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Abstract: In product design and its life cycle, selection of right choice of material is critical. Software based tools were extensively used to identify and 
select the appropriate materials as per design requirements. Each material has a known set of properties i.e. physical, mechanical and thermal 
properties and so on. For material engineers and designers, manual method of material evaluation and then selection of best fit material is a hectic task 
and time-consuming activity. Digital tool for material selection includes Idemat, MatWeb, IDES prospector etc. Granta’s design CES (Cambridge 
Engineering Selector) Edupack is one of the digital tools which has library of more than 4000 materials for ranking and selection as per design inputs. In 
this software, product/part functional and design requirements are fed with certain constraints as an input to shortlist the best fit choice of materials. The 
study focuses software and analytical-based material selection for piston rod of manual, hydraulic or pneumatic jack using CES EduPack software and 
material property rating chart method. Piston rod is a critical and major load bearing element of lifting jack. It is found that stainless steel is the most 
economical and highly rated and ranked material for the piston rod in lifting jack. 
 
Index Terms: Hydraulic Jack; Pneumatic Jack, Product design, Materials Selection, CES EduPack, Lifting jack, Hydraulic jack, piston rod, 
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1 INTRODUCTION                                                                     

n product design and development, most compatible and 
appropriate choice of material is vital for the safe 
functioning of product during its life cycle. The phase of 
material selection is critical as it may increase the risk of 
failures if material selection is not properly given attention. 
CES Edupack is a powerful software tool designed and 
developed by Granta’s for material selection and 
sustainability model development. It has digital 
database/library having more than 4000 materials. It 
encompasses and defines all the possible attributes of a 
material such as mechanical properties, physical properties, 
CO2 footprints, recyclability, durability and so on. As per 
design inputs and functional requirements, it filters and 
narrow down a bulky list of material to a small subset (1,2). 
Apart from design constraints, each design has set of 
relative and absolute properties i.e. strength, cost, density, 
stiffness, service temperature range, product life cycle etc. 
Similarly, each discovered material has a known attributes 
profile (set of properties or property profile), which provide 
base for its selection. (3) Material selection is the process of 
finding best match between material properties and design 
needs.(4–8). It is very hectic and not practically feasible to 
remember property profile of each known material. 
Currently, we have list of more than 10000 discovered 

materials, and it is most probable to miss the most suited 
choice of material as per design requirements during phase 
of material selection. Therefore, it is recommended to use 
digital or computer tools to avoid the risk of inappropriate 
material selections.  
In this article, best fit material is selected for piston rods of 
jack using CES EduPack software and materials property 
rating chart method instead of manual procedure of material 
selection. The steps mentioned in the succeeding sections 
is thoroughly discussed by Ashby. F. M. (8). CES Edupack 
software shortlists only those material which fulfil the design 
needs and input constraints. This software has a library of 
materials belonging to various material classes and families 
such as metals, alloys, polymers, composites, glass, 
elastomers etc. This software represents each material 
class with different 2D color envelop and small bubbles 
enclosed in these envelops represent its material members 
in the respective family. In addition, library of materials has 
been classified into three different levels i.e. level I, level II 
and level III. Level I has a short list of materials and enlisted 
with bulk materials only. It is then followed by level II which 
is generally used and has a material library of more 1000 
materials. Level III has materials with advance level 
applications and not easily available and majorly used in 
micro- and nano-research work (9). level III has greater 
number of materials as compared to level II but Level II has 
also bulky list of materials which is sufficient to select 
materials for piston rod. Beside property charts comparison 
of materials; availability of materials, taxation and geo-
politics also play an important role in decision of final choice 
of material in product or component development. One of 
material engineer used CES software to select most fit 
material for the plaque of radiant gas heater. After 
shortlisting and ranking various materials, it is found that 
out of the seven shortlisted materials, Cordierite is the most 
promising material for plaque in radiant gas heaters (10). In 
the design and development phase of dies and punches, 
Athil & Agadeer (11) used CES software tool and found that 
High speed steel is the best fit material for the fabrication of 
dies and punches. CES software tool is not only limited to 
material study but also applicable for ecological studies and 
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product lifecycle assessments (12)(13). Material for 
automobile exhaust system is studied in terms of cost and 
density using CES Edupack tool. It is found that stainless 
steel is the most promising materials as per design 
requirements (14). Similarly, for hips prothesis, annealed 
and austenitic stainless steel is revealed as an alternative 
durable and economical material to be used (15). Similarly, 
Naveed et al. used this software to select best fit materials 
for the columns of universal testing machine. (16) Hydraulic 
and pneumatics cylinders and jacks have piston rod(s) to 
support, lift, lower, push, pull loads/deadweights. It has 
countless applications and used in marine equipment’s, 
agricultural machines, construction vehicles and so on. 
Beside cylinder, piston rod is one critical and major load 
bearing element in load lifting machines. During loading and 
unloading, this element is subjected to tensile, compressive 
and bending loads and stresses. This element should 
withstand the design load and should be durable to avoid 
any failure when get loaded. Durability and safe working of 
this element can be ensured only if it is fabricated using 
right choice of material and is working in the designed 
operating conditions. In this study, CES software is used to 
select optimal and economical choice of material for the 
piston rods of cylinders and jacks to avoid buckling and 
other tensile and compressive failures. 

 
2 MATERIAL SELECTION PROCESS 
Applications of each discovered material depends on its 
property profile i.e. physical, mechanical and thermal 
properties and so on. (17–19). Piston rod is key component 
in hydraulic and pneumatic lifts, cylinders and jacks. The 
following properties are considered in the material selection 
process of piston rod; 
 
i.  Mass Density 
In material selection process of this component, 
comparatively low-density materials are preferred to reduce 
overall weight of integral/modular component or assembly. 

Density is the mass per unit volume ( ). 

 
ii.  Young Modulus 
Material with high young modulus is recommended for this 
component to support multi directional loads. It basically 
measures the material’s ability to withstand the dimensional 
changes when get loaded in tension or compression. (kPa) 
 
iii.  Cost 
By convention, component economics plays a vital role, the 
lower the cost without compromising the quality, the more 
will be the market share and product success. Raw material 
cost is measured in US $/kg.  
 
iv.  Machinability 
For making holes and thread, material used for piston 
fabrication should be machinable 
 
v.  Tensile & Compressive strength 
The material should withstand the tensile and compressive 
load in the defined load limits (kPa). 

 
3 METHODOLOGY   
To select the most promising material for piston rods, Level 
II in CES EduPack software is used as compared to level III 
for the reason mentioned earlier. The first and foremost 
step is to define the governing function, then define 
objective(s) followed by constraints and free variables for 
the piston rods. 

 The fundamental function of these piston rods is to 
withstand the axial or normal loads. 

 The objective is to target and select piston material with 
low cost, optimum mass and easily available. 

 The considered constraints for piston material are; No 
axial or buckling failure upon loading up to 200 Ton or 
2000 kPa (High strength), height of rod is specified, 
geometry is circular, material is non-corrosive and 
having good machineability.  

 Choice of materials and dimension of rod are free 
variables 

Table 1. Material requirements 

Function To withstand or support axial or normal loads 

Constraints 

• No axial or buckling failure upon 
loading up to 200 Ton or 2000 kPa 
(High strength) 

• Piston rod height is specified  

• Circular geometry of piton rod 

• Machinability of rod 

• Material Cost   $/kg (US) 

• Nature of material is ductile 

Objectives 
Material with good strength, low cost and 
optimal mass  

Free variables 
Material choice. 
Diameter and thickness of piston rod. 

 
The second stage is to develop materials charts in CES 
software in light of the aforementioned material 
requirements depicted in table 1. After shortlisting materials 
using material charts, further screening is done using 
analytical technique i.e. materials rating chart method. 
Materials were ranked and selected as per rating value for 
the piston rod. 
 
a.  Mathematical modeling to calculate Material Index 

(MI) value for developing Material property charts 
Before developing material charts, defining material index is 
prerequisite. Developing Objective function is the 
preliminary step in calculating material index value which 
highlights and discusses the quantities to maximize / 
minimize to increase overall performance of material. The 
objective function is given by; 

  ---------   (1) 

Where; 
h = height of the piston rod 
A = Area of piston rod and  
𝝆= Mass density of rod.  
MI = Material index 
 
Applied load withstand by rod is specified and height/length 
of piston rod is constraint. It is also mentioned that 
diametral dimension and rod thickness are free variables, 
but decrease in area of rod shouldn’t exceed beyond a 
certain value so that it can buckle or fail easily upon axial 
loads. 
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To avoid buckling failures using small diameter of piston 
rod, Euler equation is used as mentioned in appendix B in 
the appendices section;  

 (2) 
 
Where; 
FCRIT = Critical force 
I = Moment; L = Length; E = Young modulus 
 
 
 
By using comparatively hollow columns/rods, the mass can 
be minimized along with material and cost saving with no 
major compromise on material strength. From equation 2, 
the moment of rod is given by; 
 

    (3) 
 
For hollow circular cross section, the area is mentioned in 
figure 1 and is given as; 
 

  

 
   (4) 

 
Where A = Area of cross section; r = radius; t = Thickness. 
 
After simplifying we get; 
 

    (5) 
 
Putting equation (4) in (5) we get; 
 

  (6) 
 
Putting equation (6) in equation of objective function (1) we 
get; 
 

   
 

 (7) 
 
From equation 7, the performance of piston rod is 
determined by three indices; i.e. functional, geometric and 
material. As our target is to search for the best fit material 
for piston rod, therefore we will consider and focus our 
attention on the material index. From equation 7, Material 
Index (MI) for piston rod for developing property charts for 
material selection is given by; 
 

 
(Maximize ‘MI’ to minimize mass or mass density as well as 
cost) 

Properties of materials which increase or enhance the 
performance value of the any structural element is called its 
Material index, MI. The shortlisted candidate material for 

piton rod must have lower value of   or greater value of 

. Other two performance function / indices in equation 7 

are associated with enhancing other performance aspects 
as mentioned earlier. [7] [8]. 

 
Figure. 1. Equation of Area and Moment of inertia used in 
mathematical modelling of material index for piston rod 

 
b. Slope calculation for plot between Young Modulus (E) 

and Mass Density ( ) 

In the previous subsection (section 3a), equation for 
material index (MI) is derived and is given by; 
Material index,   
Taking log on either side of the equation and simplify, we 
get; 

log  log ( E ) + log ( Constant)  (8) 

Comparing this equation with equation of line (y = mx + c) 
to find the slope value for CES software plot between young 
modulus and density in CES software, we get; 

Slope of line = 1 
In CES software, this value will be used in developing chart/ 
plots between young modulus and mass density. 
 
4  RESULTS AND DISCUSSIONS 
Only three materials were shortlisted by CES software after 
applying various properties limits discussed in table 1. 
These materials include Glass ceramics, Aluminum silicon 
carbide, and Stainless steel. Onward screening and ranking 
of these shortlisted materials is done using analytical 
technique in which various property is compared and 
weighted among these materials. Software plotting and 
setting of material requirements and constraints for piston 
rod are shown in figure 1, 2 and 3 respectively. 
In Stage 1 of CES software, limits and other material 
properties were defined such as cost, strength, 
processibility etc. and applied for charts development as 
shown in figure 2. Limit of cost for piston rod material 
ranges from 5 to 8 US $/kg and minimum strength of 
10MPa is defined in the same figure 2. The material 
machinability is also mentioned as an absolute property in 
processibility section. 
4.1.  Rating Charts for shorlisted material ranking 
Property Charts were developed in figure 3a and figure 3b 
and only three materials were shortlisted for piston rod as 
mentioned in figure 4. These materials are further ranked 
analytically through rating chart method. It is revealed that 
stainless steel rated higher to meet the material 
requirements among the shortlisted candidate materials. 
Although, the other two materials were shortlisted for piston 
rods, but they failed in further screening through rating chart 
method as tabulated in table 2 to table 4. 
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Weight factor ‘r’ is assigned to each defined property for 
piston rod according to its importance in application as 
shown in table 2. In table 3, the importance of response of 
each shortlisted material with respect to each defined 
property is shown by property rating index ‘PRI’ i.e. (Poor 
=1 to Excellent = 5).  
Machinability of all three materials is shown by GO/NO-GO 
property as shown in table 4 and rated as satisfactory or 
Not satisfactory. 
It is reflected from the material property rating scorecard, 
net rating value for stainless steel is higher i.e. 4.17 as 
compared to glass ceramic and aluminum silicon carbide 
which has rating value of 2.91 and 3.01 respectively. 
 

Table 2. Weight factor rating for properties defined in 

material selection process 
 Defined Property (Piston rod) Weight Factor Rating ‘r‘ 

Compressive strength (C) 5 

Tensile strength (T) 4.5 

Young Modulus (E) 5 

Ductility (D) 4 

Density  5 

Price (P) 4.5 

 

Table 3. Property Rating Index (PRI) 
Relative Grade Property Rating Index (PRI) 

Excellent 5 

Good 4 

Average 3 

Fair 2 

Poor 1 

 

Table 4. Net property rating chart for shortlisted materials 

Shorlisted Materials Go / No-Go Relative Rating Number, R = PRI x Weight factor rating 
   

 Machinability C T E D  P    

Aluminium Silicon 
Carbide 

Satisfactory 2 x 5   2 x 4.5 4 x 5 3 x 4 5 x 4 3 x 4.5 84.5 28 3.01 

Stainless Steel Satisfactory 4 x 5   5 x 4.5 4 x 5 5 x 4 3 x 4 5 x 4.5 117 28 4.17 

Glass Ceramics Satisfactory 5 x 5   1 x 4.5 3 x 5 2 x 4 5 x 4 2 x 4.5 81.5 28 2.91 
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Figure. 1. Material requirement and limits defined for piston rod of hydraulic or pneumatic jack

Figure. 2: (a) CES software plot between young modulus (Pa) vs density (kg / m
3
) labeled with all material classes at the 

calculated slope value (b) CES software plot between young modulus (Pa) vs density (kg / m
3
) labeled with only shortlisted 

materials with relevant material class. 
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Figure. 3: CES software plot depicts successfully shortlisted and qualified materials for piston rod (Stainless steel, Glass 
ceramic and Aluminum silicon carbide) 

 

5.   CONCLUSION AND RECOMMENDATION 
Using CES Edupack software, cost effective and appropriate choice of materials were selected for the piston rod of hydraulic or 
pneumatic jack. The shortlisted materials were Glass ceramics, Aluminum silicon carbide and Stainless steel. However, all 
shortlisted materials fulfil the material requirement of piston rod to different levels. But for better product life cycle, onward 
screening is done among these materials using analytical technique i.e. Material Rating chart method. It is revealed after 
analytical screening that stainless steel ranked and rated higher as compared to other two materials. i.e. Aluminum silicon 
carbide and Glass ceramics. Stainless steel is the most promising material for piston rods recommended by software and 
analytical results. 
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APPENDICES 
Appendix A.  Area of the cross section and Moments of Sections 
 

 
 
Appendix B: Buckling of rods/ Columns / shells / Plates 
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