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Abstract: The tolerancing concept is essential in part design process. It describes a relation between the many stages of the design 

and manufacturing activities. In this paper, tolerance models were developed to estimate required tolerance gap of selected 

assembly parts using python programming. The Monte Carlo Method is selected and using Uniform and Normal Distributions  for 

finding required tolerance gap for given assembly. 

 

Index Terms - Part Assembly, Tolerance Gap, Monte Carlo Method, Python. 

I. INTRODUCTION 

Tolerance refers to the allowed variation in measurements derived from the base measurement. Tolerances are divided into three 

categories [1]: Unilateral, Bilateral and Compound tolerances. Unilateral tolerances consist of two limit dimensions that are 

simply above or below the normal size, whereas bilateral tolerances consist of two limit dimensions that are both above and below 

the nominal size [1]. Compound tolerances are a combination of more than one form of tolerance; the multiple types of tolerances 

can include angular, lateral, and other sorts of tolerances. For this work, the bilateral tolerances are taken into account. Gaps 

would be created while assembling the parts of an assembly; the Monte Carlo method is used to optimize that gap tolerance and is 

implemented in Python [3].  

 

 An infinite number of assembly part tolerances and gap tolerances are generated within the tolerance range by 

optimizing the tolerances [2]. 

 Tolerances of different models are compared each other and represents optimal method [1]. 

 

II. METHODOLOGY 

In order to obtain the ‘n’ sample of random values of each part and gap tolerances of part assembly, Monte Carlo method is used, 

which involves the probability distribution to generate random values of assembly parts [2]. To generate random values, this work 

considers Normal and Uniform distributions and those methods are implemented in the Python programming. The Monte Carlo 

method is used for finding optimal solutions. By adopting this methodology, the low possibility of getting errors in assembly 

occurred [4]. 
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Fig1. Monte Carlo Algorithm 

The obtained results from the normal distribution and uniform distribution are observed and compared, between the two methods 

the optimal method selected for generating ‘n’ sample of random values of tolerances of the assembly.  

III. EXPRESSION FOR UNIFORM AND NORMAL DISTRIBUTIONS 

 

 (i) Uniform distribution 

Uniform distributions are probability distributions in which all events are likely equal. The probability density function [3], 

f(x) = {
1

𝑏−𝑎
                 for a ≤ x ≤ b

0            for 𝑥 < 𝑎 𝑜𝑟 𝑥 > 𝑏
 

 Where ‘a’ is minimum value and ‘b’ value is maximum value 

Mean (𝜇) = 
(𝑎+𝑏)

2
 

Standard Deviation (𝜎) = √
(𝑏−𝑎)2

12
 

 (ii)  Normal distribution 
Normal distribution (Gaussian distribution) is a symmetric probability distribution around the mean, indicating that data 

near the mean occur more frequently than data far from it. The probability density function [4], 

f(x) = 
1

𝜎√2𝜋
𝑒−

1

2
(

𝑥−𝜇

𝜎
)2

 

Mean (𝜇)  = 
(𝑎+𝑏)

2
 

Standard Deviation (𝜎) = 
𝑇𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒

3
 

IV. CASE STUDY 

 

The figure 4.1 is considered and the methodologies described in this work are used to generate the tolerance for the assembly gap  

[5]. 

 

 
Fig 4.1 Mechanical Motor Assembly 
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Part 1(A) and 2(B) = 10± 0.005 

Part 3(C) = 8.95 ± 0.011 

Part 4(D) = 56 ± 0.015 

Part 5(E) = 9 ± 0.007 

Part 6(F) and 7(G) = 3 ± 0.005 

Part 8(H) = 100 ± 0.017 

 

Here, the dimensions of part 1, 2, 4,5,6,7 are fixed dimensions and 3 and 8 are variable dimensions and their values calculat ing by 

using tolerancing methods. 

 
4.1 MODELING OF TOLERANCE BY USING MONTE CARLO METHOD 

 

Gap = H - (A+B+C+D+E+F+G)                                                                                                                               (eq.1) 

Total Tolerance (TT) = 3 ∗ √(𝑆𝐷𝐴)2 + (𝑆𝐷𝑏)2+ ⋯ + (𝑆𝐷𝑯)2                                                                                 (eq.2) 

Gap (max) = H - (A+B+C+D+E+F+G) + TT                                                                                                                (eq.3) 

Gap (min) = H - (A+B+C+D+E+F+G) -TT                                                                                                                  (eq.4) 

According to the eq.1, eq.2, eq.3 and eq.4, the following table represents Mean, Standard deviation and Total Tolerance of Normal 

distribution and Uniform distribution for each part of the mechanical assembly. 

Table1. Values of Mean and Standard deviation 

 NORMAL DISTRIBUTION UNIFORM DISTRIBUTION 

PART MEAN (µ) SD (σ) MEAN (µ) SD (σ) 

A 10 0.0016 10 0.0028 

B 10 0.0016 10 0.0028 

C 8.95 0.0036 8.95 0.0063 

D 56 0.0050 56 0.0086 

E 9 0.0023 9 0.0040 

F 3 0.0016 3 0.0028 

G 3 0.0016 3 0.0028 

H 100 0.0056 100 0.0098 

Total Tolerance 0.0280 0.3240 

Gap (max) 0.3740 

Gap (min) 0 

  

These values are taken as inputs for generating the tolerances of each part and gap tolerance of the mechanical assembly in the 

Python according to the Normal distribution and Uniform distribution of Monte Carlo method.   

V. RESULTS AND DISCUSSIONS 

According to the chapter III, the python code for the Tolerancing Methods of Monte Carlo Method is implemented and the 

assembly tolerances are generated by using Normal Distribution and Uniform Distribution and their results are, 

Output of the Uniform distribution 

Table2. Tolerance Values of the assembly parts 

 
Similarly, random values generated for part-C to part-H and the Gap tolerances of assembly, 
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Table 3. Tolerance values of the Gap 

 

Graph 

The graph represents the relation between the Gap on X-axis and no. of samples on Y-axis and grey vertical lines represents lower 

limit and upper limit of gap. The samples outside of grey vertical lines are failures. 

Output of the Normal distribution 

Table4. Tolerance Values of the assembly parts 

 
Similarly, random values generated for part-C to part-H and the Gap tolerances of assembly, 

Table 3. Tolerance values of the Gap 
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Graph 

 
The graph represents the relation between the Gap on X-axis and no. of samples on Y-axis 

VI. COMPARISON BETWEEN THE UNIFORM AND NORMAL DISTRIBUTIONS 

The mean and standard deviation are the inputs for uniform and normal distributions. And also, lower and upper limits are 

considered as inputs for uniform distribution. By comparing the values of both the distributions, it is observed that the rejection 

rate of the assembly of normal distribution is less than the uniform distribution. It is found that the estimated values of tolerance 

gap are very low in normal distribution. 

VII. CONCLUSION 

The optimal tolerance gaps were estimated for given assemblies to minimize the defects like rework and rejection of the machine 

parts. Values of both distributions are compared; So that the normal distribution is considered as optimal tolerance method. 
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