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1.0 Objective:

To apply the CNC machining technology to complicated mechanical parts by
using CATIA manufacturing workbench, these include:

2.0

>

>

Choose the CNC machines.

The part material, and the proper cutter used. The proper machining
parameters.

How many set-up the job need.
Fixture used for the set up.
Machining strategy.

Optimization of the machining which include but not limited to the
parameter: time, surface accuracy, and surface roughness.

Get a hand on of the CATIA software both design and machining with

part, product, prismatic machining, surface machining, Manage
workbenches, and advance machining.

Introduction



Numerical control has been used in industry for over 60 years, and computerized

numerical control (CNC) is the term used when the control system utilizes an internal

computer.
I would like to start with the Advantages of CNC over Conventional Machining:

Computer numerical control is economical for mass, batch, and, in many cases, single-item
production. Many factors contribute to this economic viability, the most important of these
being as follows: *

e High productivity rates.

e Uniformity of the product.

e Reduced component rejection.
e Reduced tooling costs.

e Less operator involvement.

e Machining of complex contours can now be produced
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Fig (1) Part



2.0 Machining strategy

As the Guide bearing part made from Aluminum (see fig. (1), so I choice a casting rough
stock to eliminate the machining time (see fig. (2), it’s more difficult to design the fixture,

but that not important, since we assume a mass production.

The part need 3 set up, and 4 set up if all 3-axis machining. I used first set up with 3-axis
machining to make a master origin for the next two set up. I spend the time to avoid the
surface machining by using a ball end mill to eliminate the surface machining, I assume
that we need to machine all the part (and this is not truth as the part should hold the casting
dimension and we machine just the hole and the slot and the reference surface),l give greet

attention to those part.(see figs. 3,4,5) for the set up 1,2,3 respectively.

I used a lot of fake part to machine some of the complex part to make it primitive part, and

to use a large tool to do most of the job.
I put a lot of this strategy in the (Machining with CATIA V5-R15 Software).

I check the critical part tolerance and surface finish, with CATIA Soft wear.
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Calculation of Speed and Feed:

-For HSS and 6061Al work piece, we can find from table 10 bellow the C.S and feed f,

for each operation.
Face milling:

I use Indexable” Insert Uncoated Carbide then from table 10 we find

cs=1ssT/

and the allowable feed per tooth:

_ _ in
f, =39%x0.001=0.039 rooih

Then we can calculate: we use D=50mm=2in, and with 8 Insert.

_12xC.S  12x755
wxD X2

N =1440RPM =~1400RPM

and we can find the feed rate for machining :

oy =fixTxN=0.039x8x1400 = 436.8 ~ 400/PM = 10000’"”%11in

we see the big different between the Indexable ™ Insert Uncoated Carbide and the HSS End
mill with same material Al 6061with C.s=165 FPM,and f, = 0.008in / tooth than:

N=1200RPM, for two flute f, =500mm/mn .

And here come the power of computer (Catia software)l just inter this value in the feed and
speed work punch ( see fig 6) ,and the software compute for every depth of cut.
* We find a software bug with the estimation of time with face milling .we hope thy will

fix it in the future version.



Table 10, Cutfing Feeds and Speeds for Milling Aluminum Alloys

End Milling Face Milling Slit Milling
Indexable Insert | Indexable Tnsert [ndexable Tnsent
Uncoated Uncoated Polycrystalline Uncoated
HSS Carbide Carbide Diamond HSS Carbide
Material A : :
Condi f=feed (0.001 infooth). s = sgeed (ftmin)
Material fion’ Opt. Avg. | Opt, Avg. | Ot Avg. | Opt, Avg. | Opt. Avg. | Opt, A,
All wrought aluminum alloys, b
| SOBLT651, 5000, 000, 7000 seris STandA | 1115 § 115 § (0 elem 2 8 4|6 § |3 0
All aluminum sand and permanen cp | s [l65 §50 (620 2020 | 755 agpen 112013750 §430 | 1600 4680 {840 2390
mold casting alloys STand A
Aluminum Die-Casting Alloys
, fl15 § |13 § 10 2 16 § % 0
S sl mle m|m O .
N § |13 § |13 018 4 |16 § % 0
5 3 R s ) )
Al 300 500 T N 5 1 0] L I 5
f 3 2
b 0) e ) a
Alloys 390.0 and 392.0 ‘ 0 o
Alloy 413 = 1 1 KD K 4 v oo
STandA | § 35 1385 | 405 665 12320 475 500 1680
All other aluminum die-casting alloys iC {15 § |15 (] 0 (8 4 |16 § 1% )]
AR 9 |48 1905 | 555 138013105 T84 | 145 35690 20

Abbreviations designate: A, annealed; AC, as cast; CD, cold drawn: and ST and A, solution treated and aged, respectively,

Table (10)Feed and Speed
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Machining with CATIA V5-R15 Software:
Some of the technique I use to play with CATIA software:

(I Know every one know most of this put I find it useful to put it hear so I will recall it

every time I need to do it again.

- Very important to use save management when you try to save the process operation,
to avoid any problem and it is also useful to spend few second to rename any file
with abbreviation you are familiar with, don’t try to but a long string for the file
name after its take from your screen, and don’t try to rename something you work
with it before you are going to enter in a lot of management trouble, some time the

file not open till you reconsider every folder (wasted time).

- If we need to make a fake boundary to use it to enhance the machining we must add
it as a new part in the product (you must make a product for every set-up you make)

so after finish the machining you can hide it without affecting the original part.

- If you need to choose a repeated feature in the part it is useful to use the Pattern
selection and choice the Machining operation that you make before (example center

drill and drill operation), it is very useful when you have many of them.

- Don’t waste time to try to build a fancy fixture when the operation is very clear
,and you don’t expect there is a collision going to be happen .always thing of the
time (as Dr. Zezhong Chevy Chen, always said Time is money).

- The rework machining is very power operation to save time ,It is work both for
prismatic and surface machining ,first you work with the first tool(is should be the
bigger tool) to take as much material as you can than ,after you finish click the
rework Area and inter the specification of the new tool (it should be smaller
tool),and click compute, the software save it for you when you do the next operation
,change the feature from new feature to Rework area you just greet ,you can have

as many rework area as you need.



- Itis very important to close and reopen all the part you great when you work with
machining, at this time you can manipulate all the parameter, without problem, I
face this problem when I try to choice a bottom for prismatic machining, the don’t

allow me to choice a surface till I close all the file and open it again!?

- I continue to face a software bag with the machining estimation time for facing they

give an incredible amount!? Try to close every thing and open again.

- Try to use Machine Management, thy give a great support to the set-up of the part.
(See fig 7).
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Fig.(7)Machine Management

Always try to make prismatic machining with big cutter if the surface too



complicate you can use a fake part to machine the model. (See the fig 8).
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Fig(8) Prismatic machining
Fig 3 show how to use a fake part to machine with prismatic machining
- Next we try to avoid surface machining as far as we can (see fig 9) we use profile
machining with Ball End mill cuter same radius as the body to avoid surface

machining.
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Fig (9) how to use ball and bull end mill to avoid surface machining

- We must check the tolerance after finish the operation, especially after the surface

machining (see fig 10).
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Fig(10)Check the tolerance and the scallop height
- Open a new product for set up two, and from product structure tool click Exit
component with positioning and choice the video product you have from the finish
operation for set up one, position it and same way bring the original part design,
and set both of them to the desired position. Than in the process click product

context and choice the new set up product. (see fig. 11).
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Fig (11) how to insert the new set up product
- I'must mention the power of the fake part to avoid surface machining and save time,
and as a Role of thump for finishing profile countering make sure you go clamp
mill which is done by going C.W for outside profile and C.C.W for inside profile.
(See fig 12).
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6.0 Third weave program
I used third weave program to predict the feed and speed for material A16061

I used HSS-General as the tool material, and the heat transfer coefficient = 1x10*w/m* k
And the coolant temperature 20deg C, 1 chose the option immersed for the coolant area

option. I set the parameter of cutting see Fig (13 ).
And plot the curve for the force in the (x ) and ( y ) direction ( N ) verses Time (sec ).see

fig (14).and the plastic strain and Temperatures distribution verse x —direction(mm) see

fig. ( 15) and fig (16) for the result. which I found very suitable for my part.
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7.0 Conclusion

We do a lot of optimization to the program which I believe to contribute to
the time and production. We plane to use the three set up in the same machine
so we use the same tools list for the three set up ( we can do this by putting
G54,G55,G56 for the work coordinate for set up 1,2,and three respectively.
As I limit the surface machining to the minimum by using fake boundary
strategy and the use of Point to point machining for some remain material
from the big cutter, and the rework machining, plus I already reduce time by
choosing a casting rough material instead of bulk normal stock.

It is very important to make the finishing in clamp mill and to use led in and
led out for the entering and exiting of the machining, to get a better surface
finish, and to enhance the quality of the product. As we know we want to use
minimum machining time for a specified surface quality.

As my product has limited critical dimension and the rest is a ribbing, with
not much accuracy and surface finish, I give much attention to the critical
point, but I assume a reasonable cusp height, and accuracy for the surface, for
project requirement.

Finally, I record a movie for each set up operation ( Tools > image > Video) .
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