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Abstract 
 
The Sandvik Coromant division of Sandvik Group produces and sells 
products for metalworking applications. Coromant is a leading manufacturer 
of cemented carbide tools for turning, milling and drilling. The insert 
(cemented carbide) is the part of the tool that does the actual cutting in the 
workpiece. 
 The thesis assignment was to develop a CAD Toolbox available to insert 
designers in UGS NX3 CAD-system at Sandvik Coromant. It could contain 
for instance recurring geometry or help programs or a combination of them. 
The main purposes with the Toolbox should be to facilitate the designer’s 
daily work, maintain standard and to integrate engineering knowledge. The 
thesis work was carried out at Sandvik Coromant, CTDP department in 
Sandviken, Sweden.  

Part of the project task was to find out what the Toolbox should be 
filled with in the future and to create the first object in the Toolbox. The 
chosen example object was the Wiper Cutting Edge, which is a patented 
insert nose configuration with several connected radii after each other that 
provide better workpiece surface finish or increased productivity. 

To find out the designers needs and therefore what objects to add in the 
Toolbox a survey was conducted at the Design Insert department at Sandvik 
Coromant. A questionnaire was handed out to the designers and the answers 
generated a list of widely different objects, for example ready NX3 drawing 
templates. 
 A number of NX3 functions that might be useful in the Toolbox were 
tested and evaluated in the thesis, e.g. User Interface Styler, User Defined 
Feature (UDF) and Knowledge Fusion (KF). KF is a Knowledge Based 
Engineering application within UGS NX3, which can enable rules 
controlling the user when designing. To evaluate the different functions a 
Wiper NX3 sketch was created meeting the demands from the insert 
designers and thesis assignment. One stated demand was that the Toolbox 
has to be compatible with Teamcenter Engineering, which is a Product 
Lifecycle Management solution from UGS. 
 The final selected Wiper Object solution was Knowledge Fusion 
enabled UDF’s with added Open C API-functions. Among the advantages 
with the KF enabled UDF concept compared to other solutions are that a 
new NX3 dialog window can be connected to the UDF and that 
programming rules can evaluate dialog input data and give interactive 
feedback to the user. 
 Depending on type of Toolbox object the application technique in NX3 
could vary. Sometimes standalone UDF’s are advantageous and sometimes 
KF could be beneficial to use together with a UDF. 

The Toolbox objects are accessed through a CAD Toolbox Toolbar or a 
CAD Toolbox Menu inside NX3. 
   
 
Keywords: Toolbox, CAD, Turning, Insert, Wiper, Knowledge Based 
Engineering, Knowledge Fusion, User Defined Feature, UGS, NX3 
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Parameter List 
 
 Unit Description 

ap mm Radial Feed (Cutting Depth) 

α degree Wiper Alfa Angle 

α0 degree Normal Clearance Angle 

bs mm “Length” of Wiper Radius 

fn mm/r Axial Feed in mm per Revolution 

iC mm Inscribed Circle Diameter 

Κ degree Entering Angle 

rε mm Insert Nose Radius 

Ra µm Arithmetic Mean Value 

Rmax µm Maximum Profile Height (also called Ry) 

s mm Insert Thickness 

   
EPR degree Insert Included Angle (Coromant specific) 

REP1 mm Insert Nose Radius (Coromant specific) 

ICC mm Inscribed Circle Diameter (Coromant specific) 
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Glossary 
 

3D-annotation Text with pointing arrow in 3D CAD model. 
CAD Computer Aided Design. 
Cemented Carbide or insert Pressed and sintered powders of generally 

Tungsten Carbides and Cobalt to cutting edges 
with superior heat and wear resistance. 

Chipbreaker Top insert surface topology with purpose to break 
chips during machining. 

Correct Ways Internal Sandvik Coromant document database in 
web-format with design instructions, naming 
conventions and CAD-manual. 

CTDI department Coromant Technology Design Insert department. 
CTDP department Coromant Technology Design Program and 

Method Development CAD department. 
KBE Knowledge Based Engineering, capturing of 

knowledge and reuse in product development. 
KF Knowledge Fusion, KBE application in UGS 

NX3. 
m-dimension Position measurement of insert corner, see 

Appendix 1 Inserts. 
NX3 Program version of UGS CAD (CAE) software. 
Open C API C-functions that provide access to UGS NX3 

objects and functionality. 
Parametric built (CAD) Means that a feature’s dimensions depend on one 

dimension. Makes the feature possible to scale.   
Part Navigator  “History tree” of created features in NX3. 
PDM Product Data Management, solution for saving 

product related data like drawings and part files. 
PLM Product Lifecycle Management, information 

strategy considering all aspects of a product’s 
life, from design to final disposal. 

Reference Master Model NX3 part file containing datum planes and axis. 
Symmetry Model NX3 part file containing linked datum planes, 

datum axis and smallest symmetric part of the 
insert as solid feature. 

Teamcenter Engineering, TC PDM/PLM software solution from UGS. 
UGS Former Unigraphics, CAx software developer. 
User Defined Expression By user, named expression in NX3. 
UDF User Defined Feature, capturing and storing of 

NX3 features, e.g. sketch. The features can then 
be modified and imported into another part file. 

Wiper Insert with special cutting edge producing better 
surface finish or offering higher productivity 
compared to a conventional insert. 

Wiper Type Wiper classification based on number of Wiper 
radii and transition radii. 
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1 Introduction 
 
When an insert designer at Sandvik Coromant develops a new insert, the 
designer basically draws the entire insert from scratch. If a CAD Toolbox 
with useful design elements and functions would be available, the 
designer’s daily work could be more efficient and less complicated. The 
CAD Toolbox would serve as a source of help functions and of “old” 
geometry elements ready to be reused and modified for special needs in 
UGS NX3 environment. See figure 1 below for illustration of the concept. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. CAD Toolbox idea. 
 

The first object in the Toolbox, working as an example object, should be 
the Wiper Cutting Edge, a patented special insert cutting edge that 
provides better workpiece surface finish or productivity. A part of the 
thesis task was to find out what the insert designer’s needs are and 
consequently what other objects could be suitable to add in the Toolbox in 
the future. 

The purposes with the CAD Toolbox are mainly to facilitate and make 
the insert design process more efficient by reuse of CAD geometry. But 
also to build in engineering knowledge (Knowledge Based Engineering) 
that could minimize design errors early in the design phase for instance. 
Moreover the Toolbox could assist designers working at design offices 
with limited knowledge about a particular part of the insert design process, 
compared to other design offices. The thesis assignment and aim is 
described in section 1.2 Mission Statement. Ahead of that chapter Sandvik 
Coromant will be presented in 1.1 Sandvik Coromant. 
 People involved in the thesis were the Manager at CTDP1 department, 
Per Bejerstål, who worked as contact person and project leader, the thesis 
supervisor was Carl-Erik Enström, Development Engineer at CTDP. Also 
a reference group with six engineers from CTDP and CTDI2 departments 
was initiated in the project, including CTDI Manager Fredrik Marell. 
 

                                                 
1 Design Program and Method Development CAD 
2 Design Insert 

CAD Toolbox 

CAD of insert in UGS NX3. 

Object (function)Object (geometry) 

Object 
Object 

Object
Object 

Object

use 
+ 

+ +

capture 
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Summary of the report’s contents: 
 

 Introduction  
Quick introduction to Sandvik Coromant Company and Sandvik 
Coromant products. The thesis background, assignment, 
purposes and goals are presented. 

 
 Design Space Exploration Phase 

Information gathering phase, deals with the conducted Toolbox 
object survey and explains basic theory and terminology used in 
the report. Classification of Wiper inserts. 

 
 Road Map 

This short section breaks down the assignment in smaller 
problems to solve and goes through the Toolbox and Wiper 
Object demands. 

 
 Concept Evaluation Phase  

Ideas and concept are presented and evaluated. Comparison 
between the concepts. 

 
 Final Phase 

Detailed information about chosen Toolbox concept. 
 

 Discussion 
Further development. Discussion of results and tools used in the 
project. 
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1.1 Sandvik Coromant 
 
The Sandvik Coromant division of Sandvik Group develops and sells 
products for metalworking applications (turning, milling, drilling, etc), 
where the central product is cemented carbides. In almost all 
metalworking the cemented carbide, or insert as it is also called, is the part 
of the tool that does the actual cutting in the workpiece. See figure 2. 

 
Figure 2. A few inserts used in turning applications. 

 
Sandvik was founded in 1862 by a trader named Göran Fredrik 
Göransson, the main sold product where quality steel. In 1942 a small 
cemented carbide tools department was started and the Sandvik Coromant 
brand name was registered. 1952 an entire production unit was established 
in Gimo, central Sweden, now the main plant for tools and carbide inserts.  
 The name Coromant is made up of two elements. The first element is 
“Corona” which was the name of a high-speed steel grade for metal 
cutting that Sandvik had been producing for years at the time. The second 
comes from the Swedish word for diamond; “Diamant”, which would 
symbolize the properties of cemented carbides.  
 Today Sandvik Coromant is the world’s leading producer of cemented 
carbide tools for turning, milling and drilling and operates in 60 countries 
worldwide. Sandvik Coromant have a complete product assortment for 
metal cutting in many different materials, including numerous types of 
turning holders, mill bodies, drill bodies, machine tooling systems and a 
huge number of inserts related to the products. The inserts are offered in 
many different sizes, grades (material composition) and coatings. 
 
 

 
 

               
 

Figure 3. Sandvik Coromant product areas: turning, milling, drilling and tool systems. 
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1.2 Mission Statement 
 
The project assignment can be divided into three major parts: 
 

 Create an environment for a so called CAD Toolbox, where 
objects can be accessed in UGS NX3 CAD system. An object 
can be a pure geometry element or a help function, or a 
combination of them. Choosing a working application 
technique in NX3 is crucial. Part of the task is to find out how 
objects in the Toolbox should be denoted and classified for 
easy access by the designer.  

 
 Develop one of the Toolbox objects – the Wiper Cutting 

Edge Object – where Wiper geometry can be imported 
during insert design. Knowledge based engineering 
technique, KBE, should be used, which means for example that 
Sandvik Coromant internal engineering rules, ISO-standard 
and known norms should be integrated. The Wiper Object main 
focus is on demonstrating Toolbox principles and techniques. 

 
 Initiate a study to find out what additional objects are 

suitable for adding to the CAD Toolbox in the future. The 
study should be carried out together with Sandvik Coromant 
insert designers and the result should become a foundation for 
decision of further work. 

 
Project purposes: 
 

 Help designers avoid repetitive CAD work through reuse of 
geometry. 

 Make insert CAD work more efficient with help functions and 
programs. 

 Integrate Knowledge Based Engineering (KBE) in insert design at 
Sandvik Coromant. 

 Support design offices working at another geographical site with 
limited knowledge about a particular part of the insert. 

 Maintain Sandvik Coromant standard when creating CAD parts and 
assemblies. 

 Produce a demonstrative object, the Wiper cutting edge. 
 Investigate the designers needs, in search of new Toolbox objects. 

 

1.3 Delimitations 
 
Delimitations in the thesis are that mainly turning inserts are considered 
and that only UGS NX3 tools, functions and possibilities are investigated. 
 Exclusively standard turning Wiper inserts are examined and 
classified in the report. 
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1.4 Expected Outcome 
 
The main project goals are to choose the Toolbox environment and to 
successfully create the Wiper Object, which should stand out like an 
example by demonstrating the technique on how to add an object to the 
Toolbox.  
 The survey should generate a foundation for decision of further objects 
to put in the Toolbox. 
 Other objectives that fall under the main goals are to write a Wiper 
Object instruction manual and to investigate Knowledge Fusion, which is 
a KBE application in NX3.  
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2 Design Space Exploration Phase 
 
This part of the thesis is the information-gathering phase, which presents 
the conducted survey, besides theory and terminology used throughout the 
rest of the report. In chapter 2.5 Wiper inserts are explained and classified. 
 

2.1 Turning Theory 
 
Figure 4 demonstrates the principle of turning, where the tool cuts away 
material from the workpiece with the axial machine feed fn and radial feed 
ap (cutting depth). The workpiece rotates with speed vc. At the tip seat of 
the tool holder a so called insert, or cemented carbide, is located. The 
insert is the part of the tool that does the actual cutting. 
 

 
 

Figure 4. Simple longitudinal turning (Figure Reference 1). 

 

Workpiece

InsertTurning Tool Holder 

Chip

n 
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Figure 5 show a close-up of the insert area of the tool holder in figure 4. 

 
Figure 5. Denoted parameters for turning tools (Figure Reference 1). 

 
Interesting turning parameters defined in figure 5 are listed in table 1, 
where also the consequence of changing each parameter is explained. 
 
Table 1. Turning parameters defined in figure 5. 

   
α0 Normal Clearance [°] Determines if the insert is negative (α0 = 0°) 

or positive (α0 > 0°). Affect the insert lifetime 
and surface finish. 

ap Radial Feed [mm] The cutting depth is the difference between 
un-cut and cut surface. Influence the 
productivity and insert lifetime. 

fn Axial Feed [mm/r] Movement of the tool in relation to the 
revolving workpiece. Influence the 
productivity and insert lifetime. 

Κ Entering Angle [°] The angle between the insert main cutting 
edge and the feed direction. Determine how 
much of the insert that is working as the 
main cutting edge and therefore affect the 
insert strength.  

rε Nose Radius [mm] The insert nose radius affects the surface 
finish and the strength of the insert. 

Insert

workpiece 

Turning Tool Holder 

n 

Close-up 
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The cutting force, F, an insert is subjected to during turning can be divided 
into three vector forces, Fx, Fy, and Fz, where Fx is the radial cutting force, 
Fy the tangential and Fz is the axial force. See figure 6. 
 

 
Figure 6. Cutting forces in turning (Figure Reference 1). 

 

2.1.1 Cemented Carbides 
 
Cemented carbides consist of pressed and sintered powder material. The 
main materials utilized are Tungsten carbides (WC) and Cobalt (Co), 
where the hard and brittle Tungsten carbide particles are “cemented” in 
the ductile Cobalt. Roughly 70-90 % carbide is used and the rest is binding 
material (Co), depending on desired properties.  
 To manufacture an insert the first step is to produce the powders, mix 
different powders, press the powder mix to desired shape and sinter in 
elevated temperature. During sintering the insert shrink about 18-20 % in 
size. Once sintered the insert edges are usually grinded and after that the 
whole insert is coated to increase wear resistance. 
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2.1.2 Surface Finish 
 
A workpiece surface finish can be presented in numerous ways. Two of 
them are maximum profile height, Rmax and average roughness, Ra. In 
figure 7 the two types are visualized. 
 

 Rmax is defined as the maximum distance between top and bottom 
within a specific evaluation length, l. 

 Ra is the arithmetic mean value within a specific evaluation length, l. 

 
Figure 7. Workpiece surface, with definitions of Rmax and Ra (Figure Reference 1). 

 

When working with development of inserts the theoretical Rmax value is 
usually checked in the CAD model to get an idea of the surface generated 
by the insert. It should be remembered that in practice many other factors 
influence the surface finish like machine vibrations and varying workpiece 
material properties. Therefore Rmax measured in an insert CAD model is 
mostly used for comparison with other inserts. 
 
  

workpiece
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2.2 CAD at Sandvik Coromant Today 
 

At present the CAD system primarily used at Sandvik Coromant is 
Unigraphics 18, and if necessary Dassault Systems CATIA v4, which was 
the system utilized before Unigraphics 18. Unigraphics (now UGS) has 
one of the leading solutions for Computer Aided Engineering in the world 
today. 

No PDM/PLM system is used to index part files and keep track of part 
versions. This means it is not possible today to open a separate part file 
containing, for instance, an insert hole and connected it to all the products 
the hole was imported into. Furthermore huge “cross-lists” in text format 
have to be used to connect an insert’s internal development name with the 
real product name (ISO insert designation, see Appendix 1 Inserts).  
 During this master thesis an upgrade work started at Sandvik 
Coromant in Sandviken. The new development environment is going to be 
UGS NX3 CAD system with UGS’s PLM solution Teamcenter 
Engineering handling the product data. Teamcenter will be presented in 
section 2.4 Teamcenter Engineering. The transition is not going to be as 
dramatic as from CATIA to Unigraphics, instead what could be 
problematic are all extra Sandvik Coromant programs and functions 
developed for Unigraphics 18 that must be compatible with Teamcenter 
Engineering. 
 The design process, from CAD to manufacturing of tool and insert, is 
quite well defined at Sandvik Coromant. The CTDP department 
continuously engages new projects with purposes to facilitate and assist 
the designers in their development work. For example projects involving 
automated CAD part generation of components used for insert 
manufacturing (press tools).  

Design of a new turning insert follows the so called Insert Model 
Structure, which contain a complete starting base assembly structure in 
UGS NX3. In figure 8 the most interesting parts are explained.  

 
 

Figure 8. Insert Model Structure. 

Contain the smallest 
symmetric element of the 
insert. This is where the insert 
designer makes all geometry 
modifications 

Contain all reference 
datum planes and axis 

Top assembly

Components ready to be added to 
the Model Structure assembly 

Manufacturing components 
(press tool) 

Complete insert with 
machine allowance added 
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The structure consists of parts with reference datum planes and axis, insert 
base geometry and drawings, all needed in the design and manufacturing 
process. The working part is the symmetry model where insert surface 
topology, nose geometry (e.g. Wiper) and markings are created.  
 As displayed in the Insert Model Structure, figure 8, standard insert 
holes and bottoms can be imported into the assembly and be united with, 
or subtracted from, the symmetry model. A problem with today’s handling 
of part files however is that new holes have been developed by “mistake” 
because the engineer couldn’t find a suitable hole for some reason. 
Consequently unnecessary holes exist today that are almost identical 
dimensionally with other holes, making the “hole-list” even larger. 
 The reference datum planes and axis used in all standard insert shape3 
part files included in the Insert Model Structure are visible in figure 9. The 
symmetry part in figure 9 is 1/6 element of a T-shape insert. 
 

 
 

Figure 9. Reference datum planes and axis used in CAD of all standard turning inserts from Sandvik Coromant. 
 
 

                                                 
3 Review Appendix 1 Inserts for definition of insert shapes. 

1/6 of a T-shape insert, 
(symmetry part) 

T-shape insert3

Datum plane

Datum axis 
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The references used throughout the Insert Model Structure are explained 
in table 2. A few of them can be seen in figure 9. 
 
Table 2. References used in Insert Model Structure. 

  

AAL_REF Datum plane offset ICC/2 from SYM_YZ. 
AASS Axis through the main cutting edge. 
AGA Plane parallel with insert top surface (Z = 0). 

BISEC1  Bisector plane used in symmetry part. 
BISEC2 Bisector plane used in symmetry part. 

BP1 Plane at bottom of insert. 
INSERT_CENTER Datum axis defining insert centre. 

MA_BOT Plane defining machining allowance on bottom. 
MA_PER Plane defining machining allowance on periphery. 
MA_TOP Plane defining machining allowance on top. 

S1 Plane on highest point on insert. 
SYM_XZ Datum plane in XZ-plane. 
SYM_YZ Datum plane in YZ-plane. 

 

2.2.1 Start Insert Design 
The first step in producing a new insert is to clone (copy) a specific Insert 
Model Structure template to a new working directory. That is done with a 
Sandvik Coromant program called Start Insert Design, figure 10. 
 

      
 

Figure 10. Start Insert Design program, accessed inside UGS NX3. 
 

After completion the designer can change the standard expressions 
defining size of the insert, for instance the inscribed circle4, iC and 
thickness, s, by pressing the Modify Insert Expressions button (figure 10). 
This can also be done manually by editing the expressions in NX3.  

                                                 
4 Review Appendix 1 Inserts for definition of iC and s. 

Different Insert 
Shape Templates
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2.2.2 Correct Ways 
 
Correct Ways is an Sandvik Coromant internal document database in web-
format presenting; instructions, design rules, “best practice”, information 
about manufacturing and materials, denotation, Sandvik standard and ISO 
standard, conventions and rules of thumb, etc. More or less everything 
involved in developing Sandvik Coromant products is covered. 
 

2.3 Knowledge Based Engineering 
 
KBE is a strategy referring to capturing of knowledge and reusing it. One 
forum for KBE, among many, is in product development with CAx tools 
where rules based on engineering knowledge can steer the user while 
working with for example CAD. Example: One dimension change in a 
CAD part by a designer outside a limit could cause problems later on in 
the product development and manufacturing stage. An advantage is 
therefore if the designer receives a warning message, from a built-in rule, 
directly after changing the dimension. 

KBE could also be used for saving time by computer automating a 
process that would take days for a human to perform manually. Examples 
of processes are drawing generation and creation of manufacturing related 
components (insert press tools). 

Another KBE field is configuration, which deals with selecting parts 
of a product out of a specification. For example if a tailor made Sandvik 
Coromant product is ordered, the KBE system makes sure the special parts 
of the product are working together with the standard parts and that it is 
possible to manufacture the product. 
 One important goal with practicing KBE is to shorten product 
development time, by for instance minimizing errors in the development 
chain, predicting resource needs and to facilitate the engineer’s CAx work. 
The KBE concept is particularly useful within big international 
companies, where many people work with a small part of the total product. 
It is difficult for each person to see the whole development chain and 
therefore guidance in some way is beneficial. 

The downsides with KBE are that extensive use could inhibit 
creativity and that it is time consuming capturing the product knowledge. 
If comparing using KBE with not using KBE, product development will 
be faster the first project without KBE, but will probably take longer time 
in the following similar projects. KBE tools (usually computer software) 
are also an extra expense to the company. 
 



 20

2.4 Teamcenter Engineering 
 
Teamcenter Engineering from UGS is a Product Lifecycle Management 
(PLM) software solution that gathers and classifies all product information 
in a database, which enables users to: 
 

 find product-related documents/files by searching on keyword text 
or attribute references, 

 work in project teams with same data files (check-in, check-out),  
 connect single parts with all products it is used in and 
 collaborate with other Sandvik Coromant users worldwide. 

  
TC manages all product information, not just UGS NX3 CAD files. The 
benefit with TC is that product knowledge easier can be reused and 
retrieved within Sandvik, globally. 

Sandvik Coromant in Sandviken is right now testing and integrating 
TC Engineering version 9, which will be the system used together with 
UGS NX3. Several Sandvik Coromant product development sites around 
the world are going to be connected in the end.  

 TC Engineering enables better control over the design process from 
design to finished product. Advantages are revision handling of all data 
files, structured way of presenting product data files and access of data by 
people working at other sites, geographically. One function in TC is 
Workflow schemes, where several users involved in a project with 
different tasks are notified by mail inside TC of what they are supposed to 
do, what the other users are doing and when the other users tasks are 
completed. Everyone in the chain have to “sign-in” his or her work so the 
Workflow can continue. 

 The earlier described problem at Sandvik Coromant about insert holes 
and bottoms not could be connected with all inserts they are used in, will 
be solved with TC. It would then be possible to understand the 
consequences if a hole or bottom source part file are modified. 
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2.5 Wiper 
 

An ordinary insert cutting edge used for turning, with a single ISO-standard 
nose radius, look like figure 11. 

 
Figure 11. Standard nose radius. 

 
The nose radius, rε, varies on standard turning inserts from 0.4 to 2.4 mm, 
in predetermined steps according to ISO. 
 If studying in magnification a cross section of a workpiece, where a 
standard insert has been cutting, a series of peaks and troughs will appear, 
see figure 12 below. If the insert’s nose radius and the machine feed are 
known it is possible to theoretically determine the surface finish (profile 
height), Rmax, by the formula: 

 

εr
f

R n

⋅
=

8

2

max . 
 

(1) 

   
Rmax = Profile Height (roughness depth) [mm] 

rε = Nose Radius [mm] 

fn = Feed in mm per Revolution [mm/r] 
 
 

 
Figure 12. Magnification of workpiece surface after turning. 

rε

n
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A Wiper cutting edge placed on a Sandvik Coromant turning insert 
consists of many connected radii (more than three) placed at the cutting 
nose of the insert. See figure 13. 

 
 

Figure 13. Radii configuration of D-shape Wiper, a star denotes start/end of a radius. 
 

One or a few of the radii’s are in the context quite large, from 
approximately 1 to 30 mm, depending on insert shape and size (in figure 
13 R3, R5 and R7, R9). This large radius is trailing the surface and 
smoothes the peaks seen in figure 12 leaving a better surface finish, than 
the traditional single nose radius. Sandvik Coromant patents the Wiper 
nose. 
 Figure 14 shows a D-shape insert with neutral Wiper nose. Parameter 
bs is the “length” of the Wiper radius. 

 
Figure 14. D-shape Wiper insert. 
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Test runs with Wiper inserts show that the surface finish could be twice as 
good with unchanged feed rate, or the feed could be doubled with same 
surface finish, compared to same insert without Wiper cutting edge. See 
figure 15 for illustration. Sometimes the gain in surface finish or feed is 
even more, depending on insert grade and material being machined. 

 
 

 
Two times the feed rate 

 
= Same surface finish  
  

Same feed rate = Twice as good surface finish 

 
 
 

 
Figure 15. Benefits with Wiper inserts compared to conventional inserts. 
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A known fact is that the main part of the manufacturing process that really 
changes the manufacturing cost, is cutting data. A 20 % increase in speed 
or feed equal a 15 % cost reduction, compared to a 50 % longer tool life 
only equal about 1 % reduction in cost. Study figure 16 below. 
 Using a Wiper means that the time it takes to machine a component is 
cut in half, if the feed rate is doubled. That is why Wiper inserts can 
enhance productivity radically, with the foregoing mentioned facts in 
mind. 

 
Figure 16. Cost reduction comparison between tool life and cutting data. 

 
Another advantage with the Wiper is that it can eliminate the need of 
grinding operations after turning, depending on the surface finish 
requirement. 
 Tool life is also prolonged in longitudinal turning (see figure 4) 
because the Wiper radius is a “protected” edge with the task to improve 
the finish; it is not the main cutting edge. Hence it should therefore be able 
to maintain the same surface finish a longer period of time comparing to a 
standard nose. 
 On the downside is that for D- and T-shaped Wiper inserts the 
workpiece dimensions deviates compared to a workpiece machined with 
comparable insert without Wiper. It is because of change in the m-
dimension5 of the nose, which is outside ISO/ANSI tolerance limits. C- 
and W-shape inserts fall within tolerance limits. Edge-CAM is a computer 
aided machine software from Pathtrace that newly has implemented full 
Wiper compensation (D and T inserts) when producing NC-data, in terms 
of feed and position of the tool holder. 
 Notable as well is that the tool radial force, Fx, could be increased 5-10 
% with a Wiper, which could cause problems with thin walled components 
or long shaft work. Tangential and axial forces are unchanged. See 2.1 
Turning Theory for definition of forces. 
 

                                                 
5 See Appendix 1 Inserts for definition of m-dimension. 
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2.5.1 Wiper Toolbox Object 
 

Why is the Wiper cutting edge a suitable first Toolbox object? One subject 
that could be a problem while constructing a new Wiper nose at Sandvik 
Coromant today is that there are no design guidelines or rules of thumbs 
written down to support the engineer. Instead a Wiper is designed with 
help from a few persons with a lot of Wiper-knowledge. Consequently the 
Wiper Toolbox Object could be helpful for designers with little or no 
Wiper experience, by giving the designer something to begin the design 
with. Built-in engineering design rules enhance the result, and prevent 
obvious mistakes. 
 Of course it is not as simple as providing a sketch to the designer it 
will end up in a working Wiper insert. Still knowledge about what affects 
the performance of the Wiper, if certain “Wiper parameters” are changed, 
is required. But at least it is a constrained sketch ready to be modified. 
 Other things that motivate the Wiper Object are that Wiper edges are 
quite similar between insert shapes and are not too complex considering 
geometry. In its simplest form it is a sketch with a series of connected 
radii’s. 
 

2.5.2 Wiper Inserts 
 

Wiper inserts came out for the first time on the market in 1997, but the 
development at Sandvik started in the late eighties. Existing Wiper turning 
insert shapes in Sandvik Coromant assortment are C-, D-, K-, T- and W-
shape Wipers, both negative and positive. Depending on assumed 
application area the Wipers are separated into six different types: 
 

 Finishing, -WF 
 

 Medium, -WM 
 

 Roughing, -WR 
 

 Knife edge, -WK 
 

 CBN edge, -WG 
 

 Ceramic, -WH 
 

 
Finishing Wipers are used to receive superior surface finish, while 
roughing Wipers are mostly used to enhance productivity by increasing 
feed. Medium type enhances productivity and gives better surface finish. 
Knife edge Wipers utilizes an open and positive chipbreaker for excellent 
surface finish during high speed machining. Could be of either Left or 
Right type.  

CBN or Cubic Boron Nitride Wipers are used for excellent surface 
finish on hardened materials. Ceramic Wipers are used for high 
productivity and good surface finish in gray cast iron and hardened 
materials. CBN and Ceramic Wipers are not treated in this report. 

 
 

               
 

Figure 17. C-, W-, T-, and D-shape Finishing Wipers on top 
and Knife edge, CBN edge and Ceramic Wipers at bottom. 
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Table 3 shows a list of insert shapes, where a number of them exist as 
Wiper’s today. 
 
Table 3. Wiper insert shapes. 
Insert 
Shape1 

Included 
Angle 

Figure1 Entering 
Angle2, Κ [°] 

 Wiper Comment 

S 
 

90° 
 

 

45, 60, 75 A few Wipers have been 
developed, but no inserts 
released on the market yet. See 
section 2.5.6 Other Wipers. 

     

T 
 

60° 

 

 

90 to 93 See section 2.5.3 T-shape Wiper. 

     

C 
 

80° 

 

 

75, 95 See section 2.5.4 C- and W-
shape Wiper. 

     

D 
 

55° 

 

 

91 to 94 See section 2.5.5 D-shape 
Wiper. 

     

V 
 

35° 

 

 

72.5, 93, 
107 

No Wipers developed. See 
section 2.5.6 Other Wipers. 

     

W 
 

80° 

 

 

95 Same included angle as C-shape. 
See section 2.5.4 C- and W-
shape Wiper. 

     

K 
 

55° 

 

 

92 to 94 Same included angle as D-
shape. There exist a few K-
shape Wipers, but are not 
treated in this report. 

     

R 
 

- 

 

 

- No Wipers developed. See 
section 2.5.6 Other Wipers. 

1 Insert shapes according to SS-ISO 1832:2004 
2 Depends on type of turning operation and on iC  

 
The succeeding three sections index today’s existing Wiper radii 
configuration types and shows a figure of a typical Wiper sketch. Each 
configuration type is given a name, for example negative T-Wiper with 
extra transition radius is denoted T2. In section 2.5.7 Wiper Inserts 
Classification all existing Sandvik Coromant standard turning Wipers are 
presented and the Wiper configuration type is denoted. 
 

”100° corner” 
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2.5.3 T-shape Wiper 
 

Table 4 describes and names the different kinds of T-shape Wipers found 
and figure 18 displays a typical T-Wiper sketch (type T3). The reason why 
two Wiper radii’s exist in the same nose is that the Wiper effect also can 
be utilized in other turning operations than standard longitudinal, for 
instance facing (the turning tool holder is translated towards the workpiece 
in radial direction). The α angle is located between BISEC1 datum plane 
and the line that tangent the contact point on the main Wiper. 

 
Table 4. T-shape Wiper types. 
Wiper 
Type 

Insert Type Radii Configuration Entering 
Angle, Κ [°] 

Alfa Angle, 
α [°] 

T1 Negative T 2 Wiper 
1 Transition 
1 Corner (not ISO rε) 

91-93 57-58 

T2 Negative T 2 Wiper 
2 Transition 
1 Corner (not ISO rε) 

91-93 57-58 

T3 Positive T 2 Wiper 
1 Transition 
1 Corner (not ISO rε) 

91-93 58-59 

T4 Positive T 1 Wiper 
2 Transition 
1 Corner (not ISO rε) 

91-93 58-59 

T5 Knife Left N/A 90-93 58-59 
T6 Knife Right N/A 90-93 58-59 

 

 
 

Figure 18. T3 type Wiper sketch. 

α Angle 

Wiper 

Half Max Feed 

Entering Angle, Κ 

Transition Radius 

Corner Radius 

Contact Point

Contact Point 

BISEC1

Main Wiper 
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2.5.4 C- and W-shape Wiper 
 

Some C-shape inserts have extra Wipers on the “100° corners” as well 
(see table 3), why two extra C Wiper types are added in table 5.  

 
Table 5. C and W-shape Wiper types. 
Wiper 
Type 

Insert Type Radii Configuration Entering 
Angle, Κ [°] 

Alfa Angle, 
α [°] 

C1 Negative C 1 Wiper 
1 Transition 
1 Corner (ISO rε) 

95 
 

45 

C2 Negative C  
“100° corner”1 

1 Wiper 
1 Transition 
1 Corner (ISO rε) 

75 55 

C3 Positive C 1 Wiper 
1 Transition 
1 Corner (ISO rε) 

95 
 

45 

C4 Negative C 2 Wiper 
2 Transition 
1 Corner (ISO rε) 

95 45 

C5 Negative C  
“100° corner”1 

2 Wiper 
2 Transition 
1 Corner (ISO rε) 

75 55 

W1 Negative W 1 Wiper 
1 Transition 
1 Corner (ISO rε) 

95 45 

1 Review table 3 

 

 
 

Figure 19. C1 type Wiper sketch. 

”Banana” Chipbreaker 

Transition 
Radius 

Wiper Radius 

Corner Radius ISO 

Contact Point 
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2.5.5 D-shape Wiper 
 

Table 6. D-shape Wiper types. 
Wiper 
Type 

Insert Type Radii Configuration Entering  
Angle, Κ [°] 

Alfa Angle, 
α [°] 

D1 Negative D  2 Wiper 
1 Transition 
1 Corner (not ISO rε) 

92-94 59.5 

D2 Negative D 2 Wiper 
2 Transition 
1 Corner (not ISO rε) 

92-94 
 

59.5 

D3 Positive D  2 Wiper 
1 Transition 
1 Corner (not ISO rε) 

  
91-93 

59.5 

D4 Positive D 2 Wiper 
2 Transition 
1 Corner (not ISO rε) 

  
91-93 

59.5 

 
 

 
 

Figure 20. D1 type Wiper sketch. 

Transition 
Radius 

Wiper 

Wiper 

Corner Radius 
not ISO 

Contact Point 
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2.5.6 Other Wipers 
 
S-Wiper has been developed and tested, but no S-Wipers are introduced 
into Sandvik Coromant product catalogue yet. The sketch consists of three 
Wiper radii’s, with supposed contact points at angles 45, 60 and 75 degree 
depending on turning operation. Results from testing revealed that high 
radial cutting forces emerged when cutting with 45 degree entering angle. 
The prioritized application area for an S-Wiper would mainly be to 
enhance feed, because S-shape inserts are foremost used in roughing 
turning operations due the good corner strength. 

V-Wiper is probably going to be developed in the near future says 
Jörgen Wiman, Development Engineer at Product Development Turning 
department (CTRT), one of the Wiper nose inventors. V-shaped inserts are 
used for finishing operations, consequently a V-Wiper would be utilized to 
get even better surface finish and in the end eliminate grinding operations.  

Round inserts, R-shape inserts, could also be designed with Wiper 
edge according to Wiman. To obtain the correct position of the contact 
point between Wiper radius and workpiece, the insert has to be designed 
with geometry that fixates the insert in specific positions. This would 
however limit the number of cutting edges on an R-shaped insert. The 
special fixating solution already exists on a CoroMill 200 milling insert 
from Sandvik Coromant, see figure 21. Also the entering angle would of 
course be critical for the Wiper performance. 

 

 
Figure 21. Sandvik Coromant CoroMill 200 R-shape insert. 

 
 
 

The chamfers position 
the insert in Tool Holder 

Here would the thought 
Wiper edge be located 
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2.5.7 Wiper Inserts Classification 
 

Table 7 provides information about Wiper configuration (type and size), 
maximum feed, theoretical Rmax for a standard ISO insert without Wiper 
and theoretical Rmax for the Wiper insert.  

The Wiper configuration data gives a basis for which types of Wiper 
sketches ought to be made and makes it possible to design the sketches 
with numerical values. The idea is to make sure that the Wiper Object 
sketches confirm with the already produced Wiper inserts (table 7), in 
terms of choosing the correct Wiper radius, Wiper perimeter, Wiper type 
and feed when changing iC or rε. 
 Most of the inserts in the table were created in the old CAD system 
CATIA v4 and access to the part files has been limited. Only a few Rmax 
for Wiper inserts were examined due to the time consuming process of 
measuring inserts created in CATIA. 

 
Table 7. Wiper inserts in Sandvik Coromant turning assortment 2006-02. 

Insert1 Wiper 
Type2 

Wiper Size3 [mm] Max Feed 
[mm/r] 

Rmax 

Wiper4 
[µm] 

Rmax STD 
Insert5 
[µm] 

Finishing Negative   
CNMG 090304-WF C1, C26 R4(0.5), R7(0.5) 0.25 2.0, 2.0 19.5 
CNMG 090308-WF C1, C26 R7(1.0), R7(0.8) 0.50 4.5, 5.1 39.1 
CNMG 120404–WF C1, C26 R4(0.4), R4(0.3) 0.25  19.5 
CNMG 120408–WF C1, C26 R5(0.7), R5(0.6) 0.50  39.1 
CNMG 120412-WF C1, C26 R12(1.4), R13(1.4) 0.60 3.8, 4.0 37.5 
DNMX 110404–WF D2 R3(0.2)+R3(0.2) 0.30 8.6 28.1 
DNMX 110408–WF D1 R5.1(0.4)+R5(0.4) 0.40  25.0 
DNMX 150404-WF D2 R3(0.2)+R3(0.2) 0.30 5.4+3.2 28.1 
DNMX 150408–WF D2 R5.1(0.4)+R5(0.4) 0.40  25.0 
DNMX 150412–WF - - 0.55  31.5 
DNMX 150604-WF D2 R3(0.2)+R3(0.2) 0.30 5.4 28.1 
DNMX 150608–WF D1 R5.1(0.4)+R5(0.4) 0.40  25.0 
DNMX 150612–WF - - 0.55  31.5 
TNMX 160404–WF T1 R3(0.2)+R3(0.2) 0.30  28.1 
TNMX 160408–WF T1 R5(0.4)+R5(0.4) 0.40  25.0 
WNMG 060404–WF W1 R4(0.4) 0.25  19.5 
WNMG 060408–WF W1 R5(0.7) 0.50  39.1 
WNMG 080404–WF W1 R4(0.4) 0.25  19.5 
WNMG 080408–WF W1 R5(0.7) 0.50  39.1 
WNMG 080412–WF - - 0.60  37.5 

      

Finishing Positive      
CCMT 060204–WF C3 R3(0.4) 0.30  28.1 
CCMT 060208-WF C3 R5(0.7) 0.35  19.1 
CCMT 09T304–WF C3 R3(0.4) 0.30  28.1 
CCMT 09T308–WF C3 R5(0.7) 0.35  19.1 
DCMX 070202-WF D3 R1(0.2)+R1.6(0.2) 0.15 2.6 14.1 
DCMX 070204–WF D4 R3(0.2)+R3(0.2) 0.25  19.5 
DCMX 070208–WF D3 R5.1(0.4)+R5(0.3) 0.35  19.1 
DCMX 11T304–WF D4 R3(0.2)+R3(0.2) 0.30  28.1 
DCMX 11T308–WF D3 R5.1(0.4)+R5(0.4) 0.35  19.1 
TCMX 090204–WF T4 R3(0.3) 0.30  28.1 
TCMX 090208-WF T3 R6(0.4)+R6(0.4) 0.35 2.6 19.1 
TCMX 110304–WF T4 R3(0.3) 0.30  28.1 
TCMX 110308–WF T3 R6(0.4)+R6(0.3) 0.35  19.1 
TCMX 16T304–WF T3 R6(0.4)+R6(0.4) 0.25 3.4+2.6 19.5 
TCMX 16T308–WF T3 R6(0.4)+R5(0.4) 0.35  19.1 
      

Medium Negative      
CNMG 120408–WM C1, C26 R5(0.7), R5(0.6) 0.60  56.3 
CNMG 120412–WM C1, C26 R7.5(1.1), R7.5(0.9) 0.90  84.4 
CNMG 160608–WM C1, C26 R6(0.8), R6(0.8) 0.70  76.6 
CNMG 160612–WM C1, C26 R8.5(1.1), R8.5(1.1) 0.70  51.0 
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DNMX 110408–WM D1 R8(0.5)+R8(0.6) 0.50  39.1 
DNMX 110412–WM D1 R10(0.3)+R9.1(0.7) 0.60  37.5 
DNMX 150408–WM D1 R8(0.5)+R8(0.6) 0.50  39.1 
DNMX 150412–WM D1 R10(0.3)+R9.1(0.7) 0.60 4.8+4.9 37.5 
DNMX 150416–WM D1 R19(0.4)+R16.2(1.0) 0.80  50.0 
DNMX 150608–WM D1 R8(0.5)+R8(0.6) 0.50  39.1 
DNMX 150612–WM D1 R10(0.6)+R9.1(0.8) 0.60 4.8+4.9 37.5 
DNMX 150616–WM D1 R19(0.7)+R16.2(1.1) 0.80  50.0 
TNMX 160408–WM T1 R8(0.5)+R8(0.5) 0.50  39.1 
TNMX 160412–WM T1 R10(0.6)+R10(0.6) 0.60  37.5 
WNMG 060408–WM W1 R5(0.7) 0.60  56.3 
WNMG 060412–WM W1 R7.5(1.1) 0.90  84.4 
WNMG 080408–WM W1 R5(0.7) 0.60  56.3 
WNMG 080412–WM W1 R12(1.4) 0.90 3.8 84.4 
      

Medium Positive      
CCMT 060208–WM C3 R5(0.7) 0.40 4.0 25.0 
CCMT 09T304–WM C3 R3.7(0.5) 0.40  50.0 
CCMT 09T308–WM C3 R5(0.7) 0.50  39.1 
CCMT 120404–WM C3 R3.7(0.5) 0.40  50.0 
CCMT 120408–WM C3 R5(0.7) 0.50  39.1 
DCMX 11T304–WM D4 R5(0.3)+R5(0.4) 0.40  50.0 
DCMX 11T308–WM D3 R6(0.4)+R5(0.4) 0.50  39.1 
TCMX 110304–WM T3 R5(0.3)+R6(0.4) 0.35 5.8+2.6 38.3 
TCMX 110308–WM T3 R6(0.4)+R4.8(0.4) 0.50  39.1 
TCMX 16T308–WM T3 R6(0.4)+R5(0.4) 0.50  39.1 
      

Roughing Negative      
CNMM 120408–WR C4 R16(0.4)+R16(0.6) 0.80  100.0 
 C5 R16(0.4)+R16(0.5)    
CNMM 120412–WR C4 R20(0.4)+R20(1.1) 1.10  126.0 
 C5 R20(0.5)+R20(0.6)    
CNMM 120416–WR C4 R25(0.4)+R25(0.3) 1.20  112.5 
 C5 R25(0.6)+R25(1.0)    
CNMM 160612–WR C4 R25(0.3)+R25(0.5) 1.20  150.0 
 C5 R25(0.4)+R25(0.6)    
CNMM 160616–WR C4 R30(0.7)+R30(0.7) 1.20  112.5 
 C5 R30(0.7)+R30(0.8)    
CNMM 190616–WR C4 R30(0.8)+R30(1.1) 1.20  112.5 
 C5 R30(0.9)+R30(1.1)    
TNMX 220412–WR T2 R10(0.8)+R10(0.7) 1.10  126.0 
TNMX 220416–WR T2 R12(1.0)+R12(1.0) 1.20  112.5 
      

Knife Edge Wiper      
TCGX 06T104L-WK T5 - 0.25  19.5 
TCGX 06T104R-WK  T6 - 0.25  19.5 
TCGX 090204L-WK T5 - 0.28  24.5 
TCGX 090204R-WK T6 - 0.28  24.5 
TCGX 110204L-WK T5 - 0.30  28.1 
TCGX 110204R-WK T6 - 0.30  28.1 
TCGX 110304L-WK T5 - 0.30  28.1 
TCGX 110304R-WK T6 - 0.30  28.1 

1 Insert names according to SS-ISO 1832:2004 and Sandvik Coromant 
2 See sections 2.5.3 T-shape Wiper, 2.5.4 C- and W-shape Wiper and  

2.5.5 D-shape Wiper. 
3 Wiper radius with perimeter length in parenthesis, the first written Wiper is the one 

closest to BISEC1 datum plane. 
4 Theoretical values measured in CAD model. 
5 Theoretical values calculated with formula (1), found in section 2.5 Wiper. 
6 100 degree corner Wiper, review table 3. 
 
 

The theoretical surface finish is approximately four to eight times better 
with a Wiper insert compared to a standard insert, according to the table. 
In reality the entering angle is deviating from the optimal value due to 
tolerances in machine parts and tool holder. The Wiper contact point with 
the workpiece is critical if the surface finish should improve at all. If the 
entering angle is wrong, the surface could turn out even worse. Generally 
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the entering angle tolerance for TCGX Wipers is set to ±1 degree. Other 
Wipers are presumably in the same area. 
 What could be seen in table 7 is that the Wiper radii’s values are often 
equal in inserts with more than one Wiper radius, while the Wiper 
perimeter closest to BISEC1 is often a little shorter (~0.1-0.3 mm) than the 
other Wiper perimeter. 

Wipers with included angle 55-60 degrees might be hard to “get 
together” close to the BISEC1 datum plane if not a small (~0.3-0.6 mm) 
corner radius is used in the Wiper sketch in NX3. This means that T and D 
Wiper’s usually have one additional radius close to the nose, while C and 
W do not. 

2.5.8 Derived Wiper CAD Rules 
 
Anders Westlund, designer at CTDI department, designed a fictive C-
Wiper to present how a Wiper is sketched with Unigraphics 18.  
 
Wiper sketch 
 

 The sketch-plane on top of the insert is AGA datum plane. 
 The Wiper corner-radius endpoint should be point-on-curve with 

BISEC1 datum plane. 
 The Wiper corner-radius centre point should be collinear with 

BISEC1 (if the nose is supposed to be symmetric/neutral). 
 The sketch line along the insert side should be collinear with 

MA_PER datum plane and parallel with AASS datum axis. Its 
endpoint in direction away from the Wiper corner should be point-
on-curve on SYM_XZ. 

 The Wiper contact point line should be constraint with the α angle 
against BISEC1. 

 
Nose side sketch 
 
The Nose side sketch shapes the side of the insert nose for positive inserts. 
Instead of an extrude operation forming the Wiper corner like with 
negative Wipers, the sweep command is used with the side sketch. 
Derived rules for nose side sketch: 
 

 Top line should be collinear with S1 datum plane. 
 Insert side edge line should be collinear with MA_PER. 

 
Dealing with positive inserts the radius problem along the insert side has 
to be considered. The minimum radius allowed on an insert side is r = 0.2 
mm due to manufacturing reasons, therefore somewhere on the side a 
breakpoint exists. In that point the side has to change direction, forming a 
“knee”. If no “knee” is created, the Wiper radii’s from the top surface will 
continue to decrease further down the insert side and finally become 
“negative”, i.e. self-intersecting. If it should be possible to predict where 
the breakpoint “knee” is situated a mathematical model has to be derived, 
which is not trivial. 
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2.6 Future Toolbox Objects Survey 
 
Part of the thesis task was to examine what additional objects could be 
interesting to place in the Toolbox in the future. The methods used in the 
study were a questionnaire proposed to the future users of the Toolbox – 
the insert designers – and interviews with a number of them. 

Nine insert designers working at the Coromant Technology Design 
Insert department, at Sandvik Coromant, Sandviken were introduced to 
the study and received a copy of the questionnaire. Two persons were 
more thoroughly interviewed; Jörgen Wiman, CTRT, one of the inventors 
of the Wiper cutting edge, and Anders Westlund, CTDI, insert designer 
with Wiper experiences. 

In addition a few other people, more or less involved in the insert 
design process got one copy, with the aim to get many peoples ideas and 
opinions. The total number of received answered forms was 12, not all 
questionnaires where filled in completely because of lack of Wiper 
experience for example. 
 The following sections summarize, explain and comment the received 
answers to the questions found in Appendix 2 Questionnaire CAD Toolbox 
at the back of the report.  
 

2.6.1 Question 1 “Toolbox Objects” 
 
In succeeding table 8 all relevant objects that came up from the 
investigation are listed. With each object the element or function are 
explained and the Toolbox object idea is described. Each idea is 
commented – discussing Toolbox potential, benefits and downsides.  

In Appendix 6 Toolbox Objects the Toolbox object ideas from table 8 
are listed in a more shortened way, for better overview. Purpose 
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Table 8. Possible future objects in Toolbox. 

Insert bottoms 
 

Insert bottom geometry (figure 22) with purposes of: 
 avoiding edge flashes that could make the insert 
unstable in tool holder, 

 prohibit gradients from powder-compacting 
influencing the bottom area around the insert hole 

 and finally to reduce the bottom surface grinding 
area.  

 
»Idea 
Insert Bottom: Produce a simple and intuitive 
graphical interface where different bottoms could be 
picked, modified and imported. 
 
Bottom Frame Sketch: A basic sketch-profile placed 
perpendicular to the insert bottom edge that could be 
swept along a guide (bottom edge). One solution is to 
place the sketch in the symmetry part file from the 
beginning. 
 
Insert Bottom Database: A lot of existing bottoms 
are available today in an archive ready to be added to 
the Insert Model Structure assembly. For each different 
bottom, there is a NX3 part model. If the parts were 
put in a database they could be better controlled and 
utilized. 
 
»Comment 
Positive with insert bottom object: 

 If a parametric sketch is used, the size and shape 
of the profile around the hole (figure 22) can be 
changed independently of picked bottom. 

 
Insert bottom database object: 

 No bottom reference list necessary. 
 Easier to find wanted bottom. 

 
Milling inserts designed for different milling operations 
rarely look the same, why the bottom frame-sketch 
object idea ought to be the best solution when working 
with milling inserts. 

  

 Figure 22. Example of bottom symmetry 
part (1/3) for T-shaped insert. 

Hole Profile 
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Insert holes Standard hole through the insert, required to be able 
to fixate the insert with a clamp or screw with the tool 
holder. 
 
»Idea 
Insert Hole: Produce a simple and intuitive graphical 
interface where different holes could be picked, 
modified and imported. 
 
Insert Hole Database: Place all existing hole parts in 
a database object, and let the ones that are never 
used eventually “fall out”. If a new hole is made it 
should be possible to add to the database. 
 
Hole Application: Input insert type and size and get a 
suitable hole recommended. 
 
 
»Comment 
At present the designers have to pick from a huge list 
of holes (around 400), where a number of holes are 
almost identical. Many holes are available as NX3 
parts, ready for import and boolean operation with 
symmetry part. It is not possible to connect a specific 
hole against existing inserts, hence the designer might 
unnecessary make a new hole, because the desired 
hole couldn’t be found. 
 
Positive with insert hole database object idea: 

 No hole-reference list is necessary. 
 Easier to find an existing hole. 
 Will reduce the number of new developed holes. 

 
 
 

  
Insert Markings Digits and letters placed on the insert surface, 

indicating for example insert type and corner radius. 
 
»Idea 
Object with special function for producing markings out 
of typed text, or from list of standard texts, ready to 
be imported as sketch or solid. 
 
»Comment 

 Quicker to add markings on insert. 
 The standard text list contains approved markings. 
 Easier to maintain standard. 

 
Note that there is already a program for Projecting text 
on surfaces available in the Insert Utilities (Enhanced) 
toolbar in NX3. 
 

 
Figure 23. Insert hole.

Figure 24. Markings indicating medium 
Wiper and 0.8 mm nominal nose radius.  
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Draw Pin Hole  
(Swedish: “spikbotten”) 

The so called Draw Pin Hole has two functions: 
  
1. Move the GC-pin contact point to prevent flashes 

during PVD/CVD-coating, causing unstable insert 
bottom. The GC-pin is used for holding the insert 
during coating. 

 

2. Position the “Draw Pin” used to hold the insert 
while grinding bottom surface.  

 
The Draw Pin Hole is not utilized on direct-pressed 
inserts, only on inserts demanding periphery grinding. 
 
»Idea 
Make an object with a parametric sketch of the Draw 
Pin Hole. 
 
»Comment 
At the moment three different sizes of the Draw Pin 
Hole exists. A Toolbox object would help next time a 
different size has to be made. 
 

 Simple geometry with few parameters, quite ideal 
as Toolbox object. 

  
Micro Geometry Small changes in geometry somewhere on the insert, 

for example varying insert edge condition (see ISO 
1832:2004 or Sandvik Coromant Main Catalogue) 
along the insert edge area, figure 25. 
 
»Idea 
Importable cutting edge condition geometric elements 
or sketches (e.g. ER, negative land, etc). 
 
»Comment 
Probably difficult task to make an object out of, since 
the wanted geometry seldom is the same between 
inserts. But maybe part of a geometric element could 
be put in the Toolbox, for instance a sketch, if a 
number of sizes of an insert are going to be developed. 

  

Chipbreaker 
Sketch/Feature 

Chipbreaking geometry is used to break the chip from 
the workpiece produced by the insert cutting edge, for 
uninterrupted machining. 
 
»Idea 
General Cutting Edge Sketch: A general 
chipbreaker-sketch for the insert cutting edge, where 
angles and other expressions easily can be changed. 
Basic input data are given to the object, e.g. type of 
sketch and number of sketches (sketch-planes).  
 
Chipbreaker: Different kinds of chipbreaking 
geometry that looks similar from insert to insert, e.g. 
so called banana, nosecone, etc. The sketches could be 
different Toolbox objects, or gathered in one large 
Chipbreaker Object. 
 
»Comment 
If a series of similar inserts are going to be 
manufactured where only size differs, it might be worth 
making an object out of the chipbreaking geometry. 

 
 

Figure 26. Chipbreaker sketch 
and cross section of insert. 

 
Figure 25. Micro geometry on edge area. 
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Feature Naming Almost all sketches, references and other features in 

NX3 should be denoted according to Sandvik Coromant 
standard. 
 
»Idea 
Naming: Help program for quick naming of features 
directly in NX3. Or more named sketches from start in 
the symmetry model part. 
 
Naming Help: Object for retrieving and storing 
information about which features should be named and 
how.  
 
»Comment 
Named elements are useful for next person working 
with the part. The Naming Object could make sure that 
the naming always is done and in correct manner.  
 
Sandvik Coromant Design Programs, e.g. automatic 
generating of insert press tools, demands a 
standardized state of the NX3 input parts. 

  
Converting with 
STEP 

STEP – STandard for the Exchange of Product Data. 
International standard for data exchange between CAx-
systems. Makes it possible to transfer 3D-CAD models 
between different CAD environments.   
 
»Idea 
Search function in NX3 among “old” CATIA parts, with 
automatic conversion and copying to desired directory. 
“Best practice” information on what tolerance to set 
and other parameters/options in CATIA to get best 
result in NX3.  
 
»Comment 
The fact that a large part of Sandvik Coromant 
products are made in CATIA makes the STEP process 
unavoidable. If it could be improved and optimized 
many hours of unnecessary work could be spared. 

Figure 27. NX3 feature naming window. 

CATIA® v4 

UGS NX3® 
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Design Geometry, 
“Looks” 

Geometry on top of insert, sometimes without any 
practical use. Makes the insert look more advanced 
than it really is and/or connects the insert with a 
business area, e.g. aircraft or automobile.     
 
»Idea 
Collect design geometry into an object. The designer 
would be able to browse existing features, import 
geometry and add new “looks” to the object. 
 
»Comment 
Mostly simple geometry, thus adding to a Toolbox 
shouldn’t be a problem. Gives a better overview of 
existing “looks”. 
 

  
Example of Design 
Geometry 

Design pattern around insert hole, figure 29, with 
purpose to reduce the grind surface area. The thought 
application area is in production of aircraft engine 
components, which explains the design. 
 
»Idea 
An object that contains a parametric version of the 
design feature, importable into NX3, where the 
defining parameters can be changed. 
 
»Comment 
Quick and easy implementation of the design 
geometry.  
 Figure 29. Design geometry on top of 

S-shaped insert. 

 
Figure 28. Example of design geometry – the 
circular elevated feature on the top of the insert. 
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“Periphery-dots”,  
Chipbreaker 
(Swedish: “rillar”) 

Circular dot pattern (about ∅ 0.45 mm) applied to 
break chips, placed along the cutting edge on parting 
inserts. 
 
»Idea 
Parametric NX3 feature where parameters defining the 
pattern can be changed before the dots are imported 
and positioned. 
 
»Comment 
The chipbreaker is not widely used, only about 10 
developed inserts since the eighties.  
 
Doubtful if it is worth creating as Toolbox object, it is 
not a difficult task making the dots the few occasions 
they have to be made. 

  
Drawing Views/ 
Templates 

Different types of insert drawings.  
 
»Idea 
Prepared drawing views with correct scaling and 
annotations. Perhaps in form of a few drawing 
templates, covering all insert shapes.  
 
The object could consist of a program where the 
designer pick between templates distinguished by 
insert shape or other data. Standard drawing 
information (e.g. designer, date, etc.) is given to the 
program and imported to the template.  
 
»Comment 
Same views are often used in different insert drawings, 
e.g. insert and blank drawing, why a template could 
become handy. A lot of the answers received in the 
questionnaire were about prepared drawing 
views/templates. 
 
 It would speed-up the repetitive drawing work 

essentially. 
 Line-thickness, colors and other set-up data would, 

with certainty, be equal for all drawings.  
 
UGS NX3 support drawing templates. 

 
Figure 31. Drawing views. 

 
 

         
Figure 30. Profiling parting insert with chipbreaker.
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Threading Insert 
 

Turning inserts forming thread on workpiece. 
 
»Idea 
Thread Cutting Edge: Object with possibility of 
insertion of “thread-nose” with changeable sketch, 
defined by type of desired thread (metric, inch, pitch 
angle, etc.). The object should suggest suitable base 
geometry size. This idea is similar to the Wiper cutting 
edge object. 
 
Thread Base Geometry: Importable starting base-
geometry (parametric for scaling) as a separate object 
or included in the Thread cutting edge object. 
 
Thread Tipping: Correct tipping of threading insert 
via an extra part in the assembly structure.  
 
Thread Drawing Template: Standardized drawing 
template for profile drawing. Only exist in CATIA right 
now.  
 
»Comment 
All above objects would ease up working with 
threading inserts. Today many times old parts from 
finished threading inserts are cloned and modified to 
produce a new insert. 

  
Serration Pattern 
 
 

 

“Ribs” used for rigid fastening of, for example, an 
insert onto a mill body. 
 
»Definition: One member of a spline joint having teeth 
or spaces that generally have flank profiles of 60°-
pressure angle. 
 
»Idea 
A parametric built serration, easy to import, scale and 
to move the contact point on. 
 
»Comment 
Serrations are for instance utilized in a new Sandvik 
Coromant face-mill under development. The pattern 
hold the insert in the radial direction, i.e. the insert has 
no contact with the mill body in that direction.  
 
Furthermore the pattern is used for fixating the milling 
insert while grinding and measuring. 
 
It is a simple geometric object that would be 
appropriate placing in the Toolbox. 

Figure 33. Serration pattern. 

 

 

 
Figure 32. Threading insert. 
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Edge-line Sketch Starting sketch when a new milling insert is designed. 

The edge-line determines the outline of the insert (i.e. 
the outer edge and contact point), see figure 34.  
 
»Idea 
A basic edge-line sketch ready for modification.  
 
»Comment 
At present the sketch is remade, or copied from 
another insert, when making a new milling insert. 

  
Tipping of Insert All inserts have an optimized position in the tool 

holder, which gives best performance. 
 
»Idea 
A function tipping the insert with the correct cutting 
angles, as it would be positioned in the tool holder at 
the customer. 
 
»Comment 
A similar tool exists on Sandvik Coromant “Tool 
Holder-development-side”, but it is not applicable 
direct with the inserts on the “Insert-development-
side”. A common program for both sides ought to be 
the ambition. 
 
Advantages: 
 Help in predicting contact points and to design 

chipbreakers, especially in completely new insert 
development.  

 Optimized design of insert.  
  
Correct Ways Catalogue with internal Sandvik Coromant standard, 

concerning product development. 
 
»Idea 
Easy access of most relevant material for the insert 
designer, placed in the Resource Bar™ in NX3 – the 
quick accessed tab on right side of the NX3 program 
window. 

 

 

Figure 34. Edge line sketch.
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“Bottom Build-up 
Areas” 
 

Some insert shapes (e.g. D and V) tend to flex a little 
after powder compacting and sintering, probably due 
to tension gradients. One solution to this problem is to 
compensate by adding “extra material” in certain 
places on the insert bottom.  
 
»Idea 
Object containing bottoms with extra build-up areas, 
which are importable into the symmetry model. 
 
»Comment 
May possibly be integrated in the Insert Bottom Object 
instead. 

  
Master Insert Simplified representative model of insert. 

 
»Idea 
Automatically create simplified max- and min tolerance 
parts out of the insert’s boundaries, without 
chipbreakers and other complex geometry. Afterwards 
an assembly part collision test between the master 
insert parts and the tool holder should be conducted.   
 
»Comment 
Facilitates for tool holder designers when creating tool 
holder and for insert designers trying to match a tool 
holder with the insert. 

  
Assembly Part 
Collision Test,  
“Screw in hole” 

Often a simple screw fastens the insert with the tool 
holder. 
 
»Idea 
Does the thought screw fit in the selected hole? 
Toolbox object with all available Sandvik Coromant 
insert screws as 3D-model parts, easy to pick from and 
import into assembly. 
 
»Comment 
NX3 has a function that can perform assembly collision 
test, which mean that if a hole and screw is correct 
mated in an assembly, NX3 can figure out the contact 
points when “fastening” (translating) the screw. 
 
Other objects depending on each other could also be 
checked, e.g. hole and clamp, (master) insert and tool 
holder. 

Figure 35. Build-up areas for D insert. 

Figure 37. “Screw in hole”-check. 

Figure 36. Master insert idea.

 

Extra material 
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Press-Markings 
(Swedish “pressmärkning”) 

Markings used for correct positioning of the insert 
during manufacturing and operation of tool (edge 
numbering). Could be lines, digits, dots, figures, etc. 
 
»Idea 
Gather all types of markings in an object where they 
are easy to browse and import. It should be possible to 
add new marking-figures as well. 
 
»Comment 
Probably not prioritized, since they are not difficult to 
make and it is probably more fun to come up with new 
ones. 

  
Freeform Surface 
Radius Test 

Milling inserts often have bent and twisted surfaces on 
the sides or top face, so called free form surfaces. Due 
to manufacturing reasons a smallest allowable radius 
exist (Swedish “stickelradien”). Somehow the designer 
has to get information about the radii’s on the surface. 
 
»Idea 
NX3 has a function that analyses a freeform surface 
and present information about the radii’s. But the 
representation is graphical (color-codes) and could be 
difficult to interpret. 
 
The idea is an object that runs the NX3 analysis 
automatically in “best practice” configuration, 
interprets the analysis and presents in actual value the 
smallest radius and where it is situated. 
 

  
Drawing 
Tolerances 
(Swedish: “toleransband”)  

Edges and sides of an insert are regulated by tolerance 
demands. Profile drawings are made as reference for 
measuring. 
 
»Idea 
Unified way of tolerance representation in NX3 drafting 
module brought up as profile drawing template. 
 
»Comment 
The procedure is time-consuming and different 
departments seem to have their own way of setting out 
the tolerances. 
 
The use of the profile drawings produced today are 
probably gradually going to end, a Coordinate 
Measuring Machine, CMM, will measure the 
components and compare dimensions with data 
directly from CAD environment instead.  
 
However the CMM need start and stop measuring 
points marked in the 3D-model, which could be 
something for an object in the Toolbox. 

Figure 40. Profile drawing with tolerances. 

Figure 39. CoroMill 390 insert (facemill). 

Figure 38. Examples of press markings. 
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Dynamic-/FEM-
Analysis 

Computer software for simulating and analyzing cutting 
forces and insert strength during turning. 
 
»Idea 
Retrieve cutting forces and other interesting variables 
during turning/milling for various kinds of inserts, 
cutting data and insert positioning. 
 
»Comment 
The insert and tool body could be optimized and tested 
in computer environment before manufacturing. This 
would save a lot of money and speed up the 
development of new products.  
 
Difficult tasks because heat also is a parameter in the 
cutting process, which is hard to predict and create a 
model for. The analysis has to be a combination of 
MSA (Multibody System Analysis) and CFD 
(Computational Fluid Dynamics) simulations. 
 
CFD software is used for simulation, visualization, and analysis of fluid 
flow, heat and mass transfer. 
 
MSA is the study of the motion of mechanical systems caused by the 
effect of external forces and excitations that act on the system. 

  
Design Programs Performs compulsory repetitive tasks in the insert 

design and manufacturing process. For example 
automated creation of insert press tools. 
 
»Idea 
Access: Easy access to design programs in NX3 and 
information about them. 
 
Re-use of Functions: Part-function of an extensive 
design program that could be beneficial to use in 
“single mode”, for example CAPPT help program for 
producing insert profile drawings used to guide the 
electrode during manufacturing. 
 
Condition Check: Check if the CAD model meet the 
design programs conditions (correct layers, settings, 
color, denotation, etc.). 
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2.6.2 Question 2 “Most Wanted Toolbox Objects” 
 
Many answers were:  

 Wiper, 
 insert hole, 
 markings and 
 finished drawing views (drawing templates) in NX3 drafting module. 

 

2.6.3 Question 3 “Working with a Toolbox” 
 
One supplement question given to the designers was about the Toolbox 
idea itself. In the following a few positive and negative opinions are 
presented: 
 
Positive: 

» “Good applications enhance the ‘working flow’” 
» “Speeds up standard” 
» “It’s quicker to import a ready object, instead of creating it several times” 
» “A more homogenous foundation for next-coming step” 
» “The constructions become more uniformed. Easier to work with (take over) another  

designers previous work” 
» “You gather the ‘boring work’ in one place, and get help with them” 

 
Negative: 

» “Inhibit creativity” 
» “Risk of getting stuck in old routines, no fresh thinking” 
» “’Loss’ of basic-level competence. Only a few people possess the knowledge” 
» “The work gets more boring…” 
» “More difficult to do ‘quick and impulsive’ design changes” 
» “Monotonous work”  

 
Comment 
The negative answers above point out that the Toolbox objects must be 
easy to configure and not prevent desired changes.  
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2.6.4 Question 4 “Object Frequency” 
 
Seven answers to the question were received, presented in table 9 below. It 
should be remembered that the designers are working within different tool 
areas: turning, milling and parting/grooving inserts. The list of 
objects/elements in table 9 was derived from a few lessons in basic insert 
design by Pekka Ovaska CTDP, who demonstrated how an insert is made 
today at Sandvik Coromant. 

 
Table 9. The designers answer distribution. 
 
(Instructions written in questionnaire: Put an X on each row. Also try to estimate the time 
consumption for each object/element as a part of the time for the whole (CAD) design process. 
Scale 1 to 3, 1 = small part, 2 = medium part, 3 = large part, X = don’t know) 

 

Time  
Object/element 

 
always 

 
often 

 
50-50 

 
seldom

 
never 

don’t 
know 1 2 3 X 

Hole-insertion 2 4   1 0 5   2 

Chipbreaking-geometry 3 3  1  1  2 4 1 

Design-geometry 1 2 2 1  1 2 4  1 

Catalogue data  1 2 3  1 3 1 1 2 

Bottom-insertion 1 1 3 2  0 5 1  1 

Markings (letters, digits)  1 4 2  0 2 4  1 

Nose-“sketch” 3 3 1   0 2 3  2 

Wiper-“sketch” 1 3  3  0  3 2 2 

Cutting edge condition 1 5 1   0 1 5  1 

Assembly, part collision test    2 2 3 2   5 

3D-annotation    3 1 3 2   5 

Shims    1 1 5  1  6 

Manufacturing related objects 
(Electrode: top, bottom…) 

4 2 1   0  3 3 1 

VT3D notation 4 3    0 3 3  1 

FEM-analysis    1 5 1    7 

Correct ways  1 3 3  0 5 1  1 

PCD, CBN-edges  1  4 2 0 3 1  3 
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Decreasing all values by 1 gives the simplified table 10 underneath. 
 

 
Table 10. The designers answer distribution. 

Time  
Object/element 

 
always 

 
often 

 
50-50 

 
seldom

 
never 1 2 3 

Hole-insertion 1 3    4   
Chipbreaking-geometry 2 2     1 3 
Design-geometry  1 1   1 3  
Catalogue data   1 2  2   
Bottom-insertion   2 1  4   
Markings (letters, digits)   3 1  1 3  
Nose-“sketch” 2 2    1 2  
Wiper-“sketch”  2  2   2 1 
Cutting edge condition  4     4  
Assembly, part collision test    1 1 1   
3D-annotation    2  1   
Shims         
Manufacturing related objects 
(Electrode: top, bottom…) 

3 1     2 2 

VT3D notation 3 2    2 2  
FEM-analysis     4    
Correct ways   2 2  4   
PCD, CBN-edges    3 1 2   

 

If analyzing the above tables the following information can be derived: 
 
 Frequency Time 
Hole-insertion Often or always Small 
Chipbreaking-geometry Always or often Medium/Large 
Design-geometry Often or 50-50 Small/Medium 
Catalogue data Seldom or 50-50 Small 
Bottom-insertion 50-50 or seldom Small 
Markings (letters, digits) 50-50 or seldom Small/Medium 
Nose-“sketch” Always or often Small/Medium 
Wiper-“sketch” Often or seldom Medium/Large 
Cutting edge condition Often Medium 
Assembly, part collision test Seldom or never - 
3D-annotation Seldom - 
Shims Never - 
Manufacturing related objects 
(Electrode: top, bottom…) 

Always or often Medium/Large 

VT3D notation Always or often Small/Medium 
FEM-analysis Never - 
Correct ways 50-50 or seldom Small 
PCD, CBN-edges Seldom or never Small 

 
Interesting objects to look into and possibly add to the Toolbox: 

 
Chipbreaking geometry Always or often used and takes a lot of 

time. 
Nose- and Wiper-sketch Often used and takes medium part of time. 

Cutting edge condition 
(micro geometry) 

Often used and takes medium part of time. 

Manufacturing related 
objects 

Always or often used and takes long time. 

 
The first three objects mentioned confirm their place in table 8 from 
question 1 (review section 2.6.1 Question 1 “Toolbox Objects”) and 
strengthen their position against the others. Note that objects not utilized 
so often could as well be of interest, because the general knowledge about 
them probably is limited. 
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2.6.5 Question 5 “Future Importance” 
 
This question was about what part of insert design that is going to be more 
important in the future. The answers were: 
 

 Micro geometry 
 FEM analysis 
 Chipbreaking geometry 
 Design geometry 
 Insert corner (nose-sketch, Wiper-sketch) 
 Markings 
 Denotation 

 
Comment 
Wiper, markings, design- and chipbreaking geometry are all competent 
objects to place in the Toolbox. 
 

2.6.6 Question 6 “CAD Problems” 
 

» “Design of Wiper cutting edge” 
» “A problem is that they want ‘old CATIA-inserts’ to start with. It’s time consuming  

to convert inserts with retained quality” 
 
An interesting Toolbox object could be a CATIA object that automatically 
finds and converts CATIA parts to UGS NX3 parts. The idea is mentioned 
in table 8 in Question 1. 

 

2.6.7 Question 7 “Wiper Object Functions” 
 

This question was about implementing extra functions/help programs in 
the Toolbox Wiper Object. 
 
The ideas from the designers were: 

 

Sensitive analysis How does a change in entering angle affect 
the surface-finish and cutting forces? 

  

Surface finish The theoretical surface finish achieved by the 
Wiper. 

  

Maximum feed Calculate theoretical maximum feed. 
  

Contact point Report the Wiper radius contact point with the 
workpiece. 

  

Total Wiper length Report the total Wiper cutting edge length, 
denoted bs, see figure 14 section 2.5 Wiper. 

  

Help lines in sketch Add reference lines to the Wiper-sketch, used 
in insert nose grinding drawings. 
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2.6.8 Question 8 “Wiper Object Demands” 
 
Seven answers to the question received. 
 

Table 11. The designers opinion about demands on the Wiper Object. 
 
(Instructions in questionnaire:  
Scale 1 to 3, 1 = must fulfill, 2 = nice if it fulfils, 3 = not at all, X = don’t know) 

 1 2 3 X 
Fully parametric [4] 2  1 

Import as a ”sketch” 3 [4]   

Import as a solid – ready for boolean operation  [5] 2  

Present the contact point [4] 1  2 

All parameters defining the Wiper, are changeable  [6] 1   

The parameters are changeable before importing the Wiper [3] 1 2 1 

The Wiper-edge position should be adjustable [5] 2   

Work with the most common insert base geometry [6]   1 

Work with all insert shapes (except R-shape) 2 [4] 1  

Work with all types of cutting edge conditions 2 [5]   

Report if selected Wiper differ much from norms  [7]   

Report if selected Wiper could be difficult to manufacture 1 [3] 2 1 

Report theoretical Rmax (+ Rmax for current insert without Wiper) 3 3  1 
Suggest suitable Wiper for selected insert base geometry  [5] 1 1 

Manage several different Wipers in the symmetry part 2 [4]  1 

Present the Wiper deviation from ISO-nose radius 2 [5]   

Manage CAD-problem along the insert side (positive inserts)  [5] 1 1 

3D-annotations explaining e.g. radii’s 1 [5]  1 

 
Comment 
Bold digits and square brackets indicate most selected alternative. 
Demanding at least 5 answers on one alternative to consider it as a 
“winner” gives the list below. The others with fewer answers are written 
within parentheses. 
  
The Wiper Object must fulfill: 

 All parameters defining the Wiper, are changeable 
 Work with the most common insert base geometry 
 The Wiper-edge position should be adjustable 
 (Fully parametric) 
 (Present the contact point) 
 (The parameters are changeable before importing the Wiper) 

 
And nice if it fulfils: 

 Report if selected Wiper differ much from norms 
 Import as a solid – ready for boolean operation 
 Work with all types of cutting edge conditions 
 Suggest suitable Wiper for selected insert base geometry 
 Present the Wiper deviation from ISO-nose radius 
 Manage CAD-problem along the insert side (positive inserts) 
 3D-annotations explaining e.g. radii’s 
 (Import as a “sketch”) 
 (Work with all insert shapes) 
 (Report if selected Wiper could be difficult to manufacture) 
 (Manage several different Wipers in the symmetry part) 
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2.6.9 Study Summary 
 
The type of Toolbox objects that consist of geometry and are similar 
considering shape, from inserts to insert, will probably be most interesting 
adding to the Toolbox. This kind of objects will be quite easy to build a 
model of, derived from the object data and to apply to different insert 
shapes. Examples are holes, bottoms, serration pattern, threading cutting 
edge, markings and looks (design geometry). 
 The amount of time it takes to create the Toolbox object must be put in 
relation with the time it takes to create “the object” manually. If the object 
Toolbox-implementation is complex and time consuming, while the object 
is quick to make manually, its implementation has to be justified by other 
arguments. Engineering rules (KBE) and maintaining standard could be 
two of those arguments. 

It is quite clear that the Wiper Object is wanted in the Toolbox 
indicated in both questions 4 and 5. If reviewing and analyzing the 
answers to the survey, a list with objects with potential for adding to the 
Toolbox can be made (written in no particular order): 

 
 Press-markings 
 Design geometry (“looks”) 
 Chipbreaking geometry 
 Nose geometry 
 Cutting egde condition (micro geometry) 
 Insert holes 
 Insert bottoms 
 Threading insert cutting edge 
 Drawing templates 
 Serration pattern 
 Draw Pin Hole 
 Edge line sketch 
 Insert markings 
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3 Road Map 
 

3.1 Problem Break-down 
 
The CAD Toolbox idea can be divided into investigating and solving 
following parts: 
 

 Toolbox environment (application technique) 
 Object access inside NX3 
 Toolbox inventory 
 Gathering and storing of Toolbox object data 
 Graphical user interface 
 Add new objects 
 Teamcenter Engineering 
 Toolbox help 

 
If considering the Wiper Object: 
 

 Gathering Wiper data 
 Verifying data 
 Derive rules and parameters 
 Development environment 
 Insertion in NX3 
 Geometric state (sketch, solid…) 
 Graphical user interface 
 Object user instructions 
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3.2 Product Demands 
 
The product demands are divided into two groups; “must fulfill” and “nice 
if it fulfils”. Note that the points were written down before the Concept 
Evaluation Phase was started, and that the demands stated in the thesis 
assignment and the survey results from question 7 and 8 are included. See 
2.6.7 Question 7 “Wiper Object Functions” and 2.6.8 Question 8 “Wiper 
Object Demands”. 
 
Toolbox 
 
Must fulfill: 
 Assist the designer in daily design work. 
 Work in UGS NX3 CAD environment and with Teamcenter 

Engineering. 
 Work together with the Insert Model Structure. 
 Integrate known engineering rules.  
 It should be possible to add new objects. 
 One demonstrative object should be developed (Wiper Object). 
 Simple classification and denotation of Toolbox objects. 
 All objects should comply with the existing CAD reference elements 

(datum planes and axis). 
 Full documentation on Toolbox, objects and how to add new objects. 

 
Nice if it fulfils: 
 Provide tips and rules of thumb during insert design (CAD). 
 Adding new object elements have to be “motivated” (to prevent 

unnecessary elements). 
 Work in another environment than UGS NX3. 
 Easy to update objects and to develop further. 
 3D-annotations explaining important parts of object geometry. 
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Wiper Object 
 
Must fulfill: 
 Importable Wiper geometry for all standard Wiper insert shapes. 
 Present the theoretical maximum profile height, Rmax. 
 The Wiper geometry should be an editable node in the NX3 Part 

Navigator Tree. 
 Importable as NX3 sketch. 
 All critical parameters should be changeable. 
 The Wiper edge position should be adjustable. 

 
 

Nice if it fulfils: 
 Importable Wiper nose for insert shapes with non-existing Wiper 

today. 
 Handle the radius problem along the insert side for positive Wipers.  

(Minimum radius should be at least 0.2 mm.) 
 Present the Wiper nose deviance from the ISO m-dimension. 
 Handle Wipers with more than one Wiper edge in the symmetry part. 
 Handle Parting and Grooving Wiper inserts. 
 Report if the Wiper differs much from norms. 
 Import as solid ready for boolean operation with symmetry part. 
 Work with all types of cutting edge conditions (micro geometry). 
 Suggest suitable Wiper for selected insert base geometry. 
 3D-annotations explaining Wiper sketch. 
 Handle different types of Wiper inserts: left, right, CBN Wiper, etc. 
 Sensitive analysis of entering angle. 
 Present Wiper profile height, Rmax. 
 Calculate theoretical maximum feed. 
 Present the contact point between Wiper radius and workpiece. 
 Present total Wiper length, bs. 
 Help lines in sketch for grinding drawings. 
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4 Concept Evaluation Phase 

4.1 Concepts and Ideas 
 

Toolbox ideas: 
 User Defined Features (UDF, see Glossary in beginning of report) 

launched from NX3’s own UDF Library. 
 CAD Toolbox C/Java-program that maintains UDF’s in a database. 

New UDF’s are added to a specific search directory, and a dialog 
demanding information about the UDF has to be filled in. The 
Toolbox objects (UDF’s) are accessed through a dialog interface, 
which is opened inside NX3. 

 Knowledge Fusion (KF) enabled UDF’s with new dialog window. 
 Objects are started from NX3 menu or special toolbar. 
 Add Object Wizard. A series of dialogs gathering information 

about the object and automatically add it to the Toolbox, similar to 
the UDF Wizard in NX3 used for creating UDF’s. 

 Insert type identification routine. Utilized to bring up the correct 
UDF matching insert shape and size with the working part. The 
routine could be used in all Toolbox objects. 

 The Toolbox is a KF program that let the user choose between the 
Toolbox objects by clicking on buttons in a dialog. 

 Create a user-friendly object dialog window in NX3.  
 
Wiper Object ideas: 

 Importable parametrical built Wiper sketch. 
 Solid part imported for boolean operation with symmetry part. 
 Add Component in Insert Model Structure assembly (similar to 

holes and bottoms today, see 2.2 CAD at Sandvik Coromant 
Today). 

 UDF containing Wiper sketch. 
 KF integration. 
 Create a special Wiper NX3 dialog window, where Wiper 

parameters can be changed and the user input is controlled. The 
Wiper theoretical profile height should be presented in the dialog.  

 
A few of the Toolbox/Wiper Object concepts were tested thoroughly, 
UDF, KF and Add component, which are presented in chapters 4.4 to 4.6. 
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 4.2 Evaluation Points 
 
The approach in the Evaluation Phase was to attempt to evaluate as many 
wanted functions as possible out of the ideas and concepts. For example: 
What functionality could a User Defined Feature provide? How is the 
UDF accessed? What objects could be used as UDF’s? Can UDF’s be 
used in combination with Teamcenter Engineering? 
 
Issues to look closer into: 

 Does it work with Teamcenter Engineering? 
 How is it accessed in NX3? 
 Difficulty of adding new object in Toolbox? Time aspect. 
 Ease of use and user help. 
 Possibility and ease of adding more elements in object. 
 Can the user change all object parameters? 
 Reliability. 
 Toolbox thinking. 
 Engineering rules integration (KBE). 
 Possibility to update Toolbox object. 

 

4.3 Concept: Wiper Sketch 
 
Naturally the core in the Wiper Object is going to be a sketch made in NX3, 
because a solid body require a sketch to define the shape in the extrude 
direction. The sketch has to be parametrically built, fully constrained and the 
Wiper Object demands have to be reconsidered. In chapter 5 the Wiper 
sketch is more thoroughly described. 

     

4.4 Concept: Add Component 
 
A simple way of importing features into a part is to add part files with 
solids or sketches (components) into the Insert Model Structure assembly. 
As mentioned before (2.2 CAD at Sandvik Coromant Today) this is 
already done today with insert holes and bottoms.  

To produce an object component a part file with the appropriate 
reference planes and axis are made and filled with features. The part file is 
saved with a specific name according to convention in a directory, where 
the insert designer (user) later on will search for the component. 

When inserting the component it is added to the insert assembly and 
mated. For instance an imported hole is mated with the 
INSERT_CENTER axis. Depending on type of feature, it is either 
subtracted or united with the symmetry part. 
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4.5 Concept: User Defined Feature  
 
UGS NX3 includes a function called UDF, User Defined Feature. A UDF 
is a parametric feature based definition of in first hand geometry but could 
also be a reference definition for positioning and/or orientation of another 
UDF. The UDF itself is a NX3 part file containing a set of CAD features, 
expressions and reference planes and axis, which make it possible to place 
and re-size the features when importing the UDF. 
 If the UDF is inserted (imported) into a part file it is represented as 
one single feature set instance in the Part Navigator, see figure 41. 
 

 
 

Figure 41. UDF node in Part Navigator window. 
 
Once the UDF has been inserted, it no longer has any links to its source 
part. It is possible to break the UDF into its original features with the so 
called explode function, the exploded features will appear in the Part 
Navigator as nodes. 

All created UDF’s end up in a library where they can be browsed and 
picked for insertion. Different library classes (folders) can also be created, 
figure 42 shows an example. A special library definition file called 
dbc_udf_ascii.def is used to set up the hierarchy.  
 

 
 

Figure 42. UDF Library Class Selection window. 
 

UDF Library Classes 
Containing UDF’s 
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After selecting library class the UDF’s in that class (i.e. folder) can be 
browsed and picked for insertion in the UDF Library Browser, figure 43.  
 

 
 

Figure 43. UDF Library Browser accessed in NX3. 

 
The icons in the Library Browser display a thumbnail of the UDF from the 
modeling session of NX3. The bitmap (CGM-file) is automatically 
captured when creating the UDF, however in most cases a new more 
representative picture has to be produced. One way is to export a CGM-
file from inside NX3 into the UDF library directory with the same name as 
the UDF PRT-file. Another is to re-capture the modeling workspace inside 
the UDF Wizard, see Appendix 3 CAD Toolbox Manual. 
 

CGM bitmap 
showing thumbnail 

UDF Name 

Chosen UDF Library Class 
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4.5.1 Wiper UDF 
 
A test UDF was made out of a T-shape Wiper sketch feature. For details 
on how to create a UDF read Appendix 3 CAD Toolbox Manual.  

When choosing the Wiper UDF in the UDF Library Browser a simple 
GUI is automatically generated by NX3, which could look like figure 44, 
depending on how the parameter rules was defined in the UDF. In the 
dialog the UDF parameters and target layer can be changed and the 
positioning reference must be resolved. If the UDF source part references 
are recognized in the target part (identical names), the references are 
resolved automatically. The UDF parameters are controlled by “rules”, 
defined when creating the UDF, which makes it possible to control what 
values are valid for the UDF user. 
  

 
 

Figure 44. Wiper UDF dialog example. 

 
In Appendix 3 CAD Toolbox Manual the contents of a UDF dialog 
window are explained.  

4.5.2 UDF Help Document 
 
A help file can be associated with the UDF to explain input expressions, 
for example. The help file could be a PDF, Word document or a Webpage 
and is accessed by clicking on the help button in the UDF insert dialog. 
Appendix 5 Wiper UDF Help Page is an example of a UDF help 
document. 
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4.5.3 UDF Expressions 
 
When a UDF is inserted into a part, NX3 will add a suffix to the UDF’s 
defined expressions, corresponding to the UDF’s feature number in the 
Part Navigator (e.g. 41 in figure 41). For example the expression “ICC” 
could be renamed to “ICC_41”. 
 In some cases the system will copy other User Defined Expressions 
when the UDF is inserted, but will also rename them, e.g. the expression 
“FMAX_HALF” could be renamed to “p34_23”. 
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4.6 Concept: Knowledge Fusion Enabled UDF 
 
Knowledge Fusion is a tool used for implementing KBE technique (rules) 
in CAE development with NX3. KF is a declarative object-oriented 
programming language called INTENT! Declarative means that the source 
code (rules) don’t have to be written in any particularly order, the firing 
sequence is driven by dependencies between the rules. An ordinary 
programming language, like C or JAVA, is procedural which execute the 
source code line after line.  

KF works integrated with NX3 objects (geometry, functions, 
expressions, etc.) and can create and change them with only a few lines of 
code. This makes it possible to set rules, affected by the user’s interaction 
with NX3 that change parameters building up geometry for instance. 
 The evaluation approach on KF was to make Knowledge Fusion 
enabled UDF’s, which use the UDF as a base and enhance it with more 
intuitive graphical user interface (new dialog window) and KF functions. 
 

4.6.1 KF Introduction 
 

KF working environment is inside the KF Navigator placed next to the Part 
Navigator in NX3. Here all rules and KF classes (or child rules as they are 
called) are presented in a tree structure, figure 45. Under each child rule in 
the hierarchy there are a number of class attributes, which define the object 
(class). 
 

 
 

Figure 45. KF Navigator window. 
 
Variables in KF are named Attributes, for example an integer attribute with 
value 10 is defined: 
 

(Integer) New_Variable: 10; 
 
If for instance new functions, loops or new classes should be created it is 
done in a separate KF source file, DFA-file. Attributes and children of KF 
classes (child rules) on the other hand can be created directly in the KF 
Navigator. 

Class Name 

KF Class Type 

Class Attributes 
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The code for creating an NX3 block with KF class ug_block is: 
 

(Child) new_block: { 
  Class, ug_block;  
  Length, 10;  
  Width, 10;  
  Height, 10;  
}; 
 

If executed, an ordinary solid block (10x10x10) is visible in the Part 
Navigator, figure 46. 
 

 
 

Figure 46. Block in KF Navigator. 
 

KF Navigator will look like figure 47 below, where a number of ug_block 
attributes are showing. 
 

 
 

 Figure 47. KF Navigator window, attributes of ug_block class showing. 
 
The child rule new_block could be manipulated with programming code, 
e.g. resized depending on a particular expression in the NX3 work part when 
instantiating (creating the child).  

Similar to how the block is created with KF a UDF can be integrated as 
a child rule in KF and imported into a symmetry part. The differences are 
that the required attributes in the UDF class (ug_udfs) is Name, Library, 
Parameters, targetLayer, etc., while ug_block only need the three size 
attributes (Width, Length and Height). The node visible in the Part Navigator 
is a UDF feature, even if KF imported the UDF through ug_udfs class. 
Figure 45 on previous page displays an ug_udfs child rule (UDF_t). 

In Appendix 7 KF Programming How-to, KF programming techniques 
used in the Wiper Object are explained more specific. 

Defined Attributes 

Child Rule Name 

KF Class
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4.7 User Interface Styler 
 
NX3 include a tool for producing program dialogs, named User Interface 
Styler, figure 48. The dialogs can for instance be connected to KF and Open 
C API programs. Dialog source code is saved in a DLG-file, which is 
automatically generated by UI Styler. Read Appendix 7 KF Programming 
How-to for more information about UI Styler functions.  
 

 
Figure 48. UI Styler working environment. 

 

4.8 Other Concepts and Ideas 
 
Add Toolbox Wizard 
Too complex task to set off time for in this project. 
 
UDF Database 
The time period for the thesis is not enough for developing such program. 

 
Insert Type Identification Routine 
Could probably be implemented in Wiper Object with KF and be reused in 
other Toolbox objects in the future. 
 
KF Program Opened in NX3 (with Toolbox object buttons in a dialog) 
NX3 Toolbar and menus was judged as a better alternative. 

New Dialog 

Elements in Dialog
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4.9 Concept Comparison 
 
Table 12 compares the concepts by the evaluation points presented in 
section 4.2 Evaluation Points. 
 

Table 12. Comparison of concepts. 
Evaluation Points Add Component UDF KF enabled UDF 
Teamcenter 
Engineering 

PRT-files supported. UDF’s are supported. Special KF code 
needed. DFA-files 
supported. 

Access  
(inside NX3) 

Add assembly 
component in 
standard NX3 toolbar. 
Palettes could be 
used. 

NX3’s “import UDF”-
icon in toolbar and 
menu. A special toolbar 
can be created. Palettes 
could be used. 

Own produced toolbar 
and menu for direct 
start of KF programs. 

Difficulty to add 
new object 

Easy. Quite easy. Not a trivial task. 
Require KF 
programming skills. 

Modifiability Easy. Easy, a simple dialog 
displays the changeable 
parameters. Also the 
UDF can be exploded 
into original features. 

Easy, a new produced 
dialog displays the 
changeable 
parameters. The UDF 
can be exploded into 
original features 
directly in the dialog. 

Usability Easy. Easy. Easy. 
Reliability Very good. Very good. Not 100% reliable, KF 

might crash. 
Toolbox thinking Not at all. Yes, the UDF’s are 

accessed in a library 
hierarchy and 
incorporate some KBE 
technique. 

Yes, the KF programs 
are easy accessed in 
NX3 and are based on 
KBE technique. 

KBE integration No. Some through the UDF 
dialog, where the 
parameters can be 
controlled by rules. 

Yes, KF is a KBE tool.  

Update object  Could be tricky to find 
the correct part file 
and to distribute to all 
sites, otherwise no 
problem. 

UDF definition part file 
is modifiable. Features, 
expressions and 
references can be 
changed. 

Difficult, knowledge 
about KF 
programming is 
required. 

Advantage Reliable and easy to 
import. 

Reliable and easy to 
create and use. Dialog 
where parameters can 
be controlled. 

Full KBE integration. 
The UDF’s advantages 
plus extra functions 
and new dialog 
window. The logic for 
choosing Wiper radii 
values are written in 
the KF source code. 

Disadvantage A new part, identical 
with an already 
existing part, might 
be added by mistake. 
The user gets no 
feedback at all while 
working. Little control 
over the part files. 

Some desired functions 
might be missing. The 
logic for choosing Wiper 
radii values are written 
in Expression editor. 

Quite difficult to add 
new objects. UDF 
references could be 
resolved wrong.  
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5 Final Phase 
 
The finally chosen concept to further develop was KF enabled UDF’s, 
because of the simplicity with UDF’s and the extra functionality through 
KF. A sharp Wiper sketch was created in NX3 aiming to meet the 
demands from the insert designers, then a UDF was created and KF 
functions were implemented together with a dialog made in UI Styler.
 The following sections will explain the Toolbox and Wiper Object in 
detail. 

5.1 Toolbox Wiper Object 
 
Figure 49 displays NX3 working with the CAD Toolbox Wiper Object. 
What could be seen in the picture is the symmetry part of a T-shape insert 
(1/6), the applied Wiper sketch, the Toolbox access ways (Menu and 
Toolbar) and the Wiper KF enabled UDF dialog window. 
  

 
 

Figure 49. Wiper KF enabled UDF program running in UGS NX3. 
 
 

Wiper Sketch 

Coromant CAD Toolbox Menu

Symmetry part (1/6) of T-shape insert 
Wiper Sketch 
Insertion KF programCAD Toolbox Toolbar 
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Figure 50 shows the T-shape symmetry part after extrusion of the Wiper 
nose. The Wiper sketch node is indicated in the Part Navigator. 
 

 
 

Figure 50. Extruded Wiper nose. 

Part Navigator

Wiper Sketch node 

Wiper Sketch 

Extruded Wiper nose 
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5.2 Wiper Object Sketch 
 
Sketches for negative C, D and T insert shapes were made. The same 
sketches are used for positive insert, but the extruding procedure is 
different with positive inserts because of the tilted side (normal clearance 
angle, α0 > 0°). Figure 51 point out the elements of the sketch. 
 

 
Figure 51. T-shape Wiper sketch. 

 

The method used to produce a sketch was to first begin with the standard 
start for making a new insert, Start Insert Design, described in section 
2.2.1 Start Insert Design. Then the Reference Master part from the cloned 
Insert Model Structure, containing basic references and expressions, were 
saved as another part with another name, for example WiperT1.prt. 
MA_PER datum plane was added to the new part, which is a plane offset 
to the insert periphery plane the expected amount machine allowance 
required. The top plane AGA was selected as sketch plane and 125 as 
sketch layer, which according to Correct Ways is an empty layer available 
for placing sketches. Finally the Wiper sketch was drawn and fully 
constrained, review 5.2.8 Create Wiper Sketch for details. 

Feed Lines

m-dimension 
Tolerance Circle-bows 

BISEC1 Datum Plane

Contact Point
Contact Point “arrow” 

“Extrude Box” 

Help Lines for Grinding Drawing 

Wiper Radii

Corner Radius 

Transition Radius 
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 The sketches were based on iC = 12.7 mm and rε = 0.8 mm, since 
essentially all insert shapes are manufactured in that size.  

Subsequent sections will explain the Wiper sketch features in detail. 
 

5.2.1 Expressions 
 
Two different “sketch-parts” for each insert shape were made for making 
UDF’s. The parts have identical Wiper sketch only the expression list 
differs. The sketch-part created for KF enabled UDF included expressions 
with numerical values, whilst the other one, for stand-alone UDF, also 
contained the logic needed to present correct Wiper radius if the iC value 
is changed for instance. With KF enabled UDF’s the logic is written in the 
KF source code. In table 13 the naming convention of User Defined 
Expressions in all Wiper sketches are presented: 
 

Table 13. User Defined Expressions, Wiper sketches. 
Expression Name Description 
ICC Inscribed Circle Diameter, iC 
REP1 Nose Radius, ISO rε 
CR Wiper Nose Radius, closest to BISEC 

(not always ISO rε) 
CRPER Nose Radius Perimeter Length 
FMAX Maximum Feed 
K Entering Angle 
A Alfa Angle 
TOL Tolerance Class 
WR, WR2, … Wiper Radius 
WPER, WPER2, … Wiper Radius Perimeter Length 
TRANS, TRANS2, … Transition Radius, small radius between 

Wiper radii’s 
TRANSPER, 
TRANS2PER, … 

Transition Radius Perimeter Length 

 
Note that if it is a perimeter measure then the suffix PER is used. Not all 
Wiper sketches use all listed expressions in table 13.  

If there is more than one Wiper radius, then the second one is denoted 
WR2 and third WR3 and so on. The first expression (WR, TRANS, …) is 
always closest to the BISEC datum plane and then counted up (WR2, 
TRANS2, …) along the nose, towards the insert edge.  
 In the “stand-alone UDF sketch” the logic for choosing correct Wiper 
radii, nose radius and tolerances are added as expressions. Along with the 
expressions in table 13, the types of expressions with formulas in table 14 
are required. 
 

Table 14. Examples of User Defined Expressions, UDF Wiper sketches. 
Expression Name Formula 
wprcfg1 If(ICC<=9.525) then 6 else wprcfg2  
wprcfg2 If(ICC<=12.7) then 7 else wprcfg3 
wprcfg3 If(ICC<=15) then 8 else wprcfg4 
etc… etc… 
tol1 If(ICC<=9.525) then 0.08 else tol2 
tol2 If(ICC<=12.7) then 0.13 else tol3 
tol3 If(ICC<=15) then 0.25 else tol4 
etc… etc… 
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5.2.2 Contact Point 
 
The Wiper workpiece contact point is indicated in the sketch by a drawn 
arrow. The arrow is scaled by the ICC value. 
 

5.2.3 Feed Lines 
 
The two parallel lines in the Wiper sketch, where one is starting in the 
contact point, are the feed lines. Between them the distance is half the 
maximum thought feed, if fn,max = 0.3 mm/r then it would be 0.15 mm/r.  
 

5.2.4 m-dimension Deviance 
 
Close to the nose in the Wiper sketch three circle bows exist, the middle 
one is the ISO nose radius and the two other circle-bows indicate the ISO 
tolerance of the m-dimension (Appendix 1 Inserts). If the Wiper nose is 
too far out of tolerance the Wiper user has to compensate for dimension 
change in certain turning operations. T- and D-shaped Wipers are always 
outside ISO m-tolerance. 
 

5.2.5 Help Lines for Grinding Drawings 
 
A request that came up during investigating Wiper Object demands was if 
help lines marking change of radius already could be added in the Wiper 
sketch from the beginning. The help lines are required in grinding 
drawings. If so the designer wouldn’t have to do them over and over again 
when working in drafting module with drawings.  

The lines are added in the Wiper sketch as reference lines placed at 
start/end of an arc perpendicularly to a tangent line in that point, see figure 
51.  
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5.2.6 Theoretical Profile Height 
 
To measure the profile height, the Wiper radius and the closest connected 
radius in direction towards the BISEC1 plane (usually corner radius), are 
mirrored with both feed lines. First with the feed line not connected to the 
contact point, then with the contact point feed line. This simulates a 
complete workpiece revolution. The distance between the tangent line 
(workpiece surface) and the crossing of the mirrored Wiper curves and 
insert edge is then measured, which is the theoretical profile height. A few 
inserts have been measured, see table 7 in 2.5.7 Wiper Inserts 
Classification. 
 The profile height breakpoint value is around 4/1000 mm, if fall too 
much below, it has been proven through testing that the surface won’t turn 
out as wanted. Jörgen Wiman, CTRT, believes it has to do with not 
enough heat in the cutting zone. 
 The question is if the measured Rmax value is reliable? If checking the 
CAD modeling Distance Tolerance in NX3, it is set to Customer Default 
value 2.54/1000 mm. This mean that two supposedly connected edges for 
instance are “connected” somewhere in a tolerance tunnel with a diameter 
of 2.54/1000 mm.  

Depending on if the edges are so called Precise or Tolerant, different 
tolerance values are used. Precise Edges implies an accuracy of 
approximately 0.01/1000 mm and Tolerant Edges depend on the Distance 
Tolerance value (2.54/1000 mm).  

A qualified guess is that the Distance Tolerance is not changed at all 
when designing or measuring today. 
 To examine if a change in tolerance affects the measuring result of 
Rmax, a few tests were carried out. The profile height of insert DNMX 
150604-WF was measured to 0.002725365, with modeling Distance 
Tolerance set to standard value. If Distance Tolerance was changed to 
0.254/1000 mm the result was the same. More testing with other tolerance 
settings gave the same result as with standard tolerance. A conclusion is 
that the curves involved in measuring the profile height are of Precise 
type, thus the measuring is reliable. 
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5.2.7 Entering Angle Sensitive Analysis 
 

A critical matter with Wiper inserts is the contact point between 
workpiece and Wiper radius. If the contact point is too far out of thought 
working area the generated surface finish is worse than with a 
conventional insert. Entering angle Κ is the main parameter steering where 
the contact point resides. A desired Wiper Object function from an insert 
designer was a function that could do a “sensitivity test” by changing the 
entering angle a little bit in each direction to see what happens with profile 
height and contact point. With the information given the Wiper could be 
designed more forgiving to Κ changes or an accurate Κ-tolerance could be 
given to the customer. 

Suggested resolution is to edit the Wiper sketch and “manually” 
change the entering angle value by pulling the Dimensions dialog value 
handle, figure 52. The sketch updates dynamically and it is possible to 
study what happens with contact point and profile height. 

 

 
 

Figure 52. Dimensions dialog in sketch mode. 

 

Change “Dimension Value Handle”

Sketch Expressions 



 72

5.2.8 Create Wiper Sketch 
 
 Choose AGA for sketch plane. 
 Draw sketch with: 

 required radii’s 
 “extrude box” 
 help lines for grinding drawing 
 tangent lines, feed lines 
 tolerance circle-bows 
 contact point lines and “arrow” 

 Fully constrain sketch to appropriate datum planes and axis, see 
section 2.5.8 Derived Wiper CAD Rules. 

 Set out dimensions:  
 length dimensions on all help lines and between feed lines 
 perimeter dimensions on all radii’s except one, e.g. transition 

radius 
 radius dimensions on all radii’s 

 Scale help lines with ICC as factor, change in Expression editor. 
 Create new User Defined Expressions of type Constant replacing the 

numerical values of the measurement expressions that are supposed 
to be used in the UDF. 

 Get the profile height Rmax by mirroring the Wiper radius and 
connected transition or corner radius, two times through the feed 
lines. See section 5.2.6 Theoretical Profile Height. 

 Change suitable lines and curves to reference type. 
 Create reference dimensions displaying Wiper length (bs), m-

dimension deviance and profile height. 
 Export UDF (read more in Appendix 3 CAD Toolbox Manual): 

 Write Wiper UDF Help Document. Example: Appendix 5 Wiper 
UDF Help Page. 

 Start Export UDF Wizard. Tools  User Defined Feature  
Wizard… 

 Name UDF after Wiper naming convention, section 5.5 Toolbox 
Denotation. 

 Add Wiper sketch as feature. 
 Add all relevant User Defined Expression (the expressions 

created as Constant type). 
 Change the references names, make sure the following are 

added: 
 AGA 
 BISEC1 
 SYM_XZ 
 SYM_YZ 
 AASS 
 MA_PER 
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5.3 KF Implementation 
 
This section presents the functionality KF add to the Wiper UDF. In 
Appendix 7 KF Programming How-to more technical details about the 
solutions (functions) are presented. 
 

5.3.1 KF Functions 
 
KF add the following functions to the Wiper Object: 
 

 Identification of insert shape and size (iC and rε). KF will open the 
reference master file and read the appropriate expressions (ICC, 
REP1 and EPR). 

 
 Automatic change to correct UDF, matching the insert shape with 

the Wiper sketch. 
 

 Automatic transformation of UDF (Wiper sketch) to fit the insert 
size. 

 
 Validation of user typed values in Wiper dialog. If the input value 

to a UDF attribute is far from normal value, a warning or error 
message will pop-up in NX3. 

 
 Selection of correct Wiper radii’s, perimeter lengths, tolerance 

value, etc, depending on user input and insert size. 
 

 Calculations of theoretical surface finish for an equivalent 
conventional insert. 

 

5.3.2 Automatic Distance Measurement 
 
One function that would be beneficial for the Wiper Object user is updated 
information about Wiper insert theoretical profile height, while changing 
parameters in the KF enabled UDF dialog. Ideas that might solve the 
problem: 
 

 Add Geometry (UDF Wizard) 
According to NX3 UDF help: if pressing Add Geometry button 
in UDF Wizard and selecting wanted geometry, the geometry 
is accessible after inserting the UDF. The thought geometry 
would be the “mirrored” Wiper radii’s. A problem is that NX3 
need to resolve the geometry during UDF insertion by finding 
equal curves already in the symmetry model part. No such 
curves exist of course. 
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 Add Feature (UDF Wizard) 
Add a so called Distance Measurement Expression as a feature 
when creating the UDF. Unfortunately the expression doesn’t 
update when changing parameter values and updating the UDF, 
so it is not a resolution to the problem. 
 

 ug_distance in KF 
KF Function Library provide a function named ug_distance 
which should be able to measure the distance between two points 
in a given vector direction. Unfortunately this hasn’t been tested 
yet. 

 

5.3.3 Open C API-Functions in KF 
 
It is possible in KF to use Open C API-functions, which are functions 
written in C that NX3 itself use to perform tasks. A special syntax is used 
when defining the C-code KF function, see Appendix 7 KF Programming 
How-to for more details. Two desired functions in the Wiper Object not 
available in KF Function Library were implemented and tested with 
adequate results: 
 

 Explode UDF 
C-function that explodes the UDF into original features (i.e. Wiper 
sketch). 

 
 Rename UDF Expressions 

C-function that renames UDF expressions back to original names. 
Example: ICC_45  ICC. 

 
The source code for the functions was based on sample code from UGS 
support archive and was compiled in MS Visual Studio with help from 
Carl-Erik Enström, CTDP.  

An update problem in the Part Navigator was detected however when 
using the explode function. If the Part Navigator window is visible when 
pressing the Explode UDF into Sketch button in KF Wiper dialog, the 
exploded sketch node is not visible in the Part Navigator. It has something 
to do with the update sequence, because if for instance activating and 
deactivating Timestamp order in Part Navigator the Wiper sketch node 
becomes visible.  

The conclusion is that the Wiper sketch feature exists after exploding 
the UDF, but the C-code doesn’t update the Part Navigator window 
correctly.  
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5.3.4 ug_udfs KF Class Instantiating Problem 
 
A problem was discovered while working with KF ug_udfs class, utilized 
for inserting UDF’s with KF. The class will not accept altered UDF 
parameters when instantiating a UDF in NX3. If not the new parameters 
provided to ug_udfs attribute Parameters are identical with the original 
parameters found in the source feature, NX3 will fail during instantiation 
of the UDF and return a Memory Access Violation Error.  
 In the beginning it was believed, through Mikael Pettersson CTDP, 
that it had something to do with the new expression types introduced in 
NX3 (Constant, Length, Measurement, etc). In earlier versions of UGS 
NX3 (Unigraphics 18) only one expression type is used. Instantiation 
should work in NX3 if the expressions added in the UDF are of type 
Constant. But after some testing this turned out not to be the fact. Two 
successful runs were accomplished but could unfortunately not be 
reproduced, the conclusion is that it was just luck. All possible different 
combinations of creating the UDF and running the KF program were 
tested with no success. “Identical” reproduced UDF’s of the working 
UDF’s based on the same Wiper sketch was made, but they did not work. 
After a while testing (a few days) also the UDF’s that worked from the 
beginning quit functioning.  
 The resolution found to the problem is to instantiate the UDF with 
numerical values and then overwrite the Parameters attribute with KF 
function StoreValue(). See Appendix 7 KF Programming How-to for 
details.  

A consequence of the problem is that the Wiper sketch inserting target 
Layer is not possible to change from its original 125 in the KF Wiper 
dialog. However the sketch can manually be moved to another layer after 
insertion. 
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5.4 Wiper KF Dialog 
 
A new dialog mapping the standard UDF dialog was created in UI Styler. 
In the dialog important Wiper parameters can be changed, also a figure 
explaining the Wiper sketch could be found. 
 

    
 

Figure 53. KF Wiper dialog, T-shape Wiper. 

 
In Appendix 4 Wiper Object Manual detailed information about the 
dialog contents and how to use the Wiper dialog and Wiper Object can 
be found.  
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5.5 Toolbox Denotation 
 

Depending on Toolbox solution (UDF or Add Component) the denotation 
of the elements in a Toolbox object is different. The following two 
sections will introduce denotation for the Wiper Object. When a naming 
convention is accepted it is publicized in Sandvik Coromant’s Correct 
Ways.  
 

5.5.1 Add Component 
 

An overarching naming convention found in Correct Ways is to use a two-
character prefix and suffix and in between a number of characters and 
digits specifying type and size of object. The prefix points out type of 
object and the suffix gives information about what kind of file-type it is, or 
what it is used for. A suggestion for naming of Wiper cutting edge parts 
(sketches) would then be: 
 

WC_S-CA-TY-C-CR-IC_PN.prt 
 

WC_ Wiper Cutting Edge 
S Insert Shape (C, D, T, W…) 

CA Clearance Angle (Positive or Negative) 
TY Wiper Type (T1, T2, D1, D2, …) from table 4, 5 and 6 
C Wiper Configuration (Left, Right or Neutral) 

CR Insert Nominal Corner Radius x 10 in mm 
IC Inscribed Circle Classification 

_PN Part Negative (Sandvik standard: the part should be 
subtracted from target) 

 
A neutral negative T-shape T1 type Wiper with corner radius 0.8 mm and 
iC 12.7 mm, would be named: 
 

WC_TNT1N-0822_PN.prt 
 

5.5.2 UDF 
 

According to Correct Ways NX3+ User Defined Features, UDF´s 
document the Sandvik Coromant naming convention for UDF’s is: 

 

Naming Conventions 
The UDF’s Name in the Definition shall be the same as the Part File 
without the Extension .prt. 
The UDF’s Part Name shall have the Suffix _UDF. 
The UDF’s Icon File must have the same name as the UDF’s Part Name. 
The UDF’s Help Page shall have the Suffix _HLP. 
 

General 
UDF’s are usually related to the Design Modules and should thereby be 
named in accordance to the Design Modules System. 
Se also Naming of Basic Geometries. 
Examples: 
Coolant Supply: CS_CA_R1_UDF 
Chip Space: CP_ 390Z01R1_UDF 

Correct Ways 
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Suggestion for Wiper UDF naming: 
 

WC_S-CA-TY-C_UDF.prt 
 

WC_ Wiper Cutting Edge 
S Insert Shape (C, D, T, W,…) 

CA Clearance Angle (Positive or Negative) 
TY Wiper Type (T1, T2, D1, D2, …) from table 4, 5 and 6 
C Wiper Configuration (Left, Right or Neutral) 

_UDF UDF Part File 

 
The same Wiper example from the preceding section would then be 
named: 
 

WC_TNT1N_UDF.prt 
 
And the UDF help document: 
 

WC_TNT1N_HLP.doc 
  

5.5.3 Other Toolbox Objects  
 
Naming of other new Toolbox objects could be built up in the same 
manner as the Wiper Object. The denotation depends on which parameters 
are suitable to distinguish the parts or UDF’s from each other with.  
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5.6 Toolbox Access 
 
A thing to reconsider is how to access the Toolbox objects. It should be 
easy to find the wanted object in different ways and maybe also possible 
to search among the objects. 
  

5.6.1 CAD Toolbox Toolbar and Menu 
 
A Sandvik Coromant CAD Toolbox toolbar could look like figure 54, 
where a Toolbox object is started by simply clicking a button. 
 

 
 

Figure 54. NX3 Coromant CAD Toolbox toolbar example. 
 
Also a customized NX3 menu can be created with the same contents as the 
toolbar, figure 55. 
 

 
 

Figure 55. NX3 Coromant CAD Toolbox menu example. 
 
Two text-files with correct syntax are required to be able to start a KF 
program (DFA-file) with a toolbar button inside NX3. The first one is a 
TBR-file for the toolbar and the second one is a MEN-file to define the 
menu in NX3. For example of toolbar and menu files syntax see Appendix 
8 NX3 Toolbar and Menu. 
 Not only DFA-files can be executed from a toolbar/menu also for 
instance NX3 Tools and Functions, Macros and User Functions 
applications (C-programs).  
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5.6.2 Palette 
 
So called Palettes can be added to the Resource Bar, found in the same 
place where the Part Navigator and KF Navigator are accessed. There are 
two palette types: User Defined Palette and UDF Palette. The difference 
between them is that User Defined can be customized with icon and label, 
UDF Palettes cannot. Each part file added to a User Defined Palette can be 
connected with a preview picture. In a UDF Palette the UDF’s preview 
picture (CGM-file) can be displayed. 
 Only components can be added in a Palette, which mean that the 
solution is only applicable to simple UDF’s not KF programs. 
 

     
 

Figure 56. Palettes Examples, User Defined on left and UDF on right. 
 

Part Navigator

KF Navigator

Assembly Navigator

User Defined Palette 

UDF Palette
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5.7 Toolbox Teamcenter Integration 
 
Two central terms in TC are Item and Dataset. If a new product/part 
should be created a new Item with predefined attributes is made in TC. 
Under the Item node a Dataset is created which consist of an attribute 
information file and the first revision (A) of the product files (NX3 part 
files). If a new revision of the dataset is produced it will be placed under 
the Item, with a new version name (B). See figure 57.  
 

 
 

Figure 57. Teamcenter Engineering working desktop. 
 
UDF’s are fully supported and are stored in TC database in any desired 
folder. Also UDF’s from outside TC database can be accessed inside NX3. 
 Although it is possible to add all types of files in TC, not all file-types 
are possible to index (supported). Index means that extra attributes can be 
filled in when importing files into TC database, which facilitate file 
searching for instance. Knowledge Fusion source is stored in DFA-files, 
while the related dialog file is a DLG-file. DFA-files can be indexed in 
TC, while so far DLG-files not are supported in TC version 9.  
 However all files are possible to add to TC database, so DLG-files 
could be handled in another way. Example: 
 

 Add new TC Item. 
 Add new Dataset, Text-document type.  
 Import the DLG-file into the Dataset. 
 Create a TC Workflow that initiate if the DLG-file is updated to a 

new revision. The Workflow scheme would use already defined 
functions in TC, so called Work handles, which release the new 
versions of the files and export (copy) them to the correct server 
directory, i.e. update the old DLG-files. 

Item

Dataset Attribute file, rev. A 

UG Partfile, rev. A
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Table 15 points out a few important issues in the Wiper Object that differ 
between Native mode and TC mode NX3. 
 

Table 15. Comparison between Native and Teamcenter NX3. 
 Native NX3 Teamcenter NX3 
Find/access part 
files (RM-file is 
used for retrieving 
expression values, 
e.g. ICC, REP1.) 

Identify correct file by 
checking prefix used in 
filename (e.g. RM_, SY_). 

Check attribute BLANK_CODE to 
make sure that the symmetry part 
file (SYMMETRY_) and reference 
master file is under the same TC 
Item. Read TC part attributes to 
identify for instance the reference 
master file. 

   

UDF search 
directory (How 
will KF program 
find the UDF’s?) 

Add path to UDF in library file 
(udf_libraries.txt) and copy the 
UDF PRT-file and CGM-file to 
the correct directory on server. 
 
A library definition file 
(dbc_udf_ascii.def) is used to 
set up the library class 
structure. Example found in 
figure 42 in section 4.5 
Concept: User Defined 
Feature. 

Existing UDF’s are imported into 
TC home directory with NX3 tool 
UGManager, and then moved to 
appropriate directory. New UDF’s 
can be stored and instantiated 
from any folder in TC. 
 

A library definition file 
(dbc_udf_ugmgr.def) similar to the 
one used in Native mode can be 
used to set up a hierarchical 
library structure in TC as well.  

   

KF ug_partFile 
class (the class 
open NX3 part 
files) 

Attributes Part_Name and 
Directory are required to 
identify file and search 
directory.  

Part_Name will define the TC Item 
ID. To determine which TC type 
the part file is, attributes 
PartFileType and PartFileName are 
required. 
 

ItemRevision attribute is necessary 
and has to be set to an existing 
revision. Note that it does not 
need to be the latest revision, 
because ICC, REP1 and EPR for 
instance in a RM-file are never 
changed. 

   

Update files (DFA, 
DLG, UDF) 

Overwrite the existing files. UDF’s created within TC are 
updated to a new revision. DFA-
files and DLG-files have to be 
imported again into TC. 

   

DFA Manager 
(Syntax check of 
DFA-files) 

Search directories in NX3 to 
DFA-files are added in 
Preferences  Knowledge 
Fusion... 

DFA files imported into TC are 
considered as read only and are 
not available to the DFA Manager. 

 
 

5.7.1 Index KF DFA-files 
 
There is an NX3 utility to import DFA-files into the TC database called 
ug_import. The program copies each DFA-file to be imported and creates 
a TC file and Dataset. If specified, it creates or modifies an Item to contain 
the Dataset. 
 The tool is a simple “DOS program” that needs a few switches as 
arguments when executing. 
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5.8 Add Toolbox Object 
 
The below list contains general steps to follow when a new object is added 
to the Toolbox. It is already understood that the object’s place in the 
Toolbox is justified. 
 

 Find out Object Demands Put together a survey or do interviews 
to find out the Toolbox users demands and expectations on the 
new object. Sum up with the demands stated in the assignment. 

 
 Grade Demands Sort all demands on the object in; must have 

and nice to have. Dividing the demands will make it easier to 
focus on the core functions of the object, but at the same time not 
forget to implement wanted “nice-to-have-functions”. Several 
grading categories could be used if desired. 

 
 Information Gathering Investigate the object area thoroughly; 

by interviews with key-people, examine all written material on 
the subject and studying already existing elements (e.g. inserts). 

 
 Ideas and Concept Generation Conduct brainstorming and/or 

brainwriting sessions to come up with innovative solutions for 
the object. What elements should the object consist of? Where 
should it be accessed? Which object functions are needed? 

 
 Select Toolbox Technique Look up all available implementation 

techniques in the CAD environment and possible also, outside of 
it (third part software). The techniques mainly tested in this 
thesis were UDF’s and Knowledge Fusion enabled UDF’s. 

 
 Evaluate Techniques Evaluate each technique as far as possible 

with an example element of the object managing the must have 
demands as a starting point. 

 
 Evaluation Points Look into the following evaluation points at 

least: 
 Time to add a new element of the object 
 Teamcenter Engineering compatibility 
 Ease of handling object data (update possibilities) 
 Reliability 
 Access in NX3 
 Risk of making mistakes by user (complexity) 
 Time savings for user 
 KBE integration 
 Possibility to modify imported object 

 
 Compare and Decide Solution Compare the solutions, present 

them to the users and make a decision on what concept to further 
develop. 
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 Detailed Development Begin with the object detail-development 

work. Use correct software versions to avoid surprises later on. 
 

 Testing Continuously perform tests of the object by simulating a 
real user situation. 

 
 Object Access Figure out how the object should be available to 

the user, it could be more than one… 
 

 Feedback Let potential Toolbox object users working at the 
same design office try out the object and give feedback. Also, if 
relevant, let users at another design office try out the object. 

 
 Demands Review the object demands. Does it really fulfill the 

critical “must have” demands? 
 

 Documentation Document the way the object where created and 
how to use it. 

 
 Introduction Present the new Toolbox object to the thought 

users. 
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5.9 Product Results 
 
This chapter verifies the final concept against the thesis assignment and 
product demands mentioned in section 3.1 Problem Break-down and 3.2 
Product Demands. 
 

5.9.1 Problem Break-down Results 
 

Toolbox: 
 

 Toolbox environment (application technique) 
UDF or KF enabled UDF. Simple UDF’s are probably more efficient to use in the long run. 

 
 Object access inside NX3 

Special CAD Toolbox Toolbar and Menu. Alternatives are UDF Library Browser or Palettes. 

 
 Toolbox inventory 

See Appendix 6 Toolbox Objects and 2.6.9 Study Summary for potential Toolbox objects. 

 
 Gathering and storing of Toolbox object data 

Interview key-people, study existing CAD models and documentation. Classify the data. 

 
 Graphical user interface 

Create new dialog with UI Styler tool in NX3. 

 
 Add new objects 

Follow the steps in 5.8 Add Toolbox Object. 
 

 Teamcenter Engineering 
UDF’s and DFA-files (KF source) fully compatible. 

 
 Toolbox help 

Read Appendix 3 CAD Toolbox Manual. 
 
 
Wiper Object: 
 

 Gathering Wiper data 
Interviews with key-people, studying of Wiper Patents and documents and inspection of 
existing Wiper insert CAD models. 

 
 Verifying data 

Classification of existing Wiper inserts to check against. Opinions from key-people. 

 
 Derive rules and parameters 

CAD of Wiper cutting edge together with insert designer. Studying Correct Ways for Sandvik 
Coromant rules. 

 
 Insertion in NX3 

Wiper sketch included in User Defined Feature. KF is used to insert the UDF into the part file. 

 
 Development environment 

UGS NX3 modeling, Knowledge Fusion and MS Visual Studio (C-programming). 
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 Geometric state (sketch, solid…) 

Wiper sketch meeting the demands from the insert designers. 

 
 Graphical user interface 

New Wiper dialog, mapping the standard UDF dialog. 

 
 Object user instructions 

Help-figure in Wiper dialog explaining Wiper sketch. Wiper Object Manual and UDF Wiper 
Help Page, see Appendices 4 and 5. 

 

5.9.2 Product Demands Results 
 
The demands on the Toolbox and Wiper Object stated as “Must fulfill” in 
section 3.2 Product Demands are almost all managed. The points not 
fulfilled:  
 

 Not all Wiper sketches for all insert shapes are produced (only C1, 
D1 and T1 sketches so far). 

 
If considering the “nice if it fulfils” points: 
 
Toolbox: 
 
Nice if it fulfils: 
 Provide tips and rules of thumb during insert design (CAD). 

Producing a new dialog with UI Styler gives the mentioned possibilities. 

 
 Adding new object elements have to be “motivated”. 

If some sort of Add Toolbox Object Wizard is developed then it might be able to prevent that 
unnecessary elements are added. Or if a C/JAVA-program were used to index UDF’s in a 
database then the user would be stopped from adding a similar element.  

 
 Work in another environment than UGS NX3. 

No, but later versions of NX3 shouldn’t be any problems. 

 
 Easy to update and develop further. 

UDF’s are easy to create and update. KF is not so fundamental to program in. 

 
 3D-annotations explaining important parts of object geometry. 

3D-annotations have not been implemented because it is not widely supported by NX3. In NX4 
it is more developed according to UGS.   

 
Wiper Object: 
 
Nice if it fulfils: 
 Importable Wiper nose for insert shapes with non-existing Wiper 

today. 
No Wipers for V, S, or R-shape have been developed.  

 
 Handle the radius problem along the insert side for positive 

Wipers. 
No extruded features have been added in the UDF’s yet. The approach in the project was to 
keep the UDF’s simple and working in first hand.  
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 Present the Wiper nose deviance from the ISO m-dimension. 
If exploding the UDF and editing the Wiper sketch, the deviance is possible to read off a 
reference dimension. 

 
 Handle Wipers with more than one Wiper in the symmetry part. 

To cover all corners the solution is to import an additional Wiper nose. Note that the first Wiper 
must be exploded before another Wiper can be imported. 
  

 Handle Parting and Grooving inserts. 
The area has not been examined in the thesis. 

 
 Report if Wiper differs much from norms. 

If the user changes K, α, feed or Wiper radii parameters to values outside normal a pop-up 
window will appear and inform the user. 

 
 Import as solid ready for boolean operation. 

The Wiper Object consist of, so far, only sketches.  

 
 Work with all types of cutting edge conditions. 

It should work because the Wiper nose is inserted before any manipulation is done to the 
cutting edge. 

 
 Suggest suitable Wiper for selected insert base geometry. 

The Wiper Object program selects automatically the correct UDF depending on insert shape. 
 

 3D-annotations explaining Wiper sketch. 
3D-annotations have not been implemented. 

 
 Handle different types of Wiper inserts: left, right, etc.  

Not all Wiper sketches have been produced yet. 
 
 Sensitive analysis of Κ. 

 See section 5.2.7 Entering Angle Sensitive Analysis. 
 
 Present Wiper profile height, Rmax. 

 It is possible to read the Rmax value if editing the Wiper sketch. 
 
 Calculate theoretical maximum feed. 

Not implemented. 
 

 Present the contact point between Wiper radius and workpiece. 
The contact point “arrow” in the Wiper sketch indicates the Wiper contact point. 

 
 Present total Wiper length, bs. 

If editing the Wiper sketch it is possible to get the bs value if reviewing a reference 
dimension. 

 
 Help lines in sketch for grinding drawings. 

Can be found in the Wiper sketch. 
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6 Discussion 
 
In theory KF enabled UDF’s seems like a winner against simple UDF’s, 
but after a while working with KF, it is not so convincing. During the 
thesis a lot of problems with KF programming were encountered, due to 
the unconventional running of KF programs. Read more about the 
problems with KF in next chapter and in Appendix 7. Sometimes just 
UDF’s with good documentation is the best solution of using and creating 
a new Toolbox object. In the long run I think single UDF’s are more 
profitable to use because almost anyone with NX3 CAD experience can 
make and use a UDF. If KF should be used, a person with KF competence 
has to be engaged and the object development phase will take longer time. 
And if no person is solely working with adding objects to the Toolbox, the 
shortest way to a working Toolbox object is making an UDF.  

The way of thinking and working with KBE and KF is however 
interesting and beneficial if put into practice correctly. Sandvik Coromant 
is steering the CAD work more and more against reuse of CAD geometry 
and automatic generation of CAD parts, so it is an increasing area and is 
probably going to expand even more in the future. Nowadays CAD 
software is easy to use and the actual CAD part (drawing curves, creating 
solids, etc.) of the development is not what takes the most time. Instead 
repetitive CAD work could take that position.  
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6.1 Knowledge Fusion Experience 
 
KF is a declarative programming language, which means that the lines of 
source code, or rules as they are called, are evaluated when needed 
through dependencies between the rules and not like a procedural 
programming language (C, Basic, etc.), line after line, in ensuing order. 
The consequence is that the user has little control over the program update 
sequence. During program run you never really know what happens 
behind the “scene”, which is not beneficial when trying to write a program 
that is depending on other completed tasks. The update problem is well 
known by UGS and they have no good solution for it yet. Also the 
available debugging tool is confusing to use because of the numerous 
times KF goes through the source code. 

Furthermore when a variable (attribute) has been set with a value, it is 
quite difficult to re-set the variable to another value. In practice the 
program’s logic is transferred to where the declarations of the variables 
are written in the source code. 

KF is based on a programming language that is quick and easy to 
make simple examples with, but when trying to create more complex 
applications with own written code it can not fully handle it. After a while, 
KF programming consists mostly of trying to figure out how the program 
updates, steer the update sequence and attempting to change attribute 
values. Working with KF feels in contrary to a procedural programming 
language, like you don’t have full control over the situation, which is 
disturbing. For a person who hasn’t programmed before KF is probably 
better working with, it demand little studying ahead of creating simple 
applications. The reason is because KF is well integrated in NX3, 
otherwise it would be difficult to do anything useful with just KF. 

KF is best suited for small programs, like the Wiper Object, where not 
too many functions are used and where it is not dependent on external 
programs. 

Smart Elements is a KBE software used at Sandvik Coromant today 
for batch running of tasks during product development, for example 
automated boolean operations between solid part models or generation of 
product drawings. Unfortunately Smart Elements is not further developed, 
so Sandvik Coromant is searching for a substitute to use in the future. One 
thought solution was KF, which is more integrated into NX3. However the 
problems with KF, mainly the update issue, have lead to Sandvik 
Coromant recently is dropping it as an option. 
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6.2 Further Improvements 
 
Toolbox 
 

 Add more objects in the Toolbox (review 2.6.9 Study Summary). 
 
 Make an Add Toolbox Object Wizard program for adding new 

objects to the Toolbox, similar to the UDF Wizard provided in 
NX3. Possible in-data would be a UDF, special parameters, 
description of the object and parameters, figures, icons and help 
document. The output could be a fully functional KF enabled UDF, 
with dialog and help document. Icons are added in the Coromant 
CAD Toolbox Toolbar and Menu and are updated when the user 
starts NX3 next time. The KF source code is also provided, so 
further improvements could be done “by-hand”, for example 
adding C-functions. 

 
 Investigate possibilities in TC further. 

 
 
Wiper Object 
 

 Add more functions through Open C API-code, for example: 
Extrude button in dialog window, move sketch to desired NX3 
layer, measure and display Wiper theoretical maximum profile 
height, measure and display m-dimension deviance. 

 
 Update C-source code for explode function, fixing the Part 

Navigator update problem. 
 

 Add more KF-functions, for example: ug_distance for measuring 
Wiper Rmax. 

 
 Produce more Wiper sketches covering all possible Wiper shapes 

and types, e.g. R-, K-, V-, Left-, Right- and S-Wipers. 
 

 Examine Parting, Grooving and Milling Wiper inserts more and 
create Wiper sketches. 

 
 Make additional help documents and Wiper sketch explaining 

figures used in the Wiper dialog. 
 

 Examine how to add extruded positive Wiper sketches in a UDF. 
 

 Rewrite Wiper Object KF source code for full Teamcenter 
Engineering support, primarily the “retrieve expressions from 
reference master part” function has to be changed. 
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Appendix 1 Inserts 
 

Table 1 presents the different insert shapes treated in the report. 
 

Table 1. ISO insert shapes. 
Insert 
Shape1 

Included 
Angle 

Figure1 

S 
 

90° 

 

T 
 

60° 

 

C 
 

80° 

 

D 
 

55° 

 

V 
 

35° 

 

W 
 

80° 

 

K 
 

55° 

 

R - 
 
 
  

1 Insert shapes according to ISO 1832:2004. 
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Insert Designation 
 
All inserts have a standardized name according to ISO 1832:2004, 
example: 
 

1 2 3 4  5 6 7 … 13 

T N M G - 16 04 08 … -WF 
 
Explanation: 

1 Insert shape, e.g. C, T, D… 
2 Normal clearance, negative (0°) or positive insert (>0°) 
3 Tolerance class, see next section Insert Tolerances 
4 Fixating type and/or chipbreaker configuration 
5 Insert size, inscribed diameter circle, iC 
6 Insert thickness, s 
7 Insert corner configuration, nose radius, rε 

13 Manufacturer’s symbol, e.g. –WF for Wiper finishing insert 
  

Symbols one to seven should be used in every designation, others are 
optional (8-13). The above insert TNMG-160408-WF is for example a 
negative T-shaped Wiper finishing insert with tolerance class M and 
insert chipbreaker configuration G. Inscribed circle is 9.525 mm, 
thickness 5.56 mm and the nose radius 0.8 mm.  
 
5 Insert size, Inscribed diameter circle, iC  
A conversion table is used, where depending on insert shape, the iC size 
is denoted a number1. A T-shaped insert with iC = 12.7 mm gives 
number 22. See figure 1 below and table 1 for iC definition. 
 
6 Insert thickness, s  
For instance if s = 5.56 mm then 05 is written1.  
 
7 Insert corner configuration, nose radius, re 
The insert corner is written as the nose radius value times 10, e.g. 0.8 
mm is denoted 08. Round inserts are symbolized by 00 or M0. 
 

 
 

Figure 1. D-shape insert with rε, iC and s indicated. 

                                                 
1 See ISO 1832:2004 or Sandvik Coromant Main Catalogue for more information. 
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Insert Tolerances  
 
The m-dimension is a measure positioning the insert corner. It is defined 
different depending on insert shape. For inserts with odd number of sides 
the measure is from the middle of one side of the insert to the corner: 

 

 
Figure 2. m-dimension odd number of sides. 

 
For inserts with even number of sides: 

 
Figure 3. m-dimension even number of sides. 

 
The tolerances of the m-dimension depend on insert shape, size and 
tolerance class. Also included in the tolerance classes are the insert 
thickness, s, and inscribed circle, iC.  

Typical tolerance class is M, which means that m-tolerance is 
between ±0.05 and ±0.15 mm, s-tolerance is ±0.13 mm and iC-
tolerance is between ±0.08 and ±0.2 mm. See ISO 1832:2004 or 
Sandvik Coromant Main Catalogue for detailed information. 
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Name:__________________________________ Div.:________ 
 
(Note: Object in the questions refer to geometry-element/function/help program) 

»question 1: 
Write down as many future toolbox objects you can come up with… 
 
 
 
 
 
 
 
 
 
»question 2: 
Mention your top three objects you think would fit in the toolbox and facilitate your 
design work. 
 
 
»question 3: 
What do you think could be positive, respectively negative, with the idea of working 
more towards a toolbox in the design work?  
 
 
 
 
»question 4: 
How often do you use the following objects/elements during design of a new insert in 
UG? 
 
(Put an X on each row. Also try to estimate the time consumption for each 
object/element as a part of the time for the whole (CAD) design process.  
Scale 1 to 3, 1 = small part, 2 = medium part, 3 = large part, X = don’t know) 
 
 always often 50-50 seldom never don’t 

know 
time 

Hole-insertion        
Chipbreaker-geometries        
Design-geometry        
Catalogue data        
Bottom-insertion        
Markings (letters, digits)        
Nose-“sketch”        
Wiper-“sketch”        
Cutting edge condition        
Assembly, part collision test        
3D-annotation        
Shims        
Manufacturing related objects 
(Electrode: top, bottom…) 

       

VT3D notation        
FEM-analysis        
Correct ways        
PCD, CBN-edges        

Other object: 
 
 
»question 5: 
Which objects (from question 4) do you think will be more and more important in 
future insert design process? 
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»question 6: 
Is there a part/parts of the insert design process, considering CAD, that you 
think/know other engineers at another design office than Sandviken, find difficult? 
 
 
 
 
 
 
»question 7 (answer if you have been working with Wiper): 
Are there any additional functions you think should be implemented in the Wiper-
object, except for the Wiper radii’s themselves? 
 
 
 
 
 
»question 8 (answer if you have been working with Wiper): 
Which demands do you think the Wiper-object in the toolbox should fulfil? 
 
(Scale 1 to 3, 1 = must fulfil, 2 = nice if it fulfils, 3 = not at all, X = don’t know) 
Fully parametric  Report if selected Wiper-edge differ 

much from norms 
 

Import as a ”sketch”  Report if selected Wiper-edge could be 
difficult to manufacture 

 

Import as a solid – ready for boolean 
operation 

 Report theoretical (Rmax)  
(+ Rmax for current insert without Wiper-
edge) 

 

Present the contact point  Suggest suitable Wiper-edge for selected 
insert shape 

 

All parameters defining the Wiper-
edge, are changeable  

 Manage inserts with several different 
Wiper-edges in the symmetry part  

 

The parameters are changeable 
before importing the Wiper-edge 

 Present the Wiper-edge deviation from 
ISO-nose radius 

 

The Wiper-edge position should be 
adjustable 

 Manage the CAD-problem along the 
insert cutting side for positive inserts 

 

Work with the most common insert 
shapes 

 3D-annotations explaining e.g. radiuses  

Work with all insert shapes  
(except R-shape) 

 Work with all types of cutting edge 
conditions 

 

    
 
Other demands, not in the list: 
 
 
 
 
 
 
»question 9: 
If you have come up with more objects that you think could be added to the toolbox 
write them here… 
 
 
 
 
 
 
»other comments: 
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Appendix 3 CAD Toolbox Manual 
 
 
Toolbar and Menu 
 
The Coromant CAD Toolbox toolbar should be available when NX3 is 
started, if not, right-click somewhere in the NX3 application window and 
activate the toolbar (figure 1). 
 

 
 

Figure 1. Activate/deactivate toolbars in UGS NX3. 
 
Example toolbar: 
 

 
 

Figure 2. Example of Coromant CAD Toolbox Toolbar. 
 
To execute Knowledge Fusion programs (DFA-files) from the toolbar a 
menu-file is required which connect the button with a menu item. See 
Appendix 8 NX3 Toolbar and Menu for details. The CAD Toolbox menu is 
visible from start, left to NX3 Help menu, see figure 3.  
 

 
 

Figure 3. Example of Coromant CAD Toolbox Menu. 
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Toolbox Solutions 
 
User Defined Features 
 
An UDF consists of captured and stored NX3 features, e.g. geometry or 
reference planes, which can be modified and imported and into another 
NX3 part file. 
 
Example UDF: 
 

 
 

Figure 4. Wiper example UDF dialog. 

 
 
 
 
Knowledge Fusion enabled UDF 
 
KF is a KBE tool in NX3, which implement engineering rules in CAD 
work. If KF is used integrated with a finished UDF, more functions can be 
used, for instance, a new UDF dialog and user input validation. Review 
Appendix 7 KF Programming How-to for information on how to set up an 
UDF with KF code. 

UDF Help Document 

References identified 
displays a (+) sign 

UDF Target Layer 

UDF Name UDF Parameters

Flip direction of reference 

Pick reference 
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Create UDF 
 

The following series of dialogs demonstrate how to create a Wiper UDF 
with the UDF Wizard in NX3: 
 

 
 

Figure 5. UDF Wizard dialog 1, Definition. 
 

 
Figure 6. UDF Wizard dialog 2, Features. 

Recapture CGM thumbnail  

Specify in which library 
UDF should be stored  

CGM thumbnail from 
NX3 modeling window

Wiper sketch added 
as UDF features 

Must be checked if the UDF should 
be possible to explode into sketch 

Name UDF after  
5.5 Toolbox Denotation

Specify UDF help file 
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Figure 7. UDF Wizard dialog 3, Expressions. 

 
 

 
 

Figure 8. UDF Wizard dialog 4, References. 
 

Expressions that are 
editable in UDF dialog 

Expressions from 
Wiper sketch. “//UDF” 
comment indicates a 
Constant user defined 
expression 

Expressions rules 
are specified here 

Unnamed References 
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Add Toolbox Object 
 
The below list contains general steps to follow when a new object is added 
to the Toolbox. It is already understood that the object’s place in the 
Toolbox is justified. 
 

 Find out Object Demands Put together a survey or do interviews 
to find out the Toolbox users demands and expectations on the 
new object. Sum up with the demands stated in the assignment. 

 
 Grade Demands Sort all demands on the object in; must have 

and nice to have. Dividing the demands will make it easier to 
focus on the core functions of the object, but at the same time not 
forget to implement wanted “nice-to-have-functions”. Several 
grading categories could be used if desired. 

 
 Information Gathering Investigate the object area thoroughly; 

by interviews with key-people, examine all written material on 
the subject and studying already existing elements (e.g. inserts). 

 
 Ideas and Concept Generation Conduct brainstorming and/or 

brainwriting sessions to come up with innovative solutions for 
the object. What elements should the object consist of? Where 
should it be accessed? Which object functions are needed? 

 
 Select Toolbox Technique Look up all available implementation 

techniques in the CAD environment and possible also, outside of 
it (third part software). The techniques mainly tested in this 
thesis were UDF’s and Knowledge Fusion enabled UDF’s. 

 
 Evaluate Techniques Evaluate each technique as far as possible 

with an example element of the object managing the must have 
demands as a starting point. 

 
 Evaluation Points Look into the following evaluation points at 

least: 
 Time to add a new element of the object 
 Teamcenter Engineering compatibility 
 Ease of handling object data (update possibilities) 
 Reliability 
 Access in NX3 
 Risk of making mistakes by user (complexity) 
 Time savings for user 
 KBE integration 
 Possibility to modify imported object 

 
 Compare and Decide Solution Compare the solutions, present 

them to the users and make a decision on what concept to further 
develop. 
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 Detailed Development Begin with the object detail-development 
work. Use correct software versions to avoid surprises later on. 

 
 Testing Continuously perform tests of the object by simulating a 

real user situation. 
 

 Object Access Figure out how the object should be available to 
the user, it could be more than one… 

 
 Feedback Let potential Toolbox object users working at the 

same design office try out the object and give feedback. Also, if 
relevant, let users at another design office try out the object. 

 
 Demands Review the object demands. Does it really fulfill the 

critical “must have” demands? 
 

 Documentation Document the way the object where created and 
how to use it. 

 
 Introduction Present the new Toolbox object to the thought 

users. 
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Appendix 4 Wiper Object Manual 
 
This short manual explains the contents of the Wiper Object and how to 
use it. The manual could be used separately of the report. 
 
 
Wiper Object 
 
Figure 1 displays UGS NX3 working with a symmetry model of a T-shape 
insert and the Wiper object. 

 

 
 

 
Figure 1. Wiper KF enabled UDF program running in UGS NX3. 

Wiper Sketch 

Symmetry part (1/6) of T-shape insert 

Wiper Sketch 
Insertion KF program

Coromant CAD Toolbox Toolbar

Coromant CAD Toolbox Menu
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Wiper Object Dialog 
 

The Wiper object dialog window is visual in figure 2. 
  
 

 
 

Figure 2. KF Wiper dialog. 

 

Insert type identified UDF used

If the automatic 
identification fails, it is 
possible to change the 
iC and rε manually. 

Target layer is 125, 
not changeable 
because problems 
with KF ug_udfs class 

Surface finish data 
displayed 

Explode the UDF into a 
sketch feature node in 
the Part Navigator 

Manually edit the 
Wiper parameters 

Figure of sketch explaining parameters, see figure 3

Change Tolerance Class 

Change Wiper 
Parameters 

Change Insert Feed
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Figure 3. KF Wiper dialog Parameter Help properties, T-shape Wiper showing. 
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How-to import Wiper Cutting Edge 
 

 Run Start Insert Design and select the symmetry part as 
the working part. Possibly one mirror feature step in the 
Part Navigator has to be deleted, to ensure working with 
the absolute smallest symmetry part of the insert. 
 

 Make sure the working directory is pointing towards the 
directory where the new insert was created. 
 

 Click on the Wiper button in the CAD Toolbox Toolbar 
or in the CAD Toolbox menu – the Wiper Sketch 
Insertion dialog appears, figure 55. 
 

 The Wiper program retrieves REP1, EPR and ICC from 
the connected Reference Master part, to select correct 
UDF and scale the UDF Wiper sketch. 
 

 The Wiper sketch is imported into layer 125 and 
automatically placed on existing references.  
 

 Change entering angle, α angle, tolerance class, insert 
type and maximum estimated feed as desired. 
 

 If wanted change the specific Wiper radii parameters 
manually. 
 

 The theoretical surface finish is displayed in the dialog 
for a conventional equivalent insert without Wiper. 
 

 If clicking the Explode UDF into Sketch button the UDF 
is transformed into its original features (Wiper sketch). 
 

 Click the Parameter Help tab, for a figure presenting the 
most essential parts of the Wiper sketch. 
 

 When clicking OK or APPLY the UDF is updated with 
the new data from the dialog. 
 

 To edit the Wiper again double-click on the sketch in 
modeling session and the Wiper dialog appears (if not 
the Explode button was pressed before). 
 

 All UDF expressions are renamed back to original 
names, e.g. if the UDF parameter is named ICC_32 then 
it is renamed to ICC. 
 

 When satisfied with the looks of the Wiper sketch the 
next task is to extrude and subtract the Wiper nose from 
the symmetry part. 
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 When extruding the Wiper sketch to a solid Selection 
Intent has to be set to Single mode. Each sketch curve 
involved in the extrude operation then have to be picked 
individually. 

 

 
 

Figure 4. Selection Intent options. 
 
 

Wiper Sketch 
 
 

 
Figure 5. Wiper T-shape sketch. 

Feed Lines

m-dimension 
Tolerance Circle-bows 

BISEC1 Datum Plane
Contact Point 

Contact Point “arrow” 

“Extrude Box”

Help Lines for Grinding Drawing 

Wiper Radii

Corner Radius

Transition Radius 
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Explanation of expressions used in Wiper sketch: 
 

Table 1. User Defined Expressions, Wiper sketches. 
Expression Name Description 

ICC Inscribed Circle Diameter, iC 
REP1 Nose Radius, ISO re 
CR Wiper Nose Radius, closest to 

BISEC (not always ISO re) 
CRPER Nose Radius Perimeter Length 
FMAX Maximum Feed 
K Entering Angle 
A Alfa Angle 
TOL Tolerance Class 
WR, WR2, … Wiper Radius 
WPER, WPER2, … Wiper Radius Perimeter Length 
TRANS, TRANS2, … Transition Radius, small radius 

between Wiper radii’s 
TRANSPER, 
TRANS2PER, … 

Transition Radius Perimeter Length 

 

  
 
Explode UDF 
 

If the original feature added into a UDF is wanted as an editable node in 
the Part Navigator tree, the function to use is called Explode UDF. It is 
accessed by right-clicking the UDF node in the Part Navigator and 
choosing Edit Parameters... and then pressing Explode UDF button 
(figure 11 and 12). 
 

 
 

Figure 11. UDF Edit Parameters… option. 
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Figure 12. Explode UDF push button. 
 
 

Update Part Navigator 
 

If no Wiper sketch node is visual in the Part Navigator after clicking the 
explode button in the Wiper object dialog then the Part Navigator 
Window need to be updated. One way to update it is to activate and 
deactivate Timestamp Order. It could be found under Tools  Part 
Navigator  Timestamp Order. Another way is to Apply Filter and then 
to deactivated it. 

 

 
 

Figure 13. Activate/deactivate Timestamp Order.  
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Appendix 5 Wiper UDF Help Page 
 

»WIPER SPECS» 
  

Insert shape: T 
Clearance angle: Negative 

Wiper Type: T1 
Wiper Configuration: Neutral 

  

 
»INPUT PARAMETERS» 

Inscribed Circle, iC 
 Change to cloned insert model ICC value [mm]. 

 
Corner Radius 
 Change to cloned insert model REP1 value [mm]. 

 
Entering Angle, Κ 
 Type insert (preliminary) entering angle [degree]. 

 
Max Feed 
 Type insert (preliminary) maximum feed in [mm/r].  

 
Note about UDF’s:  
After insertion all user defined parameters/expressions imported from the UDF are 
renamed, e.g. icc  icc_27, K  K_27 and so on. The number (27) is the Part 
Navigator Tree Timestamp. 
 
Also all dimensions with names will be standard denoted, e.g. wrt  p58, 
fmax_half  p87, and so on. 
 
»QUICK STEPS» 
1. Make sure the symmetry-part is the work-part. 
2. Insert UDF (Tools User Defined Feature Insert…)  
3. Fill in input parameters, described in beginning of document. 
4. Check that the reference set is correct. All listed references should be 

indicated with a (+) sign before its name.  
5. Set Layer Option to Original (125) or As specified. 
6. Click OK, then Cancel button. 
7. Enable the chosen “Wiper-layer” (125). 
8. Double-click on the sketch to edit UDF parameters. 
9. If the sketch should be extracted from the UDF: Right-click on UDF 

node in Part Navigator and select Edit Parameters… Click Explode 
button and then edit the Wiper_0 sketch, visible in Part Navigator. 

10. Extrude the sketch. Choose single-mode in selection intent, and pick 
the “Wiper-box” only (not the help lines). 

11. Subtract the “Wiper-box”-solid from the symmetry part.   
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Appendix 6 Toolbox Objects  
 

Table 1. Possible future objects in Toolbox. 
Object Idea 

Insert Bottoms 
 

Insert Bottom Database: Produce a simple and intuitive 
graphical interface where different bottoms could be picked and 
imported from a database.  
 
Bottom Feature: Make parametric versions of the bottoms 
with same geometry. The feature could then be scaled and 
imported into the symmetry model. 
 
Bottom Frame-Sketch: A basic sketch-profile placed 
perpendicular to the insert bottom edge that could be swept 
along a guide (bottom edge). 

  
Insert Holes Insert Hole Database: Produce a simple and intuitive 

graphical interface where different holes could be picked and 
imported from a database. 
 
Hole Feature: Make parametric versions of the holes with 
same geometry. The feature could then be scaled and imported 
into the symmetry model. 
 
Hole Application: Input insert type and size and get a suitable 
hole recommended. 

  
Insert Markings Object producing markings out of desired text (or a list of 

standard texts) ready to be imported as sketch or solid in NX3. 
  
Draw Pin Hole 
 

Make an object with a parametric NX3 feature of the Draw Pin 
Hole. 

  
Micro Geometry Importable cutting edge condition geometric elements or 

sketches (e.g. ER, negative land, etc). 
  
Chipbreaker 
Sketch/Feature 

General Cutting Edge Sketch: A general and simple 
chipbreaker-sketch for the insert cutting edge, where angles 
and other expressions easily can be changed. 
 
Chipbreaker: Different kinds of chipbreaking geometry that 
looks similar from insert to insert, e.g. so-called banana, 
nosecone, etc. The sketches could be different objects, or 
gathered in a larger “chipbreaker”-object. 

  
Feature Naming Naming: Help program for quick naming of elements/features 

direct in NX3. Or more named sketches from start in the 
symmetry model part. 
 
Naming Help: Object for retrieving information about which 
features should be named and how. 

  
Converting with 
STEP 

Insert search function in NX3 among “old” CATIA parts. “Best 
practise” information on what tolerance to set and other 
parameters/options in CATIA to get best result in NX3. 

  
Design Geometry, 
“Looks” 

Collect different design geometry into an object. The designer 
would be able to browse existing features, import geometry and 
add new “looks”. 

  
Example of Design 
Geometry 

Parametric versions of design features, where the defining 
parameters can be changed for scaling of the geometry. 
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“Periphery-dots”,  
Chipbreaker 

A parametric feature where parameters defining the pattern can 
be changed before the dots are imported and positioned. 

  
Drawing Views/ 
Templates 

Prepared drawing views with correct scaling and annotations. 
Perhaps in form of a few drawing templates, covering all insert 
shapes.  

  
Threading Insert 
 

Thread Cutting Edge: Object with possibility of insertion of 
“thread-nose” feature with changeable sketch, defined by type 
of desired thread (metric, inch, pitch angle, etc.). 
 

Thread Base Geometry: Importable starting base-geometry 
as a separate object or included in the thread-nose object. 
 

Thread Tipping: Correct tipping of threading insert via an 
extra part in the assembly structure.  
 

Thread Drawing Template: Standardized drawing template 
for profile drawing. Only exist in CATIA right now. 

  
Serration Pattern 

 
Parametric built serration, easy to import, scale and to move the 
contact point. 

  
Edge-line Sketch Object with basic edge-line sketch ready for modification.  
  
Tipping of Insert An object tipping the insert with the correct cutting angles, as it 

would be positioned in the tool holder at the customer.  
  
Correct Ways Easy access of most relevant material for the insert designer 

(tolerances, norms). Placed in the Resource Bar™ in UGS NX3. 
  
“Bottom Build-up 
Areas” 

Object containing “bottoms” with extra build up areas, which 
are imported into the symmetry model. 

  
Master Insert Automatically create simplified max- and min tolerance parts out 

of the insert’s boundaries, without chipbreakers and other 
complex geometry. 

  
Assembly Part 
Collision Test,  
“Screw in Hole” 

Does the thought screw fit in the selected hole? An object with 
all available Sandvik Coromant insert screws as 3D-model parts, 
easy to pick from and add to assembly. 

  
Press-markings Gather all types of markings in an object where they are easy to 

browse, resize and import. 
  
Freeform Surface 
Radius Test 

Object that run the NX3 analysis automatically in optimized 
configuration and interprets the analysis and presents in 
numerical value the smallest radius. 

  
Drawing 
Tolerances 

Unified system of tolerance representation in drafting mode 
brought up as drawing template. 

  
Dynamic-/FEM-
Analysis 

Retrieve cutting forces and other interesting variables during 
turning/milling for various kinds of inserts, cutting data and 
insert positioning. 

  
Design Programs Access: Easy access to design programs in NX3 and 

information about them. 
 

Re-use of Functions: Part-function of an extensive design 
program that could be beneficial to use in “single mode”, for 
example CAPPT help program for producing insert profile 
drawings used to guide the electrode during manufacturing. 
 

Condition Check: Check if the CAD model meet the design 
programs conditions (correct: layers, colour, denotation, etc.). 
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Appendix 7 KF Programming How-to 
 

The techniques explained in this appendix were used in the Wiper Object 
KF source code. 
 

Implement C-code 
 
To use Open C API-functions in KF from a compiled DLL-file a special 
function has to be defined in the KF-source code (DFA-file). 
Example: 

 
Defun: Volume(Instance $instance; String ($lib; "my_library.dll"); String 
($name; "ask_volume") ) 
@{  

CFunc("UF_KF_invoke_user_function"; "libufun");  
             } number; 
 

The function Volume is called like an ordinary KF function. 
 

(Number) getVolume: Volume(own_instance:); 
 
 
Add Callback Code 
 
If KF code should be executed before the KF program dialog shows, the 
line “Rule” must be added in the Resource Editor dialog, Callbacks 
properties for Constructor, in User Interface Styler (figure 1). 
 

 
 

Figure 1. Resource Editor for new dialog in UI Styler, Callbacks properties. 
 
The KF code should look like this: 

 
(any) Constructor_cb: @{ 
 
  KF code executed before dialog shows… 
 
}; 
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Or if something should happen when a user clicks the Apply button: 

 
(any) Apply_cb: @{ 
  
  KF code executed when pressing Apply button… 
 
}; 
 

Again “Rule” has to be typed in the Resource Editor dialog Callbacks 
properties for Apply in UI Styler. Other Callbacks are treated in similar 
way. 
 The same procedure is used to connect KF code with a push button 
in a dialog, the identifier name (figure 2) of the push button with the suffix 
“_act” is used as attribute name in KF. “Rule” is typed in push button 
callback. 
 

 
 

Figure 2. Resource Editor for Push Button object in UI Styler, Attributes properties. 
 
KF code: 

 
(any) explode_act: @{ 
  
  KF code executed when button is pushed… 
 
}; 
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Instantiate ug_udfs Class 
 
A problem was discovered when trying instantiating a UDF with the KF 
class ug_udfs. A Memory Access Violation Error occurs if not ug_udfs is 
provided with the exact same Parameters attribute values as the 
expressions of original feature had when the UDF was created. For 
instance in figure 3, “ICC” must be “12.7” when instantiating, otherwise 
an error arises, because “ICC” was “12.7” in the feature the UDF was 
created from. 
 

 
 

Figure 3. Knowledge Fusion Navigator in NX3, ug_udfs class with attribute Parameters showing. 
 
The only resolution found to this problem was to instantiating the UDF 
class with actual values in the Parameters attribute. And then use KF 
function Storevalue() to overwrite Parameters with KF attributes 
connected to the dialog instead of numeric values, preferably done in 
Constructor, Apply and OK callbacks.  
 
Example: 

 
(any) Constructor_cb: @{ 
 
  StoreValue({{ICC,ICC:},{REP1,REP1:}}, UDF:, Parameters); 
  ug_updateKFobjects({}); 
 
}; 
 
(Child) UDF: { 
  Class, ug_udfs; 
  Name, “UDF”; 
  Library, “/UDF/library”; 
  Parameters, {{ICC,12.7},{REP1,0.794}}; 
  Initial_Mapping, {}; 
  targetLayer, 0; 
  Suppress?, FALSE; 
}; 

 
Instead of “12.7” displayed as ICC value in figure 3, “ICC:” would be 
showing, which is an attribute connected to the UI Styler created dialog. 
Now user modifications in the dialog will affect the UDF and it will 
change and update.   
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Switch UDF’s 
 
To switch between several different UDF’s a simple “if-expression” is 
written where the Name attribute is located in the ug_udfs class. Providing 
Nulldesign instead of the real UDF name imply that the UDF geometry is 
not created and another UDF is used instead. 
 
Example: 

 
(Child) UDF: { 
  Class, ug_udfs; 
  Name, if(param:=1) then “UDF” else NullDesign; 
  Library, “/UDF/library”; 
  Parameters, {{ICC,12.7},{FMAX,0.3}}; 
  Initial_Mapping, {}; 
  targetLayer, 0; 
  Suppress?, FALSE; 
  intree?, if(param:=1) then TRUE else FALSE; 
}; 
 
(Child) UDF2: { 
  Class, ug_udfs; 
  Name, if(param:=2) then “UDF2” else NullDesign; 
  Library, “/UDF/library”; 
  Parameters, {{ICC,12.7},{FMAX,0.3}}; 
  Initial_Mapping, {}; 
  targetLayer, 0; 
  Suppress?, FALSE; 
  intree?, if(param:=2) then TRUE else FALSE; 
  DemandOrder, {UDF:} #this will run UDF: before UDF2: 
}; 

 
In figure 4 three ug_udfs classes are visual, but only one is build up 
geometrically in NX3 modeling window (UDF_t). 
 

 
 

Figure 4. KF Navigator window, with three ug_udfs classes showing. 
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Working with Dialogs 
 
To access properties of dialog objects (buttons, text boxes, labels, etc.) 
with KF code, use the UI Styler identifier name and add a special suffix. 
For example add: 
  

 _SENS, to change the objects sensitivity (i.e. grey out objects) 
 _VISI, to change the objects visibility 

 
A few more properties are available, see NX3 help pages about UI Styler.  
 
 
Open New Dialog Window 
 
If a new dialog window should be opened through a push button, a new 
ug_base_part class has to be defined. A child of that class (child rule) with 
the same name as the identifier of the push button is required in the KF 
code. The Callback code should be “Rule” and the Create Dialog Box 
option must be checked. 
 

 
 

Figure 5. Resource Editor for Push Button in UI Styler, Callbacks properties. 
 
Example: 
 

#Child with same name as the push button (Button_new): 
 
(Child) Button_new: {  
  class, SubClass; 
  h, 10; 
}; 
 
 
#New Sub-class, here are the desired attributes defined… 
 
DefClass: SubClass (ug_base_part); 
 
(Number parameter modifiable) h: ; 
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Appendix 8 NX3 Toolbar and Menu 
 
Example of toolbar file (TBR-file) with two buttons, Wiper and U-Lock: 

 
! File : coromant_cad_Toolbox.tbr 
! Sandvik Coromant CAD Toolbox Toolbar 
 
TITLE Coromant CAD Toolbox  
VERSION 170 
DOCK TOP 
  
 BUTTON WIPER 
 LABEL Wiper Cutting Edge 
 BITMAP wiper.bmp 
 
 BUTTON ULOCK 
 LABEL T-MAX U-Lock Edge 
 BITMAP ulock.bmp 

 
wiper.bmp and ulock.bmp are the icon bitmap files used in the toolbar. 

 

 
 

Figure 1. NX3 Coromant CAD Toolbox toolbar example. 

 
 

Example of menu file (MEN-file): 
 

VERSION 139 
 
EDIT UG_GATEWAY_MAIN_MENUBAR 
 
BEFORE UG_HELP 
      CASCADE_BUTTON CAD_TOOLBOX 
      LABEL Coromant CAD Toolbox 
END_OF_BEFORE 
  
MENU CAD_TOOLBOX 
                         
      BUTTON WIPER 
      LABEL Wiper Cutting Edge... 
      BITMAP wiper.bmp 
      ACTIONS wiper.dfa 
       
      BUTTON  ULOCK 
      LABEL T-MAX U-Lock... 
      BITMAP ulock.bmp 
      ACTIONS ulock.dfa 
 
END_OF_MENU 

 
wiper.dfa and ulock.dfa are the KF source code files. One thing has to 
match between the TBR- and MEN-files, the name of the BUTTON 
property, in this case WIPER and ULOCK. 
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Figure 2. NX3 Coromant CAD Toolbox menu example. 
 

The bitmap files for toolbar icons and DFA-files have to be saved in the 
ugii/bitmap and ugii/dfa directories until another location is specified in 
ugii_env.dat-file. The TBR- and MEN-files could be placed in 
x:/arbitrary_dir/startup as long as the search path to the directory is 
added in ugii/menus/custom_dirs.dat.  

If the special toolbar and menu should exist globally the TBR- and MEN-
file should be placed in: 

 TBR/MEN: %UG_FILE_SERVER%/UGC_UTILS/Data/NX3/Global/Startup  
 

In similar way: 
 Bitmaps: %UG_FILE_SERVER%/UGC_UTILS/Data/NX3/Global/Bitmaps 
 DLG: %UG_FILE_SERVER%/UGC_UTILS/Data/NX3/Global/Application  
 DFA: %UG_FILE_SERVER%/UGC_UTILS/Data/NX3/Global/DFA  

 
If the toolbar and menu only should exist locally place the TBR- and MEN-
file in: 

 TBR/MEN: h:/data/UGC_APPLICATIONS/NX3/ENV/STARTUP 
 Bitmaps and DLG: 
h:/data/UGC_APPLICATIONS/NX3/ENV/APPLICATION  

 DFA: h:/data/UGC_APPLICATIONS/NX3/ENV/DFA.  
 
 
KF Code 
 
One line of code has to be written in the DFA-file to make sure the KF class 
name is correct when starting the KF program from the toolbar or menu: 

 
(Name) Apply_state: Edit; 
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