





Tooling

High-Speed Steel
(HSS)

First developed in the
beginning of the 1900s as an
improvement to older high-
carbon steel tools.

T1, the original grade of HSS,
superseded by M2.

Can be hardened up to 65
HRC. Has high toughness,
low cost.

Cobalt grades (HSS-Co), e.g.
M35 and M42, have a
hardness of 68-70 HRC and
improved “hot hardness”,
but reduced toughness.

Rule of thumb is that HSS-Co
can be run at 10% higher
SFM than normal HSS.

Cemented Carbide

First cemented carbide
developed in post-WWiI
Germany.

Cemented carbide is a
composite material made by
sintering powdered tungsten
carbide with cobalt as a
binder.

Can have a hardness up to
92 HRA (=80HRC).

Extremely high “hot
hardness” and wear
resistance, but poor
toughness, high cost.

Stiffness 2-3x higher than
steel. Generally 1.5-2x
denser than steel.

Rule of thumb is that
carbide can be run at 2x
hngSI:ner SFM than normal
HSS.

Powdered Metal
(PM)

Strictly speaking, all
cemented carbide is made
from powdered metal.

Similar to carbide,
manufactured by sintering
powdered HSS with a cobalt
binder

Higher wear resistance and
“hot hardness” than HSS-Co,
improved toughness over
carbide tooling.

Economical for large
diameter end mills
compared to solid carbide.
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Fig 1: Bayer, Alan M., & Becherer, Bruce A. (1989). High-Speed Tool Steels. ASM Handbook, Volume 16: Machining, pp.51-59
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Fig. 4 piot of impact toughness versus hardness for high-speed tool steels





https://www.youtube.com/watch?v=0QrynzJ_lZ4



https://www.youtube.com/watch?v=IWaVcNPWVGQ

Speeds and Feeds

Speed Equation

Empirically determined
Calculate this (Look this up)

\ ~4

_ 12 X Cutting Speed|SFPM]
Spindle Speed [RPM]| =

1 |X Tool Diameter|in]

A\

Provided or selected




Speeds and Feeds(cont’d.)

_ 12 X Cutting Speed [SFPM]
Spindle Speed [RPM] =

m X Tool Diameter[in]




Speeds and Feeds(cont’d.

12 X Cutting Speed [SFPM]
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MATERIAL

HEAT-RESISTANT

COBALT BASE ALLOYS.

HIGH TENSILE STEELS
6055 C)

HEAT-RESISTANT
AUSTENITICALLOYS,
HIGH TENSILE STEELS
4650 C)

Spindle Speed [RPM] =

HEAT-RESISTANT NICKEL
BASE ALLOYS, HIGH
STRENGTH STAINLESS
STEELS, HIGH
STRENGTH TITANIUM
ALLOYS

HIGH STRENGTH
STAINLESS STEELS, HIGH
TENSILE STEELS
(4060 C)
MEDIUM STRENGTH
TITANIUMALLOYS

HEAT RESISTANT
FERRITIC BASE ALLOY 8
MEDIUM STRENGTH
STAINLESS STEELS
UNALLOYED TITANIUM
TOOL STEELS (3040 C)

m X Tool Diameter[in]

IMACHINE STEEL, HARD
BRASS AND BRONZE,
ELECTROLYTIC COPPER
MILD STEEL FORGINGS
20300

CAST IRON,
MILD STEEL,
HALF-HARD BRASS
AND BRONZE

BRASS, BRONZE,
ALLOYED ALUMINUM,
ABRASIVE PLASTICS

ALUMINUM,
PLASTICS, WOOD

SPEED
510 SFM

FEED

SPEED

10-15 SFM FEED

SPEED

16-20 SFM FEED

SPEED

20-40 SFM FEED

SPEED

40-60 SFM FEED

SPEED

60-80 SFM FEED

SPEED

80-100 SFM FEED

SPEED

100-200 SFMM FEED

SPEED
200600 SFIM

FEED

CHIP LOAD

RPM

CHIP LEAD

RPM

CHIP LEAD

RPM

CHIP LEAD
PER TOOTH

RPM

CHIP LEAD
PERTOOTH

RPM

CHIP LEAD
PER TOOTH

RPM

CHIP LEAD
PERTOOTH

RPM

CHIP LEAD
PERTOOTH

RPM

RPM

CHIP LEAD
PER TOOTH

PERTOOTH

002 -001
0002 - 001
002 -001
0005 -001
0005 -001
0005 -002
0005 -002
0005 - 002
005 - 002
001-.003
01-003
001-.003
01-003
015 -004
015004
0015-004
0015-004
2 Up
2 Up
2 Up
2 up
3 Up
3 Up
03 Up
03 Up
03 Up
03 Up
003 UP
03 Up

PERTOOTH

204-306
153-230
122-183
102153
85132
76-115
66-104
G-
56-84
5176
47-71
44-65
40-62
3858

0002 - 0005
0002 - 001
0002 - 001
0002 - 001
0005 -.001
0005 -.001
0005 - 002
0005 - 002
0005 - 002
0005 - 002
001 -003
001 -003
001 -003
001 -003
0015 - 004
0015 - 004
0015 - 004
0015 - 004
002 UP
002 Up
002 UP
003 UP
003 UP
003 UP
003 UP
003 UP
003 UP
003 UP
003 UP
003 UP

S
3
b

RIBIR BB B 8|8|H

PER TOOTH

611815
456611
306-407
229306
183244
153203
131-175
115153
104-136
R-122
84111
76-102
7194
6537
6231
58-76
5168
4661
4255
3851
3547
32-43

002 - 0005
002 - 0005
002 - 0005
0002 -001
0002 -001
0002 -001
0005 - 002
0005 - 002
0005 - 002
0005 - 002
0005 - 002
001 -004
001 -004
001 -004
001 -004
001 -004
0015 - 006
0015 -006
0013 -006
002 Up
002 UP
002 Up
30-40 003 UP
2938 003 UP
36 003 UP
34 003 UP
32 003 UP
30 003 UP
29 003 UP
28 003 UP
27 003 UP
26 003 UP

12222444
815-1629
B11-1222
407-815
306611
244-439
206-407
175-349
153-306
136-272
122-244
111-222
102-203
94-189
87-175
81-163
76153
68-136
61-122
55111
51-102
4794
43-87
40-81
B8
B2
345
3264
61
23-58
2850
-5
-1

0002- 0005
(0002-0005
0002- 0005
(0002-0005
0002 -001
0002 -001
0005 -02
0006 -00
0006 -006
0005 -006
001-004
001-004
001-004
001-004
001-004
001-004
002 - 0068
002 - 008
002 - 0068
002-006
03 Up
03 Up
03 Up
03 Up
3 Up
03 Up
3 Up
03 Up
3 Up
03 Up
3 Up
3 UP
03 Up

24443667
16292750
12221833
815-1222

611-917
483733
406611
349524
306-458
2r2-412
244367
222337
206308
169284
175262
163-246
153228
135204
1224183
11167
102-153
94141
g7-131
81-122
76-115
72-108
65-102
6497
6192
588
683
5380

0002 -005
0002 -005
0002 -005
0002 -005
0002-001
0002 -001
0005-002
0005 -002
001-003
01-003
001-004
01-004
01-004
01-004
002 - 006
002 - 006
002 - 006
002 - 006
002 - 006
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
3 UP
003 UP
3 UP

3667-4883
27503250
18332440
12221625
71222
733978
611815
524698
456611
412543
367-489
337-444
306-407
284-379
262-349
246-326
203306
204272
183244
167-222
153204
141-188
131475
122163
15153
108-144
103-136
9r-128
2-122
88-116
-1
80-106
76-102

0002 -0005
0002 -0005
0002 - 001
0002 - 001
0005 - 002
0005- 002
001 -0
001 -0
001 -0
001 -004
001 -004
001 -004
001 -004
002 -06
002 -006
002 -06
002 -006
002 -06
003 UP
0o Up
o UR
0o Up
o UR
0o Up
0o Up
0 Up
0o Up
003 Up
003 Up
003 Up
003 Up
003 UP
003 UP

48886111
32594073
24403066
16252087
1222-1528
978-1222
8151019
B98-873
611-764
543678
458611
444-555
407508
379-469
349-436
326-407
206-382
272-340
244306
22278
204286
18823
175218
163-204
153-11
144-179
136-170
128-161
122-153
116-145 03 UP
11129 03 UP
106-132 03 UP
102-127 003 UP

0002 -.0006
0002 -.0006
0002 -001
0002 -.001
0005 - 002
0005 - 002
001 -.003
001 -.003
001 -003
001 -.004
001 -.004
001 -.004
002 -.006
002 -.006
002 -.006
002 -.006
002 -.006
03 UP
3 UP
03 UP
03 UP
03 UP
03 UP
03 UP
3 UP
03 UP
3 UP
03 UP
3 UP

B1-1222
40738146
30556112
2037-407 4
1528-3056
12222444
10192038
8731746
7B4-1528
6761256
611-1222

651110
508-1018
469-038
435-872
407-814
382-764
340680
306612
2rg-5ee
255510
235470
218438
204-408
191-382
179358
170340
161-322
153308
145290
138278
132264
127-154

0002 - 0006
0002 - 0005
0002-001
0002 -001
0005 -002
0005 -002
0005-003
0005 -003
0005 -003
0005 -004
0005 -004
0005 -004
01-008
01 -.006
01-008
01 -.006
00z UP
002 UP
00z UP
002 Up
00z Up
00z Up
00z Up
00z Up
00G Up
00G Up
00G Up
00G Up
00G Up
00G Up
00G Up
006 UP
00G UP

12222 P
8145 UP
EH2UP
407412222
30569183
24447332
0336114
17460238
1528-4584
1356-4071
12223666
11103330
1018-3054
9382814
8722616
514-2442
764-22
680-2040
612-1336
556-1688
5101520
470-1410
436-1308
408-1224
2146
356-1074
340-1020
32966
306018
290870
273834
264792
254762

0002 -
0002 -

001 -
001 -
001 -
001 -
002
002
002
002
002
002
002
003
003
003
003
003
003
003
003
003
003

002 -
002 -
0005 -
0005 -
0005 -
0006 -
0006 -
0006 -
0006 -
0005 -

0005
0005
oo
0o
o
o
o
o
o
0
0
0
004
004
004
004
UpP
UP
UpP
UP
UP
UP
UP
UP
UP
UP
UP
UP
UP
UP
UP
UP
UP

Note: All speed and feed data are suggested starting points. They may be increased or
decreased depending on machine condition, depth of cut, finish required, coolant, etc.

TECHNICAL DATA
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http://www.endmill.com/pages/training/Speed and Feed - HSS End Mills.pdf

Speeds and Feeds(cont’d.)

, 12 X Cutting Speed [SFPM]
Spindle Speed [RPM] =

m X Tool Diameter|in]
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Speeds and Feeds(cont’d.)

Feed Equation

Calculate this

N\

in -
Feed Rate |—| =
min.
Chip Load [ oo X # of Teeth [tooth] X Spindle Speed |[RPM]|
Empirically determined Provided or selected Calculated from speed equation

(Look this up)



Speeds and Feeds(cont’d.)

Feed Rate [ ]
min

in
Chip Load [
to

oth] X # of Teeth [tooth] X Spindle Speed [RPM]

material to be
removed by
the next tooth

—

cutter

Cutter
rotation

rotation
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Speeds and Feeds(cont’d.)

in
Feed Rate [—] =
_ min

Chip L d[ ik
'pLoa tooth

] X # of Teeth [tooth] X Spindle Speed [RPM]

More chip space

Two Flute Three Flute Four Flute Six Flute Eight Flute
Centercutting Centercutting Centercutting Centercutting Centercutting

Harder materials




Example

e Suppose you are machining 1018 low carbon steel
(mild steel) with a »2” 3F HSS end mill. What spindle
speed and feed rate would you use?

e Suppose you are machining grade 5 Titanium with a
%" 4F carbide end mill. What spindle speed and
feed rate would you use?

 Use a calculator.



http://www.custompartnet.com/calculator/milling-speed-and-feed

Other Considerations

* Tool Coatings

e Coolant/Lubricant

* Chip-breaking (Leaded/Unleaded)
 Work Hardening Rate

* Axial Depth of Cut

e Radial Depth of Cut
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https://www.azom.com/article.aspx?ArticleID=1178

