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 The heart of the machining center design is the spindle design, and one of the 

primary functions in the spindle design is a tool clamping system 

mechanism. The selection of disc spring stack for a tool clamping 

mechanism is an iterative process that highly depends on the spindle space 

availability, drawbar design, tool unclamp stroke length, and standard 

clamping force requirements. For example, even a design space of 0.1 mm 

may impact one kN clamping force depending on the disc spring stack 

design. Hence the design of the tool clamping system for a spindle is a time-

intensive process and also needed careful attention. The iterative process of 

disc spring stack selection may lead to an unoptimized tool clamping system, 

which may not be the best design. This paper explains a dynamic way to find 

the best spring stack selection to optimize the spindle tool clamping 

mechanism based on the computational application. 
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NOMENCLATURE 
Cf Tool clamping force N  L0 Unloaded or Free Stack Length of spring stack mm 

Dd Drawbar outer diameter mm  l0 Height of a single unloaded spring mm 

De Disc spring outer diameter mm  Lp Spindle stack preload length mm 
Di Disc spring inner diameter mm  Ls Deflection of a spring stack mm 
Ds Spindle inside diameter mm  Lu Tool unclamp length (or) Tool release length mm 
F Spring force of a single spring N  n Number of parallel springs in a set Nos. 
Fp Preloaded Force of a spring stack N  P% Preloaded percentage of a spring stack % 

Fs Spring force of a spring stack N  Pd Preloaded deflection of a spring stack mm 
Ft Tool unclamp cylinder thrust force N  t Thickness of a disc spring mm 
Fu Tool unclamp force N  U% Unclamp load percentage of a spring stack % 

i Number of springs (or) spring sets in series Nos.  Ud Tool unclamp deflection of a spring stack mm 
Id Spindle inner diameter mm     

 

 

1. INTRODUCTION 

A machining center spindle has a tool to remove the material from the workpiece in the machining 

process. Since different kinds of machining operations may require various tools, the tool is detachable from 
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the spindle. Hence tool clamping system is designed to hold the tool against the force applied during the 

machining operations [1], [2]. 

Zhu et al. [3] described, a tool clamping system uses the preloaded disc springs with a combination 

of parallel and the series arrangement inside the spindle stack length to hold the tool. The preload on the springs 

in the tool clamped condition decides the actual pulling force of the tool. The clamping force requirements may 

vary from the tool taper manufacturing standards. Also, while exchanging the tool from the Automatic tool 

changer, the tool has to be released from the spindle. An axial thrust cylinder-piston mechanism used to 

provide a significant thrust to the drawbar, which compressing the disc spring stack to release the tool 

through a collet mechanism [4], [5]. 

Disc springs selection and its arrangement in the tool clamping system may depend on the 

following factors. 

a. Tool clamping force (Cf ) 

Figure 1 shows the clamping system of the spindle tool. 

 

 

 
 

Figure 1. Spindle tool clamping system 

 

 
b. Spindle inside diameter (Ds) 

c. Spindle stack length (Lp) 

d. Drawbar outside diameter (Dd) 

e. The drawbar axial movement to release the tool (Lu) 

However, the selection of spring stack, drawbar length and outside diameter, spindle stack length and 

inside diameter, thrust cylinder stroke length and thrust load capacity, and spindle taper clamping force are 

highly correlated. It makes the system more complicated and needs an iterative process to design the optimized 

tool clamping system. Hence the design process is time-intensive, and also, careful attention is required since 

even small dimension change can affect the tonne of the clamping force, which possible to make the complete 

system failure. Hence, a strong need exists in the machine tool industries for a system or method that can 

give dynamic and instant solutions to the tool clamping system design while disc spring stack selection. 

This paper explains the method of developing such a system for tool clamping mechanism design. A 

machine tool designer with the necessary software development skills described in [6] can develop this system 

by referring to this paper. Otherwise, they can collaborate with computer engineer to develop it. 

 

 

2. SYSTEM DESIGN 

Industries can choose their application development platform based on the license’s availability or 

choose from any open-source platforms. Build a computation system using an integrated development 

environment (IDE) [7], [ 8]. Visual studio code, Eclipse, and NetBeans are some of the well developed open-

source IDE available in the market. IDE links the front-end and back-end language to compile and build the 

application. Programming languages are used to simulate the conceptual ideas on a real machine described in 

[9], [10]. Implement the computational methods using back-end programming language supported by the 

IDE. C sharp, Java, Python are some of the standard back-end programs. Design a front-end system interface 

for man-computer system interaction [11] to receive the tool clamping system’s design parameters from the 

designers. XAML, XML, and HTML are some of the markup languages used to design system interfaces. 
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The system identifies disc spring selection and possible spring stack to the designers based on the 

input received. The user needs to feed the spindle design and tool clamping system parameters as the system 

input. Figure 2 and Figure 3 illustrate the application system design required to receive the designer inputs: 

a. Tool clamp parameters 

b. Tool unclamp parameters 

c. Advanced control 

 

2.1. Tool clamp parameters 

The tool clamping parameters contain spindle inside diameter (Ds) to decide the maximum diameter 

of the disc spring (De), drawbar outside diameter (Dd) to select the minimum diameter of the disc spring (Di). 

Spindle stack preload length (Lp), and tool clamping force (Cf ) are to determine the spring stack arrangement. 

Decimal input required for spindle inside diameter, drawbar outer diameter, and the spindle stack 

preload length. Provide drop-down to choose tool clamping force (Cf ) from the taper standards. Work by 

Bossmanns and Tu [13] explained Tool clamping force varies from the tool taper standards and size of the 

tool taper so industries can decide their standards required in the application. Table 1 depicts ISO standard 

clamping forces for reference. 

 

 

Table 1. Standard clamping forces per [12] 

Taper size Clamping force (Cf ) 
HSK - A/C 32 5000 N 
HSK - A/C 40 6800 N 
HSK - A/C 50 11000 N 
HSK - A/C 63 18000 N 

 

 

 
 

Figure 2. Spindle tool clamping system 

 

 
2.2. Tool unclamp parameters 

The tool release parameters comprise the tool release stroke length and cylinder thrust force (Ft) to 

decide the force requirement (Fu) of the disc spring stack arrangement to release the tool. Both tool release 

stroke length and the cylinder thrust force [14] should be the decimal input. 

 

2.3. Advanced control 

The application needs some advanced control to set the system unit [15] and to control the spring 

stack. The designer can set the maximum number of springs in parallel and the maximum number of series to 

control the stack arrangement. These two inputs should be in the integer form. Provide a drop-down option 

to select the required system of the unit for complete operation. It may vary depends on the industries and 

countries. 
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3. SYSTEM DATABASE 

A system database is used to store and manipulate a large amount of data for computational purposes 

[16]. Prepare a disc spring database to connect with the computational system. Developers can use any Excel, 

MS Access, or SQL servers database, depending on the development requirement. Collect the data from the 

disc spring supplier catalog [4], [5]. Table 2 depicts the database design to store disc spring data. 

 

 
Table 2. Reference for disc spring database design 

ID Manufacturer Reference Outer Diameter (De) Inner Diameter (Di) Thickness (t) Height (l0) Force (F ) 

01 Schnorr 017 308 50.0 25.40 1.50 3.10 2842 

02 Schnorr 014 600B 50.00 25.40 2.0 3.40 5895 
03 Mubea 18 0040 50.00 18.4 1.25 2.75 1368 

 

 

The ID is the unique identifier number of each spring. Add the manufacturer name to distinguish the 

multiple suppliers. The supplier reference is the reference number given by the supplier. Add the disc spring’s 

basic dimensions such as outer diameter (De), inner diameter (Di), thickness (t), and height of a disc spring 

(l0). Force (F ) is the total force required to flat a single spring. The disc spring force can be calculated from 

DIN 2092 [17] guidelines. 

 

 

 
 

Figure 3. Spindle tool clamping system 

 

 

4. WORKING PRINCIPLE 

The system’s main objective is to calculate the forces and stack length of disc spring stack on tool 

clamp and unclamp conditions to optimize the tool clamping system design. Figure 4 illustrates the disc 

spring positions at tool clamp and unclamp conditions. During preloaded or tool clamp conditions, the spring 

stack is compressed inside the spindle using a drawbar locked with an end cap. While tool unclamps 

condition, the tool unclamp cylinder further pushes the drawbar inside to release the tool. Hence the spring 

stack further compressed. The method to find the possible spring stacks to achieve these both conditions 

illustrated as a flow chart in Figure 5. 
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Figure 4. Tool clamp and unclamp conditions 

 

 

a. Filter the spring data from the database, see Table 2. The filter selects the disc spring outer (De) diameter 

lesser than the spindle inside diameter (Ds) and the disc spring inner diameter (Di) higher than the 

drawbar outside diameter (Dd) as showing Table 3. Add the disc spring diameter clearance while 

considering diameter [17]. 

 

 

Table 3. Clearance between guide and disc spring diameters (De & Di) [17] 
De & Di Clearance to 16 mm 

over 16 to 20 mm 0.3 mm 
over 20 to 26 mm 0.4 mm 

over 26 to 31.5 mm 0.5 mm 
over 31.5 to 50 mm 0.6 mm 
over 50 to 80 mm 0.8 mm 

over 80 to 140 mm 1.0 mm 
over 140 to 250 mm 1.6 mm 

De & Di Clearance to 16 mm 

 

 

b. Limit the disc springs stack to the process by the number of springs in parallel (n) and series (i) value 

from the advanced controls input, see Figure 3. 

c. Start the disc spring stack from one spring in parallel (n=1) and one spring in series (i=1). Figure 6 

illustrates the various spring stack arrangement for reference. 

d. Calculate free stack length (L0) for the disc springs filtered from the database [17], [18]. 

 
L0 = i(l0 + (n − 1). t) (1) 

 

Where i is the number of springs in series, l0 is the height of unloaded single spring, n is the number of 

springs in parallel, and t is the spring’s thickness. 

e. Calculate the preloaded disc spring force (Fp). 

 

Fp = Fs. F% (2) 
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Where Fs is the spring force of a spring stand, and P% is the preloaded percentage of a spring stack. 

 

𝐹𝑠 = 𝑛. 𝐹 (3) 

 

Where F is the force required to flat a spring [17]. 

 

𝑃% = (
𝑃𝑑

𝐿𝑠
) . 100 (4) 

 

 

 
 

Figure 5. Working principles 

 

 

Where Pd is preloaded deflection of a spring stack and Ls is deflection of a spring stack. 

 

𝑃𝑑 = 𝐿0 − 𝐿𝑝 (5) 

 
Where Lp is spindle stack preloaded length 

 

𝐿𝑠 = 𝑖. (𝑙0 − 𝑡) (6) 
 

f. The springs preloaded with a minimum of 15% of the spring force of a spring stack (Fs) to avoid com- 

pression tension alternating stresses [18]. Hence ignore the spring stacks where the preload force (Fp) is 

less than that. 
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g. Calculate the tool unclamp force (Fu). 

 

𝐹𝑢 = 𝐹𝑠. 𝑈% (7) 

 

Where Fs is spring force of a spring stack, and U% is unclamping load percentage of a spring stack. 

 

𝑈% = (
𝑈𝑑

𝐷𝑠
) . 100 (8) 

 

 

 
 

Figure 6. Disc spring stacks-reference 

 

 
Where Ud is tool unclamp deflection of a spring stack. 

 

𝑈𝑑 = 𝐿0 − 𝐿𝑢 (9) 

 

Where Lu is tool unclamp or tool release length. 

h. The Tool unclamp force (Uf) should be lesser than 80% of the spring force (Fs) of the spring stack [18]. 

Hence ignore the stacks where the tool unclamp force is higher than that. 

i. Also, ignore the Tool unclamp force (Uf) higher than the Tool unclamp cylinder thrust force (Ft). 

j. Display the disc spring stack to the user and do the operation for all the stack combination. 

 

 

5. RESULTS AND DISCUSSION 

From Kleinberg studies [19], once the algorithm processed all the springs in the database for the 

given tool clamp mechanism parameters, it filters the suitable springs stacks. A front-end system is designed 

to display the list of filtered springs. The output list may contain one or more spring stacks depends on the 

clamping mechanism requirement. Jacob [20] proposed the User Interface clearly defined with required 

parameters. 

- Spring reference number to identify the manufacturer details from the database 

- Spring dimensions (De, Di, t, l0, i) and stack information (i, n, Total) for design reference 

- Spring stack length (L0) and forces (Fp, Fu) for further work on design of spindle and tool clamp cylinder 

Figure 7 illustrates the reference system design to show feasible disc spring stacks. Displaying the 

filtered springs and their stack combination with force required for clamp and unclamp conditions enables the 

designer to make a quick decision on the best disc spring stack to optimize the spindle and tool clamp 

cylinder design [21]. 

When we compare this method, we have recognized the computational system generates the list of 

feasible spring stack combinations instantly. Usually, it takes a couple of weeks in manual mode. Since this 

system eliminates the manual calculation process, it helps the designers to do more design iterations to select 

the best-optimized design and focus on the other design process. Also, we identified the computational 

system as a spool proof method that does not allow human error, which is commonly unavoidable during the 

long calculation of spring stack selection in the conventional method. 
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Figure 7. Reference system design to display results 

 

 

There are some advantages of application system for the design of the spindle tool clamping 

mechanism such as: 

a. Instant solution by the computation system reduces the research hours and improve productivity. 

b. Error-free calculation method 

c. Modularity in design parameters 

d. A robust method to achieve an optimized solution 

e. One-time application development 

f. The scalable system allows us to add or modify design criteria. 

While the limitation of this study is this system is only focusing on disc spring stack selection in the tool 

clamping system design. 

 

 

6. CONCLUSION 

We are proposing this system to machine tool designers since the computer-oriented approach is the 

robust method to design and optimize the tool clamping system. The development is one time, and the usability 

of the system is a lifetime. The development cost is also meager since the availability of open-source licenses. 

Implementing such a system in the R&D department can remarkably increase the productivity rate and help the 

core engineers focus on further research in a tool clamping system. The main intention of the paper is that this 

system should be useful to machine tool industries to improve the tool clamping design process. 
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