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Abstract
A product may consist of two or more components being assembled together. The geometrical and dimensional tolerances 
(GDT) present in each feature of the components influence the performance of the assembly. Their accumulation and propaga-
tion on assembly fit can be investigated by tolerance analysis. However, during the high precision assembly manufacturing, 
especially in the selective assembly process, only the dimensional deviations of mating components are considered to evaluate 
the assembly fit. In this paper, the assembly fits in selective assembly due to GDT of an individual feature of components, is 
modelled by the matrix method of tolerance analysis. Based on the principles of Technologically and Topologically Related 
Surfaces and Minimum Geometric Datum Elements, a worst case tolerance analysis is applied into the selective assembly. 
The conventional method of dividing the components into groups (bins) by dimensional deviation is replaced by integrated 
GDT. The best combination of components to obtain minimum assembly variation is achieved through a genetic algorithm. 
The proposed method is demonstrated using a two-dimensional valvetrain assembly that consists of camshaft, tappet, and 
valve-stem. The effect of considering and annulling the GDT in selective assembly is verified up to 20 numbers of group size.
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1 Introduction

An assembly is an integrative process of joining components 
to make a complete product. The functional performance 
of an assembled product and its manufacturing cost are 
directly affected by the individual component tolerances. 
Perhaps the manufacturing team needed to understand why 
an assembly of parts that met the drawing specifications did 
not fit together at assembly. By performing tolerance analy-
sis and tolerance stackups, these and many other important 
questions about the design can be answered [1]. Tolerance 
stacks are a simple and straightforward approach to model 
the effects of dimensional deviations on distances between 
different features in an assembly. It includes most often 

only dimensional tolerances (DT), though modern modifi-
cations of this method also consider geometrical tolerances 
[2]. In practical manufacturing conditions, the propagation 
of geometrical and dimensional tolerances (GDT), as well 
as the clearances between mating components, will cause 
the deviations of some mating features from their nominal 
positions, resulting in the influence on the assembly pre-
cision [3]. Even though modern manufacturing processes 
achieve increasingly high accuracy, geometrical deviations 
have a huge influence on both the functional behavior and 
on the customers’ quality perception of the product [4, 5]. 
It makes a strong necessity for companies to manage these 
geometrical variations [2]. While geometrical variation is 
summarized with DT, it is possible to control a wider range 
of variations related to shape, position, and orientation of 
geometric features within the allowable constraints [6]. In 
order to ensure component interchangeability, geometrical 
tolerances are specified to limit the allowable geometric part 
deviations from an assembly as well as functional point of 
view [7, 8]. This system of interchangeable assembly is 
desirable for speeding up the assembly process and reducing 
cost as components are chosen randomly to cause minimum 
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