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Abstract—In modular fixtures most elements are 

standardized, but in some cases in order to simplify the fixture, 

or when it is not possible to clamp or position the workpiece in 

another way, then elements are used that are only partly finished 

by the manufacturers, and the last machining is performed by 

the user. In this paper methods to determine automatically the 

final shape of such elements are presented. 
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I. INTRODUCTION 

To construct an appropriate fixture, that ensures the desired 
precision and stability, is often a complicated and time-
consuming task. Because of this, many efforts were invested to 
develop a system that automatically determines the number and 
the order of the setups, and constructs acceptable fixtures for 
each setup. A great majority of such attempts use modular 
fixture elements to build the necessary fixtures. This is because 
the modular element sets offer great flexibility, but in some 
cases the standard elements in the set are not enough to solve 
the fixturing task. For such occasions there are elements in the 
modular element sets that are only partly machined by the 
manufacturers and the user have to machine them to make 
them consistent with the desired workpiece surfaces. Such 
elements are the adapter and special adapter plates. In the 
following – after a short literature review - the paper will 
introduce how their final shape can be determined 
automatically. 

Literature overview 

Many researchers were engaged in fixture design 
automation, some of them focused on feature recognition [1], 
and the conceptual solution of the fixture. Others focused on 
finding the optimal layout of the fixture elements. Some dealt 
with fixture verification, within it stability, deformation and 
accessibility analysis. Some developed such a system that 
solves more of the above-mentioned problems. Paris and 
Brissaud [1] present a process planning system that, after 
feature recognition assisted by an expert, associates machining 
processes to machining features and then organizes them into a 
global machining plan of the workpiece. Finally, it gives 
recommendations on fixturing features and determines the 
positioning quality, stability and cutter accessibility indices. 
Perremans [2] presents an expert system that in the possession 

of the fixturing features builds a modular fixture. In order to 
make the system manufacturer independent, they use contact 
features, assembly features and tightening features to describe 
the modular elements. Vichare et al [3]introduce a model 
where the manufacturing resources like machining tool or 
fixtures are represented in a unified manner for a CAx chain. 
Alacron et al [4] developed a fixture planning and design 
system using the functional design theory. The user 
interactively prescribes the functional requirements, and the 
system, after defining the locating, supporting and clamping 
faces, selects modular elements and puts them in the defined 
place. Hou and Trappey [5] made a fixture design system, in 
their article the fixture layout reasoning and fixture element 
selection is described in detail. Kumar et al [6] introduce an 
interactive fixture design system in which the user defines the 
fixturing surfaces and the program builds an interference free 
fixture. Mervyn et al. [7] show a fixture design system based 
on evolutionary (genetic) search algorithm. It is assumed that 
the imported workpiece model is well oriented according to 
tool axis, and the software tries to determine the number of 
locating, supporting and clamping faces and points. Surendra et 
al[8] developed a system that determines the locating surfaces 
and points, selects and puts the fixturing elements at proper 
places. The input to their system is the 2D CAD drawing of the 
workpiece. Cecil [9] introduces an automated fixture design 
system, which groups the features having parallel directions 
(planar surfaces with their normal and holes with their axis are 
taken in consideration) in the same setup. After defining the 
number of setups, the system selects the locating and 
supporting surfaces, and selects the locating and supporting 
elements - and if needed an ancillary supporting element - for 
each setup. Finally the system checks if datum faces (faces 
connected with a relationship tolerance) are used for locating 
the wokpiece, validates the clamping from the aspects of 
workpiece stability and from the aspect of collision between 
the tool and the workpiece. Hu and Rong [10] report a faster 
interference checking method between fixture elements, and 
between the fixture elements and the tool. The elements and 
the tool are substituted with simple geometric forms, and those 
forms are projected on a plane. Thus the problem was 
converted from 3D to 2D. Papastathis et al[11] propose a 
fixturing solution, where not all clamps are static, some of 
them can change its position during the machining, and this 
way increase the workpiece stability in case of thin walled 
parts. Wan and Zhang [12] also were occupied with the 



135 

problem of machining thin walled parts. They propose that the 
support layout should be determined through maximalization 
of the fundamental natural frequency of the workpiece – fixture 
system. An et al. [13] developed a dedicated fixture design 
system, which uses some standard elements. After the user 
defines the fixturing surfaces and points, the system selects 
some standard elements, and automatically adjusts the support 
height, then assembles all that on a base element. Jonsson and 
Ossbahr [14] present an overview on different kinds of 
reconfigurable and flexible fixturing solutions. Boyle et al. [15] 
give a comprehensive review on different methods used for 
setup planning, fixture planning, unit design and fixture 
verification. Wang et al [16] give an overview on 
manufacturing fixtures and on automatic fixture design 
methods. Vasundra and Padmanaban [17] review the most 
recent works on machining fixture configuration planning, with 
special focus on the limitations of previous works in the 
determination of the elastic deformation of the workpiece, and 
the limitations in fixture layout optimization. Many different 
approaches to the fixture design, and different stages of the 
fixture design were introduced in these articles and reviews, 
and the overwhelming majority of the researchers used 
modular fixtures in their work. But none of them even mention 
the adapter plates. With the help of adapter plates we can often 
build a simpler fixture, and with the help of a special adapter 
plate, in some cases, we can even reduce the number of needed 
setups. 

II. SYSTEMATIZATION OF THE FIXTURING TASKS  

The authors‘ work (M. Stampfer, I. Szegh and A. Rétfalvi) 
is focused on the manufacturing of box-shaped parts, especially 
gearbox housing, and their fixturing. The fixturing tasks at box-
shaped parts can be classified in three groups: supporting, 
locating and clamping. The short overview of these is useful so 
that one better understands the introduction of the method 
developed for automatic modification of the adapter plates. 

A. Supporting types at box-shaped parts 

Gearbox housings are most often machined on horizontal 
machining centers. There are three supporting types that are 
most often used on horizontal machining centers (Fig.):  

 
Fig.1 Types of the supporting[18] 

a) horizontal supporting (pos_1), where 4 sides of the 
workpiece can be machined in one setup 

b) vertical supporting (pos_2), where 3 sides of the 
workpiece can be machined in one setup 

c) special vertical supporting (pos_3), where 3 sides of the 
workpiece and the 4

th
 side partially can be machined in 

one setup 

B. Locating types at box-shaped parts 

There are 4 types of side locating established (Fig.): 

a) side locating with the help of surfaces adjoining to the 
supporting face (p1),  

b) side locating with the use of two inside diameters on the 
supporting face (p2),  

c) side locating with utilization of one inside diameter 
laying on the supporting face and one face adjacent to 
the supporting face (p3),  

side locating with application of two threaded joints on the 
supporting face (p4). 

 
Fig.2 Types of side locating [18] 

C. Clamping types at box-shaped parts 

On the base of the clamping force direction the following 
can be distinguished (Fig.): 

a) perpendicular clamping (s1) – where the clamping force 
is perpendicular to the supporting surface 

b) parallel clamping (s2) – where the clamping force is 
parallel with the supporting surface  

c) clamping by screws and joints on the plane locating 
face (s3) - in this case the clamping forces are acting 
perpendicularly on the supporting surface, but the force 
transmission happens in different way. 

The basic type s1, depending on location of clamping faces, 
can be further divided into subtypes s11, s12 and s13. In the 
case of s11 the clamping surfaces are the closest parallel faces 
to the plane-locating (supporting) surface. In the case of s12 the 
clamping surface(s) is on the opposite side of the plane locating 
face.  By s13 the clamping is carried out using a trough hole on 
the workpiece.The number of clamping points is also a very 
important characteristic of a clamping. One can distinguish 
between clamping in one, two, three or four points. If the 
previous basic types are supplemented with this information, 
the result is that the possible clamping types are: s11_2, s11_3, 
s11_4; s12_2, s12_3, s12_4; s13_1, s13_2; s2_1, s2_2; s3_2, 
s3_3, s3_4. In the enumerated notation the last number means 
the number of clamping points. 
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Fig.3. Types of clamping[18]. 

III. MODULAR ELEMENT SETS 

The process engineers noticed that some fixture elements 
occur in the same or in a slightly modified form in different 
fixtures. As it is much cheaper to produce similar elements in 
great quantity than in unique/piece production, engineers began 
to unify the most commonly used elements in order to produce 
them (more economically) in great serial. This led to the 
development of the modular element sets. The elements in such 
sets can be classified in three groups: 

a) Base elements 

b) Functional elements 

c) Adapter elements 

Base elements establish connection between machine tool 
table and the rest elements of the fixture. This group includes 
different palettes, grid plates and angled grid plates. 

Functional elements are those elements that come in direct 
contact with the workpiece in order to fulfill a concrete task, 
such as supporting, locating or clamping; so this group includes 
different kind of supports, locators and clamps. 

Adapter elements (Table I) are not used in every fixture, 
they are used when some supporting, positioning or clamping 
surface is too high or too far and the gap between the 
functional element and the base element should be bridged. 

TABLE 1 ADAPTER ELEMENTS OF A MODULAR ELEMENT SET [20] 

ID Element Name 

EA1 
 

Block Supports 

EA2 

 

Adjustable  

supports 

EA3 

 

Jack Screw 

EA4 

 

Clamp Holders 

EA5 

 

Extension Forms 

EA6 

 

Studs and nuts 

EA7 

 

Joint Bars 

EA8 

 

Tie-rod bolts 

EA9 

 

Height spacers 

EA10 

 

Adjustable  

Spacers 

EA11 

 

Angle plates 

EA12 

 

Adopting plate for 
locating bolts(holes for 

bolts are machined 
according to the needs) 

EA13  Special plates 

 

IV. SETUP AND FIXTURE DESIGN SYSTEM 

In order to speed up the fixture design process we have 
developed a Setup and Fixture Design System (SMRA). The 
system consists of five modules. The first module (IPPO) 
opens the CAD model of the workpiece saved in IGES format, 
recognizes on gearbox housings most frequently occurring 
features and extracts their characteristic data. Then the user 
prescribes which surfaces should be machined, and prescribes 
the tolerances. The second module (SUPFIX) determines how 
many setups are needed to finish the part, defines the order of 
the setups and makes the conceptual solution of the needed 
fixture(s). The role of the third module (OP) will be the 
decomposition of the setups on particular cuts, determination 
of the order of the cuts, tool selection, determination of the 
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machining parameters, and tool path generation. This module is 
not developed yet. The fourth module (FIXCO) builds the 
model of the concrete fixture(s) in accordance with the 
proposals given by the second module; this module uses the in 
IGES format saved models of the fixture elements. The fifth 
module (SE GLUE) makes the CAD model of the assembled 
fixture(s) in Solid Edge Assembly environment, and this 
module does the automatic modification of the adapter 
elements when it is necessary. 

The work of each module of the system is introduced in 
more detail in [18], [19] and [20]. 

V. AUTOMATIC MODIFICATION OF THE ADAPTER PLATES 

FOR MODULAR FIXTURE 

The elements that can be found in a modular element set do 
not always ensure us the possibility of a simple locating the 
given workpiece. This problem most often occurs at 
positioning the workpiece on an inner cylindrical surface. In 
such cases the user has to produce an appropriate locator 
element (extra locator element). In modular element sets there 
are such elements that are only partly machined, but their final 
shape must be worked out by the user, such elements are the 
simple and special adapter plates. The modification of the 
adapter plates often means making several holes on the 
appropriate places for some locator or clamping elements – for 
such purpose simple adapter plates are used. In other cases, 
beside these holes, some openings have to be made, to make 
possible the machining of some tolerance related features that 
lay on the supporting side of the workpiece – for such purpose 
special adapter plates are used. When the supporting type is 
pos_1 or pos_2(Fig.), then simple adapter plates are used – if 
needed; when the supporting type is pos_3 then special adapter 
plates are used. 

In Fig. the logic schema of the automatic modification of 
the adapter plates is presented. If the supporting type is pos_1 
or pos_2 then the program in first step selects a base plate with 
grid holes and checks if it can solve the locating and clamping 
of the workpiece with the help of standard locators and clamps 
(found in the modular element set). If yes, the program selects 
the appropriate locators and clamps and puts them at the 
appropriate places.If the program cannot solve the problem 
with standard elements or the solution is not precise enough, 
then it tries to solve the problem by generating some extra 
locator elements. 

 
Fig.4. Flow chart of the automatic modification of the adapter plates 

 
In that case when this attempt fails too, then the program 

selects an adapter plate with proper size and projects the 
centres of the connecting holes found on the supporting side of 
the workpiece onto the surface of the adapter plate, and the 
coordinates of the projections and the adherent hole diameters 
are stored. As in the overwhelming number of cases the 
supporting surface of the workpiece lays directly on the adapter 
plate, the reference points of the connecting holes are 
themselves their projection onto the adapter plates. If the (by 
SUPFIX module) proposed supporting type is neither pos_1 
nor pos_2 then it is pos_3, consequently the special adapter 
plate has to be used. The program projects the connecting holes 
and the contours of the surfaces to be machined in this setup or 
– when it is enough - the contour of the inner boundary curve 
on the supporting surface of the workpiece onto the adapter 
plate. Later these are cut out from the CAD model of the 
adapter plate. Since FIXCO (section IV) builds the fixture 
using IGES format workpiece and fixture element models, and 
these are hard to modify, the program at first makes the 
assembled model of the fixture with unchanged adapter plate, 
but stores the connecting dimensions and the locations of the 
elements (which demands connecting holes to be made). Then 
the SE GLUE module (section IV) is started, which opens 
Solid Edge Assembly environment, and builds the Solid Edge 
model of the fixture assembly. If there has to be put an adapter 
plate in the assembly, then it opens the CAD model of the 
adapter plate saved in Solid Edge‘s own .par format, and cuts 
the holes with appropriate dimensions at appropriate places, 
then saves the modified element under the same name but with 
an end extension _MOD added, and only then puts the 
modified adapter plate in its right position in the CAD model 
of the fixture. This way the original adapter plate model can be 
used and modified later at building another fixture. For the 
automatic generation of the openings the somewhat increased 
contours - of the surfaces, which lay on the supporting side of 
the workpiece, and should be machined at that setup - have to 
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be projected onto the adapter plate. So if the supporting type is 
pos_3, then the data of the contour curves too have to be 
forwarded to the SE GLUE module.As these curves usually lay 
within the inner boundary curve of the supporting surface of 
the workpiece, in most case the a little bit enlarged inner 
boundary curve of the supporting surface is cut out from the 
adapter plate. In Fig.5a worm-gearbox housing is shown, 
which is clamped to the adapter plate with four screws, and the 
holes for four screws the user has to machine. The position and 
the size of the holes, as well as the position, the shape and the 
size of the big opening is automatically determined and cut out 
from the model of the adapter plate. Thanks to the big opening 
all tolerance related surfaces can be machined in the same 
setup. 

 

Fig.5. Adapter plate with and without the workpiece, and the whole 

assembled fixture with the workpiece[20] 

VI. CONCLUSIONS 

Modular fixtures sometimes are complemented with some 
special elements, made by the user. In other cases so called 
adapter plates, which are part of the modular element set, are 
modified by the user, and after modification are built in the 
fixture. In this paper the method of the automatic modification 
of the adapter plates is described. The fixture design system 
that uses this method is also delineated. With the help of the 
adapter plates often one can simplify the fixture configuration, 
and in some cases even reduce the number of the needed 
setups. Among the future plans is the completing of the OP 
module of the system. 
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