff

§ Tensile strength close to 1200-1300MPa

§ Yield strength close to 1000MPa 

§ Highly ductile with high fracture toughness to improve the defect 
tolerance and prevent fracture

§ High creep resistance is another property to be considered to 
avoid creep strain at the outer rim





Gradient line (slope)
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