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Production technology
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Production process
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Virtual Production/Manufacturing

- 4 -Dr. Markos Sándor
© BME Department of Manufacturing Science and Technology  
http://www.manuf.bme.hu 



Design in integrated  CAD/CAM environment

Splitting surface of 
the part

Mold base 
selection
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Positioning the molding 
part

Cavity and core 
separation

Finishing the tool 
design

Adding the 
special 

components

Definitiom of 
the running 
and cooling 

system



STEP / IGES /STL / VRML / XML

Manufacturing

EDGECAM

NC Post

NC Tooling

Re-Engineering

..

Point Cloud 

Optimization

..

Nesting 

Simulation

..

..

Mechanism

..

..

Interfaces
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Modeling

SolidEdge

..

FE Pre & Post Meshing

..

FE Solver

..

..

..

Design

..

..



Costs: Downstream Rework Explosion

Downstream ApplicationsCAD System

Product
Design

Rework

Rework

Finite Element Modelling

Rapid Prototyping
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Rework = 20-70% x 4

Rework

Rework

Rework

NC Programming

Data Exchange



Design sketches, 

Building the
First technical 

units

Product manufacturability Start the serial production

Product development
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Design sketches, 
Conceptions, 
Selection from conceptions

units

► Prototype production

► „0” serial

► The quality of the prototype production defined by the envirenment!
Forrás: AUDI



Manufacturing life cycle
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Assembled unit
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Ability of assembling

� Type of assembling
� Manual assembling
� Automatic assembling
� Assembling by robots

� Analysis of the construction 
� Dimension chain analysis, calculation of the closing member
� Assembling root and net
� Setting a minimum number of parts
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� Setting a minimum number of parts
� Determination of mounting pieces
� Assessment of the automatic assembling capabilities
� Assessment of the robotic assembling capabilities
� Time and cost calculation of the assembling process 
� Calculation of efficiency indicators



Drawings, machining demands
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• Datum selection
• Allowances
• Machining
processes, steps



Accuracy requirements, cost
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Design for Manufacturing (DFM)

Definition: DFM is the method of design for ease of  manufacturing of 
the collection of parts that will form the product after assembly. 

‘Optimization of the manufacturing process…’ 
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DFA is a tool used to select the most cost 
effective material and process to be used in the 
production in the early stages of product design. 

Machining: 



Design for Manufacturability Guidelines

A1) Understand manufacturing problems/issues of cur rent/past products

to learn from the past and not repeat old mistakes

A2) Design for easy fabrication, processing, and as sembly

Designing for easy parts fabrication, material processing, and product assembly is a 
primary design consideration. 

P1) Adhere to specific process design guidelines.

It is very important to use specific design guidelines for parts to be produced by 
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It is very important to use specific design guidelines for parts to be produced by 
specific processes such as welding…., 

P2) Avoid right/left hand parts.

Avoid designing mirror image (right or left hand) parts. Design the product so the 
same part can function in both right or left hand modes. 

P3) Design parts with symmetry.

Design each part to be symmetrical from every "view„. 



Design for Manufacturability Guidelines

P4) If part symmetry is not possible, make parts ve ry asymmetrical.

The best part for assembly is one that is symmetrical in all views. 

P5) Design for fixturing.

Machine tools, assembly stations, automatic transfers and automatic assembly 
equipment need to be able to grip or fixture the part in a known position for 
subsequent operations. 

P6) Minimize tooling complexity by concurrently desi gning tooling.
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Use concurrent engineering of parts and tooling to minimize tooling complexity, 
cost, delivery leadtime and maximize throughput, quality and flexibility.

P8) Specify optimal tolerances for a Robust Design.

Design of Experiments can be used to determine the effect of variations in all 
tolerances on part or system quality. 

P9) Specify quality parts from reliable sources.



Design for Manufacturability Guidelines

P10) Minimize Setups. For machined parts, ensure accuracy by designing parts and 
fixturing so all key dimensions are all cut in the same setup (chucking). Removing 
the part to re-position for subsequent cutting lowers accuracy relative to cuts made 
in the original position. Single setup machining is less expensive too.

P11) Minimize Cutting Tools. For machined parts, minimize cost by designing parts 
to be machined with the minimum number of cutting tools. For CNC "hog out" 
material removal, specify radii that match the preferred cutting tools (avoid arbitrary 
decisions). Keep tool variety within the capability of the tool changer.
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P12) Understand tolerance step functions and specify  tolerances wisely. The 
type of process depends on the tolerance. Each process has its practical "limit" to 
how close a tolerance could be held for a given skill level on the production line. If 
the tolerance is tighter than the limit, the next most precise (and expensive) 
process must be used. Designers must understand these "step functions" and 
know the tolerance limit for each process.



DFM Examples
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Machining demands (requirements)

� Milling (plane, pocket, groove, 
contour, surface, screws, rest…)

� Sparking (sinking, wire, orbital)

� Grinding (plane, cylindrical 
groove, screws..)

� Polishing

� Surface treatment (sand blasting, 
“skinning”.. )
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“skinning”.. )

� Surface coating



Analysis of the machining demands

No Name Dimension Tolerance Ra Machining 

∅65±0.02 
Drilling 
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1 Fixing hole ∅65±0.02 
 

 3.2 
Drilling 
Boring 
Chamfering 

2 Outside diameter ∅99±0.01  1.6 Rough turning 
Fine turning  

3 Face 60±0.02 
 

p ±0.03 
 

1.6 Rough turning 
Fine turning 

4 Extruder wing   0.025 

Rough milling 
Fine milling  
Rounding  
Polishing 

5 Keyways 2 times. 
10.2 +0.05 

0 
 

p ±0.1,  
 

3.2 Shaping 

 



Manufacturing, machining environment

Z axis

Z axis
X axis

B axis

Y axisCompliance:

� Functionality

� Flexibility

� Positioning and 
repetition accuracy

� Spindle speed

� Rigidity
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� Rigidity

� Damping

Specific machine cost:
Classical:  15 EUR/hours
3 ax NC: 20 - 40 EUR/hours
5 Ax NC:40 - 70 EUR/hours
Depent on dimension



Integrated manufacturing
� Drill - Chamfering – Thread milling tools

� Boring bars

� …..

� Milling – Drilling

� Milling – Drilling – Turning

� Milling – Drilling – Turning – Grinding

� Milling – Drilling – Turning– Grindings – Laser „milling”

� …..
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� …..

� Turning – Drilling

� Turning – Drilling – Milling

� Turning – Drilling – Milling – Gearing

� Turning – Broaching - Milling

� ….

� Wire EDMing

� Wire EDMing– Water jet machining

� ..



Integration of machining processes
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1. Turning

2. Plane milling

3. Drilling

4. Grooving



Hybrid machining
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Manufacturing
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Production and Manufacturing

PRE-PRODUCTION PART PRODUCTION ASSEMBLING

CASTING METAL CUTTING JOINING
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WELDING GRINDING SETTING, BALANCING

DIEING SPARKING SURFACE TREATMENT

STAMPING COATING CONSERVATION

CUT-OFF HEAT TREATMENT PACKAGING

PRE_-PRODUCT PART PRODUCT



The hierarchy of manufacturing process

ETAP: That period of production by which  product parts reach the same 
state condition. Different types of operation. (pre-production, part-
production , assembling)

GROUP OF 
OPERATION:

The same type of operations. (turning operations)

OPERATION: Sum of activities which is realized in the same workpiece clamping on 
the same machine. An other definition: part of activity which is 
completed..

GROUP OF 
OPERATION 

The same type of operation elements. (drilling operation elements)
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OPERATION 
ELEMENTS:

OPERATION ELEMENT: Metal forming or  removing process  realized on the same workpiece 
surface with the same tool, with the same cutting conditions. Sum of  
motions 

MOTION: People or machine made activities which has separated functions 
regarding the operation .  (clamping, entry, clear. E.t.g.)

MOTION ELEMENT: Activity which has not got separate function  regarding the operation 
(start, switch, ..)



Surface generation methods
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Classification of the manufacturing processes
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Process planning activity plan
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Levels and steps of the process planning

Product modellProduct modell PrePre--product modellproduct modell

Gyártási modellGyártási modell

ProcesszorProcesszor

OperationOperation sequencesequence
planningplanning

OperationOperation planningplanningCuttingCutting
ToolsTools

Machining process selection

Datum surface determination

Machine tool, fixture selection

Operations determination 
sequence, intermediate cond.

Metal removing plan
Tool selection, layout

Sequece of operation steps, 
integration
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Pre-planning
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NC machine tool NC machine tool 

OperationOperation stepstep
planningplanning

PosztprocesszorPosztprocesszor
PostPost--

processingprocessing

CL  DataCL  Data

ToolsTools

CuttingCutting
parametersparameters

integration

Tool path planning

Determination cutting parameters

Machine tool features acceptance, 
taking into account
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Place of the pre-planning in the process hierarchy

Knowledge about the 

Knowledge about the operations 
and they sequence

Shortage of 
information

Information about the part 
geometry 

Knowledge about the designing
function and ideas
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Tool path

Knowledge about 
cutting parameters

Knowledge about the 
operation steps

Accuracy



Operation sequence planning

� Determination of the machining 
needs

� Define machining modes
� Datum plate (surfaces) 

selection 
� Machine-tool selection
� Clamping fixture selection
� Define operation boundaries
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� Define operation boundaries
� Define of the operation 

sequence
� Determination of the 

intermediate contours

Operation: part of the manufacturing 
process realized on one machine 
and in one clamping.

Source: Miko 



Operation sequencing rules

- 34 -Dr. Markos Sándor
© BME Department of Manufacturing Science and Technology  
http://www.manuf.bme.hu 



Operation sequencing rules
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Sequence of operations
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Operation planning

� Metal removing plan 
(Generation of operation steps)

� Cutting tool selection
� Integration of operation steps
� Determination of the sequence of 

the operation steps
� Cutting tool layout preparation
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Operation step: part of the manufacturing 
process where the machining 
allowance is removed by a given tool.

Source: Miko 



Planning operation steps

� Tool path planning � Determination cutting 
parameters
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Source: Miko 



Description of the operation steps (elements)
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Manufacturing/Cutting technology
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Description of the machining process
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Process parameters for turning

roughing

2

5
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finishing

semifinishing

0.250.15

1

0.8



Turning
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Machinability of different workpiece materials
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Typical material removal rate
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Metal removal rate (mm3/min)

Material Melting temperature Tm Roughing (30 A) 
mm3/min

Finishing (5 A)

mm3/min

Zink 420 1000 120

Magnesium 600 800 100

Aluminum 660 500  80

Brass 900 320  50

Copper 1080 220  30
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Copper 1080 220  30

Steel 1350 160 25

Nickel 1450 150 20

Hardmetal 3000 60 10

Tungsten 3400 40 6

Copper electrode material, max. 7A/ mm2
MRR=40*I/Tm↑1.23



Components of the machining time
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Changing of the setup time depend on the part numbe rs

Effect of the Setup time to the norm time:
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A norm time for a given part is:



Components of the setup time

Preparation

� Program loading

� Tools to the tools magazine

� Tool pre-setting

� Fixture positioning, alignment

� Workpiece clamping, positioning fixing

� Zero-point determination
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� Program writing, program inspection

� Soft jaw machining

Finishing

� Workpiece unclamping

� Cleaning, deburring

� Measuring and inspection



Reduction of the machining time

� The cutting time mainly depend on the cutting speed and the feedrate 
(cutting parameters). 

� Alternative solutions to reduce the cutting time: 

� Improved cutting tool quality

� Improved cooling and lubrication
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� Contraction of the operation elements,

� Multi-tool tool holders, 

� Multi-spindle machining

� All the solutions cause the increasing of the production cost. 



Classification of product costs
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Changing of the cost components
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Cost components
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n sgy sgys

Kgy = Ke + Ka + Ks where:where:

Kgy -- product direct manufacturing costs product direct manufacturing costs Ks -- assembling costassembling cost
Ke -- ccost of the preost of the pre--production production Ka -- cost of the part manufacturingcost of the part manufacturing



Details of the notification

Kesz - tool and fixture cost of the pre-production

Kasz - tool and fixture of the part manufacturing

Kssz - tool and fixturing cost of the assembly

n - number of the  produced parts

Kegy - production cost of the pre-product

Kagy - Cost of the part production

Ksgy - cost of the assembling process
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Ksgy - cost of the assembling process

Kea - Material cost of the pre-product

Kf - Cost (price) of the chip, garbage price

(it can increase the cost, for instance: dangerous waste)

CM - Cost of the machine tool, or workspace  (Ft/min)

(machine tool, equipment, assembling workspace etc.) 

tN - time of the observed operation m – operation number



Cost calculation

C
R

b
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Rg
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1
100

1
100

60

b Labour cost, Ft/min;
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b Labour cost, Ft/min;
R labour cost overhead %;
Ag Price of the machine tool, Ft; 
a Amortization time, year;
Rg Cost connected to the usage of the machine tool 

(maintenance, energy, emulsion, overhead, %.)
Hév machine tool operation time, hours.



Cost of the part manufacturing, machining

Direct cost (Kd):

- Material

- Operation, machining

1. setup

2. clamping, unclamping

3. machining

Indirect costs (Kov):

Kov Ft/piece = Kd*overhead/100

(Kd = direct part costs)

Typical overhead tasks:

- process planning

- NC programming
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3. machining

4. tool

5. fixture

- Measuring, inspection

- Repearing, refuse replacement

- Transportation

- NC programming

- scheduling



Cost components

Ka /piece = part mess * specific (unit) cost  (Ft/kg)

= part volume * specific(unit) cost (Ft/cm3)

Ke/piece = setup time*workplace cost/batch number

Kb/piece = (clamping +unclamping time ) * workplace (machine tool) cost (CM  Ft/min)

alternative
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alternative

Kb/piece = (clamping +unclamping time (into fixture)) * labour cost (CL Ft/min) +

= (clamping +unclamping time (into machine tool)) * Workplace (machine tool) cost (CM)

Km/piece = (Σ cutting time+ Σ time of the rapid motion+ Σ tool changing time)*CM



Cost components

Ksz/piece = Σ Cutting time*CT  (Ft/min)   

(CT = depreciation + re-sharpening + insert + pre-setting )

alternative

Ksz/piece = Σ (tooling cost * cutting time/tool life)

alternative

Ksz/piece = Σ tooling cost /batch number
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Ksz/piece = Σ tooling cost /batch number

Kk/piece = (fixture cost + Maintenance cost)/yearly (planned) batch number

Kme/piece = Σ measuring, inspection time * sampling rate*batch number * 
Workplace cost (CI Ft/min)

Kjs/piece = refuse percentage* Km/piece

Ksz/piece = Σ transportation, storing cost/batch number



Cost estimation based on feature recognition
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Control questions

� Geometrical modeling solution. Data (geometrical model) exchange between CAD 

systems, interface possibilities. Rework requirements, and application.

� Surface creation methods. Meaning of the forming, profiling, generation, shaping.

� Connection between tool path planning and the surface generation.

� Definition of the Machinability.  Machinability of different workpiece materials. 
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Machinability parameters: metal removal rate, specific cutting force...

� Definition of the machining operation. Operation planning. Operation sequencing rules.

� Levels and steps of the operation planning. Process planning hierarchy.

� Components of the machining time. Machining time and cost estimation.

� Tool path generation process steps in CAM system. CAM strategies, solutions.



Thank you for your attention !
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