MACHINE DESIGN AND PRODUCTION TECHNOLOGY

MANUFACTURING DEMAND,
FUNDAMENTALS OF MANUFACTURING

Functional features (skin features)
El, E2 : planar faces and tapped holes
E3, E4 : planar faces F/
C35, C6 : forbidden spaces
C7 : authorised space
Functional conditions —
R1 : perpendicularity E1 E3 tol. 0.03
R2 : distance E1 E2 tol. 0.4

R3 : distance E1 E2 tol. 0.2

R4 : perpendicularity E2 E4 tol. 0.3
R5 : distance E3 E4 tol. 0.04
Skeleton feature :

\
" |
e
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Production technology

&{

e =3

Vision/Design
of new product

AN

» Machines and plants

» Manufacturable product program

s Available manufacturing processes
» Tools, fixtures, dies and molds

+ Quality assurance and testing

o Staff

o Workpiece material
e Tolerances and fits
e CAD/CAE data

+ Parts and assemblies
o Product structure, variants
o Geometry and features

§
&

Process

¢ Classification of manufacturing processes
o Manufacturing knowledge
¢ Production processes and flow

Product

. Dr. Markos Sandor
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Production process

CLTENT. OREBER

FiMAl SHIPPING

TO CLIENT

™™y ™~
PROCE
i (B G
CIRCI
A S S =

PROOFING
CLIENT APPROVAL

HANDWORK &
FINISHING MANUFACTURING
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Virtual Production/Manufacturing

Detailed Design

=
A

Assembly Design gtryctural Analysis

“Sketching

Mold Manufacturing Mold Design Rapid Prototype

Dr. Markos Sandor
© BME Department of Manufacturing Science and Technology
http://mww.manuf.ome.hu



Design in integrated CAD/CAM environment &I

Mold base

Splitting surface of .
selection

the part

Positioning the molding

part
Adding. the 5 Cavity and core
special separation

components

Definitiom of == ﬁ. B

the running - =

and cooling inishing the tool

system design

Dr. Markos Sandor
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Interfaces

EDGECAM

NC Post

—— NC Tooling

—— Nesting

—— Point Cloud

STEP /IGES /STL /VRML / XML

SolidEdge

o Dr. Markos Sandor
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Costs: Downstream Rework Explosion 6'—[

CAD System Downstream Applications

ﬁ Finite Element Modelling
Fielie - Rapid Prototyping
4 NCP i
Rework = 20-70% x 4 W rogramming
>

Data Exchange

Rework

. Dr. Markos Sandor
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Product development &[

©

>Planung >> Konzept
6 ? Building the
First technical

Design sketches,
Conceptions,
Selection from conceptions | &

Product manufacturability

|43|4?| 4a|45|44|43|42|41|4u|39-|33|3?|3B|35|34|33|32|31|30|29|2:3|2?|23|25|24|23|22|21|20|1ﬂ|1a| 1?| 1a| 15| 14| 13| 12| 11|11:|| 9| a| 7 | ﬂ| 5 | 4| 3| 2| - |+1|+2|+3|

Prototype production
,0" serial

The quality of the prototype production defined by the envirenment!
Forras: AUDI
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Manufacturing life cycle

Process Planning
J I

Improve
productivity

and re-:duce
lifecycle
costs

. Dr. Markos Sandor

http://mww.manuf.ome.hu

Machlnlng

. through use
of manufacturing

knowledge
|

Predictive

i Models throughout the

product lifecycle

Envireanment
Specifications
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Assembled unit

meEmM| ary NAME DESCRIPTION
1 | 1 |BASE CAST IRON
2 | 1 | MOVEABLE JAW CAST IRON
3 | 1 | TENSION PLATE CAST IRON
4 1_| SPRING CAST IRON
5 | 2 | FACEPLATE STEEL
6 | 1 _|PUSHROD STEEL
7 | 2 | ROD GUIDE STEEL
8 1 | COVER PLATE STEEL
9 | 1 |BRAKE CRS
10 | 1_| BRAKE LEVER CRS
11 | 1 | BRAKE HANDLE UHMW
12_|_1_| PUSH ROD HANDLE UHMW
13 1 | ADJUSTMENT SCREW STEEL
14 | 2 | FILLISTER HEAD CAP SCREW __ | .250-20UNC2A X 62
15 2 | FILLISTER HEAD CAP SCREW .250-20UNC-2A X .75
16 2 | ROUND HEAD -MACHINE SCREW 10-24UNC-2A X .25
17 1 | SOCKET HEAD CAP SCREW .3125-18UNC-2A

ASSEMBLED SECTION A-A

Screwless Vise

Dr. Markos Sandor
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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
= 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

. Dr. Markos Sandor
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Drawings, machining demands &I
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Accuracy requirements, cost

COST (PERCENT)

Q0 I
0 APPR IMATE
360 - MACEEMNING
340 1
20
—
280 J
280 L MATERIAL-STEEL
2480 4 /
20
200
120 |
160
140 4
|
120
100 - — —— —— A — — |~ — — critical
a0 1 | tolerance
f: i ___d_’____ﬂ._a—-—// :| operation
Y je2— 0381 0254 0,127 0. 0,025 0,0127 0,0p64 mm
20030 | 20018 | :00w0 | 20008 | togo3 o001 | =00005 | 000028 | ins
TOLERANCES | | | I
m.m:uaﬂau(.! OFERATE 5 NECESSAIHY : !
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Specific machining

cost
4 | polishing
100 2
ar =
grinding
2 —
turning
r cold drawing
| | 1

0,005 002 0,05 o1

=1T4 =TT =Ty =[T11

Accuracy mm
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| | GT
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...’

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: 2 f{m

A

&

2
:

777 L “_i
%@
|
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Design for Manufacturability Guidelines 6'—[

Al) 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
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,,.

. Dr. Markos Sandor -15-
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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.

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.

Dr. Markos Sandor
© BME Department of Manufacturing Science and Technology
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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.

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.

o Dr. Markos Sandor 217 -
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r
DFM Examples &.\\.

[on] @

Dr. Markos Sandor -18-
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Machining demands (requirements) 14

¢ Milling (plane, pocket, groove,
contour, surface, screws, rest...)

¢ Sparking (sinking, wire, orbital)

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

¢ Polishing

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

¢ Surface coating

o Dr. Markos Sandor -19-

o e  ©BME Department of Manufacturing Science and Technology
http://mww.manuf.ome.hu




Analysis of the machining demands

23 73 14
15
,,,,,,,,,, 1 ?
35
No Name Dimension [ Tolerance [ Ra Machining
Drilling
1 Fixing hole [165£0.02 3.2 |Boring
Chamfering
. . Rough turning
2 Outside diameter [199+0.01 1.6 Fine turning
3 Face 60+0.02 p £0.03 16 R_ough turning
Fine turning
Rough milling
4 Extruder wing 0.025 Fine m_llllng
Rounding
Polishing
10.2 +0.05 +0.1
5 Keyways 2 times. 0 p 0.4, 3.2 | Shaping

Dr. Markos Sandor -20-
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Manufacturing, machining environment

X axis - .

: . ; — Zaxis

Compliance: Yaxis - |
_ _ Baxis ——————x %
O Functionality
d Flexibility
Q Positioning and
repetition accuracy

O Spindle speed B i
O Rigidity |
O Damping

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

. Dr. Markos Sandor
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Integrated manufacturing

Q Drill - Chamfering — Thread milling tools
Q Boring bars

a Milling — Drilling

Q Milling — Drilling — Turning

Q Milling — Drilling — Turning — Grinding

Q Milling — Drilling — Turning— Grindings — Laser ,milling”

Q Turning — Drilling

Q Turning — Drilling — Milling

A Turning — Drilling — Milling — Gearing
Q Turning — Broaching - Milling

Q...

a Wire EDMing

a Wire EDMing— Water jet machining

i .. Dr. Markos Sandor
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Integration of machining processes &[
@ . = T
I% Milling ﬁ Drill Al Cutoft
' bit 4‘,‘? l‘f” tool

| cutter \{ Rtk o
=3 T 7T
-if_r-j‘\Turning

©» @ 3) @

1. Turning
2. Plane milling

3. Drilling

4. Grooving

o Dr. Markos Sandor -23-
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Hybrid machining &I

Setting a substrate Machining High Speed LMD Fine LMD

Machining Laser marking

Dr. Markos Sandor _24 .-
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Manufacturing

Tvpes of manufacturing:
Single: To=ty/'t, = 20 one or some workpiece production, by using
universal machies, cutting tools and fixtures (NC, CNC, e.t.g.)

Series: 20<Ty=ty/t, = 2 small- medmm or large series part production
using revolvers, semi-automatic machines, or NC, CNC machine tools

Mass: To = ty/t, = 2 more hundred of thousands workpiece production, special
machine tools, special tools, process ortented preparation and manufacturing.

Continuous: The machme tool layvout (organization) 1s bagsed on the manufacturing sequence.
(mass production)

Workshop based: The machine tool needed by one operation are grouped i one workshop.
(smgle production)

Dr. Markos Sandor
© BME Department of Manufacturing Science and Technology
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Production and Manufacturing

Production: manufacturing + administration

Manufacturing: Process + storing and transportation

Process : metal formimg (removing) process

Raw material Production Product

Bulk Pre-production One type material, one or some
Sheet Part-production pieces

Wire Asgembling Several type of material, hundred
Power thousand parts

PRE-PRODUCTION PART PRODUCTION ASSEMBLING
CASTING METAL CUTTING JOINING

WELDING GRINDING SETTING, BALANCING
DIEING SPARKING SURFACE TREATMENT
STAMPING COATING CONSERVATION
CUT-OFF HEAT TREATMENT PACKAGING
PRE_-PRODUCT PART PRODUCT

Dr. Markos Sandor
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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 The same type of operations. (turning operations)

OPERATION:

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 The same type of operation elements. (drilling operation elements)

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, ..)

Dr. Markos Sandor
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Surface generation methods &[

¢. (Generation

According motion geometry (Theory of the surface production): e The machined surface is generated

a. Casting, Forming

v The tool is the negative replica of the by the .tool |
wotlpiece o workpiece rolling on the common
v Simple tool motion rolling elements.

v Complicated tool and tool- motion
» Once of two titmes furrowed surface
v Small and large series production

v Turning, milling, grinding

v Machining time 15 small

»  Ezpensive, complicated tooling
»  Even surface no furrows on it
» Typical tass production

. Shaping
v Motion of a universal tool along

b. Profiling, copying surface curves (generatrix and
v Cutting edge 1s generated according a directriz)
surface curve v Complicated tool motton 2-3-4-5 D ants

tool path control
» Two times furrowed surface
»  Long cutting time (hugh speed cutting)
*  Typically single production

» Tool-motion along a directrix

v Machining program 15 delivered by
the tool

o Fine surface, furrows are one direction

» Typical tass production

Dr. Markos Sandor
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Classification of the manufacturing processes

Accordimg metal removing

TOCERS |

Main group - Group — Subgroup — Codes

"

l.

3.

Casting, Forming
Forging, Diemng
Separation

4. Jomng
Coating
6. Heat-treatiment

.

=An example of the subgroup

3.2.1. Turning

3.2.1.4. Generative

3.2.1.5. Profiling

3.2.1.6. Shape

. Dr. Markos Sandor
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Process planning activity plan

Tolerance Engineering
and Surface Requirements
Roughness
Standards
# * Selected
Determine Processes
Product / i -
Dosian = _p Machining
9 Processes
Al
A
A 4 Selected
Select Resources
> Machining e > Machining
Resources Elmcess
= A2 an
A
Estimate Energy
Environmenta Consumption
- > Impact Estimated
Machining A3 Total Emission
Knowledge i A
Base
Estimate
Machining [ o
Time/Cost .
Ad Estimated
o Energy Time/Cosi
g:;glj"rlgg Consumption Emissi * +
mission
Model Models Model Time Cost

Standards Models

Dr. Markos Sandor
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Levels and steps of the process planning

Product modell Pre-product modell
N Gyartasi modell Machining process selection
Datum surface determination

Pr ocesszor Pre_p| anni ng Machine tool, fixture selection
Operations deter mination

Machine tool Oper ation sequence sequence, intermediate cond.
fixture planning

Metal removing plan

Cutting Operation planning Tool selection, layout

Sequece of operation steps,
Tools integration

Cutting A Operation step N Tool path planning

parameters ‘ planning 'I Determination cutting parameters

CL Data

Posztpr ocesszor Post X 't
ost- Machine tool features acceptance,
Controller processing - taking into account

USER PLATFORM

NC machine tool
Dr. Markos Sandor
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Place of the pre-planning in the process hierarchy

Knowledge about the designing
function and ideas

Information about the part / Preodanni \\

re-planning
geometry |
Knowledge about the operations _ Y
and they sequence r Operation sequence planning :
Knowledge about the i AN
operation steps Ir.-f’ Operation planning H‘xx

Knowledge about '
g i Operation steps planning \

cutting parameters

Tool path / \
Post-processing \\

Shortage of
information

Accuracy

Dr. Markos Sandor
© BME Department of Manufacturing Science and Technology
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&{

Operation sequence planning

0,63

= Determination of the machining 2

needs J

m Define machining modes

m Datum plate (surfaces)
selection

Machine-tool selection 5 i*
Clamping fixture selection
Define operation boundaries

Define of the operation
seguence

m Determination of the
intermediate contours

7

# 20h6
@ 30
@ 100

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

Source: Miko

o Dr. Markos Sandor -33-
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Operation sequencing rules

* Rule 1: avoid qualifying and requalifying
operations where possible

* Rule 2: requalifying operations are
necessary after heat treatment

®* Rule 3: perform process critical operations
as early as possible

® Rule 4: perform product critical operations,
identified by close tolerances, as early as
possible

®* Rule 5: perform product critical operations,
identified| by surface finish, as late as
possible

. Dr. Markos Sandor
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Operation sequencing rules 6‘—[

® Rule 6: operations producing datum or
location surfaces must be performed
before the operations using those surfaces
as datums or for location

® Rule 7: the sequence should minimize the
number of setups and machine changes
— match sequence to manufacturing cell layout

® Rule 10: for rotational parts, do not use
e} s
Rl_m_e 8_‘ datur_n c?hanges should be tapered or shaped surfaces or their end
minimized within a setup points as datums or for location (exception
is between center location)

® Rule 9: the sequence should minimize

manufacturing tolerance stackups ® Rule 11:1f a known sequence exists
between two operations (see stock

dimension graph removal sequencing) then the first
— manufacturing datum sequence should match operatlon should be closer tc:" the datum-
GD&T datum sequence hierarchy tree center or else in a separate
branch

— finishing sub-tree should match design

o Dr. Markos Sandor .35 -
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Sequence of operations 6‘_

BE OPERATION PLAN é‘feffgilj g“mbfa;?f BME Page
Marforta = PPt Mannfacturing OPERATION PLAN Hurcher:
| DAAmaciiing . - | A Page Engineering Department 2
Engineering Department Part’s name: Body of willing cutter ditnension: Neraher: 1
gl50, L=af BT Hunber Deseriotiog of the oweration Wlachine; | MMeasuring | Cutting
Hureher Deserinti . Machine: | Ieasuring Cutting of Op. P P equip: Tool:
escription of the operation L i
of Op. i Tool:
2. Turning
1. Turning
RS
A —
iR >
> AP A% |
/ / e
ey =1 B
| gk
4 =
G 7 =
IS AL o k5 A 2 5
& £ B s Al &) =) =
< E) f [ e 2. 2
1 = oy b 2 = © &
b0 =] o = A
r 3 g 2 < o § s
24 2 % it a6 c g °
7 th = 2.1 Workholding s =
o 2.2 Faring, E
ED 23 Bewel 1245°; =
. 2.4 Rough turmang 0D,
iéc ter spot drilling g5 2.5 Finish tuming OD;
= ENIET 2R d.n]]mg o, 2.6 Workpiece release.
1.3 Center drilling §28 rum;
1.4 Facing;
1.5 Firdsh bore @30 roon, bevel 1245,
1.8 Fuough twrming OL,
1.7 Finish tuming 0D,
Workpiece release.
kos Sand -36-
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Operation planning &—[

m Metal removing plan
(Generation of operation steps)
m Cutting tool selection
m Integration of operation steps _ _ _

m Determination of the sequence of
the operation steps

m Cutting tool layout preparation %

Operation step: part of the manufacturing
process where the machining
allowance is removed by a given tool.

> bbbk

Source: Miko

o Dr. Markos Sandor -37-
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Planning operation steps

&{

m Tool path planning m Determination cutting

parameters
|

e

o Cey

- 2o
LR El Tl

Frn L1 mirs

Source: Miko

. Dr. Markos Sandor
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r

Description of the operation steps (elements) it

BIVE Trmutea of Op. | Page womntet B IVE Trmutea of Op. | Page woaater
. L . e
Inlanufacturing COPERATION ELEMENT mz Llanufacturing COPERATION ELEMENT mz
Engineering Departiment Erginsering Department
[£ T EE ) Tha wiug wantea: | Faafs wans Tlatfcatonet pazt Comamaas) Tha wiug wanlea: | Paifs waus Thutfcatonet pazt
Ball gldalbeii Ball gldalbeii
Thaeme) Faw Gnewon | Wat Tane +f e oppmton T aton | Honkr «F OF Tasmal Faw Gnewon | Wat Taze of e s et Thafcaton | ootk «E 0p
247,58 | conliten e ofOpsmtion: | Plan A2xA7,5x8 | conlien s ofOpsmtion | Pl
3 menetkészités 3 menetkésziids
Sketch: Sketch:
50
S i
A I\nl | $= . r -n|! o
¥ o ¥ fa
52 75,
A- A
05x45" 45"

2 chamfers 2 chamfers

145" 1
¥ #, My
o R p—— | =] £ Z holes Z holes
-— T
IR 58
bt
l|_ E
T T - T
No. lll)ﬁainm. .' deanend ﬂ]m:e Cunbtimg wdl foiain] | manin .E::n.—f:«ﬁ] ponl
F— - . : ) 1| Fuprimed 305 | earz | 011 1
Ho. ol)uaimmd.emmt "n""ue Cunhiing wd [odwin] | Ranin] | [owived [rara] S Spot i =3 2 . o0 P o0 .
1 | Spotfacing, # 14 mom, I = Zrew 200 | 7100 [ 0,07 E} smapfuctring holes Tam; X
2 |Drlling A10 o, L= 55 mm 100 [ 3180 [ 0,25 2 3 | fop driling Zhales ¢2 90 | 5700 | 0,08 1
3 | Coumtersinbang 11w 100 | Z000 | 0,35 0.5 Drilling 2 marnrfartring _ i
4 | Bepeat for 6 teeth 4 hioles @3 i, L= 1d mm; Q0 g500 ( 0,05 1.5
Fazx Vo Ngoe Em EAmon fue Tazt e TronTea »F e s e gtk 5 mmblm]mggmsce P— a0 =500 o1 3
Thk i Ty T T oz T T Conmrters kit .
2002. 05. 04 tams [ e tane B | 2 preror chomive koles FERTY 90 | 8500 0,1 0.5
Types of raachine 7 | pomneshiing 2 through $6 mrm; o0 |ssoo| o1 0,5
R * | e 10 !
S L Tome * PR T Tarris Tranber o f e pr e as®
T Vo Mgoc Em
£ -39 -
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Manufacturing/Cutting technology

ADVANCING CUTTING TEG""

Change Process Manufacturing
Drivers Inputs System

mullmr’lmlJ

Dimension Cutting Tool Spindle Speeds
Weight Tool Material Feed Speeds
Surface Quality Workpiece Material Loop Stiffness
Accuracy Cutting Fluid Kinematics
Costs Process Parameter Hybrid Processes

Batch Size \ /
\ Modelling and 'Simulation

Performance Prediction

""""';1'.'-:'.'1';:__-5 .

Performance
Evaluation
1] [ |5 S B

Faak value Tiough saise

Quality Assurance
Process Monitoring
Controls

Metrology
Artificial Intelligence

“

Roadmap for Cutting Technology

Dr. Markos Sandor
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Description of the machining process

Function — Sub function Shape Material > Reduce Material = Machanical
Reference Alting, Leo. *Manufacturing Processes Reference Guide.” 1994
Date April 2003
Author Joaguin Aca
Description: Arbor Milling Capabilities
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Process parameters for turning &I

a

5

roughing ]

semifinishing ]

[finishing - — — f

Dr. Markos Sandor _42 -

. . © BME Department of Manufacturing Science and Technology
http://www.manuf.bme.hu




Turning

TABLE 22.5 Representative Machining Conditions for Various Work
and Tool-Material Combinations

mm/rev
Rake Angles
(degrees) Cutting Speed 0.10 0.20 0.30 0.50 0.75
I I I I I
Work Material Tool Back Side m/min fpm 3000 anp
B1112 steel HSS 16 22 69 225 Ceramics
wC - 0 3 168 550 2000 + — 600
Ceramic -5 - 5 427 1400
4140 steel HSS 12 14 40 130
wC 0 3 91 300 o
Ceramic -5 -5 274 900 =
8620 steel HSS uncoated 100 £
wWC uncoated 400 & 1000 - 300
wWC coated with TiC 600 = g
wC coated with AL,O, 1100 g Coated =
WC, AL,O, with LFG 1300 =3 carbides =
18-8 steel (stainless) HSS 8 14 27 90
wC 4 8 84 275 & 500 4 150
Ceramic -5 -5 152 500 £ B :
Gray cast iron (medium) HSS 5 12 34 110 5 Hicoated e it es
wC 2-4 69 225 4 100
Ceramic -5 - 5 244 800
Brass (free-machining) HSS 0 0 76 250 300 =
wC 0 4 221 725
Aluminum alloys HSS 35 15 91 300 plus
wC 10-20 1020 122 400 plus 200
Magnesium alloys HSS 0] 10 91 300 plus ] ] 1 1 1
wC 10 10 213 700 plus 0.004 0.008 0012  0.020 0.030
Titanium (turning) wC 0 5 46 150
Feed (in./rev)
Table Valve Typical for
Lathe turning operation Feed: 0.38 mm/rev (0.015 ipr)
Single-point tool Depth: 3.18 mm (0.125 in.)
- 43 -
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Machinability of different workpiece materials
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Typical material removal rate &[
10 107 10~ 10 1 10 102[cm3/sec]

+—> + >
EBM1 EDM12 T Machining \
25A, 6um RMS!

I

) e R h milli
Grinding? Creep Feed? 01? :|g> ';;hlgg

Grinding

e
-

'LASER?

“Chem. Milling? T

Note: 1cm3/sec = 3.67 in3/min 1m X 1m area
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Metal removal rate (mm3/min)

Material Melting temperature Tm Roughing (30 A) Finishing (5 A)
mms3/min mm3/min
Zink 420 1000 120
Magnesium 600 800 100
Aluminum 660 500 80
Brass 900 320 50
Copper 1080 220 30
Steel 1350 160 25
Nickel 1450 150 20
Hardmetal 3000 60 10
Tungsten 3400 40 6

MRR=40*I/Tm1? 1.23

Copper electrode material, max. 7A/ mm2
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Components of the machining time

Working time

Norm time

Part time
)

Wasted time

(ty)

Technical reason

Independent brom
Depend on worker worker
Interaption time Organization
Maintenance Rd;n‘_ing U me
(t i (e

(T
Setup time
lap)
Operation time
Ui
Machining time Passive time
it (trd
On machine Muanual On machine
(g () ity

Manural
W)
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Changing of the setup time depend on the part numbe rs &-‘-

Effect of the Setup time to the norm time:
[min] | Fl

E-;m:" :‘te +H"tfi

Nnldb]

A norm time for a given part is: t.. +1
ki psz
= tf m (1 +
’ 10C

—+
[oX
1l
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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

Program writing, program inspection

Soft jaw machining
Finishing

m Workpiece unclamping
m Cleaning, deburring

® Measuring and inspection
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Reduction of the machining time 6'-[

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

Contraction of the operation elements,
Multi-tool tool holders,

Multi-spindle machining

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

o Dr. Markos Sandor -50 -
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Classification of product costs

Profit
Selling cost

Administrative cost

Design cost
Indirect
Revenue cost Tool cost
Fixed & other costs Factory
Indirect material cost overhead
: t
Indirect labour cost o
Direct Direct material cost
cost Direct labour cost
Direct costs can be traced to a specific product.
Indirect costs cannot be traced to a specific product.
o Dr. Markos Sandor -51-
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Changing of the cost components &[

Total cost

i = I
Machining cost i +— High-efficiency machining range

— Tool-change cost

Cost per piece —»

_/ 1T Nonproductive cost

Machining time

_)‘L— Tool cost T
| 8 —— Total time
Cutting speed — o
' (a) Al
' £
=

—— Tool-changing time

|
|
|
|
|
|
|
|
|
|
|
|
|
|
JI
|
|
|
|
|
: —— Nonproductive time
|

|

Cutting speed —
(b)
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Cost components G-_T

K m
—_— ez . —_—
Ke_ N +Kegy+Kea’ Kegy_Z:C:Mi |:ﬂNi
i=1
K. = ATE + K K:; K =
a N agy fs agy ua
s N So sy — ua
Kgy =K.+ K, + K, where:
Kg - product direct manufacturing costs K, - assembling cost
K. - cost of the pre-production K, - cost of the part manufacturing
N Dr. Markos Sandor
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Detalils of the notification

K- tool and fixture cost of the pre-production
K - tool and fixture of the part manufacturing
K, - tool and fixturing cost of the assembly

n - number of the produced parts

K - Production cost of the pre-product

K,y - CoOst of the part production

ag

Ky - cost of the assembling proc

K., - Material cost of the pre-product

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

(it can increase the cost, for instance: dangen@sie)
C,, - Cost of the machine tool, or workspace (Ft/min)

(machine tool, equipment, assembling workspacg etc.
m — operation number

ty - time of the observed operation
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Cost calculation

R

R Ag(E + D

=(1+ )b + a 100
100 60 Hy,

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.
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Cost of the part manufacturing, machining &—[

Direct cost (Kd):
- Material
- Operation, machining
1. setup
2. clamping, unclamping
3. machining
4. tool
5. fixture

- Measuring, inspection

- Repearing, refuse replacement

- Transportation

Indirect costs (Kov):

Kov Ft/piece = Kd*overhead/100
(Kd = direct part costs)

Typical overhead tasks:

- process planning

- NC programming

- scheduling

Dr. Markos Sandor
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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
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 = (Z cutting time+ Z time of the rapid motion+ Z tool changing time)*CM

o Dr. Markos Sandor .57-
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Cost components 6‘—[

Ksz/piece =2 Cutting time*CT (Ft/min)

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

alternative

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

alternative

Ksz/piece = 2 tooling cost /batch number

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

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

Kjs/piece = refuse percentage* Km/piece
Ksz/piece = Z transportation, storing cost/batch number
Dr. Markos Sandor -58-
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Cost estimation based on feature recognition

Feature Recognltion Applications

Part Name Mold Base Part Name Housing Blank
Size 9" x 12" 1.75" Size 2.25" Dia. x 3.375"
Material Grade Steel SAE 4140 Sy Material Grade Steel SAE 12L14
CAD File Type 3D Model .step file CAD File Type SolidWorks .sdlprt
Equipment Mazak WV CN o Equipment Hardinge T42
Cperations 2 Axes Machining Cperations 2 Axes Machining
Manufacturing Time 310 Minutes Manutacturing Time 4.39 Minutes

' Time to Estimate | 7 Minutes Time to Estimate | 3 Minutes
Cost $573.12 Cost $21.30
Part Mame Lock Plate Part Mame Mounting Block
Size B'x 5"x 1.25" Size 42"y 1.82"%x1.25"
Material Grade Steel SAE 1018 Material Grade Alum. SAE 6061-T6
CAD File Type SolidWorks CAD File Type Parasolid »x_t
Equipment HAAS HMC Equipment Kor Seiki MY 55
Cperations 2 Axes Machining Operations 2 Axes Machining
Manufacturing Time 98 Minutes Manufacturing Time 41 Minutes

‘Time to Estimate | 4 Minutes Time to Estimate | 4 Minutes
Cost $1687.10 Cost $73.42
z;r;Name ;2?;2'?2_){ 062" _3[) Estimating }lnc-nrp-:nrates SolidWaorks™ — 2D Es_tll_'r_la_tlng

- S incorporates an intelligent CAD system and smart digitizing.

Material Grade Steel SAE 1018 Standard CAD and graphic file formats are supported.
File Type AUTOCAD 20, cixf
Equipment Amada Laser O REATOR
Operations 2 Axes Cutting AutoCADR iﬁiﬂlﬂ Epciz H
Manufacturing Time 11.53 Minutes gs

‘Time to Estimate | 5 Minutes é
Cost $31.03 hl! Namur
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Control questions &—[

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

systems, interface possibilities. Rework requirements, and application.
m Surface creation methods. Meaning of the forming, profiling, generation, shaping.
®m Connection between tool path planning and the surface generation.

m Definition of the Machinability. Machinability of different workpiece materials.

Machinability parameters: metal removal rate, specific cutting force...
m Definition of the machining operation. Operation planning. Operation sequencing rules.
®m Levels and steps of the operation planning. Process planning hierarchy.
m Components of the machining time. Machining time and cost estimation.

®m Tool path generation process steps in CAM system. CAM strategies, solutions.
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Thank you for your attention !
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