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Material Group
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1 10402 c22 050 A20 c20,c21 F112 1450 1020, G10200
1 10715 9SMn28 230 M 07 50 @9 vn28 115Vn28 1012 UM 22 1213,G12130
1 10722 10 Pb20 10PbF2 10 S 20 105Pb20 11L08
1 10736 9SMn36 240 M 07 1B 300 F9 SvIn36 125VIN35 1215,G12150
1 10737 9 SMInPb 36 S300Pb CFOSVINPD36 | 12SMnP35 | 1926 12114,G12144
1 10401 c1s 080M15 s @12 a6 F111 1350 S15K 1015,G10170
1 10718 9 SMInPb 28 250Pb FO9SVInPb28 | 11SVinPb28 | 1914 SUM22L | 12113,G12134
1 11141 & 15 080 M 15 32¢ U S5 as 1370 sisc 1015, G10170
2 11170 28Mn6 150 M 28 14A 20M5 €28 Mn Svn 1 1330
2/3 | 10501 c35 060A35 35 c35 F113 1550 s3sC 1035, G10350
2/3 10503 c4s 080 M 46 s c45 F114 1650 sa5C 1045, G10430
2/3 11101 k45 080 M 46 c45 F1140 1672 sa8C 1045, G10420
2/3 | 10726 35520 212M36 8M 35 MF4 F210G 1957 1140,G11400
2/3 | 11157 40 Mn 4 150 M 36 15 35M5 1039, G10390
2/3 | 11167 36Mn5 150 M 36 40M5 F411 2120 | svin43s(FE] 1335, G13350
4/5 | 10535 cs5 070 M55 c55 F1150 1655 Ss5C 1055
4/5 | 10601 c60 080 A62 43D acss c60 S58C 1060, GLO600
4/5 | 11203 55 070 M55 XC55 c50 1655 S55C 1055
4/5 | 11221 60 080 A62 43D XC60 c60 F1150 | 16651678 | S58C 1060, G10640
4/5 | 11545 €105 W1 BW1A €100 KU F5118 1880 3 W110, T72301
4/5 | 11274 & 101 060 A96 F5117 1870 P4 1095, G10950
5/9 15120 38 MnS 4
6/7 @ 16657 10 NQMo 13-4 832M13 36C 15NQMo13 | 14NiQMol31
6/7 15423 16 Mo5 St 16 Mo5 16MoS5 BASOM | 4520,G45200
6/7 @ 17131 16MnQ'5 527M17 16 MC5 16 MnQ'5 F1516 2511 SR415 5115, G51170
6/7 @ 15622 14Ni6 16N6 14Ni6 15Ni6 A350LF5
6/7 | 15415 15Mo3 1501-240 15D3 16 Mo3 16Mo3 2912 A204QA
6/7 15752 14NiQ 14 655M13 36A 12NC15 snesis [HE) 3310, 34159314,
6/7 @ 16587 17 QNiMo 6 820 A16 18 ND6 18 NiGMo7
6/7 @ 17262 15aMo5 124 12 QMo4 12QMo4 2216
6/7 17335 13 QMo4-4 o002 1535 14QMo45 14QMo45 2216 A182-F11,F12
6/7 17380 10 QM0 9-10 15%‘?}5 & 10@9.10 12 QM09 10 F155 2218 A182-F22, 321890
6/7 17715 14 MoV6-3 TR
6/7 @ 17015 10a3 523M15 12C3 sa415HE] 5015, G50150
6/8 | 17033 3404 530 A32 188 32c4 3404 sr430[HE]  5132,G51320
6/8 @ 17218 25QMo 4 1717 @S110 254S | 25QMo4 F1251 2225 SIM420. | 4130,G41300
6/8 @ 16523 21 NiGMo2 805 M20 362 20 N2 20 NiOMo 2 F1522 2506 | SNavi220 [HIT 8620,G86170
6/9 17220 34QaMo4 708 A37 354 35QaMo4 2234 TANS2, | 4135,4137,G41350
6/9 @ 17225 42QaMo4 708 M40 4204 42QaMo4 2244 | savi440 [E14140, 4142, G41400
6/9 18509 41 QAMo7 905 M 39 41B 40 CAD6.12 41 QAMo7 SAQM645 | AB55QA K24065
6/9 @ 10061 60507 60 C7 60508 9262
6/9 | 12067 100Q6 BL3 1.3, 761203
6/9 12410 105WQ 6 105WC13 107 WQ'5 KU 2140 «s31
6/9 @ 12542 45WaV'7 BS1 45\WaV8 KU 2710 S1,T41901
6/9 | 12713 55 NiGMoV 6 55 NCDV'7 F520.5 T4 L6, T61206
6/9 @ 17035 sa4 530 M40 18 42C4 4104 sa440(HE]  5140,G51400
6/9 @ 17176 5503 527 A60 48 55C3 5503 2253 suPo[HE]| 5155, G51550
6/9 @ 16546 40 NiQMo 2-2 311-Type? 40ND2 | 40NiGMo2 SNOM240 | 8740,G87400
6/9 @ 16511 36 QNiMo4 816 M40 110 40ND3 | 38NiQMo4 9840, G98400
6/9 @ 16582 34 QNiMo 6 817 M40 24 35ND6 | 35NaMo6 2541 | snav4a7 4340
6/9 @ 17361 32aMo12 722M24 408 3012 32aMo12 2240
6/9 18159 50QV4 735 A50 47 50 0V 4 51QV4 510V4 2230 SUP10 6145,6150
6/9 @ 18523 39 QMoV13-9 897 M39 40C 36 QMoV139
6/9 18161 58 QV4
10/11 | 15680 12Ni 19 Z18N5 2515
10/11 | 12363 X100 GMoV/5-1 BA2 7100 V5 | X100QMoV51KU| F5227 2260 D12 A2,T30102
10/11 | 12436 X210 QW12 X215QW121KJ | F5213 2312 D2 D4
10/11 | 12601 X165 QMov/ 12 X165 QMow 12 KU 2310
10/11 | 13343 $6-5-2 BM2 f2 o HS6-5-2 2722 SKH51 M2, T11302
10/11 | 12344 X40 QMoV/5-1 BH13 Z40V5 | X40QMo511KU| F5318 2242 D61 H13,T20813
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10/11 | 12581 X30 WaV9-3 BH21 Z30WOV9 | X30WQV93KU H21,T20821
10/11 | 12080 X210 @ 12 BD3 7200C12 | X210Q13KU 01 D3,T30403
10/11 | 13243 $6-5-2-5 BM 35 oI WK, | HS6-5-2-5 HS6-5-2-5 | 2723 SKH55 M35
10/11 | 13348 $2-9-2 ] HS2-9-2 HS2-9-2 2782 M7,T11307
10/11 13255 S18-1-2-5 BT4 280N HS18-1-1-5 | HS18-1-1-5 SH3 T4,T12004
10/11 | 13355 $18-0-1 BT1 sy HS18-0-1 HS18-0-1 SKH2 T1,T12001
10/11 | 14718 Xa5 @S 9-3 401545 52 745CS9 X45QS 8 SUH1 H\V 3, S65007
12/13 | 14104 X12 QMoS17 420537 71017 X10QS17 F3117 2383 SUS430F |  430F S43020
12/13 | 14000 X6Q 13 403517 z6C13 X613 F3110 2301 SUS403 403,540300
12/13 | 14016 X6Q 17 430515 60 z8c17 X8 Q17 F3113 2320 SUS430 430,543000
12/13 | 14113 X6 QMo 17 434517 78 D17.01 X8 QMo 17 Us434 434,543400
12/13 | 1.4006 X12 @13 410521 56A 710C13 X12 @ 13 F3401 2302 SUS410 | 410S S41000
12/13 1.4001 X7 Q14 F8401 US429 429
12/13 | 14871 X563 QMNNIN 21-9 349 552 752 QUN21.09| X53 QMnNiIN 21 9 SUH35 EV8, S63008
12/13 | 14034 X46 @ 13 420545 56D z40C14 X40Q 14 F3405 2304 | SUS4202
12/13 | 14057 X19 QNi 17-2 431529 57 Z15(N1602 | X16QNi16 F3427 2321 SUs431 431,543100
12/13 | 14313 X3 Ni 13-4 425C11 Z5(N134 | X6QNi1304 2385 S5 CA6-NM, J91540
12/13 | 14027 GX20014 420 C24 568 Z20C13M s2
141 | 14436 X3 ANiMo 17-13-3 316533 A8 | X5aNMo17132 2343 UsS316 316, 531600
141 | 14310 X10 QNi 18-8 301521 Z12ON1707 |  X2QNil807 F3517 2331 SUs301 301, 530100
141 | 14401 X6 QNiMo 17-12-2 316531 58] | Z6Q\D17.11| X5QNMol1712 | F3543 2347 US316 316, 531600
141 14429 X2QNiMoN 17-13-3 316 562 Z2ANDIT13 x5 GNiMoN 17133 2375 | SUS316LN | 316LN,S31653
141 | 14583 X6 ONilMoNb 18-12 X6 QNiMoNb 17 13 318
141 | 14305 X10 QNiS18-10 303521 58M | Z10QNF1809| X10QNi1809 F3508 2346 US303 303,530300
141 | 14301 X5 Ni 18-10 304515 58E Z6QN1809 | X5QNi1811 F3504 | 2332,2333 | SUS304 | 304,304 H 530400
141 | 14571 X6 ONIMOTiL7-12-2 320531 58] | Z6ONT17.12 | X6GNMOTi1712 |  F3535 2350 | SUS316Ti | 3167531635
y | 141 | 1as11 X2 ONiN18 10 304562 Z2QN18.10 |  X2QNINL8 10 F3541 2371 | SUS304LN | 304 LN,S30453
141 | 14308 GX6QNi18-9 304C15 58E | Z6N18.10M 2333 s13 @8, 192590
141 | 14408 GX6QNiMo 18-10 316C16 2343 CS14 C-8M, 92900
141 | 14581 GX5QNiMoNb 18 318C17 74 ONDNb 18.12GGQNIMOND19 11 2 S22
142 14845 X12 GNi 25-21 310524 Z12ON2520 | X6QNi2520 F331 2361 |SUH3LOSUS 310S
142 | 14878 X12 GNiTI 18-9 321551 58B | ZBONTI8.12B F3523 2337 Us321 321
142 | 14541 X14 QNiTi 18-10 321512 Z6ANT1810 | X6 QNTi1811 F3523 2337 US321 | 321H 532100
142 | 14550 X6 ONiNb 18-10 347517 58F | Z6QNND18.10| X6QNNb1811 |  F3524 2338 US347 347,534700
143 | 14545 XEQNIQUND15-5-4 EZ5NUL5-05 S15500, 15-5 PH
143 | 14542 XEQNIQUNDLE-4 Z6QNUL7-04 S17400, 17-4 PH, 630
15/16 06020 @20 zlgti :{2%%2%]%%’ FGL200, R20D G20 F&20 120 oo | 200/225,258,30,
15 06010 aG10 100 FT10D GLo 0110-00 FC100
15 06015 aG15 Grade 150 FT15D G15 FG15 0115-00 FC150 NO25B
15 06660 GELNiQ202 L-NiQUQ202 LNC202 0523-00 A436 Type 2
15 07040 @640 NG420/12 FCS400-12 GS400-12 FGE38-17 | 0717-02 | FCD400 60-40-18
16 0.6030 a0 Qade 300 R30D &0 FG30 01.30-00 FC300 33%’,%%?;{;%3'
16 06035 G35 GRADE350 R35D G35 FG35 135 FC350 P48-50
16 06040 a0 GRADE400 40D 140 A48-60B
16 07070 aaG70 SNG700/2 | EN-BLO70 | FGS700-2 @670 awro | orsror | PDIO0 100-70-03
17 07033 aa53 0717-15 e
17 07043 GaG403 370/7 | EN-BL025 | FGS370/17 0717-15 | FOD400-18L 60/40/18
K T 07050 fecea) SNGB00/7 | EN-ELO50 | FGS500/7 @650 FaEB0-7 | 0727-02 | [FDBOD. | 65-45:12,70,50-05,
17 07652 GOGNiMn 13 7 SNiMn 137 SMn137
17 0.7660 GEGNIQ 20 2 Qade SNC202 0772-00 e
18 06025 a5 Qade260 R 25D @5 F&25 0717-12 250/275, 35, 35B, 40
18 0.7060 fecea SNGS00/3 | EN-BL0G0 |  FGS500-3 G25 FG25 | 0732-03 | R0 [L00-70-03,80-55-06
18 072703 | FD6OO A48 40B
19 08055 GBS
19 08135 GIS35-10 B340/2 Mn 35-10 GTS35 810
19 08145 GTS45-06 P440/7 Mn 450-6 0815-00 A220-40010
19 GIS 35 B340/12 0852-00 QVIN45
19 8290/6 MN32-8
19 GIS 35 B340/12 MN 35-10 0810-00 32510
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08035 GIM-35 W340/3 MB35-7 814 AGIA

20 08040 GIW-40 WA410/4 MBA40-10 0815 | FOMWB30

20 08045 GM35 852

20 0.8065 GIMW-65 QVIB40 GIM 40

20 08155 GIS55-04 P510/4 Mn 550-4 QvB45 GM45 A220-50005

20 08165 GTS65-02 P570/3 Mn 650-3 0854-00 70003

20 08170 GIS70-02 P690/2 Mn700-2 QVIN55, 65 0854-00 | FQMP490 90001

20 GIS45 P440/7 20Mn7 B 10:20 SMnC420 40010

20 GTS 65 P570/3 MP60-3 C36;C38 1572 s35C 70003

21 30205 0852 M99

21 30255 AI995 131/34/36 A59050C P-AI995 A995 FQMP540 1000

21 33315 AMgL

21 30505 AMRO.5Mg0.5

21 30275 A99.7 0990018 1070A A997 1070, ALO70 1070A

21 30285 A998 1080A 1080A o 1080A,1080A  1080A 1080A

22 31325 AQIMg 1 2017A P-AIQ4MgMNS 2017 A92017

22 31655 AQUSPb

22 32315 AMgS1

22 34345 AZnMgQuO5 L86 AZ4 GY9051 7050

22 31305 AQMg05 186 AWR@I17 | P-AQ25MS 2117 2117

22 30517 AMRQU

23 32381 GAIS 10 Mg GAISOMg ASI0G AS10Mg | AGHA ADG3 A03590

23 32382 GD-AIS10Mg 811-04 ADG3

23 32581 GAS12 LM20 ASI2U GAIS13QMn AS12Qu AGA A04130

23 33561 GAMg5 ACL’?,\/"‘;%G'

23 35101 GMgZndsELZr1 MAG5 ZE4

23 35103 MgSE3Zn27r1 MAG6 GTR3Z2 233

23 35812 GMgAIBZn1 NMAG1 AZ81

23 35912 GMgAI9Zn1 MAG7 AZ91

23 33549 AMg5Mn

23 33555 AMg5

23 33547 AMga 5, AMga 5Mn 5083 5183 P-AlMg4.4 AMgd5Mn | 5082 A95083
23-24 32383 G-ASOMg@IE] LM9 4253 A360.2
23-24 27801973 NF A32-201 A356-72
23-24 LM25 4244 A5052 356.1
23-24 GAS12 M6 4261 4132
23-24 GAS 12 [@lF] LM 20 4260 ADCL2 A413.1
23-24 -AS12 4247 AGOB1 A4130
23-24 @-AS8a3 LM24 4250 A7075 A380.1

24 21871 GAIQI4 TiMg

24 31754 GAIQU5NIL5

24 32163 GAS9a3 ADCL0

24 32371 GAIS 7 Mg ACACH 4218B

24 32373 GAISIOMGNA ASIG 4251 @BS S®4D

24 35106 GMoARSR2ZIL mag 12 E22

24 GAMGS M5 ASUL2 4252 @-AS12

26 21090 G 75pb UE7Z5pb4 3200

26 21096 GQIS5ZnPb G2 83600

26 21008 GQus 2 Znpb 83600

26 21182 GQPb15S LBl Upb15E8 23000

27 20240 Qizn15

27 20321 Qizn37 2108 Qizn 36, Qizn 37 €2700 @7200

27 20590 G Quzn40Fe

27 20502 GQizn35AI1 UZ36N3 HTB1 86500

27 21203 aaz @102 Uaosz 18200

28 20060 EQ57

28 20375 QUZn36Pb3

28 20966 QUAI 10 Ni 5 Fed 104 UAL0N 63000

28 20975 GQA 10N B-148-52

28 21050 G110 cn 90700

28 21052 Gam12 pb2 UE12P €90800

28 21202 GQQF35 QL-FF 81500

28 24764 @A20WISNi
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3 14558 X2 NIQAITi 32 20 NAL5 N08800
31 14562 X1 NiOMoQu 32 28 7 N08031
31 14563 | X1NiQMoQUN31274 2584 N08028
31 14864 X12 NiQ'Si 36 16 NAL7 712 NCS35.16 SUH330 | INGOLOYDS, N08330
31 14865 GX40NIQrS38 18 330C40 XGBONIQ39 19 SHIS N08004
31 14958 X5 NIQAITi 31 20
31 24668 NIG19NbMo NC20K14 AMS5544
32 14977 X40 GaNi 20 20 742 ONKDWNb
33 24360 NiQU30Fe NA13 NU30 Monel 400
33 24603 NC2FeD 5390A
33 24610 NiMoL6CRL6Ti Hastelloy G 4
33 24630 NIG20Ti HR5,203-4 NC20 T Nimonic 75
33 24642 NIC29Fe Nnc30 Fe Inconel 690
33 24856 NiQ22Mo9Nb NA21 NC22 FeDNb INEe ST
33 24858 NiG21Mo NA16 NC21 FeDU Incoloy 825
34 24375 NIQU30 Al NA18 NU30 AT Monel k-500
34 24631 NiQ20TiAl hri0o0s NC20TA N07080
34 24668 NiGr19FeNbMo NC19 FeNb Inconel 718
34 24694 NIQL6fE7TIAl Inconel
34 24955 NiFe25Q20NGTi
34 24668 NiQ19Fe19NbMo HRB NC19eNB 5383

S 34 24670 S NIG13AL6MoNb 3146-3 NCL2AD 5301
34 24662 NiFe35Q'14MoTi ZSNDT42 5660
34 24964 @Q20WI5Ni KC20WN 5537C
34 QQa22W14Ni K22WN AMS5772
34 NO7725, Inconel 725
35 24669 NIQ15Fe7TIA NC15 TNb A Inconel X750
35 24685 GNiMo28 Hastelloy B
35 24810 GNiMo30 Hastelloy C
35 24973 NIG19Go11MaTi NCLOKDT AMS5399
35 37115 TA5S2
36 37025 i1 27A1 R50250
36 37225 Tilpd P R52250
36 24674 NIGOL5QrLOMoATi AMS5397
37 37124 TiQu2 2TA21-24
37 37145 TIABS2Zr4Mo2S R54620
37 37165 TIAIBVA LE20- 100 TABV
37 37185 TiAl4Mo4S2 oo
37 37195 TA3V25
37 TIAUMO4SASI0 5
37 TIASS25 TAL4/17 TASE AMSR54520
37 TiAlBV4 TAL0-13/TA28 TABV AMSR56400
37 TIABVARLI TALL AMSR56401
38 11545 C105W1L BW1A Y1105 €100 KU F5118 1880 3 w1
38 12762 75 QMONIW 6 7
38 14125 X105 QMo 17 7100 D17 440C
38 16746 32 NIcRMO14 5 832 M 31 35N 14
40 09620 GX260NiGr4 2 Gade2 A 0512-00 Ni- Hard 2
40 09625 GX330NiQ 42 Gade2B Ni- Hard 1
40 09630 GX300 NS 952 0513-00 Ni-Hard 4

" w0 09640 | GX300QMoNi1521
40 09650 GX260Q 27 Gade3D AB32 lll A25%Cr
40 09655 GX300 NMo 27 1 Gade3 E AB32 lll A25%Cr
40 12419 105WQ 6 105WC13 0466-00
40 14841 X15 QNiSi 25 20 31431 715 ONS25-20 310
41 09635 GX300 QMo 153
41 09645 | GX260QMoNi2021 107 WQ'5 KU




Application Quide Speeds & Feeds- Carbide Drills
suttontools

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \ w
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
reference isting, Refer to main index of this section. Catalogue Gode| D323 D329 D356 D300 D306 D304 D310
Material
Surface Finish AQN HELICA Brt TIAN Brt TION
Sutton Designation N VA G NH
Geometry R30 \ R30- IK R30- IK Straight Hute R15
Drilling Depth 3xD 3@ 3 | 3xD 3xD
Material ondition HB
1 | Steel- Non-alloy, ~015% A | 125 | 440 | 90 | 8 | 130 | 8 |130-180| 7 > > z = - - -
2 | cast&freecutting ~0459%C A | 190 | 640 | 90 | 8 | 130 | 8 |[110160] 7 - - - - - - - -
3 Qr | 250 | 840 | 85 | 8 | 110 | 8 |[110160] 7 . . - . 80 | 4 | 100 | 4
4 ~075% A | 270 | 910 | 85 | 8 | 110 | 8 |[11060] 7 . . - . 80 | 4 | 100 | 4
5 Qr | 300 1010 | 50 | 6 | 70 | 6 |7010| 7 > > = > 55 | 3 | 70 | 3
6 | Steel- Low alloy & cast A | 180 | 610 | 85 | 8 | 110 | 8 11060 7 = = - - - - - -
p [ 7 |SeielnctuEis Qr | 275 | 930 | 65 | 7 | 80 | 7 |110-160] 7 - - - - |70 3 | 8 | 3
8 Qr | 300 (1010 50 | 6 | 70 | 6 |70-100] 7 . . - . 55 | 3 | 70 | 3
9 Qr | 350 (1180 | 30 | 5 | 35 | 5 . . 0 | 2 | 60| 2 | 40| 3 | 60 | 3
10 | Steel - Highalloy, cast & tool A | 200 | 680 | 50 | 6 | 70 | 6 |90-120] 7 . . - . 55 | 3 | 70 | 3
11 HT | 325 | 1100 | 30 | 5 | 35 | 5 . 5 40 | 2 | 60| 2 | 40| 3 | 60 | 3
12 | Seel - Qorrosion Feritic/ Martensic/ A | 200 | 680 | - > 30 | 4 |4050]| 5 > > = > 40 | 3 | 60 | 3
13 | resistant & cast Martensitic Qr | 240 | 810 | 30 | 5 | 3 | 5 |45 5 | 40 | 2 | 60 | 2 | 4 | 3 | 60 | 3
14.1 | Sainless Seel Austenitic AH | 180 | 610 | - > 50 | 5 |s07]| 5 > > z > z > z =
142 Duplex 250 | 840 | - B 40 | 4 |a060] 5 . . = . 25 | 3 | 30 | 3
143 Predipitation Hardening 250 | 840 | 20 | 4 | 30 | 4 |4050| 5 . . = . 25 | 3 | 30 | 3
15 | Castlron- Gey[BHT] | Ferritic/ Pearlitic 180 | 610 | 75 6 | 150 | 9 - - 20 3 | 100 | 3 20 3 | 100 | 3
16 Pearlitic 260 | 880 | 65 | 6 | 120 | 8 a > 80 | 3 | 8 | 3 |8 | 3 | 8 | 3
17 Iron- Nodular | Ferritic 160 | 570 | 65 | 5 | 100 | 8 2 > 80 | 3 | 8| 3 |8 | 3 | 8 | 3
K prplcst Pearlitic 250 | 840 | 65 | 5 | 100 | 8 | - - |80 | 3 | 85| 3 |8 | 3 | 8 | 3
19 | GastIron- Malleable | Ferritic 130 | 460 | 65 | 5 | 100 | 8 : = 80 | 3 | 8 | 3 | 8 | 3 | 8 | 3
20 Pearlitic 230 | 780 | 65 | 5 | 100 | 8 . = 80 | 3 | 85| 3 | 8 | 3 | 8 | 3
21 | Aluminum & Magnesium| Non Heat Treatable 60 | 210 | - " = - |300400, 8 = = - - |100-160] 4 |140-200 4
22 | - wrought alloy Heat Treatable AH | 100 | 360 | - > = - |300-400, 8 > > = - |100-160, 4 |140-2000 4
23 | Aluminum & Magnesium| Non Heat Treatable 75 | 270 | - - - - J220320 8 | 80 | 5 | 100 | 6 [100-160] 4 [140-200 4
24 | -castalloy 128 Heat Treatable AH | 90 | 320 | - - - - |22030 8 | 80 | 5 | 100 | 6 |100-160] 4 |140-200 4
25 | Al&Mg- cast alloy >12%S]| Non Heat Treatable 130 | 460 | - - | 200 | 7 l|2002800 7 | 80 | 5 | 100 | 6 [100-160 4 |140-200 4
0 6 per & Qu allo Free cutting, Pb> 1% 110 | 390 | - - 200 7 : = 80 | 5 | 100 | 6 |100-160] 4 |140-200] 4
27 EeEt Brass Bz, ausznlf] 9 |30 | - | - |20/ 7 | - | - |8 | 4 |100]| 5 |100160 4 |140-200 4
28 Bronze | 00 | 360 | - | - 20| 7 | - | - | - | - | - | - |00 4 |140200 4
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - - > > > z - |50-280] 6 [50-280 &
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - - -
31 | Hightemp. alloys Fe based A | 200 | 680 | - - 35 | 4 |3040| 4 - s - s - s - -
B, AH | 280 | 950 | - - 30 | 4 |3040| 4 - - - s - s - -
33 Ni/ G based A | 250 | 840 | - - 35 | 4 |3040]| 4 s s - s - s - -
34 AH | 350 | 1180 | - - 30 | 4 | 25| 3 = - - - - - - -
35 c | 320 | 1080 | - - 30 | 4 |3040| 4 > > - - - - : -
'S1 | 36 | Titanium & Ti alloys CP Titanium 400 MPa 40 4 45 5 50-70 4 - - - - - = o -
371 Alphaalloys 860 MPa 35 3 40 4 40-60 4 - - - - - - - -
37.2 Alpha/ Beta A 960 MPa 35 | 3 | 40 | 4 |4060| 4 . - - B - B R R
B alloys AH 1170 MPa : - 35 | 4 |3050]| 4 - - - - - - - -
374 Betaalloys A |830MPa 35 | 3 | 40 | 4 |4060| 4 s s - s - s - -
375 AH (1400 MPa - - 35 | 4 |3050]| 4 = = - - - - - -
381 | Hardened steel HT | 45 Hre 20 | 4 | 25 | a4 - - 0 | 2 | 60| 2 |4 | 2 | 60 | 2
382 HT | 55HRC - - - - - - - - - - 30 | 2 | 40 | 2
" [391] HT | 58HRC : - : - : - - - : - : - : :
139.2 HT | 62HRC - - - - - - - - - - - - - -
| 40 | Castiron Chilled C | 400 | 1350 | 65 | 6 | 120 | 8 - - 80 | 3 | 8| 3 |80 | 3 | 8 | 3
| 11 HT | 55HRc - B . B B B - B - B - -

Qondition: AlEdnealed " AH [Bde Hardened[EE[Est[THT [Ehrdened & Tempered 2T [@lienched & Tempered ]
Bold = Optimal | Regular = Effective

Notes on Drilling

1. Step feeding or pecking is required for drilling greater than 3 x @.

2. When drilling cast surface & black [&! not machined surfacel; reduce drilling speed by 20%

3. For optimal positional accuracy and hole size, the use of spot drills is recommended prior to drilling desired hole, refer to our standard range [ 75[%]

4. For hole depths greater than 7 x @, pre-drill initially to pilot start for more accurate hole position and eliminate drill wandering. The pilot can be drilled
426 with short rigid drill, approx. 3 x @in depth and reduced feed to ensure accurate pilot hole.



Q Y -
—

D368 D326 D332 D358 D335 D371 D355 D364 D365 D366
. VN VN N " N B Y AN B SO, VI

Brt AQN HELICA AQN AQNTip Brt AaQN Brt AQN

N N VA N N N N

R25 R30 ‘ R30- IK R30 - IK R30 - IK R30 - IK 90° 142°

5xQ 5x@ 5% 8xD 12xa - -

Vc |Feed#| Ve |Feed#| Vc |Feed#| \Vc |Feed# Ve | Feed# Ve |Feed#

55 6 90 8 130 8 |130-180| 7 100 8 80 8 - - 96 6 - - 96 6 1
55) 6 90 8 130 8 |110-160| 7 100 8 80 8 - - 96 6 - - 96 6 2
50 6 85 8 110 8 |110-160| 7 80 7 60 7 65 5 78 6 65 5 78 6 3
50 6 85 8 110 8 |110-160| 7 80 7 60 7 65 5 78 6 65 5 78 6 4
40 6 50 6 70 6 |70-100| 7 60 6 50 6 50 4 60 5 50 4 60 5 5)
55 6 85 8 110 8 |110-160| 7 80 7 60 7 - - 78 6 - - 78 6 6
50 6 65 7 80 7 |110-160| 7 80 7 60 7 60 5 72 6 60 5 72 6 7 P
40 6 50 6 70 6 |110-160| 7 60 6 50 6 50 4 60 ) 50 4 60 5 8

- - 30 5) B5) ) - - 30 5) - - - - 60 ) - = 60 5 9

- - 50 6 70 6 |90-120| 7 60 6 50 6 50 4 60 ) 50 4 60 5 10
- - 30 5 85) B - - 30 5 - - - - 60 B - - 60 5 11
- - - - 25 4 3050 5 - - - - - - & 8 - - 35 3 12
- - 30 5 & 5 |40-50| 5 30 5 - - - - 60 5 - - 60 5 13
- - - - 40 5 50-70 5 45 5 40 5 40 3 50 4 40 3 50 4 141
- - - - 35 4 | 40-60| 5 - - 30 4 35 g 40 3 35 g 40 3 |142| M
- - 20 4 25 4 3050 | 5 - - - - 30 g 35 3 30 g 35 3 |143
85 8 75 6 150 9 - - 90 8 80 8 70 5 84 6 70 5 84 6 ill5
55 8 65 6 120 8 - - 80 8 70 8 70 4 84 5 70 4 84 5 16
85 8 65 5 100 8 - - 70 7 60 7 70 4 84 5 70 4 84 5 17
55 3 65 $ 100 8 - - 70 7 60 7 70 4 84 5 70 4 84 5 18 K
- 65 5] 100 8 - - 70 7 60 7 70 4 84 5 70 4 84 5 19
- 65 5] 100 8 - - 70 7 60 7 70 4 84 5 70 4 84 5 20
100 4 - - - - |300-400, 8 - - - - 200 5 = = 200 5 = = 21
100 4 - - - - |300-400, 8 - - - - 200 5 - - 200 5 - = 22
100 4 - - - - |220-320f 8 - - - - 180 4 - - 180 4 - = 23
80 4 - - - - |220-320f 8 - - - - 180 4 - - 180 4 - = 24
80 4 - - 250 7 |200-280| 7 - - - - 180 4 - - 180 4 = = 25
- - - - 250 7 - - - - - - 130 4 - - 130 4 = = 26 N
- - - - 250 7 - - - - - - 150 4 = = 150 4 = = 27
- - - - 250 7 - - - - - - 200 4 - - 200 4 - = 28
120 8] - - - - - - - - - - 60 4 - - 60 4 - = 29
= = = = = = = = = = = = = = = = = = = = 30
- - - 85) 4 3040 | 4 - - - - 40 B - = 40 3 &l
- - - 30 4 3040 | 4 - - - - BS B - = 35 3 32
- - - 85) 4 3040 | 4 - - - - 40 B - = 40 3 33
- - - 30 4 |25-35| 3 - - - - 30 4 - - 30 3 34
- - - 30 4 3040 | 4 - - - - & 5 - - 35 3 35
= = 40 4 45 5 |50-70| 4 = = 40 3 50 3 40 3 50 3 |36
- - & 3 40 4 | 40-60 | 4 - - 40 3 50 8 40 3 50 3 |37.1
- - BS 3 40 4 | 40-60 | 4 - - 40 3 50 8 40 8 50 3 |372
- - - 85) 4 3050 4 - - 35 3 45 8 85) 8 45 3 |373
- - BS 40 4 | 40-60| 4 - - 40 3 50 8 40 3 50 3 |374
- - - & 4 3050 4 - - €5) 3 45 8 & 3 45 3 |375
- - 20 4 25 4 - - - - 40 3 48 3 40 3 48 3 381
- - - - - - - - - 30 3 36 3 30 3 36 3 |38.2
- - - - - - - - - 30 3 36 3 30 3 36 3 |391
- - - - - - - - - 30 3 36 3 30 3 36 3 |39.2
- - 65 120 8 - - - 70 70 3 84 3 70 3 84 3 40
- - - - - - - - - - - - 30 3 36 3 30 3 36 3 41

METRCDRILLS i sizel#]

o o5 L oo | o . 4 No _ V%ex1000
0 0135 | 017 | 021 no_m(ljr:al tap Z'Zgg&m) @

0 018 | 022 | 027 indle spee

0 021 | 026 | 032 _ pinale sp ( ) __ nx@x
-0 024 | 030 | 037 = cutting speed (m/min) Ve = 1000 ~ oo
.0 031 | 038 | 047 =

0.0 037 | 046 | 056 = feed (mm/rev) ‘

2.0 042 [ 052 | 064 = feed rate (mm/min) = fxn

6.0 054 | 066 | 082

0.0 064 | 080 | 098

5.0 074 | 090 | 110




Application Quide Speeds & Feeds- HSS Drills

428

suttoniools

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | cast Iron «x = [
N | Non-Ferrous Metals, Auminiums & Goppers | Al \ w
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
referencelisting. Refer to mainindex of this section. Catalogue Code| D186/ D100 D151 D177 D155 D153
Material HSS @™ HSS® HSS@
Surface Finish Blu TIAIN TIAIN TIAIN TIAIN
Sutton Designation N NH WN UNI VA
Geometry R30 R40 R35 R40 R40
Drilling Depth 3xD 3x2 3xQ 3x2 3xQ
Qndition HB
1 | Steel- Non-alloy, ~0.15% A | 125 | 440 25 5 40 6 35 4 65 6 64 6
2 | cast&freecutting ~0459%C A | 190 | 640 | 20 5 30 6 30 4 55 6 64 6
B Qr | 250 | 840 15 4 30 6 30 4 50 6 62 5
4 ~0.75% A | 270 | 910 15 4 30 6 30 4 50 6 62 5
5 Qr | 300 | 1010 | 10 4 15 4 12 4 25 6 = =
6 | Seel- Low alloy & cast A | 180 | 610 15 4 30 6 30 4 50 6 62 5
p [ 7 |SSE I CEnES Qr | 275 | 930 | 15 4 20 5 20 4 35 6 30 4
8 Qr | 300 | 1010 | 10 4 15 4 12 4 25 6 o -
9 Qr | 350 | 1180 = - 12 4 = = 15 5 o
10 | Steel - High alloy, cast & tool A | 200 | 680 10 4 15 4 12 4 25 6 o o
11 HT | 325 | 1100 s 12 4 = = 15 5 s s
12 | Steel - Qorrosion Feritic/ Martensitic/ A | 200 | 680 s s 20 4 s = 14 4 12 4
13 | resistant & cast Martensitic Qr | 240 | 810 - - 12 4 - - 15 5 12 5
14.1 | Stainless Steel Austenitic AH | 180 | 610 10 4 20 5 15 3 16 5 30 5
142 Duplex 250 | 840 8 4 15 5 10 4 12 5 20 5
14.3 Precipitation Hardening 250 840 - - 20 4 15 4 14 4 12 4
15 | Castlron- Gey[BHT] | Ferritic/ Pearlitic 180 | 610 25 6 30 6 o - 44 6 - -
16 Pearlitic 260 | 880 20 5 25 6 = = 39 6 - -
17 | Castlron- Nodular | Feritic 160 | 570 20 6 25 6 = = 44 5 - -
K prplcst Pearlitic 250 | 840 | 20 6 25 6 - - 44 5 € €
19 | Gast Iron - Malleable Ferritic 130 460 20 6 25 6 - - 44 5 - -
20 Pearlitic 230 | 780 20 6 25 6 - - 44 5 o o
21 | Aluminum & Magnesium| Non Heat Treatable 60 | 210 40 6 - - 60 6 88 5 112 6
22 | - wroughtalloy Heat Treatable | AH | 100 | 360 | 40 6 - - 60 6 88 5 112 6
23 | Aluminum & Magnesium| Non Heat Treatable 75 | 270 5 = 40 5 40 5 53 5 70 7
24 | -castalloy 128 Heat Treatable AH | 90 | 320 - - 40 5 40 5 53 5 70 7
25 | Al&Myg- cast alloy >12%S| Non Heat Treatable 130 | 460 5 = 30 7 30 8 o - o o
X 26 per & QU Free cutting, Pb> 1% 110 | 390 = = 60 5 50 5 39 4 50 5
27 Bronzell] | prass B0, gzl % 520 - - 40 5 35 5 | 44 5 - -
28 Bronze | 100 | 360 | - - 30 5 45 5 33 4 80 3
29 | Non-metallic- Thermosetting & fiber-reinforced plastics 30 4 50 4 70 5 70 5 50 4
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - -
31 | Hightemp. alloys Fe based A 200 | 680 - B - B B B . . . _
32 AH | 280 | 950 - - - - - - - - - -
33 Ni/ @ based A | 250 | 840 - 5 = = - - 8 4 = =
34 AH | 350 | 1180 B B B B B B B . . .
35 c | 320 | 1080 B B B B B B B . . .
'S1 | 36 | Titanium & Ti alloys CP Titanium 400 MPa - - - = = = o o o -
371 Alphaalloys 860 MPa - - - - - - 9 4 10 3
372 Alpha/ Beta A 960 MPa - - - - - - - - 8 &
373 alloys AH 1270 vPd - - ; - - - - ; - -
37.4 Betaalloys A |830mPa B B - B _ _ . _ 8 3
375 AH 1400 MPa o o - - - - - - - -
3821 | Hardened steel HT | 45 HRe - - - - - - 10 4 B _
|38.2] HT | 55HRe - - - - - - - - - -
391 HT | 58 HRC - - - - - - - R - -
H 139.2 HT | 62 HRC . . ; . . . . : R _
| 40 | Gastlron Qhilled c | 400 | 1350 | 20 5 25 6 - - 39 6 - -
| 11 HT | 55HRC B B B B B B B B B B
Qondition: AlEdnealed T AH [Bde Hardened[FE[EstTHT [Fidrdened & Tempered ZQT [@lienched & Tempered[™]

Bold = Optimal | Regular = Efective

Notes on Drilling
1. Step feeding or pecking is required for drilling greater than 3 x @.
2. When drilling cast surface & black [&! not machined surfacel; reduce drilling speed by 20%

3. For optimal positional accuracy and hole size, the use of spot drills is recommended prior to drilling desired hole, refer to our standard range Bi7slE]

4. For hole depths greater than 7 x @, pre-drill initially to pilot start for more accurate hole position and eliminate drill wandering. The pilot can be drilled
with short rigid drill, approx. 3 x @in depth and reduced feed to ensure accurate pilot hole.




D101 D102 D103 D179 D109 D163 D165 D168 D182 D180 D169
Hs® | HS@ | HsS®
Brt Blu TN TIAIN Tip Qolour Tempered TIAIN TIAIN TIAIN TIAN TIAIN Tip TIAIN
N Hard Materials NH WN UNI NH VA VA
R30 R25 R40 R40 R40 R40 - IK R40 R40
12 5 20 5 24 5 24 5 - - 24 5 29 4 60 7 65 7 20 4 58 6 1
10 5 16 5 20 5 20 5 = = 20 5 25 4 45 7 55 7 16 4 58 6 2
8 5 12 5 18 5 18 5 15 5 20 5 25 4 45 7 50 7 12 4 58 5 B
8 5 12 5 18 5 18 5 15 5 20 5 25 4 45 7 50 7 12 4 58 5 4
- - 10 4 12 4 12 4 12 4 12 4 10 4 20 6 25 5 - - - - 5
8 5 12 5 18 5 18 5 - - 20 5 25 4 45 7 50 7 12 4 58 5 6
8 4 12 4 18 4 18 4 15 4 20 4 20 4 30 7 40 7 12 4 25 5 7 P
- - 10 4 12 4 12 4 12 4 12 4 10 4 20 6 25 5 = = = = 8
- - 8 8 10 8 10 8 10 4 10 4 - - 12 6 15 5 = = = = 9
8 5 10 4 12 4 12 4 12 4 12 4 10 4 20 6 25 5 = = = = 10
- - 8 8 10 8 10 8 10 4 10 4 - - 12 6 15 5) - = = = 11
- - - - 10 8 10 8 - - 12 4 - - 10 8 14 3 7 4 12 5 12
- - 8 8 10 8 10 8 - - 10 4 - - 12 6 15 5 7 4 12 5 13
- - 8 4 10 4 10 4 10 4 12 4 12 3 10 4 16 4 12 4 25 5 141
- - 6 4 8 4 8 4 8 4 = = 10 4 8 4 12 4 10 4 14 5 142 | M
- - - - - - 10 3 - - 12 4 = = 10 3 14 3 7 3 12 4 143
12 6 20 6 25 6 25 6 25 6 24 6 - - 40 6 40 6 = = = = 5
- - 16 5 20 5 20 5 20 5 20 5 - - 35 6 35 6 - = = = 16
12 6 16 6 18 6 18 6 20 6 20 6 - - 40 5) 40 5) - = = = 17
- - 16 6 18 6 18 6 20 6 20 6 - - 40 5 40 5) - - = = 18 K
- - 16 6 18 6 18 6 20 6 20 6 - - 40 5 40 5 = = = = 19
- - 16 6 18 6 18 6 20 6 20 6 - - 40 5 40 5 = = = = 20
25 5 30 6 - - = = = 48 6 80 5 60 6 50 6 112 8 21
25 5 30 6 - - - - - - - - 48 6 80 5 60 6 50 6 112 8 22
18 4 - - 30 4 30 4 - - 32 5 32 5 48 5 40 5 40 5) 70 6 23
18 4 - - 30 4 30 4 - - 32 5 32 5 48 5 40 5 40 5) 70 6 24
12 6 - - 20 6 20 6 - - 25 6 25 7 30 6 40 5 30 5 = = 25
20 4 - - 30 4 30 4 - - 48 5 48 5 85 4 50 5 50 5 40 5 26 N
15 4 - - 25 4 25 4 25 6 32 5 32 5 40 5 36 5 = = = = 27
15 4 - - 25 4 25 4 - - - - 40 5 30 5 45 5 30 5 70 3 28
25 € 30 4 35 4 35 4 - - 50 4 60 5 60 4 70 5) 50 4 = = 29
- - - - - - - - - - - - - - - - 8 3 - - - - 31
. - - . . . . - . . . - - - - . 8 3 - - . - |32
- - - - - - - - - - - - - - 8 4 8 3 - - - - 33
5 - - 5 5 5 5 - 5 5 5 - - - - 5 8 3 - - 5 5 34
5 - - 5 5 5 5 - 5 5 5 - - - - 5 8 3 - - 5 5 35
- - - - - - - - - - - - - - - - 8 3 - - - - | 36 IS
= = = = = = = = = = = = = = 9 4 8 3 = = 10 3 371
- - - - - - - - - - - - - - - - 8 3 - - 8 3 |372
- - - - - - - - - - - - - - 8 3 - - - - |373
- - - - - - - - - - - - - - - - 8 3 - - 8 3 374
- - - - - - - - - - - - - - 8 3 - - - - 375
- - - - - - - - 10 4 - - - - 8 4 10 4 - - - - | 381
- - - - - - - - - - - - - - - - - - - - - - 382
- - - - - - - - - - - - - - - - - - - - - - %1
- - - - - - - - - - - - - - - - - - - - - - 392
10 5 16 5 20 5 20 5 20 5 20 5 - - 35 6 35 6 - - - - 40
METRICDRILLS [l size[ %]
2.0 o.olzo 0025 | 0.030 0.340 0.050 o.gso 0.075 0.395 o.fzo 01.35 _ . . n= _Vex1000
0 10030 [ 0035 | 0.045 | 0.055 | 0.070 | 0.090 | 0110 | 0.135 | 017 | 021 =nominal tap size (mm) D x
5010048 | 0085 | 0070 | 0090 | 0130 | 0135 | 047 | 021 | 026 | 030 = spindle speed (RPM) nxX@x
00070 0085 | 005 10130 | S | 020 028 | 031 038 | O4r SeL ek e uly) Ve= 71000 =
0.0 | 0085 | 0105 | 0125 [ 016 | 0. 024 [ 0. 037 | 046 | 056 =feed (mm/rev)
50 0123 | Oia [ 010 | 073 | 020 | 06 | 044 | 084 | Oca | 082 = feed rate (mm/min) = fxn
00 | 015 | 0. 0. 028 | 034 | 042 | 052 | 064 | 080 | 098
50 | 018 | 0. 0. 0. 041 | 050 | O 0.74 .90 10
20 | 023 [ 0. 033 | 04 050 | 060 | 0.74 88 10 30
380 | 026 | 032 | 038 | 04 056 | 068 | 0.82 .00 20 45
450 | 030 | 036 | 043 | 052 | 064 | 076 | 092 10 35 | 160 |
520 | 033 | 040 | 048 | 058 | 070 | 084 | 1.00 20 45 75
630 | 039 | 047 | 056 | 067 | 080 | 096 | 1.14 35 65 95










Application Quide Speeds & Feeds - Taps
suttontools

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | CastIron @G =
N | Non-Ferrous Metals, Auminiums & Goppers | Al \W
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials (245 HRAT] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross Catalogue Gode M |T183|T185|T187|T189 T684|T231|T233|T235| T237| T241|T239|T197|T201| T203| T205| T207| T221| 1227|1229
reference listing. Refer to main index of this section. MF | T243| T244| T245| 1247|1248 | T686 703 T249|T251|T250| 1252 T655|T254
UNC | T255| 7256|1258 | T260| T273| T691 T261|T262 T695 T266|T267
UNF [T274 T275|T701 T692 T276|T277 T696
G(BsPA) |T278|T279|1281|T282|T283| T699 T284|T285|T351| T352
Material | HSSE HSE P s HSSE  |HSSE HSSE | PM-HSSEV3 | PM-HSSEV3
Surface Finish | Brt | TiN| Brt | Blu| TiN e Brt [aN| Ni [Blu| TiN|aN| Blu|Tion|Blu| TioN | Blu| TAN
Sutton Designation N N UNI A W Qi | VADH VAPM NH
Geometry | R15 RIO  |RSO|R#52AUe] R4S RA5| R45 RO [ IK| R0 [ K
Thread Depth 1.5x@ 3xD X  3xD 3x2 X 3xD 3xD 2.5x0
10 YDI? Material Gondition  HB Ve s min[@
1 | Seel- Non-alloy, ~0159%C A | 125 | 440 (10|14 |10 |11 24|27 | - | - |14 |12 |24 | - |12 |14 |23 |17 | 21| -
2 | cast&freeautting ~0459%C A | 190 | 640 |10 |14 |10 11|24 |27 | - | - |2a|22 24| - |22 |14 |23 |27 |21| - | - | -
3 Qr | 250 | 840 | 8 |12 |8 | 91214 - | - |12| 9 12| - |9 |12 |11 |14 17|11 |14 ] 17
4 ~0759%C A | 270 | 920 | 9 [13| 9 |10 |13|16| - | - |13[10|18| - | - 13| - | 16|19 ] 12|16 19
5 Qr | 30 1000 - |11 |- | -Jaa|-|-]-|-]-]-]-]-]-1-1]-]-]10]13]16
6 | Steel- Low alloy & cast A | 180 | 610 |10 |14 |10 |11 |24 |27 | - | - |14 |12 |24| - |12 |14 |23 |17 | 21| -
S 7 | <5%ofalloying elements Qr | 275 | 930 | 6 |10 6 | 7 |10|12| - | - |10]| 7 [10| - |7 [10] 8 |12]14| 8 |12]14
8 Qr |30 |00 - |7 |-|-]7]-|-]-1-]-]-1-1-]7]-]9|1w0]6]|9]10
9 or | 350 2180 | - | - |- -] -[-|-[-1-"1[-]-"1-1-1-1-"1-1-1]1-1a]s
10 | Steel - High alloy, cast & tool A | 200 | 680 | 6 10| 6 | 7 |20]12| - |- |- |- |-]-|-]10|-]12|214| 8 |12]14
11 HT [ 325 [1100 | - | - [ - [-[-|-[]-[-1-1-1-1-"1-7-"1-1-1]-1-1]¢9] 1
12 | Steel - Qorrosion Feritic/ Martenstc| A | 200 | 680 | - |6 | - |4 |6 |7 |-|-|-]-|-]|-]la]le|s5|7|9|5|7]29
13 | resistant & cast Martensitic Qr | 240 | 810 | - | - |- |- -Ja|-[-1-[-]-[-1-[-T-1-1-]-14]-s
14.1| Sainless Sedl Austenitic AH | 180 | 610 | - |7 |-|5|7]9o|-]-|-]-|-]-]5|7]6]|09]10|6]9]|10
142 Duplex 250 | 840 | - [5|-|4a|s5|e6e|-|-|-]-|-|-|a|]s|ale|7|a]6]7
143 Predipitation Hardening 250 | 840 | - [ 4 |- |3 |a|-|-]-|-]-|-|-|3]4|3|4a|5[3|4a]s
15 | CastIron- Gey[BHT] | Fenritic/ Pearlitic 180 | 610 (10|14 |10 |12 |24 |27 | - | - | - | - | -|-|-|-|-]-]-]13|17|21
16 Pearlitic 260 | 880 | - |12 | - | - 124 | - | - |- - |- -] -|-]-]-]-|1]1a|7
17 | Castlron- Nodular | Feritic 160 | 570 |10 |14 |20 22 |2afaz7| - | - | - | - |- -|-|-]-]-]-]13|17|21
X 18 | EBAL] Pearlitic 250 | 840 | - |12| - | - 22|14 | - | - |- | - - - -] -]-]12a|1a]27
19 | Cast Iron- Malleable | Ferritic 130 | 460 |12 |18 |12 13|18 22| - | - | - | - |- | - |- |- ]-]-]-]16]22]|26
20 Pearlitic 230 | 780 |10 24|20 aafaafaz| - |- |- -|-]-]-|-]-]-]-]sjwz|aa
21 | Auminum & Magnesium| Non Heat Treatable 60 210 10 | 14 | 10 - 14 | 17 | 10 | 14 | 14 - 14 | 14 - 14 - 17 | 21 - 17 | 21
22 | ;Wwroudhtalloy Heat Treatable A | 100 | 860 |12 )18 | 12| - |18 |22 |12 |18 18| - | 18|18 - |18| - | 22| 26| - |22 26
23 | Aluminum & Magnesium| Non Heat Treatable 75 | 270 |12 |18 | 12| - |18 221228 | - | - | - | - | - |18] - |22]26]| - | 22| 26
24 | ; cestalloy 1208 Heat Treatable A | 90 | 320 |12 |18 |12 - |18 |22 |12 18| - | - | - |- |- |18] - [22|26]| - |22 26
25 | Al&Myg- cast alloy >12%S| Non Heat Treatable 130 | 460 | - | - | - | - |- Jaal - - - - -]-]-]-]alaz]| - 14|27
N B3 %ps:r/&cuall Free autting, P> 1 110 | 390 | 6 [10| 6 | - |10]12| 6 [10|20| - 10|10 - |20 - [12|24]| - |12 14
27 BronzelT] Brass Bz, szl 90 | 320 |14 |22 | 14| - |22|26| - | - | - | - | - | - |- -1-[-]-]-]2]2
28 Bronze (@S] | 00 | 360 | - | - | - | - |- |- |wja7|a7| - |27 |27| - |27| - |20 24| - |20 24
29 | Non-metallic- Thermosetting & fiber-reinforced plastics s [elel=lalcl=T=l=T=l=T=JT=T=T=T=1J=1-=
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - - - - - - -
31 | Hightemp. alloys Fe based A |20 |60 |- |- |-]-|-[-|-[-1-1-1-]-1-]al-]a|s]-
32 A | 280 | 950 | - | - [ - - |- --]-"[-]-1-"]-"1-"1-"1]-7]-7/]-7/-
33 Ni/ @ based A 250 | 840 | - | - | - | - |- [ - -1 -T-1-1-1-1-13|-1al|a]l-
34 A | 350 [1180 | - | - [ - [ - |- --]-[-]-1-"]-"1-"1-"[]-7]-7/]-7/-
35 c |80 a8 |- |-[-[-[-1-[-1-1-1-1-1-1-"1-71-°1-79]-71-
‘51 | 36 | Titanium & Ti alloys CP Titanium 400 MPa - - - - - - - - - - - - - - - - - -
371 Alphaalloys 860 MPa - - - - - - - - - - - - - - - - - -
37.2 Alpha/ Beta A |960mPa B e
373 alloys AH 1170 vPa N
374 Betaalloys A 830 MPa - - - = = = = = o o o o o - - - - -
375 AH  [1400 mPd -t -t -1-1-1-71-171-
381 | Hardened steel HT | 45HRC - - - - - - - - - - - - - - - - - -
138.2| HT | 55HRe R I A O
1391 HT | 58HRC R I A O
H 395 HT | 62HRC N I T R A O
40 | Gast Iron Chilled c 400 [1350 | - | - [ - - -1-[-1-]-1-[-1-]-"1-]-1-1]-18l12]14
a1 | HT | 55HRe - [ U N R O -

Qondition: AlZfnealed "AH [Ade Hardened[Z€[E3st[THT [Fardened & Tempered QT [@lienched & Tempered ]
Bold = Optimal | Regular = Effective
Notes on Tapping
1. The speeds listed above are a recommendation only, and are based on depth of thread listed, speeds can be adjusted on application.
As a general rule;
-If hole depth required is less than above mentioned = increase speed
-If hole depth required is more than above mentioned = reduce speed
2. Taps must be driven by the square to eliminate slippage, eg, ER-GB collets [§duare drivel ]
432 3. When using spiral flute taps with length compensation tapping attachment, it is recommended to short pitch the feed 95%
- to eliminate tap cutting oversize, eg. M6x1 @ 1000RPM, Feedrate= 950mm/min.




BLIND HOLES FOR TAPPING THROUGH HOLES

T209|T211| 1213|1215 | 1217 T100|T102| T104| T687| T122| T124| T126| T128| T130| T110| T112| T114| T116| T118 | T650 | T120| T134 | T140 | T142| T144 | T146 | T148 | T152| 1217

707 T154| 156 TL57 | T689 T158| TL61 | TL59 | TL60 T654| TL63 710 784|792
265 | 1667 T790| 1794 T164|T166| TL67| T693 TL70| TL71 697 T168| TL69 T172| T666 T786 | 794
791|795 7173|1702 TL75 | T694 TL76| TL77 698 7787|1795
7178|7179 T180| T700 T181|T182 | T349| T350
HSE  [M| HsE [HSE| HSSE | HSSE | PMFHSSEV3 | PMHSEVB| PM-HSSEVB
Blu TioN Brt | Blu| TiN [owe] Ni [ Blu | aN | Bt | TiN | Blu [TioN| Bu| TN | Blu |[Tiov|Blu| TAN | Blu| TN TiaN
H Ti | Ni N W w a| w VA VAPM VADH NH H T[N
R5 | K |Ri5/RIO Interrupted | K | K | K [12]Rri0
1.5x7 3@ 30 @ | 3@ 3D 3@ 3x@ 3x0 3x@ 3@ 3@
Ve [BY minlZ]
8
8 7
5 4
- - - 7 9 11 - - - 6 9 7 9 8 11 | 13 8 11 8 11 | 13 o o - 141
- - - 4 6 7 - - 4 6 4 6 5 7 9 5 7 5) 7 9 o o 142 M
3 4 4 4 - 3 5 - = = = 3 5 4 5) 6 4 5) 4 5 6 4 5) 6 4 - 143
13 | 17 | 17 - - 12 | 13 | 18 | 22 - - - - - - - - - - - - 16 | 22 | 26 | 16 | 22 | 26 - - 15
11 | 14 | 14 | - - - - 15 | 18 - - - - - - - - - - - - 13 | 18 | 22 | 13 | 18 | 22 - - 16
13 | 17 | 17 - - 12 | 13 | 18 | 22 - - - - - - - - - - - - 16 | 22 | 26 | 16 | 22 | 26 - - 17
11 | 14 | 14 | - - - - 15 | 18 - - - - - - - - - - - - 13 | 18 | 22 | 13 | 18 | 22 - - 18 X
16 | 22 | 22 - - 15 | 17 | 23 | 27 - - - - - - - - - - - - 20 | 27 | 32 | 20 | 27 | 32 - - 19
13 | 17 | 17 - - 12 | 13 | 18 | 22 - - - - - - - - - - - - 16 | 22 | 26 | 16 | 22 | 26 - - 20
- - - - - 12 - 18 | 22 | 18 | 13 | 18 | 12 | 18 - 18 - 22 | 26 - 22 - - - - = o o o 21
- - - - - 15 - 23 | 27 | 23 | 17 | 23 | 15 | 23 - 23 - 27 | 32 - 27 - - - - = o o o 22
- - - - - 15 - 23 | 27 | 28 - 23 - - - 23 - 27 | 32 - 27 - 27 | 32 - - = o o 23
- - - - - 15 - 23 | 27 | 28 - 23 - - - 23 - 27 | 32 - 27 - 27 | 32 - - = o o 24
- 14 | 14 - - - - - 18 - - 15 - - - 15 - 18 | 22 - 18 - 18 | 22 - 18 | 22 = = 25
- - - - 8 12 | 14 | 12 - 12 8 12 12 - 14 | 17 - 14 14 | 17 = = o = 26 N
19 | 26 | 26 - - 18 - 27 | 32 | 27 - 27 | 18 | 27 - - - - - - - - 32| 3| 24| 32| 39 - = 27
- - - - - - - - - 21 - 21|14 | 21 - 21 - 25 | 30 - 25 - 25 | 30 - - = o o 28
- | - - - - =1- = | - - = | - - - |29
- | - - - - =1- = | - - | - = | - - - |30
= | = - | a = = | = = 5| - |56/ - = | = - 4 |31
= | = - | a = = | = = 4| - |5 |5/ - = | = - 4 |32
= - | 3 = = | = = 4| - |5 |5/ - = | = - 3 |33
= | s 3 : === = | = - = | = - 3|34
= [=l=1=1¢ : === === : = | = : 3 |35
8 |11 |11 | - = = | = = = = - | - 10|14 16| - | - | 36 S
5 776 - = [ == = [ = - -l -7 ]9 1|9 - [371
5776 - = [ == = [ = - -l -7 ]9 1|9 - [372
5776 - = [ == = [ = - - -] 79 1|9 - |373
34| 4|24 = = | = = = | = = - | -|4|5|6]|5 |- |374
2 3]3]2 5 s [ = s | = 5 - | -|3|4a|a]|a] - |375
e - 5 6 4|56 381
- |- - 38.2
- |- - 391
- |- - L T Tz
g8 |12 12| - | - e e e e e e e e T VT T
- |- - 41

METRICTAPS [fim sizel 7]
= nominal tap size (mm) _ Ve x 1000
= thread pitch (mm) =gk
= spindle speed (RPM) nx@x

= cutting speed (m/min) Ve="""1000 =

=feed rate (mm/min)
= feed rate per rev (mm/rev) = nxP




Application Quide Speeds & Feeds - Taps
suttoniools R pNED O e

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \ w
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
reference listing. Refer to main index of this section. Catalogue Code M | T286 | T288 | T290 | T292 | T670 | T741 | T335 | T357 | T294 | T296
MF| T298 | T299 | T300 | T301 | T743 | T744 | T668 | T669 | T343 | T345
UNC T302 | T303
UNF
G(BsPH) | T304 | T305 | T306 | T307 T808 | T308
SN e
SurfaceFinish | Bt | TN | Blu | may TQN TQN TN Brt
Sutton Designation N G fee DC XH | W N [ UNI
Geometry Low Relief [ Lowreiel| 1K | K | special Relief
Thread Depth 1.5x2 3xD 3x2 3x2 1.5x0 -
Material ondition HB
1 | Seel- Non-alloy, ~0.159C A 125 | 440 7 11 = = = 3 - - - - 7 7
2 | cast&freecutting ~0459C A | 190 | 640 7 11 - - B B - B - - 7 7
3 Qr 250 840 6 9 - o o o - - - - 6 6
4 ~0.75% A | 270 | 910 7 10 = = 5 - - - - B 7 7
5 Qr | 300 | 1010 | 5 8 = - B B - B 11 _ 5 5
6 | Seel- Low alloy & cast A 180 | 610 7 11 = = 5 5 - - - B 7 7
p 7 | <5%of alloying elements qQr 275 930 5 7 _ _ - - - - - - 5 5
8 Qr | 300 | 1010 | 4 5 = - - B B B 7 _ 4 2
9 Qr | 350 | 1180 = = : - - B B B 4 5 _ _
10 | Steel - High alloy, cast & tool A | 200 | 680 5 7 = = s 5 = - - - 5 5
11 HT | 325 | 1100 - = = = = 3 - = 7 11 - B
12 | Steel - Qorrosion Feriitic/ Martensitic/ A | 200 | 680 - - - - B B - B . _ _ _
13 | resistant & cast Martensitic Qr | 240 | 810 = - = z - - - B 4 5 - B
14.1| Sainless Seel Austenitic AH | 180 | 610 - B B - B B _ _ R _ _ _
142 Duplex 250 840 o a o o o - - - R R
143 Precipitation Hardening 250 840 = o = o o 5 5 5 R R - -
15 | Castlron- Gey[BHT] | Fenritic/ Pearlitic 180 | 610 7 11 8 11 22 26 11 13 - - 7 7
16 Pearlitic 260 | 880 6 9 7 9 18 22 9 11 12 : 6 6
17 | Cast Iron - Nodular Ferritic 160 | 570 7 11 8 11 22 26 11 13 - - 7 7
15 (G Pearlitic 250 | 840 6 9 7 9 18 22 9 11 12 - 6 6
19 | Castlron- Malleable | Ferritic 130 | 460 9 14 10 14 27 32 14 16 - - 9 9
20 Pearlitic 230 | 780 7 11 8 11 22 26 11 13 : - 7 7
21 | Aluminum & Magnesium | Non Heat Treatable 60 | 210 7 11 = = = o = - - - 7 7
22 | - Wwrought alloy Heat Treatable AH | 100 | 360 9 14 : : 3 3 . . . . 9 9
23 | Aluminum & Magnesium | Non Heat Treatable 75 | 270 9 14 = = = - 14 16 - - 9 9
24 | -castalloy 12%8 Heat Treatable AH | 90 | 320 9 14 - - = = 14 16 - - 9 9
25 | Al&Myg- cast alloy >12%S]| Non Heat Treatable 130 | 460 - - - 9 18 22 9 11 - - - -
N 26 per & Qu alloys Free cutting, Pb> 1 110 | 390 5 7 - - - - - - = = 5 5
27 Bronzel ] Brass [Q1zn, Qusnznlf] 9 | 320 | 11 16 - - 32 39 16 19 21 32 11 11
28 Bronze | 100 | 360 3 13 z z - - - B - . 3 )
29 | Non-metallic- Thermosetting & fiber-reinforoed plastics . B - . B . . _ _ _ _ _
30 | Non-metallic- Hard rubber, wood etc. - = = = o o o - - - - -
31 | Hightemp. alloys Fe based A 200 | 680 - - . - B B B . _ R _ _
32 AH | 280 | 950 = 5 - - - B B B - - B .
33 Ni/ @ based A 250 | 840 : - - . B B - B . _ _ _
34 AH | 350 | 1180 = 5 - - - B B B - - B .
35 c | 320 | 1080 = 3 - - B B B B B B - _
‘51 | 36 | Titanium & Ti alloys CP Titanium 400 MPa = = = = > > o > - - - -
371 Alpha alloys 860 MPa = o o o = 5 5 - - - - -
37.2 Alpha/ Beta A 960 MPa = o o - - - R - R R - _
373 alloys AH 1170 vPa - B - - B B - . R R . .
374 Betaalloys A |830Mpa - = = o o - - - R R - -
375 AH 1400 MPa = o o o - - R - R R - _
381 | Hardened steel HT | 45HRC - - - - - - - - 4 5 - -
ﬁ HT | 55HRC - - - - - - - - - 4 - -
1391 HT | 58HRC - . - ; - . : . - 2 _ _
H 302 HT | 62HRC ; : ; ; : . - : } 2 : :
40 | Cast Iron Chilled C | 400 | 1350 - - - - 14 17 7 9 9 14 B _
a1 | HT | 55HRC - - B B . . . 4 _ _

Qondition: AlZfnealed "AH [Ade Hardened[Z€[E3st[THT [Fardened & Tempered QT [@lienched & Tempered ]
Bold = Optimal | Regular = Effective
Notes on Tapping
1. The speeds listed above are a recommendation only, and are based on depth of thread listed, speeds can be adjusted on application.
As a general rule;
-If hole depth required is less than above mentioned = increase speed
-If hole depth required is more than above mentioned = reduce speed
2. Taps must be driven by the square to eliminate slippage, eg, ER-GB collets [&duare drivel::]
3. When using spiral flute taps with length compensation tapping attachment, it is recommended to short pitch the feed 95%
to eliminate tap cutting oversize, eg. M6x1 @ 1000RPM, Feedrate= 950mm/min.
4. Forming taps are suitable for materials with >10%elongation




THREAD FORMING SYNCHRO TAPPING

T309 T313 T319 T329 T325 T327 T331 T682 T377 | T379 | T373 | T375 | T365 | T367 | T369 | T371 | T381 | T383
1773 T754 | T756 | T758 | T760 | T762 | T764 | T766 | T768 | T770 | T772
T361 T363
HSSE HSSE HssE [SPM TSPV VA | PM-HSSEVB | PM-HSSEV3 | PM-HSSEV3 | PM-HSSEV3 | PM-HSSE\VB
Bt | TN | Bt | TN | QN TIAN TN | TIAN TN TN TiaN an TiN
N N Q UNI NH N High Speed Qutting | High Speed Qutting | High Speed Qutting | High Speed Qutting | High Speed Qutting
NoGoove | Multi-Goolant Goove | MUg@dant [WUf @dant| 1 | wulti-Goolant Goove | K | R0 [Re0IK| 120 | 201K | a5 | R5IK | K
3D 3% 3% 30 | 3@ 2x0 2x@ 29 29 20
Ve [l minZ]
12 18 12 18 - 23 28 - 36 30 | 47 | 31 | 31 | 31 | 37 | - - | 25 [ 30 |1
12 18 12 18 - 23 28 23 36 39 | a7 | ;1 | s [ a1 | 37 | - - 25 | 30 |2
- 15 10 15 - 20 23 20 30 2 | 39 | 26 | 26 | 26 | 31 | - - |22 [ 25 |3
- 17 1 17 - 21 26 21 33 36 | 43 | 29 | 29 | 29 | 34 | - - | 23| 27 |4
- - - - - - - 18 27 20 | 35 | 23 | 23 | 23 | 28 | - - - - |5
- 18 12 18 - 23 28 23 36 39 | a7 | a1 | s [ a1 | 37 | - - 25| 3 |6
- - - - - 16 19 16 24 26 | 31 | 21 | 21 | 21 | 25 | - - 7 [ 20 [ 7 S
- - - - - - - 12 18 19 [ 23 | 16 | 16 | 16 | 19 | - - - - |8
- R - R - - - R R R R - R - - - R R R 9
- - - - - 16 19 16 24 26 | 31 | 21 | 21 [ 21 | 25 | - - 1w | 20 |10
- - - - - - - - - 16 | 19 | 13 | 13 | 13 | 16 | - - - - |12
: : : : : : : : : 10 [ 12 ] 8 8 8 9 - - - - |8
: 9 : 9 : 12 14 12 18 19 [ 23 | 16 | 16 | 16 | 19 | - - [ 12 [ 15 141
: 6 : 6 : 8 9 8 12 13 | 16 | 10 | 10 | 10| 12| - . 8 | 10 [142| M
- : - : - - - : : 10 [ 12 ] 8 8 8 9 : . - - 143
- - - - - - - - - 39 | 47 | a1 | s [ a1 | 37 | - - - - |15
- - - - - - - - - %2 | 39 | 26 | 26 | 26 | 31 | - - - - |16
: - : - : : : - - 39 | 47 | a1 | s [ a1 | 37 | - - - - |w
- - - - - - - - - %2 | 39 | 26 | 26 | 26 | 31 | - - - - 18
: - : - : : : - - 49 | 58 | 30 | 39 | 39 | a7 | - - - - |19
- - - - - - - - - 39 | 47 | 31 | 3 | a1 | 37 | - - - - |20
12 18 12 18 18 23 28 - 36 30 | 47 | 31 | a1 | a1 | 37 | 31 | 31 | 25 | 30 |21
15 23 15 23 23 29 35 - 45 49 | 58 | 390 | 30 | 39 | 47 | 39 | 39 | 31 | 37 |22
15 23 15 23 23 29 35 - 45 49 | 58 | 30 | 30 | 39 | 47 | 39 | 39 | 31 | 37 |23
15 23 15 23 23 29 35 - 45 49 | 58 | 39 | 30 | 39 | 47 | 39 | 39 | 31 | 37 |24
- - - - - - - - - 2 | 3 | 26 | 26 | 26 | 31 | - - - - |25
8 12 8 12 12 16 19 : : 26 | 31 | 21 | 21 | 21 | 25 | 21 | &1 | - 26 [
- - - - - - - - - 58 | 70 | 47 | 41 | 471 [ 56 | 41 | a1 | - - |z
14 21 14 21 21 27 33 27 22 45 | 54 | 36 | 36 | 36 | 44 | 36 | 36 | 29 | 35 |28
- - - - - - - - - - - - - - - - - - - |29
- - - - - - - - - - - - - - - - - - - |30
- - - - - - - - - 10 [ 12 ] 8 8 - - - - - - [ED
- - - - - - - - - 8 | 10 | 6 6 - - - - - - |33
- - - - - - - - - - - - - - - - - - - |34
- - - - - - - - - - - - - - - - - - - | 36 S
- - - - - - - - - - - - - 13| 16 | - - - - |s7a
- - - - - - - - - - - - EE R - - - |s72
- - - - - - - - - - - - - 8 9 - - - - [374
; - ; - ; ; ; - - - - ; - ; ; ; - - - 381
- - - - - - - - - - - - - - - - - - - [382
; - ; - ; ; ; - - - - ; - ; ; ; - - - 391
- - - - - - - - - - - - - - - - - - - 392 M
; - ; - ; ; ; - - - - ; - ; ; ; - - - |40
- - - - - - - - - - - - - - - - - - - a1

METRICTAPS [fim sizel 7]
= nominal tap size (mm) _ Ve x 1000
= thread pitch (mm) =gk
= spindle speed (RPM) nx@x

= cutting speed (m/min) Ve="""1000

=feed rate (mm/min)
= feed rate per rev (mm/rev) = nxP




Application Quide Speeds & Feeds - Garbide Endmills

436

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers AI\W
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials ( 45 HRQ H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
referencelisting. Refer to main index of this section. Catalogue Code |B500/ E304|E603/ E307| 504 | B506 513 515 517 E519
Material
Surface Finish | Brt TIAIN Brt TIAIN Brt TIAIN Brt TIAIN
Sutton Designation N N N W W
Type of Qut: Sotting o o o o o o o o
Finishing
Universal . ° ° °
Roughing . . . .
Profiling
tapx (%) 0.75 0.75 0.75 0.75 05/15/15 05/15/15 0.25/0.75/0.75, 0.25/0.75/0.75
<»aexgd 1.0 1.0 1.0 1.0 1.0/0.2/0.2 1.0/0.2/0.2 1.0/0.2/0.2 1.0/0.2/0.2
10 YD Material Qndition  HB #
1 | Seel- Non-alloy, ~0.15% A 125 | 440 100| 7 |144| 8 |125/ 7 [180| 8 |125| 7 | 7 |13 (180 8 | 8 | 14 |140| 9 |14 18(200| 11 | 16 | 20
2 | cast&freecutting ~0459% A 190 | 640 100| 7 [144| 8 |125/ 7 [180| 8 |125| 7 | 7 |13 (180 8 | 8 | 14 |140| 9 |14 18(200| 11 | 16 | 20
3 QT | 250 | 840 |56| 7 |80| 8 (70| 7 100 8 70| 7 | 7 |13[100 8 | 8 |14 |85| 9 | 14|18 120 11|16 |20
4 ~075% A 270 | 910 |56| 7 [80| 8 |70| 7 |100| 8 [70| 7 | 7 | 13100 8 | 8 |14 |85| 9 | 1418|120 11|16 | 20
5 Qr | 300 | 1010 | - | - 80| 8 |70| 7 |100, 8 |70| 7 | 7 |13|100| 8 | 8 | 14|85 | 9 | 14| 18120| 11|16 | 20
6 | Seel- Low alloy & cast A 180 | 610 |100| 7 [144| 8 |125/ 7 [180| 8 |125/ 7 | 7 |13 (180 8 | 8 | 14 |140| 9 |14 18 (200| 11 | 16 | 20
[l 7 | <5%ofalloying elements Qr | 275 | 930 |56 7 |80| 8 |70| 7 100 8 70| 7 | 7 |13|100| 8 | 8 |14|85| 9 | 14| 18120 11|16 | 20
8 Qr | 300 | 1010 | - | - |80| 8 (70| 7 |100 8 [70| 7 | 7 |13[100 8 | 8 |14 |85| 9 | 14|18 120 11|16 |20
9 Qr | 350 | 1180 | - | - |64|8|-|-|80|8|-|-|-|-|80|8|8|4|-|-|-|-|[-|-]|"-]-
10 | Seel - Highalloy, cast & tool A 200 | 680 |56 7 |80| 8 |70| 7 100/ 8 |70| 7 | 7 [13|100 8 |8 |14| - | - | -| - |- | -| - | -
11 HT | 325 | 1100 | - | - |64/ 8 |- |-|80|8|-|-|-|-|80|8|8 14| -|-|-|-|-|-]-]-
12 | Seel - Gorrosion Feritic/ Martensitic| A 200 | 680 |- |-|-|-|-|-|9|8|65|7|7|13|90|8 |8 |14|-|-|-|-|-|-/|-]|-
13 | resistant & cast Martensitic Qr | 240 | 810 | - | -|-|-|-|-|[s0|8|55|7|7|13|80|8 8 24| -|-|-[-[-]-]-]-
14.1 | Sainless Seel Austenitic AH | 180 | 610 |52| 7 |72| 8|65/ 7 |90| 8|65/ 7|7 |13|90|8 |8 14| -|-|-|-|-]-|-]-
14.2 Duplex 250 | 840 |52|7 |- |-|65|7]- 65| 7|7 (13|90 8|8 |14|-|-|-|-|-]-|-]|-
14.3 Predipitation Hardening 250 | 840 | - | - |- |- |55]|7]|- 55| 7|7 |13|80|8 |8 14| - | -|-|-|-]-]|-]-
15 | Gastlron- Gey (@9 | Ferritic/ Pearlitic 180 | 610 | 80| 7 [112| 8 |100| 7 [140| 8 [100| 7 | 7 |13|140| 8 | 8 |14| - | - | - | - |- | -| - | -
16 Pearlitic 260 | 880 |80 7 [112| 8 |100| 7 |140| 8 |100| 7 | 7 |13(140/ 8 | 8 |14| - | - | - | - |- | -| - | -
17 | Gast Iron - Nodular Ferritic 160 | 570 |80| 7 |112| 8 |100| 7 [140| 8 [100| 7 | 7 |13|140/ 8 | 8 |14| - | - | - | - |- | -| - | -
i 18 | @0 Pearlitic 250 | 840 80| 7 [112| 8 [100| 7 |140| 8 [100| 7 | 7 |13 |140| 8 | 8 | 14| - IRE -] -
19 | Cast Iron- Malleable | Ferritic 130 | 460 |56| 7 |80 8 |70| 7 [100 8 70| 7 | 7 |13|100| 8 | 8 |14 | - | - | - | - |- | -| - | -
20 Pearlitic 230 | 780 |56 7 [80| 8 |70| 7 |100| 8 |70| 7 | 7 |13|100/ 8 | 8 |14| - | - | - | - |- | -| - | -
21 | Auminum & Magnesium| Non Heat Treatable 60 | 220 | - | - |- |- |- 1--1-1-1-1-1-1-1-1-]-|20] 8 |14|18|260 8 | 14|18
22 | - Wwrought alloy Heat Treatable M | 200 [ 860 |- |- |- -[-[-[-]-[-[-1-1-[-1-1]-1-]|e20]8]|14]|18|260 8 |14]18
23 | Auminum & Magnesium| Non Heat Treatable 75 270 | - | - |- |- - - -1-1-1-1-]-|220| 8|14|18|260 8 |14 |18
24 | -castalloy 12%3 Heat Treatable AH 9 | 320 | - |- [-[-[-T-1-T-01-T7-1-1-1-1-1-1-]220]8]14]18]260 8 |14]18
25 | Al&Mg- cast alloy>12%S| Non Heat Treatable 130 | 460 | - | - |- |- |- --1-1-1-1-1-1-1-1|-]-|220] 8 |14|18(260 8 | 14|18
) 26 | Gopper & Qi alloys Free cutting, Pb > 1 210 | 390 | - | - |- |- |-1-l-1-1-1-1-1-1-1-1|-]-|1.60] 8 |14]|18[190 8 |14]|18
27 | (Brass/Bronze) Brass (Quzn, QUShzn), 90 | 320 |- |- [-[-[-[-[-1-1-1-[-1-1-1-1-]-/s60] 8[24]18]190] 8 |14]18
28 Bronze (QuS) HGUNNNSEON - | - | - | - | - | - | - - - |160| 8 | 14|18 |190| 8 | 14|18
29 | Non-metallic- Thermosetting & fiber-reinforced plastics R e A E N L L e I e R B R B
30 | Non-metallic- Hard rubber, wood etc. R N N N N N N N e
31 | Hightemp. alloys Febased A 200 | 680 | - |-|-|-|35|7|50|/8|3|7|7|13|50|8 |8 |14]|-|-|-|-|-]-|-]-
32 AH | 280 | 950 | - |- |- |- 35| 7|50/ 8|35/ 7|7 |13|50/ 8 |8 24| -|-|-|-|-]-|-]-+
33 Ni/ G based A 250 | 840 | - |- |- |-|35|7|50|/8|3|7|7|13|50|8 |8 |14|-|-|-|-|-|-]|-]|-
34 AH | 350 | 1180 | - | - |- |- |35| 7 |50|8|35| 7|7 |13|50| 8|8 |14| - | -|-| -|-|-|-]|-
35 [@ 320 | 1080 | - |- |-|-|3]| 7|50/ 8|3|7|7|13|50/ 8|8 |14|-|-|-|-|-|]-/|-]|-
Sl 36 | Titanium & Tialloys | QP Titanium 400 MPa -|-|-|-|50|7|70|8|50|7|7|13|70| 8|8 |24|-|-|-|-|[-|-]-]-
37.1 Alpha alloys 860 MPa -|-|-|-|50|7|70|8|50|7|7|13|70| 8|8 |24|-|-|-|-|-|-]-]-
372 Alpha/ Beta A 960 MPa -|-|-]-|s50]7]|70|8 50| 7|7 |13|70|8 |8 24| -|-|-|-|-]|-|-]-
373 alloys AH  [1170 mPd | -|-]-1|s0]7|70] 8|50 7] 713|708 |8 aal-|-[-]-[-]-]-1-
374 Betaalloys A |830MPa -|-|-|-|50|7|70|8|50|7|7|13|70| 8|8 24| -|-|-|-|-|-]|-]-
375 AH 1400 MPa ==l || 7|m|8]l=]=]=l|m|8]|&|m]=]=]=]==]=]=]:<
381 | Hardened steel HT | 45HRC - f-]-|-]-|s0|8|-|-|-|-|s80|8|8|14|-|-|-|-|-]-|-]-+
138.2| HT | 55HRC B e
391 HT | 58 HRC N R R R N N N N N S N e
H 1395 HT | 62HrRe JR U U
| 40 | Gastlron Chilled c 400 | 1350 | - | - | - | - |-l - o e e e e e e e e e - -]
41 HT | 55HRC B e e
Qondition: A (Annealed), AH (Age Hardened), C(Cast), ced Table 00
HT (Hardened & Tempered), QT (Quenched & Tempered) ced #
Bold = Optimal | Regular = Effective M 1 | 2 | 3| 456789 [10][41][12]13[14 [ 15[ 16| 47| 18| 19 | 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006|0.007|0.008|0.010/0.011/0.013|0.014/0.016/0.018|0.020| 0.022|0.024|0.026 | 0.030
3 10.002[0.003]0.004]0.005]0.006| 0.008]0.009]0.010[0.012[0.014]0.0160.018]0.020| 0.023[ 0.025| 0.028] 0.032[0.034] 0.038 ] 0.042
4 10.004|0.005|0.006|0.007|0.009/0.010/0.012|0.014|0.016|0.018|0.021|0.023|0.026|0.030|0.032|0.036 | 0.040|0.044 | 0.045| 0.050
5 10.005/0.006]0.008]0.009]0.011]0.013]0.015/0.017]0.020[0.023]0.0250.030]0.032| 0.036| 0.040| 0.044] 0.050| 0.055| 0.060 | 0.065
Notes on Milling 6 10.006/0.008]0.009]0.011]0.013]0.016]0.018]0.021]0.0240.028]0.030|0.034/0.038|0.042[ 0.045| 0.050| 0.055|0.060( 0.070| 0.075
1. Above values are qidelines for thesie L
and type of cut nominated. 12 [0.016[0.019]0.022]0.026/0.030]0.034|0.038] 0.044|0.050 | 0.055[0.060| 0.065|0.075/0.080(0.090[0.100] 0.11 | 0.12 [ 0.13 [ 0.14
2. For long series tools, reduce speed by 200022 00750032 0038|0044 0.080] 0060|0065 007510085 0098 01 | 012 | 043 | 015 | 016 018 | 018 | 021 023
40%and feed by 20% 25 10.025|0.032|0.038]0.045]0.055|0.060/0.070/0.080/0.090| 0.10 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29




B521 B523 E601/ E333 | 504/ E336 | E529 B531 B547 E450 B602/ E311 | B605/ E314 | E551 B553

Brt TIAIN Brt TIAIN Brt TIAIN TIAIN TIAIN Brt TIAIN Brt TIAIN

w w N N N WN N N

L] L] L]

L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L]
L] L] L] L]

10/15/15 1.0(15/15 1.75|1.75 1.75|1.75 1.75|1.75 1.75|1.75 15 075/1.0/1.0 0.025 0.025 0.025 0.025

1.0/0.2|0.2 1.0/0.2/0.2 0.2/0.2 0.2/10.2 0.2|0.2 0.2|0.2 0.5 1.0/04/04 0.05 0.05 0.05 0.05
140| 9 | 14|18 |200| 11 | 16 | 20 [100| 7 |10 [144] 8 | 11 [125] 7 | 10|180| 8 | 11 [180| 12 [180] 3 | 5 | 9 [s0-140| 19 [110-200 20 [100-175 19 [140-250] 20 | 1
140] 9 | 14|18 |200] 11 [ 16 | 20 [100] 7 |10 [144] 8 | 11 |125] 7 [ 10[180] 8 | 11 |180] 12 [180] 3 | 5 | 9 [s0-140] 19 [110-200 20 [100-175 19 [140-250] 20 | 2
85| 9 |14 |18(120/ 11|16 |20 |56| 7 [10] 80 8 | 11| 70| 7 [ 10100| 8 |11 [100| 12 |100| 3 | 5 | 9 [45-100] 19 |60-145| 20 |55-125| 19 |75-180 20 | 3
85| 9 |14 |18(120/ 11|16 |20|56| 7 10|80 8 | 11| 70| 7 |10 100] 8 |11 [100| 12 (100 3 | 5 | 9 [45-100| 19 |[60-145| 20 |[55-125| 19 |75-180| 20 | 4
85| 9 |14 |18(120/11|16|20| - | - | - |80 8 | 11| 70| 7 [ 10100| & |11 |100 120|100 3 | 5 | 9 | - - |60-145| 20 |s5-125) 19 |75-180] 20 | 5
140| 9 | 14|18 |200] 11 | 16 | 20 [100| 7 |10 [144] 8 | 11 |125] 7 [ 10180 8 | 11 |180| 12 [180] 3 | 5 | 9 [s0-140] 19 [110-200 20 [100-175 19 [140-250] 20 | 6
85| 9 |14 |18 [120/ 11 |16 | 20|56 | 7 [10]80] 8 |11 | 70| 7 [10[100] 8 | 11 [100] 12 [100] 3 | 5 | 9 [45-100] 19 |60-145] 20 |s5-125] 19 [75-180] 20 | 7 |
85| 9 |14 |18(120/11 |16 |20| - | - | - |80 8 |11 | 70| 7 | 10 |100| 8 |11 |100| 210|100 3 | 5 | 9 - |60-145| 20 |s5-125| 19 |75-180] 20 | 8
Sl - - - e8] - -leol 8 aa|-[-[-]-]-]-]- - |4595| 20 |40-85| 19 [60-120] 20 | 9
-1 -1-|-]-]-1-|56|7]|10|[80] 8|11|70]| 7 |10|100] 8 | 11100 10|100] 3 | 5 | 9 |45-100| 19 |60-145| 20 |55-125| 19 |75-180| 20 | 10
- - - - eals]aa]|-]-]-]so]s|aa|-]-[-]-]-1-1]- - |4595| 20 |40-85| 19 |60-120] 20 | 11
el el el =l=l=1I=1= -|es| 7 ]10foo] 8 aa| -] -[-[-[-]-1]- - : - |s075] 19 [70-110] 20 | 12
-1 -5l 7 20]s0] 8] -|-[-]-]-1-1[]- - - - |4070| 19 [60-100] 20 | 13
-l - --]-1-|52] 7]10|[72[8|11|65] 7 [10{90] 8 21| -|-|-[-|-]-|4060| 19 |559 | 20 |50-75| 19 [70-110| 20 |141
-l -l - - -] -1 -|52] 7 10|72[8|11|65] 7 |10]90] 8 |11|-|-|-[-]-]-|4060] 19 |5590] 20 |50-75| 19 [70-110| 20 |142| M
-l - -T-T-1-1-1-1ss]7]a0fs0]s|aa|-]-[-]-1-1-1]- c c - [4070] 19 [60-100] 20 |143
-l - - -]-1-180] 710112 8] 11100 7 | 10140 8 | 11 [140] 10[140] 3 | 5 | 9 [70-100] 19 [95-145] 20 [85-125] 19 [120-180 20 | 15
-l -l - - -]-1-80| 7 |10]112] 8 |11 |100 7 | 10|140| 8 | 11 |140| 10{140| 3 | 5 | 9 |70-100| 19 |95-145) 20 |85-125| 19 |120-180 20 | 16
-l - - -[-]-1-80| 7 |10]112[ 8 | 11100 7 |10|140| 8 | 11 |140| 10{140] 3 | 5 | 9 |70-100| 19 |95-145) 20 |85-125| 19 |120-180 20 | 17
=T =1=1:= -1 - 80| 7 |10|112 8 |11 |100 7 |10|140 8 | 11 |140 10|140 3 | 5 | 9 |70-000 10 |95-145 20 85125 19 |12080 20 | 18 [N
- - |- -]-]-|s6|7|10[80] 8[11|70]| 7 | 10100 8 | 11 |100] 10[100] 3 | 5 | 9 |5580| 19 [80-110] 20 [70-100] 19 |100-140] 20 | 19
-l --]-1-1s6|7]10[s80]8]11]70] 7 [10]100] 8 | 11100 10{100] 3 | 5 | 9 |5580| 19 [80-110] 20 [70-100] 19 [100-140] 20 | 20
220| 8 |14 18260/ 8 |14|28| - [ - [-|-|-|-[-[-[-|-1-]-1|so0fae|-|-]-]-]- - - - - - 150450, 20 | 21
220| 8 |14 18260/ 8 |14|28| - [ - [ - |- |-|-[-[-]-|-1-1]-1|so0fae|-|-]-]-]- - - - - - 150450 20 | 22
220| 8 |14 18260/ 8 |14|28| - [ - [ - |- |-|-[-[-]-|-1-]-/|s00fae|-|-]-]-]- - - - - - 150450 20 | 23
220| 8 |14 18260 8 |24 28| - [ - [-|-|-|-[-]-]-|-1-1]-1so0fas|-|-]-1]-] - = = - - - 150450 20 | 24
220| 8 |14 18260/ 8 |14 28| - [ - [-[-|-|-[-[-]-1-1-1-1so0ofae|-]-]-1]-]- - - - - - 150450 20 | 25
160 8 |14 |18190[ 8 24 18| - | - [ - [ -[-[-[-[-[-"|-[-0-|-[-{-"0]-/-1-1]- - - - - ~ Jioas0 20 | 26 [N
160 8 |14|18190[ 8 2428 - | - [ - [ -[-[-[-[-[-"[-[-0-|-/|-{-"[-/-1-1]- - - - - - 120350 20 | 27
160 8 |14 |18190[ 8 |14 28| - | - [ - [ -[-[-[-[-[-[-[-/-|-[-{-"0[-/-1-1]- - - - - - 120350 20 | 28
s el e e e e e e e e e e e e e e e e e = e el e === == =1
-l -1 -] -5 710|508 21| -]-[50[3][5]9] - s s - - s s - |32
-l -l -] -5 710|508 21| -]-[50[3]5]|9] - s s - - s s - | 32
- - - - -T-1-]-1-1-1s5]7]10]50]8]aa|-]-[50]3[5]0] - - - - - - - - | 33
sl el el el el dlelelell=T= == =T=1=Iz=l=]ea][s]e] - - - - - - - - | 3
STl -T-1-1-T-1-1ss]7]10]50]8]aa|-]-[s0[3][5]0] - - - - - - - - | 35
-l -0 7 10708 21| -]-[70]3]5]9] - s s - - s s - | 36 S
-l -0 7 10708 21| -]-[70][3]5]9] - s s - - s s - |371
- - - -T-T-1-1-1-1s0]710]|70]8]aa|-]-[70]3][5]0] - - - - - - - - |372
sl el el el el == =T=1=]z=lm[ea][s]e] - - - - - - - - |373
ST -l == -T-1-1s0]7]10][70]8 22| -]-[70]3][5]0] - - - - - - - - | 374
-l -Jrols]aa]-]-[70]3]5]9]| - - - - - - - - |375
R R T EEEeeeeeeese,e, - - - - - |80-120] 20 |381
B e - - - - - - - |382
- - - -] -]70] 7 10{100 8 11| - |- |100/3 5|9 - - - - - - |70-100] 20 | 40
BT EeEEeEEEEEeEeEeEeeeaEeeseesss- - - - - - - - s

METRICENDMILLS (mm size)
= nominal tool diameter (mm) Ve x 1000
= Spindel speed (RPM) = Dx
= Qutting speed (m/min) nx@x
= Feed rate per tooth (mm/tooth) V¢ = 1000 =
= Feed rate (mm/min)
= No. cutting edges f,=
= Metal removal rate (cm*/min)
= Qutting depth (mm) Q= Ap X e X Vi
= Qutting width (mm) 1000

Vi
zxn

Vi =




Application Quide Speeds & Feeds - Garbide Endmills

438

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @G| £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \W
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
reference listing. Refer to main index of this section. Catalogue Code 555 507/ E319 557 E418 E420
Material
Surface Finish AQN TIAIN AQN AQN AQN
Sutton Designation N N N UNI UNI
Type of Qut: Sotting . °
Finishing
Universal . °
Roughing o .
Profiling . . °
apx @ 0.025 0.025 0.025 025] 10 | 1.0 025] 10 | 10
<> aexg 0.05 0.05 0.05 10 | 0.2 | 04 10 | 02 | 04
150 Y27 Material Qndition  HB
1 | Seel- Non-alloy, ~015% A 125 | 440 [140-250] 20 |[140-250| 16 |[140-250, 16 | 210 | 7 9 13 | 210 | 7 1 | 15
2 | cast &freecutting ~045% A 190 | 640 [140-250 20 |140-250| 16 |[140-250| 16 | 210 | 7 9 13 | 210 | 7 11 15
3 Qr | 250 | 840 |75-180| 20 |[75-180| 16 |75-180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
4 ~075% A 270 | 910 |75180| 20 |[75-180| 16 |75180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
5 Qr | 300 | 1010 |75-180| 20 |[75-180| 16 |75180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
6 | Steel- Low alloy & cast A 180 | 610 [140-250] 20 |[140-250| 16 |[140-250, 16 | 210 | 7 9 13 | 210 | 7 1 | 15
[l 7 | <5%of alloying elements Qr | 275 | 930 |75180| 20 |[75-180| 16 |75-180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
8 Qr | 300 | 1010 |75-180| 20 |[75-180| 16 |75-180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
9 Qr | 350 | 1180 |60-120| 20 [60-120| 16 |60-120| 16 | 120 | 7 9 13 | 120 | 7 1 | 15
10 | Seel - High alloy, cast & tool A 200 | 680 |75180| 20 |[75-180| 16 |75180| 16 | 175 | 7 9 13 | 175 | 7 1 | 15
11 HT | 325 | 1100 [60-120| 20 |60-120| 16 |[60-120| 16 | 120 | 7 9 13 | 120 | 7 1 | 15
12 | Seel - Qorrosion Ferritic/ Martensitic| A 200 | 680 |70-110| 20 - - |70-120| 16 - - - - - - -
13 | resistant & cast Martensitic Qr | 240 | 810 |60-100| 20 = - |60-100| 16 - - - - - - -
14.1 | Sainless Seel Austenitic AH | 180 | 610 |70-110| 20 |[70-110| 16 |70-110| 16 o = - - -
142 Duplex 250 | 840 |70-110| 20 |70-110| 16 |[70-110| 16 o = o o o
143 Predipitation Hardening 250 | 840 |[60-100| 20 = - |e60-100] 16 o o = o o o o
15 | Cast Iron- Gey [BHT] | Ferritic/ Pearlitic 180 | 610 [120-180 20 |120-180| 16 |[120-180] 16 | 150 | 7 9 13 | 150 | 7 1 | 15
16 Pearlitic 260 | 880 [120-180, 20 [120-180| 16 |120-180| 16 | 150 | 7 9 13 | 150 | 7 1 | 15
17 | Cast Iron - Nodular Ferritic 160 | 570 [120-180] 20 |120-180| 16 [120-180, 16 | 150 | 7 9 13 | 150 | 7 1 | 15
K 18 | [EBdy] Pearlitic 250 | 840 [120-180, 20 |[120-180| 16 |120-180| 16 | 150 | 7 9 13 | 150 | 7 1 | 15
19 | Cast Iron - Malleable | Ferritic 130 | 460 [100-140 20 |100-140| 16 |[100-140, 16 | 110 | 7 9 13 | 110 | 7 1 | 15
20 Pearlitic 230 | 780 [100-140, 20 |[100-140| 16 [100-140| 16 | 110 | 7 9 13 | 110 | 7 1 | 15
21 | Auminum & Magnesium | Non Heat Treatable 60 | 210 |150-450 20 |[150-450| 16 |[150-450 16 - - - - - - -
22 | - wrought alloy Heat Treatable AH | 100 | 360 |150-450, 20 |[150-450] 16 |150-450] 16 = = - = = = =
23 | Auminum & Magnesium | Non Heat Treatable 75 | 270 |150-450 20 |[150-450| 16 [150-450 16 - - - - - - -
24 | -cestalloy 12%8 Heat Treatable AH 90 | 320 [150-450, 20 [150-450| 16 |150-450| 16 = = = = = = =
25 | A&Mg- cast alloy>12%5| Non Heat Treatable 130 | 460 |[150-450] 20 |[150-450| 16 |[150-450 16 - - - - - - -
N 26 %p;/&cuau Free cutting, Pb> 1 110 | 390 [120-350] 20 |[120-350| 16 [120-350 16 - - - - - - -
27 Bronzel%] Brass zn, aisizll] 90 | 320 |120-350 20 [120-350| 16 [120-350 16 - - - - - - -
28 Bronze (@ | 100 | 360 [120-350] 20 |[120-350| 16 [120-350, 16 - - - - - - -
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - - - - - - - -
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - -
31 | Hightemp. alloys Febased A 200 | 680 [40-90| 20 - - |40-90| 16 | 50 7 9 13 | 50 7 1 | 15
32 AH | 280 | 950 - - - - - - 50 7 9 13 | 50 7 1 | 15
33 Ni/ Qo based A 250 | 840 [40-90| 20 - - |40-90| 16 | 50 7 9 13 | 50 7 1 | 15
34 AH | 350 | 1180 | - - - - - - 50 7 9 13 | 50 7 1 | 15
35 c 320 | 1080 | - - - - - - 50 7 9 13 | 50 7 1 | 15
S| 36 | Titanium & Tialloys | QP Titanium 400 MPa 60-200 20 - - |e0-200 16 | 70 7 9 13 | 70 7 1 | 15
371 Alpha alloys 860 MPa 60-200 20 - - |e0-200 16 | 70 7 9 13 | 70 7 1 | 15
37.2 Alpha/ Beta A 960 MPa 60-200 20 - - |60-200 16 | 70 7 9 13 | 70 7 1 | 15
373 alloys AH (1170 vPa 60-200 20 = - |60-200 16 | 70 7 9 13 | 70 7 1 | 15
374 Betaalloys A |830MPa 60-200 20 - - |60-200 16 | 70 7 9 13 | 70 7 1 | 15
375 AH 1400 MPa 60-200 20 - - |e0-200 16 | 70 7 9 13 | 70 7 1 | 15
381 | Hardened steel HT | 45HRC - - - - - - 120 | 7 9 13 | 120 | 7 1 | 15
138.2] HT | 55HRC - - - - - - 120 | 7 9 13 | 120 | 7 1 | 15
391 HT | 58HRC - - - - - - 00 | 7 9 13 | 100 | 7 1 | 15
H 1395 HT | 62HRe - - - - - - - - - - - - -
| 40 | Gastlron illed ¢ 400 | 1350 |70-100 20 - - |70-100 16 | 120 | 7 9 13 | 120 | 7 1 | 15
41 HT | 55HRC - - - - - - 00 | 7 9 13 | 100 | 7 1 | 15
Qondition: AlZhnealedlZAH [Bde Hardened[ZClEAst[]
HT [Elrdened & Tempered 26T [@lienched & Tempered ]
Bold = Optimal | Regular = Effective BT 2 3| 45 6|7 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006 0.014/0.016/0.018|0.020| 0.022{0.024 | 0.026 | 0.030
3 [0.002[0.003]0.004]0.005/0.006|0.008|0.009 0.020[0.023]0025]0028]0.032[0.034]0.038]0.042
4 10.004|0.005|0.006|0.007|0.009|0.010/0.012 0.026/0.030/0.032|0.036| 0.040{0.044|0.045|0.050
5 [0.005[0.006]0.008]0.009]0.011[0.013]0.015 0.032[0.036]0.040[ 0.044]0.050| 0055 0.060 0.065
Notes on Milling 6 |0.006]0.008[0.009]0.011(0.013[0.016[0.018 0.038/0.042(0.045]0.050| 0.055| 0.060| 0.070| 0.075
1. Above values are guidelines for the size 15 0.01510015/0.0181 00210024/ 0078/ 0035 006010070/ 0075/0.06% 0090/0400] 011 012
and type of cut nominated. 12 [0.016[0.019]0.022[0.026/0.030|0.034]0.038 0.075/0.080(0.090(0.100] 011 | 0.12 [ 013 | 014
2. For long series tools, reduce speed by 301007210078 0032 0036100440050 0.060 02| 013 01s 016 018 019 | 021 028
40%and feed by 20% 25 ]0.025/0.032]0.038]0.045|0.055|0.060|0.070 0.15| 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29




E424 E535/ E572 E559/ E576 E426 E4A30 E545 E549/ BE578 E440 E442

AON AQN AQN AGN AQN AQN AQN AQN

UNI UNI UNI UNI UNI UNI UNI UNI

. . . . .

° .
. . . . . . .
. . . . .
. .

210| 9 | 11 | 16 (210| 8 | 11 |210| 8 | 11 (210| 7 | 11 | 16 |210| 7 | 11 | 15 |180| 5 5 9 [180| 9 5 |13 = = = = 1
20| 9 | 11 | 16 (210 8 | 11 |210| 8 | 11 (210| 7 | 11 | 16 (210| 7 | 11 | 15 |180| 5 5 9 [180] 9 5 |13 = = = o 2
175) 9 | 11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 |11 |16 (175] 7 | 11 |15 |100| 5 5 9 |100| 9 5 | 13|175| 18 |175| 18 | 3
175) 9 | 11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 |11 |16 (175] 7 | 11 |15 |100| 5 5 9 [100] 9 5 | 13|175| 18 |175| 18 | 4
175) 9 |11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 |11 |16 (175]| 7 | 11 |15 |100| 5 5 9 |100| 9 5 | 13|175| 18 |175| 18 | 5
210| 9 | 11 | 16 (210| 8 | 11 |210| 8 | 11 (210| 7 | 11 | 16 |210| 7 | 11 | 15 |180| 5 5 9 [180] 9 5 | 13 = = = = 6
175| 9 | 11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 | 11 | 16 [175]| 7 | 11 | 15 |100| 5 5 9 |100| 9 5 | 13 |175| 18 |175| 18 | 7
175) 9 | 11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 |11 | 16 (175]| 7 | 11 |15 |100| 5 5 9 |100| 9 5 | 13|175| 18 |175| 18 | 8
120) 9 | 11 | 16 (120 8 | 11 |120| 8 | 11 (120 7 |11 |16 (120 7 | 11 | 15|80 | 5 5 9 |8 | 9 5 | 13 |120] 18 |120] 18 | 9
175) 9 |11 | 16 (175 8 | 11 |175| 8 | 11 (175| 7 |11 | 16 (175]| 7 | 11 |15 |100| 5 5 9 [100] 9 5 | 183 |175| 18 |175]| 18 |10
120 9 | 11 | 16 (120 8 | 11 |120| 8 | 11 (120| 7 | 11 | 16 |120| 7 | 11 | 15| 80 | 5 5 9 |8 | 9 5 | 13 |120| 18 |120| 18 |11
- - - - 90 | 8 |11 |90 | 8 | 11 - - - - - - - - 90 | 5 5 9 [9% | 9 5 |13 = = = -
= ° = ° 80| 8 |11 |80 | 8 | 11 = ° ° ° ° = ° = 80 | 5 5 9 [80 ] 9 5 |13 = = S - |13
o o o o 8 | 11 o 8 | 11 S o o o S o S 90 | 5 5 9 [ 9% | 9 5 13 S S = - 141
o o o o 8 | 11 o 8 | 11 S o o o o S o S 90 | 5 5 9 [ 9% | 9 5 13 S S = - 142
- - - - - - - - - - - - - - - - - - 80 | 5 5 9 [ 80 ] 9 5 |13 - - - - 143
150 9 | 11 | 16 (150 | 8 | 11 |150| 8 | 11 (150 | 7 | 11 | 16 (150 | 7 | 11 | 15 |140| 5 5 9 |140| 9 5 | 13 |150| 18 | 150 | 18 |15
150 9 | 11 | 16 (150 8 | 11 |150| 8 | 11 (150 | 7 | 11 | 16 (150 | 7 | 11 | 15 |140| 5 5 9 [140] 9 5 | 18 |150| 18 | 150 | 18 | 16
150 9 | 11 | 16 (150 8 | 11 |150| 8 | 11 (150 7 | 11 | 16 (150 7 | 11 | 15 |140| 5 5 9 [140] 9 5 | 13 |150| 18 | 150 | 18 |17
150 9 | 11 | 16 (150 8 | 11 |150| 8 | 11 (150 | 7 | 11 | 16 (150 | 7 | 11 | 15 |140| 5 5 9 [140] 9 5 | 18 |150| 18 | 150 | 18 | 18
110 9 | 11 | 16 (110| 8 | 11 |110| 8 | 11 (110| 7 | 11 | 16 |110| 7 | 11 | 15 |100| 5 5 9 |100| 9 5 | 13 |110| 18 |110| 18 |19
110 9 | 11 | 16 (110 8 | 11 |110| 8 | 11 (110| 7 | 11 | 16 (110| 7 | 11 | 15 |100| 5 5 9 |100| 9 5 | 13 |110| 18 | 110 18 |20
= = = - |200| 8 | 11 |200| 8 | 11 = = = = = = = = = = = = = = = = = = = - |21
= = = - |200| 8 | 11 |200| 8 | 11 = = = = = = = = = = = = = = = = = = - |22
= = = - |200| 8 | 11 |200| 8 | 11 = = = = = = = = = = = = = = = = = = = - |23
- - - - |200| 8 | 11 |200| 8 | 11 - - - - - -
- - - - |200) 8 | 11 |200| 8 | 11 - - - - - -
= = = - 200 8 | 11 |200| 8 | 11 = = = = = =
50| 9 |11 |16 |50 | 8 |11 [50 | 8 |11 |50 | 7 |11 |16 |50 | 7
50 | 9 |11 |16 |50 | 8 |11 [ 50| 8 |11 |50 | 7 |11 |16 |50 | 7
50 | 9 |11 |16 (50 | 8 |11 |50 | 8 |11 |50 | 7 |11 |16 |50 | 7
50| 9 |11 |16 | - - - - - - 50 | 7 | 11 |16 |50 | 7
50 | 9 |11 |16 (50 | 8 |11 |50 | 8 |11 |50 | 7 |11 |16 |50 | 7
70| 9 |11 /16|70 | 8 |11 |70 | 8 |11 |70 | 7 |11 |16 |70 | 7
70| 9 |11 /16|70 | 8 |11 |70 | 8 |11 |70 | 7 |11 |16 |70 | 7
70| 9 |11 |/16| 70| 8 |11 (70| 8 |11 |70 | 7 |11 |16 |70 | 7
70| 9 |11 |/16|70| 8 |11 |70 | 8 |11 |70 | 7 |11 |16 |70 | 7
70| 9 |11 /16|70 | 8 |11 (70| 8 |11 |70 | 7 |11 |16 |70 | 7
70| 9 |11 16| - = = = ° = 70| 7 |11 |16 |70 | 7
120 9 | 11 | 16 (120 8 | 11 |120| 8 | 11 |120| 7 | 11 | 16 [120] 7
120 9 | 11 | 16 | - - - - - - |120| 7 | 11 | 16 |120| 7
100, 9 | 11 | 16 | - - - - - - |100| 7 | 11 | 16 |100| 7
120 9 | 11 | 16 (120 8 | 11 |120| 8 | 11 |120| 7 | 11 | 16 [120] 7
100 9 | 11 | 16 |100| 8 | 11 |100| 8 | 11 |100| 7 | 11 | 16 [100| 7

METRICENDMILLS [Fakm sizel ]

= nominal tool diameter (mm)

= Spindel speed (RPM)
= Qutting speed (m/min)
= Feed rate per tooth (mm/tooth)

= Feed rate (mm/min)
= No. cutting edges

Ve =

f,=

= Metal removal rate (cm*/min)

= Qutting depth (mm)
= Qutting width (mm)

Q:

Ve x 1000
D =
nx@dx
1000
\Y
zZxn

A X 3e X Vi
1000

Vi =




Application Quide Speeds & Feeds - Garbide Endmills

440

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \ w
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials ( 45 HRO H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
reference listing. Refer to main index of this section. Catalogue Code | E456 B457 E458 E444 10 £400
Material
Surface Finish TIAIN Brt Brt anN
Sutton Designation N A A A
Type of Qut: Sotting ° ° .
Finishing o o o
Universal . ° °
Roughing . . o
Profiling
apx @ - - - 101515 10/15]15 15/20]20
<«»aexyd - - - 1.0/0.2]0.2 1002|022 1.0/04 | 0.6
10 Y27 Material Qndition  HB
1 | Steel - Non-alloy, ~0.15% A 125 | 440 |180 |16 (180 |15 |180 |16 | - | - | - | - | - | - | - | - | - - | -] -
2 | cast&freecutting ~045% A | 100 | 640 [180 |16 [180 [15 fso Ja6 | - | - | - | - | - [ - -] -|-1]-1-7]-+-
3 Qr | 250 | 840 100|116 [100 |15 [100 (16 | - | - | - | - | - | - | - | -|-| -] -] -
4 ~0.75% A | 270 | 910 |100| 16 100 |15 j100 16 | - | - | - | - | - | - | - | - | -] -] -] -
5 Qr | 300 | 2020 |100| 16 |100 |15 f100 (16 | - | - | - | - | - | - | - - | -| -] -] -
6 | Seel- Low alloy & cast A 180 | 610 |180 |16 [180 |15 f180 |16 | - | - | - | - | - | - | - - | - - | -] -
B 7 | <5%of alloying elements Qr | 275 | 930 [10016 [100 (25 f1oo J16 | - | - [ - | - | -] -[-[-1-1]1-1-7]-+-
8 Qr | 300 | 2020 |100| 16 |100 |15 f100 (16 | - | - | - | - | - | - | - -|-| -] -] -
9 Qr | 350 1180 (80 |16 |80 | 15|80 |16 | - | - | - | - | - | - | - -|-| -] -] -
10 | Seel - High alloy, cast & tool A | 200 | 680 |100| 16 100 |15 100 (16 | - | - | - | - | - | - | - | - | -] -] -] -
11 HT | 325 | 1100 (80 |16 |80 |15 |80 |6 | - | - | - | - | - | - [ -] - -] -] -1]-
12 | Seel - Qorrosion Feriitic/ Martensitic/ A | 200 | 680 [ 90 |16 |90 |15 |90 |16 | - | - | - | - | - | - | -] - | - | -] - | -
13 | resistant & cast Martensitic Qr | 240 | 810 |80 |16 |80 |15 |80 16| - | - - | -|-[-[-]-|-1]1-1-]-+-
14.1 | Stainless Steel Austenitic A | 180 | 610 |90 |16 |90 |15 |90 [16 | - | - | - | - | - | - - | - - -] -
14.2 Duplex 250 | 840 [90 |16 |90 |15 |90 |16 | - | - | - | - | - | - | - | - |- | -} -] -
14.3 Precipitation Hardening 250 | 840 |80 |16 |80 |15 |80 16 | - | - | - [ - | - | -] - - |- - -] -
15 | Qastlron- Gey (@9 | Ferritic/ Pearlitic 180 | 610 |140 |16 [140 |15 f140 |16 | - | - | - | - | - | - | - | - |- - -] -
16 Pearlitic 260 | 880 [140 |16 [140 (15 40 |16 | - | - | - | - | - | - | -] - -] -] -] -
17 | ast Iron - Nodular Ferritic 160 | 570 [140 |16 (140 |15 f140 |16 | - | - | - | - | - | - | - | - |- | -| -] -
i 18 | @ Pearlitic 250 | 840 |140 | 16 [140 |15 [140 |16 - sl el ol ==l =]=]-
19 | Gastlron- Malleable | Ferritic 130 | 460 [100 |16 [100 |15 f00 (16 | - | - | - [ - | - | -] - | - |- - -] -
20 Pearlitic 230 | 780 [100 |16 [100 [15 fwoo |16 | - | - | - | - | - | - -] - -] -] -] -
21 | Auminum & Magnesium | Non Heat Treatable 60 | 210 | - | - | - | - | - | - |220| 3 |11 |16 [220 |8 |14 |18 200 |8 13 17
22 | - wroughtalloy Heat Treatable A | 100 | 860 | - | - | - | - | -] - |20 3 [11 |16 [220 |8 [14 [18 200 [8 13 17
23 | Aluminum & Magnesium | Non Heat Treatable 75 | 270 | - | - | - | - | - |- |220|3 |11 |16 |[220 |8 |14 |18 200 |8 13 17
24 | -cestalloy 12%8 Heat Treatable AH 90 | 320 | - | - |- |- |- |- ]20|3 |11 16 [220 |8 [14 |18 200 |8 13 17
25 | Al&Myg- cast alloy >12%S| Non Heat Treatable 130 | 460 | - | - | - | - | - | - |220] 3 | 11|16 |220| 8 |14 |18 |200 |8 |13 |17
N BB Qpper & Qualloys Free cutting, Pb> 1 10 | 390 | - | - | - | - | -] - |160| 3 | 11|16 [160| 8 |14 |18 [500 |8 |13 |17
27 | (Brass/Bronze) Brass (Quzn, QUShZn) 0 |30 |- |- |-|-|-1]-]1.0| 3 |11)|16|160| 8 |14 [18 [500 |8 [13 [17
28 Bronze (QUSh) 00 | 360 | - | - | - | - | -] - |160] 3 | 11|16 |160| 8 |14 |18 [500 |8 |13 |17
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - - - - - - - - - - - - - - -
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - - - - - - -
31 | Hightemp. alloys Fe based A 200 | 680 |50 |16 |50 |15 |50 a6 | - | - | - | - | - | - - - |- - -] -
32 AH | 280 | 950 |50 |16 |50 |15 |50 [16 | - | - | - | - | - | - | - | - | - | - | -] -
33 Ni/ @ based A 250 | 840 |50 |16 |50 |15 |50 a6 | - | - | - | - | - | - - - |- - -] -
34 AH | 350 | 1180 |50 | 16 |50 |15 |50 |16 | - | - | - | - | - | - | - - | - | - | -] -
35 C | 320 | 1080 |50 |16 [50 |15 |50 16 | - | - | - | - - | -] - | - |- -] -] -
S| 36 | Ttanium&Tialloys | CPTitanium 400 MPa 70|16 |70 15 |70 {26 | - | - | - - |- | -|-|-|-1]-1-1]-
37.1 Alphaalloys 860 MPa 70|16 |70 |15 |70 |16 | - | - | - | - | - | - | - | - |- - -] -
372 Alpha/ Beta A |960vPa 70|16 |70 |15 |70 26 | - | - | - | - | - | - - -|-|-1|-]-
37.3 alloys AH  [1170 mPd 7016 7015 |70 Ja6 | - | -] - -[-]-]-]-1-17-1-7-+-
374 Betaalloys A |830mPa 70|16 |70 |15 |70 6 | - | - | - | - | - | - -] -|-]-1]-]-
375 AH  [1400 vPa 70|16 |70 |15 |70 |16 | - | - | - | - [ - | - | - | - |- | -| -] -
381 | Hardened steel HT | 45 HRe 80|16 |80 |15 |80 [16 | - | - | - | - | - | - - | - - -] -
1382 HT | 55 HRC 60|16 | 60|15 |60 |16 | - | - | - | - | - | - - |- - -] -
391 HT | 58 HRC - - - - - - - - - - - - - - - - - -
H 1395 HT | 62HRe R N i R
| 40 | Gstlron Chilled c | 400 | 1350 |60 |16 |60 |15 |60 |26 | - | - | - | - | - | - - | - | -] -
41 HT | 55HRC e T
Qondition: A (Annealed), AH (Age Hardened), C(Cast), eed Table 0
HT (Hardened & Tempered), QT (Quenched & Tempered) ced #
Bold = Optimal | Regular = Eifective M 1 | 2 | 3 |4 [5 [6 [7 [8 [9 [10 [11 [12 (13 [14 [p5 {6 f7 18 19 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006|0.007|0.008|0.010/0.011/0.013|0.014/0.016/0.018|0.020| 0.022|0.024|0.026 | 0.030
3 [0.002]0.003/0.004]0.005/0.006|0.008/0.009]0.010/0012[0.014/0016|0.018/0020/0.023[0025/0.028[ 0.032[0.034[ 0.0380.042
4 10.004|0.005|0.006|0.007|0.009/0.010/0.012|0.014|0.016|0.018|0.021|0.023|0.026|0.030|0.032|0.036 | 0.040|0.044 | 0.045| 0.050
5 [0.005]0.006/0.008]0.009/0.011]0.013/0015/0.0170020/0.023/0025|0.030|0032|0.036] 0040/ 0.044] 0050/ 0.055[ 0.060|0.065
Notes on Milling 6 [0.006]0.008/0.009]0.011/0013]0.016/0018|0.021/0024|0.028/0030|0.034 0038/ 0.042( 0045/ 0.050| 0.055/0.060(0.070|0.075
1. Aoovevalues e uiceines forthesize 5S40 512 00 901 8048 62 00 o1 00 00 o 00 o 015 0 s 00 o 08 0
and type of cut nominated. 12 [0.016[0.019/0.022/0.026[0.030|0.034[0.038|0.044]0.050| 0.055| 0.0600.065 |0.075| 0.080 0.090/0.100] 0.11 | 0.12 | 0.13 | 0.14
2. For long series tools, reduce speed by 30 10072/0.078 00321 003610044 0080 0,060 0068100751 00850008 0.1 | 047 | 013 018|015 | 018018 | 021073
40%and feed by 20% 25 10.025|0.032|0.038]0.045]0.055|0.060/0.070/0.080/0.090| 0.10 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29




E402 E446 E404 E406 E408 E410 E459 / E583 | E462 / E585 E412
aN Brt anN anN anN HELICA HELICA HELICA HELICA
A A A A VA VA VA VA

° ° ° ° ° ° ° °

° ° ° ° ° ° . °
° ° ° ° ° .

> > o = = = = = = - - - - - - - - - - (120] 11 | 16 | 18 |120| 9 | 12 [120| 9 | 12 |120| 7 | 6
- 5 = = = o = = = o - - - - - - - - - |100| 11 | 16 | 18 [100| 9 | 12 |100| 9 | 12 |100| 7 | 6
- 5 o o o o o o o o - - - - - - - - - |120] 11 | 16 | 18 [120] 9 | 12 |120| 9 |12 |120| 7 | 6
- 5 o o o o o o o o - - - - - - - - - |120] 11 |16 | 18 [120| 9 | 12 |120| 9 |12 |120| 7 | 6
5 5 o o o o B B B - - - - - - - - - - (100| 11 | 16 | 18 [100| 9 | 12 [100| 9 | 12 (100| 7 | 6
200/ 9 |13 |18 |220| 14 | 17 | 19 (200| 9 | 13 | 18 ({200 9 | 11 | 18 |200| 18 | 15| - - - - - - - - - - - - -
200/ 9 |13 |18 |220| 14 | 17 | 19 (200] 9 | 13 | 18 ({200 9 | 11 | 18 |200| 18 | 15| - - - - - - - - - - - - -
200) 9 |13 |18 |220| 14 |17 | 19 (200| 9 | 13 | 18 (200 9 | 11 | 18 |200| 18 | 15| - - - - - - - - - - - - -
200, 9 | 13 |18 (220| 14 | 17 | 19 (200| 9 | 13 | 18 (200| 9 | 11 | 18 |200| 18 | 15| - o o - - - - - - - - - -
200, 9 |13 | 18 |220| 14 | 17 | 19 (200| 9 | 13 | 18 [200| 9 | 11 | 18 |200| 18 | 15| - o o - - - - - - - - - -
500/ 9 | 13 | 18 |160| 14 | 17 | 19 [500| 9 | 13 | 18 [500| 9 | 11 | 18 |500| 18 | 15 | - - - - - - - - - - - - -
500/ 9 | 13 | 18 |160| 14 | 17 | 19 [500| 9 | 13 | 18 [500| 9 | 11 | 18 |500| 18 | 15 | - - - - - - - - - - - - -
500/ 9 | 13 | 18 |160| 14 | 17 | 19 [500| 9 | 13 | 18 [500| 9 | 11 | 18 |500| 18 | 15 | - = = = = - - - - - -
5 3 = = o = = = = - - - - - - - - - -|70/10/14/18|70| 8 |11 |70| 8 |11 |70 | 7 | 6
5 3 = = o = = = = - - - - - - - - - -|70/10/14/18|70| 8 |11 |70| 8 |11 |70 | 7 | 6
> > o = = = = = = - - - - - - - - - - (7010|1418 |70| 8 |11 (70| 8 |11 |70 | 7 | 6
> > o = = = = = = - - - - - - - - - - (7010|1418 |70| 8 |11 (70| 8 |11 (70| 7 | 6
> > o = = = = = = - - - - - - - - - -|70]10|/14/18|70| 8 |11 (70| 8 |11 |70 | 7 | 6
5 3 = = o = = = = - - - - - - - - - - /9 | 10|14 /18|90 | 8 |11 (9 | 8 |11 |90 | 7 | 6
= = = = = - - - - - - - - - - - - - - /9 |10|14 /18|90 | 8 |11 |9 | 8 |11 |9 | 7 | 6
> > o = = = = = = - - - - - - - - - - |9 |10 14 /18|90 | 8 |11 (90| 8 |11 (90| 7 | 6
> > o = = = = = = - - - - - - - - - - /9 |10/14 /18|90 | 8 |11 |90 | 8 |11 |9 | 7 | 6
5 3 = = o = = = = - - - - - - - - - - /9 | 10|14 /18|90 | 8 |11 |9 | 8 |11 |90 | 7 | 6

Q
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ae

METRICENDMILLS [ sizelZ]
= nominal tool diameter (mm)
= Spindel speed (RPM)
= Qutting speed (m/min)
= Feed rate per tooth (mm/tooth)
= Feed rate (mm/min)
= No. cutting edges
= Metal removal rate (cm*/min)
= Qutting depth (mm)
= Qutting width (mm)

D x
Ve=""1000
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Q:
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vex1000
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1000




Application Quide Speeds & Feeds - Garbide Endmills

1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \W
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross
refirence isting. Refer to main index of this section. Catalogue Code EAl4 E416 E428 348 E448] 597
Material
Surface Finish HELICA HELICA AQN TIAIN TIAIN
Sutton Designation VA VA NH NH NH
Type of Qut: Sotting o . °
Finishing o o
Universal o o . . °
Roughing o o o
Profiling o
tap x @ 05/05/05 1.0|1.75/1.75 10/10]10 15/10/0.2 2.75|2.75
<> aexg 10/0.2 /04 10/04/06 1.0/0.25/ 0.5 0.1/ 0.4/0.05 0.05/0.025,
150 Y27 Material Qndition  HB
1 | Seel- Non-alloy, ~015% A 125 | 440 | - | - | - | - | -] -] -] -|20/ 8|8 |21|-|-]-]- |18 7]09
2 |cast&freeattting [ -g450c A 200 [es0 | - | - [ -] -[-1T-1T-1-TJewo[ 8|8 aa|-]-1]-7]-Taso|7]09
3 Qr | 250 | 840 | - | - | - | - |- | -] -| -|a5s| 8|8 12| - |-]|-]|-|1w0]7]|09
4 ~075% A 270 | 910 | - | - | - | -|[ -] -] -| -|a75| 8 | 8|21 | - |- |- |- |100 7| 9
5 Qr | 300 | 2010 | - | - | - | - |- | -] -| -|175| 8| 8 |11 |100| 8 |11 |14 [100| 7 | 9
6 | Seel- Low alloy & cast A 180 | 620 | - | - | - | - | -] -] -] -|20) 8|8 21| -|-]-]- |18 7]09
[l 7 | <5%of alloying elements Qr | 275 | 930 | - | - | - | - |- | -] - -fas| 8|8 12| -|-]|-]|- 100|709
8 Qr | 30 | 1010 | - | - | - | -|-| -] -| -|175| 8| 8 |11 |100| 8 |11 |14 [100| 7 | 9
9 Qr | 380 | 1180 | - | - | - | - |- | -] -| -|120| 8| 8 |11 |80 | 8 |11 |14|8 | 7 | 9
10 | Seel - High alloy, cast & tool A 200 | 680 | - | - | - | -|-] -] -| -|ar5| 8 | 8|11 | - |- |- |- |100 7| 9
11 HT | 325 | 2200 | - | - | - | - | - | -| -| -|120] 8 | 8 |11|80 | 8 |11 |14|8 | 7 | 9
12 | Seel - Qorrosion Ferritic/ Martensitic| A 200 | 680 (120 7 | 6 |11 f120] 8 | 5 [12| - | - | - | - |- |- |- ]-]90| 7|9
13 | resistant & cast Martensitic Qr | 240 | 810 [100| 7 | 6 |11 |100| 8 | 5 |12| - | - | - |- |80 | 8 |11|14|8 | 7|9
14.1| Sainless Seel Austenitic AH | 180 | 610 |120| 7 | 6 |11 |120| 8 | 5 |12| - | - | - | - |- |- | -] -]9| 7|9
14.2 Duplex 250 | 840 |120| 7 | 6 |11 |120| 8 | 5 | 12| - | - | - | - | - |- |- |-]90]| 7|09
14.3 Predipitation Hardening 250 | 840 |100| 7 | 6 |11 |100| 8 | 5 |12| - | - | - | - |80 | 8 11|14 (80| 7| 9
15 | Qast Iron- Gey [BHT] | Ferritic/ Pearlitic 180 | 610 | - | - | - | - | -] -] -] -0/ 8|8 21| -|-]-1]-1Ju0|7]09
16 Pearlitic 260 | 880 | - | - | - | - | -] -] -| - |50 8 | 8 |11 |140| 8 |11 |14 |140| 7 | 9
17 | Gast Iron - Nodular Ferritic 160 | 570 | - | - | - | - |- | -] -] -|0| 8|8 11| -|-|-|-|140] 7] 9
K 18 | [EBdy] Pearlitic 250 | 840 | - | - | - | - | -] -] -| -|150| 8 | 8 |11 |140| 8 |11 |14 |140| 7 | 9
19 | Gast Iron- Malleable | Ferritic 130 | 460 | - | - | - | - | -] -] -] -8 |8 |1|-]|-]-]-|wo|l7]|09
20 Pearlitic 230 | 780 | - | - | - | - [ -] -] -] -|10| 8| 8|21 -]-]|-1]- |10 7|9
21 | Auminum & Magnesium | Non Heat Treatable| 60 210 - - - - - - - - - - - - - - - - - - -
22 | -Wwrought alloy Heat Treatable A 200 |30 | - |- ---T-1-1-1-01-1-01-01-1-01-"1-1-71-71-
23 | Auminum & Magnesium| Non Heat Treatable 75 270 - - - - - - - - - - - - - - - - - - -
24 | -cestalloy 12%8 Heat Treatable AENcoRms20l - | - | - | - | - - - -
25 | Al&Myg- cast alloy >12%| Non Heat Treatable 80460 - | - | - | - - - - e e e e e e
N 26 %ps:r/&cuall Free cutting, Pb> 1 O - | - - | - ) - | - - - e e
27 Bronzel%] Brass [@lzn, aisznl1] 9 |30 | - |- -[-[-1-1-T7T-1-1-1-1-"1-7-7-1-1-"7-71-
28 Bronze (@ | 00 | 360 | - | - |- | -|-[-1-]-1-1-V1-T1T-1-"1-"1-7-1-71-7-
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - - - - - - - - - - - - - - - -
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - - - - - - - -
31 | High temp. alloys Febased A 200 | 680 |70 | 7 | 6 |11 |70| 8 | 5 |12|50| - | - |- |- |-|-|-1]580]7]9
32 AH | 280 | 950 |70 | 7 | 6 |11 |70| 8 | 5 |12|80| - | - | - |- |- |-]-1]|80|7]9
33 Ni/ Qo based A 250 | 840 |70 | 7 | 6 |11 |70| 8 | 5 |12|(50| - | - |- |- |-|-|-1]580]7]9
34 AH | 350 | 1180 (70 | 7 | 6 |11 |70| 8 | 5 |12|50| - | - | - |50| 8 |11 |14 |50 | 7 | 9
35 C 320 | 2080 |70 | 7 | 6 |11 |70| 8 | 5 |12| - | - | - | - |50| 8 |11|14|50| 7|9
S| 36 | Titanium & Tialloys | @PTitanium 400 MPa 90| 7 |6 |11|9| 8|5 |12(70|8 |8 11| -|-|-|-]70]7]29
37.1 Alpha alloys 860 MPa 90| 7 |6 |11|9| 8 |5 |12(70|8 |8 11| -|-|-|-]7]|7]29
372 Alpha/ Beta A | 960 MPa 9 | 7 | 6 |11 |9 | 8|5 |12(70| 8 |8 |11 - -l - |70 7] 09
373 alloys AH  [1170 vPd -l -T-1-1T-1T-1T-1-1-1-1-]7|8|1a]1a|70] 7] o
374 Betaalloys A |830MPa 90| 7 |6 |11|9| 8|5 |12(/70|8 |8 11| -|-|-|-]7]7]29
375 AH 1400 MPa 90| 7 |6 |11|%)| 8|5 |12|-|-|-]-|70|8|11]|14]-]-]-
381 | Hardened steel HT | 45HRC -0 -] -] -|l-1]-] -] -]120, 8| 8|11|8 | 8 |11|14|80 | 7|9
138.2] HT | 55HRC eSS,
391 HT | 58 HRC - - - - - - - - - - - - - - - - - - -
H 1395 HT | 62HRe AN R e e
| 40 | Gastlron Chilled ¢ 400 | 1350 | - | - | - | - | - | -| -] -|120| 8|8 10| -] -|-|-|8]7]|9
41 HT | 55HRC e e
Qondition: AlZhnealedlZAH [Bde Hardened[ZClEAst[] - o fol it 5]
HT [Elrdened & Tempered 26T [@lienched & Tempered ] eellEl o] # -
Bold = Optimal | Regular = Effective 281 2 3 4[5 67|89 [10]41 1213|1415 16 | 17 | 18| 19 | 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006|0.007|0.008|0.010/0.011/0.013|0.014/0.016/0.018|0.020| 0.022|0.024|0.026 | 0.030
3 [0.002]0.003/0.004|0.005/0.006|0.008/0.009|0.0100.012|0.014/0016|0.018/0020/0.0230025|0.028| 0.032[0.034| 0.038 [ 0.042
4 10.004|0.005|0.006|0.007|0.009/0.010/0.012|0.014|0.016|0.018|0.021|0.023|0.026|0.030|0.032|0.036 | 0.040|0.044 | 0.045| 0.050
5 [0.005]0.006/0.008/0.009/0.011]0.013/0.015|0.0170.020|0.023/0025|0.030|0032|0.036] 0040/ 0.044| 0.050|0.055| 0.060|0.065
- Notes on Milling 6 [0.006]0.008/0.009]0.011/0.013/0.016/0.018|0.021/0.024|0.028/0030/0.034|0038/0.042| 0045/ 0.050| 0.055/0.060| 0.070|0.075
1. Above values are qidelines for thesie L
442 and type of cut nominated. 12 [0.016[0.019]0.022]0.026/0.030]0.034|0.038] 0.044|0.050 | 0.055[0.060| 0.065|0.075/0.080(0.090[0.100] 0.11 | 0.12 [ 0.13 [ 0.14
16 |0.020(0.024]0.028/0.034] 0.038|0.044| 0.050| 0.055| 0.060/0.070| 0.080|0.085[0.095| 0.1 | 0.12 | 013 | 0.14 | 016 | 0.17 | 018
40%and feed by 20% 25 10.025|0.032|0.038]0.045]0.055|0.060/0.070/0.080/0.090| 0.10 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29

- 2. For long series tools, reduce speed by 20 [0.022]0.028/0.032[0.038/0.044]0.050 | 0.060 | 0.065|0.075|0.085|0.095| 0.11 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.19 | 021 | 0.23




E4A32 E436 E543 E562 / 587 | E564/ E589 E566 E568 E4A64 E466

AGN AQN AGN Aldura AQN
NH NH NH VH Ti
L] L]
L] L] L]
L] L] L] L] L] L] L] L] L]
20|20 20|20 1.75/1.75 05]10 05|10 1.0 1.0 1.0 1.0
0.05/0.025 0.06/0.05 0.05/0.025 1004 1004 0.05 0.05 0.02 0.02

120| 11 | 15 |120| 11 | 14 | 80 | 11 | 14 | 120

10 | 120
175| 11 | 15 |175| 11 | 14 |100| 11 | 14 | - = = = = = = = = = = = = =
120| 11 | 15 |120| 11 | 14 | 80 | 11 | 14 [120| 9 | 10 (120 9 | 10 | - - - - - - - -
120 11 | 15 |120| 11 | 14 | 90 | 11 | 14 | - - - - - - - - - - - - - -
100| 11 | 15 |100| 11 | 14 |80 | 11 | 14 (100 9 | 10 100 9 | 10 | - = = = = = = =

10 | 120
10 | 100
150 | 11 | 15 (150 | 11 | 14 (140 11 | 14 - - - - - - - = - = = o > o
150| 11 | 15 |150| 11 | 14 |140| 11 | 14 [150| 9 | 10 [150| 9 | 10 = = - - - - - -
150| 11 | 15 |150| 11 | 14 |140| 11 | 14 - - - - - - = = = = = = - -
150| 11 | 15 |150| 11 | 14 |140| 11 | 14 [150| 9 | 10 [150| 9 | 10 = = - - - - - -
110 | 11 | 15 (110| 11 | 14 (100 | 11 | 14 - - - - - - - - - = = = > >
110| 11 | 15 |110| 11 | 14 (100 | 11 | 14 - - - - - - - - - = = = > >

= = = = = = 50 | 11 | 14 | - = = = = = = = = = = =
50 | 11 |15 |50 | 11 |14 |50 ) 11 |14 |50 | 9 |10 (50 | 9 |10 | - = = = = = = =

- - - - - - 50 | 11 | 14 | - - - - - - - - - - - - - -
50 | 11 |15 |50 | 11 |14 |50 | 11 | 14 [ 50| 9 |10 (50 | 9 | 10 | - - - - - - - -
50 | 11 | 15 | 50 | 11 | 14 | 50 | - - 50| 9 |10 |50 | 9 |10 | - - - - - - - -

= = = = = = 70 | 11 | 14 | - 9 |10 | - 9 |10 - = = = 60 | 14 | 60 | 14
70| 11 |15| 70 | 11 |14 | 70|11 |14 | 70| 9 |10 (70| 9 | 10 | - - - - 60 | 14 | 60 | 14
70 | 11 | 15| 70 | 11 | 14 | 70 | 11 | 14 | - - - - - - - - - - 60 | 14 | 60 | 14
70| 11 |15 |70 | 11 |14 |70 )11 |14 |70 9 |10 (70| 9 |10 | - - - - 60 | 14 | 60 | 14
70 | 11 |15 | 70 | 11 | 14 | - ° = ° ° ° = = ° = ° = ° 60 | 14 | 60 | 14
120| 11 | 15 |120| 11 | 14 |80 | 11 | 14 |120) 9 | 10 |120 9 | 10 | - - - - - - - -
120| 11 | 15 |120| 11 | 14 | - - - - - - - - - 60 | 12 | 60 | 12 - - - -
100| 11 | 15 |100| 11 | 14 | - - - - - - - - - 50 | 12 | 50 | 12 - - - -

120| 11 | 15 |120| 11 | 14 |80 | 11 | 14 |120) 9 | 10 |120| 9 | 10 | - - - - - - - -
100| 11 | 15 |100| 11 | 14 | - - - - - - - - - |140| 12 140 12 | - - - -

METRICENDMILLS [ size[ ]
=nominal tool diameter (mm) Ve X 1000 Ve
= Spindel speed (RPM) W= D x = —5 x318
= Qutting speed (m/min)
= Feed rate per tooth (mm/tooth) V¢ = % ~ %18@
= Feed rate (mm/min) Vi
= No. cutting edges f,= > X'n
= Metal removal rate (cm3/min)
= Qutting depth (mm) o Ap X Qe X Vi
= Qutting width (mm) 1000

vi= f.xzxn
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1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @G| £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \W
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross Catalogue Code | E179/E100 | E180/ELO1 E187 E188
reference listing. Refer to main index of this section. Material | FRSS@8 | THSSMS HSS®8 HS @38
Surface Finish Brt TIAIN Brt TIAIN
Sutton Designation N N N N
Geometry R30 R30 R30 R30
Type of Qut: Sotting . o o o
Finishing ° .
Universal o o
Roughing
Profiling
tap x @ 05 05 0.5 15 15 05 15 15
—»aexd 1.0 1.0 1.0 0.1 0.1 1.0 0.1 0.1
150 Y2 Material Qndition  HB Feed Feed Feed
1 | Seel - Non-alloy, ~0.15% A 125 | 440 30 | 6 | 3 | 6 [30 | 6 | 4 | 5 |40 | 5 |3 | 6 |5 | 4 |5 |5
2 | cast&freecutting ~045% A 190 | 640 30 | 6 | 3 | 6 [ 30 | 6 | 40 | 5 |40 | 5 |3 | 6 |5 | 4 |5 |5
3 Qr | 250 | 840 | 30 | 6 [ 3 | 6 |30 | 6 | 40 | 5 |40 | 5 |3 | 6 |5 | 4 | 50| 5
4 ~075% A 270 | 910 | 30 | 6 |36 | 6 |30 | 6 | 40| 5 |4 | 5 |3 | 6 |5 | 4 | 5|5
5 Qr | 300 | 1010 | 20 | 5 [ 25 | 5 | 20| 5 | 25| 4 | 25| 4 | 25| 5 |3 | 3 | 3| 4
6 | Seel- Low alloy & cast A 180 | 610 30 | 6 | 3 | 6 [ 30| 6 | 4 | 5 |40 | 5 |3 | 6 |5 | 4 |5 |5
[l 7 | <5%ofalloying elements Qr | 275 | 930 | 25 | 5 (30 | 5 |25 | 5 | 30| 4 |3 | 4 [3 | 5 |4 | 4 | 40| 5
8 Qr | 300 | 1010 | 20 | 5 |25 | 5 | 20| 5 | 25| 4 | 25| 4 | 25| 5 |3 | 3 |3 | 4
9 Qr | 350 | 1180 | - - 18 | 4 - o o o 18 | 4 | 25| 3 | 25 | 4
10 | Seel - Highalloy, cast & tool A 200 | 680 | 20 | 5 | 25| 5 | 20| 5 | 25| 4 | 25| 4 | 25| 5 |3 | 3 |3]| 4
11 HT | 325 | 1100 | - - 18 | 4 - - - - - - | 18| 4 | 25| 3 | 25 | 4
12 | Sed - Gorrosion Ferritic/ Martensitic| A 200 | 680 | - - - - - - | 10| 3 |10]| 3 - - - - -
13 | resistant & cast Martensitic Qr | 240 | 810 | 15 | 4 |18 | 4 | 15| 4 | 22| 4 | 22| 4 | 18| 4 | 25| 3 | 25| 4
14.1 | Sainless Seel Austenitic AH | 180 | 610 | - 18 | 5 = o o o - | 18| 5 | 25| 3 | 25| 4
14.2 Duplex 250 | 840 | - = 15 | 3 = o o o o - |15 3 |18 1|18 3
143 Predpitation Hardening 250 840 - - - - - - - - - - - - - - -
15 | Cast Iron- Gey [BHT] | Ferritic/ Pearlitic 180 | 610 | 30 | 5 [ 3 | 5 [ 3 | 5 |3 | 4 | 3 | 4 [ 3 | 5 |40 | 3 |32 | 4
16 Pearlitic 260 | 880 | 25 | 4 | 30| 4 | 25| 4 | 25| 3 | 25| 3 |3 | 4 |3 | 2 |2]| 3
17 | Cast Iron - Nodular Ferritic 160 | 570 | 20 | 3 [ 25 | 3 | 20| 3 | 22 | 3 | 22 | 3 - - - - -
N 15 G Pearlitic 250 | 840 | 20 | 3 | 25 | 3 | 20 | 3 | 22 | 3 | 22 | 3 | - N
19 | Cast Iron - Malleable | Ferritic 130 | 460 | 20 | 3 | 25 | 3 | 20| 3 | 22| 3 | 22| 3 - - - - -
20 Pearlitic 230 | 780 | 20 | 3 | 25| 3 | 20| 3 | 22| 3 | 22| 3 - - - - -
21 | Auminum & Magnesium | Non Heat Treatable 60 | 210 | 70 | 6 |8 | 6 |70 | 6 | 70| 6 | 70 | 6 |8 | 6 |9 | 5 | 90 | 6
22 | - wroughtalloy Heat Treatable A | 100 | 360 | 70 | 6 | 85| 6 | 70| 6 | 70| 6 | 70| 6 |8 | 6 | 90| 5 | 90| 6
23 | Aluminum & Magnesium| Non Heat Treatable 75 | 270 | 50 | 5 | 55| 5 |50 | 5 | 55| 5 |5 | 5 |5 | 5 | 70| 4 | 7| 5
24 | -cestalloy 12%5 Heat Treatable AH 90 | 320 50 5 | 55| 5 |50 | 5 |5 | 5 |5 |5 |5 | 5 | 70| 4| 7]:5
25 | A&Mg- cast alloy>12%5| Non Heat Treatable 130 | 460 | 30 | 6 [ 35 | 6 | 30 | 6 - - - - |3 | 6 |60 4 | 60| 5
N 26 %p;&cuau Free cutting, Pb > 1 110 | 390 | 25 | 5 [ 30 | 5 | 25 | 5 | 4 | 5 |40 | 5 [3 | 5 |60 | 4 | 60| 5
27 Bronzel % Brass [@lzn, aisznl1] oy - | - | - - = L= -
28 Bronze (@ | 100 | 360 | 50 | 6 [ 55| 6 | 50| 6 | 70 | 6 | 70 | 6 |55 | 6 |9 | 5 | 90 | 6
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - - - - - - - - - - - - -
30 | Non-metallic- Hard rubber, wood etc. - - - - - - - - - - - - - - - -
31 | Hightemp. alloys Fe based A 200 | 680 | - = = = = = = = = = = = = = = =
32 AH | 280 | 950 | - = = = = = = = = = = = = = = =
33 Ni/ @ based A 250 | 840 | - = = = = = = = = = = = = = = =
34 AH | 350 | 1180 | - - - - - - - - - - - - - - - -
35 c 320 | 1080 | - = = = = = = = = = = = = = = =
S| 36 | Titanium & Tialloys | QP Titanium 400 MPa = = = = = = = = = = = = = = = =
371 Alphaalloys 860 MPa - - - - - - - - - - - - - - - -
372 Alpha/ Beta A 960 MPa - - - - - - - - - - - - - - - -
373 alloys AH 1170 vPa 5 = 5 5 = 5 5 5 5 = = 5 5 5 = =
374 Betaalloys A 830 MPa - - = = = = o o o o - - - - R R
375 AH (1400 MPa = = = = = = = = = = = = = = = =
| 381 | Hardened steel HT | 45HRC - - - - - - - - - - - - - - - -
138.2| HT | 55HRC - - - - - - - - - - - - - - - -
391 HT | 58 HRC - - - - - - - - - - - - - - - -
H 1395 HT | 62HRe - - - - - - - - - - - - - - - -
| 40 | Gastlron Chilled c 400 | 1350 | - - | 30 | 4 - - 25| 3 |25 3 - - - - - -
41 HT | 55HRC - - - - - - - - - - - - - - - -
Qondition: AlZhnealedlZAH [Bde Hardened[ZClEAst[] - o fol it 5]
HT [Elrdened & Tempered 26T [@lienched & Tempered ] =l ced # =
Bold = Optimal | Regular = Effective 281 2 3 4[5 67|89 [10]41 1213|1415 16| 17 | 18| 19 | 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006|0.007|0.008|0.010/0.011/0.013|0.014/0.016/0.018|0.020| 0.022|0.024|0.026 | 0.030
3 10.002[0.003]0.004]0.005]0.006| 0.008]0.009]0.010[0.012[0.014]0.0160.018]0.020| 0.023[ 0.025| 0.028] 0.032[0.034] 0.038 ] 0.042
4 10.004|0.005|0.006|0.007|0.009/0.010/0.012|0.014|0.016|0.018|0.021|0.023|0.026|0.030|0.032|0.036 | 0.040|0.044 | 0.045| 0.050
5 10.005/0.006]0.008]0.009]0.011]0.013]0.015/0.017]0.020[0.023]0.0250.030]0.032| 0.036| 0.040| 0.044] 0.050| 0.055| 0.060 | 0.065
Notes on Milling 6 10.006/0.008]0.009]0.011]0.013]0.016]0.018]0.021]0.0240.028]0.030|0.034/0.038|0.042[ 0.045| 0.050| 0.055|0.060( 0.070| 0.075
1. Above values are qidelines for thesie L
and type of cut nominated. 12 [0.016[0.019]0.022]0.026/0.030]0.034|0.038] 0.044|0.050 | 0.055[0.060| 0.065|0.075/0.080(0.090[0.100] 0.11 | 0.12 [ 0.13 [ 0.14
2. For long series tools, reduce speed by 3010022/0.078 0.122] 003610044 0080 .00 0068]0075[ 00850005 | 0.1 | 047 | 013 018 | 015 | 018|018 | 021073
40%and feed by 20% 25 10.025|0.032|0.038]0.045]0.055|0.060/0.070/0.080/0.090| 0.10 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29




E191/ E125 E192/ E126 E201 E202 E140 E141 E113 El14
HSS.8 HSS@.8 HSS@.8 HSS.8 HSS®.8
Brt TIAN Brt TN Brt TIQN Brt TIQN
N N N N NR N N
R30 R30 R30 NF R30 NF R30 NR R30 NR R30 R30
L] L]
L] L]
L] L] L] L]
L] L]
15 15 15 15 15 1.0 1.0 0.05 0.05
0.1 0.1 0.1 0.25 0.25 05 05 0.02-0.05 0.02
40 4 40 5 50 4 40 5| 40 9 50 9 36 5| 40 5] 40 5 50 5| 1
40 4 40 5 50 4 40 D) 40 9 50 9 36 D) 40 5] 40 5 50 D) 2
0 | 4 [ a0 | 5 | 50 | 4 | 4 | 5 | 40| 9 | s0| 9 [3 | 5 |4 | 5 |4 | 5 | 5| 5 |3
0 | 4 [ 4 | 5 | 50| 4 | 4 | 5 | 40 | 9 |50 | 9 |3 | 5 | 4| 5 |4 | 5 [s50]| 5 |24
25 | 3 | 25 | 4 [ 30| 3 | 25| 4 [ 25 | 7 | a0 | 7 - - 20 | 5 [ 30 | 4 | 40| a4 |5
40 4 40 5 50 4 40 5| 40 9 50 9 36 5| 40 5] 40 5 50 5| 6
30 | 3 | 30 | 4 | a0 | 4 | 3 | 5 [3 | 9 |5 | 9 = = 20 | 5 [ 35 | 4 | 45 | 4 | 7 S
25 | 3 | 25 | 4 [ 30| 3 | 25 | 4 [ 25 | 7 | a0 | 7 - - 0 | 5 [ 30 | 4 | 40| 4 |8
- - - 25 | 3 | 20 | 4 - - 25 | 6 - - - - - - 5 | 4 |9
25 | 3 | 25 | 4 [ 30| 3 | 25| 4 [ 25 | 7 | a0 | 7 - - - - 30 | 4 [ 4 | 4 |10
= - = - 25 | 3 | 20 | 4 - - 25 | 6 = = = - : - 25 | 4 |11
10| 2 |10 38 [ 12| 2 [ 10| 3 |10 ]| 4 |15 | 4 = = = : - - 18 | 4 |12
22 | 3 | 22| 4 | 25| 3 | 20| 4 [ 2] 6 | 25| s - - - - - - 25 | 4 |13
. : . : 20 | 3 | 16 | 4 = 25 | 5 = = . : 20 | 4 | 25 | 4 [142
. : . : 15 | 1 [ 12| 3 = = 20 | s = . . : 15 | 2 [ 20| 2 [142] ™
. = . = 12 | 2 | 10| 3 = = 15 | 4 . . . = - = 18 | 4 143
35 | 3 | 35 | 4 | a0 | 3 | 32 | 4 [ 3 | 9 |3 | 9 = = 50 | 8 | 40 | 4 | 50| 4 |15
25 | 2 | 25 | 3 [ 30| 2 | 24 | 3 [ 25 | 9 | 30 | 9 = = = - 30 | 3 [ 3| 3 |16
22 | 2 | 22 | 3 - = - = 22 | 9 [ 30 | 9 = = 20 | 8 [ 25 | 2 |3 | 2 |17
22 | 2 | 22 | 3 - = - = 22 | 9 [ 30 | 9 = = = - 5 | 2 | 30 | 2 |18 S
2 | 2 | 2 | 3 - = - = 22 | 9 | 30 | 9 = = 20 | 8 [ 25| 2 |3 | 2 |19
22 | 2 | 2 | 3 - = - = 22 | 9 [ 3 | 9 = = = : 25 | 2 [ 30| 2 |20
70| 5 | 70| 6 | 75| 5 | 60 | 6 | 70 | 15 | 90 | 15 | 80 | 9 | 90 | 9 | 80 | 6 [ 100 | 6 |21
70| 5 | 70| 6 | 75| 5 | 60 | 6 [ 70 | 15 | 90 | 15 | 80 | 9 | 90 | 9 | 80 | 6 [ 100 | 6 |22
55 | 4 | 55 | 5 |60 | 4 | 45 | 5 [ 55 | 15 | 60 | 15 | 55 | 8 | 65 | 8 | 55 | 5 [ 70 | 5 |23
55 4 55 5) 60 4 45 & 55 15 60 15 55 8 65 8 55 5) 70 & 24
- - - - 50 4 35 & - - - - - - - - 50 5] 60 & 25
40 | 4 | 40 | 5 | 4 | 4 | 32 | 5 | 4 | 14 | 60 | 14| 30 | 6 | 3 | 6 | 25 5 | 30 | 5 |26
- - - - - - - - 80 | 10 | - - - - - - N
70| 5 | 70| 6 | 75| 5 | 60 | 6 | 70 | 14 | 70 | 14 | 0 | 6 | 50 | 6 | 50 | 6 | 60 | 6 |28
- - - - - - - - - - - - - - - - - - - |29
- - - - - - - - - - - - - - - - - - - - | 30
= - = - - = - = - - 20 | s = = - - - - - - B
- - - - - - - - - - 10 | s - - - - - - - - |32
= - = - - = - = - - 20 | 5 = = = - - - = - |33
= - = - - = - = - - 8 5 = = : - - - - - |34
= - = - - = - = - - 10 | s = = - - - - - - |35
- - - - - - - - - - 2 | 8 - - - - - - - - |36 B
- - - - - - - - - - 18 | 8 - - - - - - - - 371
- - - - - - - - - - 18 | 8 - - - - - - - - 372
= - = - - = - = - - 12 | 8 = = : - - - - - |373
= - = - - = - = - - 18 | 8 = = - - - - - - |374
- - - - - - - - - - 12 | 8 - - - - - - - - 375
- - - - - - - - - - - - - - - - - - - - |381
- - - - - - - - - - - - - - - - - - - - |382
- - - - - - - - - - - - - - - - - - - - 391
- - - - - - - - - - - - - - - - - - - - [302) M
25 | - 25 | 3 - 3 | 24| 3 | 25| 9 | 3 | 9

METRICENDMILLS [Faim size[ ]

= Spindel speed (RPM) T ex =
= Qutting speed (m/min) nx@x

= Feed rate per tooth (mm/tooth) V¢ = 1000 =

= Feed rate (mm/min)

= No. cutting edges f,=
= Metal removal rate (cm3/min)

= Qutting depth (mm) o Ap X Qe X Vi

= Qutting width (mm) 1000

Vi
zxn
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1ISO VDI Material Goup Sutton
A | Seel N
M | R | Sainless Seel VA |
F | Cast Iron @ £
N | Non-Ferrous Metals, Auminiums & Goppers | Al \ w
S | Titaniums & Super Alloys T | Ni
H | H | Hard Materials [Z45 HRA ] H
VDI 3323 material groups can also be determined
by referring to the workpiece material cross Catalogue Code E134 EL50 | E151 | E118 | El11 El21
reference listing. Refer to main index of this section. Material HSS@.8
Surface Fnish TIAIN TIAIN TIAIN TIAIN Brt
Sutton Designation UNI UNI UNI A W
Geometry R30/32 R30 NR | R45 HRS R30 R40 R45
Type of Qut: Sotting ° °
Fnishing . °
Universal [ °
Roughing ° °
Profiling °
¢ apx @ 15 15 1.0 1.0 0.05 0.5 05 15 15
> aexd 0.1 0.25 0.5 0.5 0.02-0.05 1.0 1.0 0.1 0.1
IS0 Y27 Material Qndition  HB
1 | Seel- Non-alloy, ~015% A 125 | 440 (70| 7 | 55| 8 [40| 5 |70| 6 |9 |6 | - | - |- |- |- | -]-7]-
2 |cast&freeattting [ -g450c A | 190 | 640 |70 | 7 [55| 8 40| 5 |70 6 |90 ]| 6 |- -|-]-1-1]-1-7-
3 Qr | 250 | 840 |70 | 6 | 55| 7 |40 | 5 |60| 6 |9 |6 |- |- |- |-|-|-]-]-
4 ~0.75% A 270 | 910 |70 | 6 | 55| 7 |40 | 5 |60 6 |9 | 6 | - | - | - |- |- |-]-]|-
5 Qr | 300 | 1010 {50 | 6 |40 | 7 [30| 4 40| 4 |85 |5 | - | - |- |-|-|-]-]|-
6 | Steel- Low alloy & cast A 180 | 610 (70 | 6 | 55| 7 [40| 5 |60 | 6 |9 | 6 | - | - | - | - | - | - | -] -
(Sl 7 | <5%of alloying elements Qr | 275 | 930 |60 | 6 |50 | 7 |35 | 4 |40 | 5 [8 |5 | - | - R
8 Qr | 300 | 1010 {50 | 6 |40 | 7 [30| 4 |40| 4 |55|5 | - | - | -|-|-]-/]-/]-
9 Qr | 350 | 1180 |40 | 4 |30 | 5 (30| 4 (30| 4 |45 |5 | - | - |- |- |-|-]-]|-
10 | Seel - High alloy, cast & tool A 200 | 680 |50 | 6 |40 | 7 |30 | 4 |40 | 4 |55|5 | - | - |- |- |-|-]-/|-
11 HT | 325 | 1100 [ 40 | 4 |30 | 5 (30| 4 |30 | 4 |45 | 5 | - | - | - | - | - | -« | - | -
12 | Seel - Qorrosion Feriitic/ Martensitic| A 200 | 680 |18 | 3 |15 | 4 | - | - |15 3 |30 | 4| - | - | - | - | -|-]-]|-
13 | resistant & cast Martensitic Qr | 240 | 810 |40 | 4 [30| 5 (30| 4|3 |4|as|s5 |- |- |-]-|-1]-]-]-
14.1 | Sainless Seel Austenitic AH | 180 | 610 | 30| 4 | 25| 5 | - 5|4 4|5 |- | - -|-]-|-1]-]-+-
142 Duplex 250 | 840 |22 | 2 |20| 3 | - | - |5 2|3 |3 |- |- |-|-|-]-1]-]-+-
143 Precipitation Hardening 250 | 840 (18| 3 |15 | 4 | - | - |15 3 |30 | 4| - | - | - | - | -] -] -]-
15 | Cast Iron- Gey [BHT] | Ferritic/ Pearlitic 180 | 610 |60 | 4 (50| 5 |50| 8 | 60| 8 |80 | 5 | - | - == =1=1=1-5
16 Pearlitic 260 | 880 |50 | 3 |40 | 4| - | - |4 | 8|60 4| - | - |-|-|-|-]-/|-
17 | Cast Iron - Nodular Ferritic 160 | 570 (40| 2 |30 | 3 [40| 8 | 25| 8|50 | 3 | - | - |- |-|-|-1]-]-+-
N 15 G Pearlitic 250 | 840 | 40 | 2 | 30| 3 | - 5|8 50|38 |- -|-]-1-1]-]-1-
19 | Cast Iron - Malleable | Ferritic 130 | 460 (40| 2 |30 | 3 | - | - |25 8|50 3| - | - |- |- |-|-1]-]-+-
20 Pearlitic 230 | 780 |40 | 2 |30 | 3| - | - |25 8|50 3| - | -|-|-|-1|-1]-/]-
21 | Auminum & Magnesium | Non Heat Treatable 60 | 210 |100| 5 |80 | 6 | 70| 5 | - 180 | 6 |110| 6 |150| 10 | 250 | 10 | 250 | 12
22 | - wrought alloy Heat Treatable A | 100 | 360 [100| 5 80| 6 |70 | 5 | - | - [180] 6 [110] 6 [150| 10 [ 250 10 | 250 12
23 | Auminum & Magnesium | Non Heat Treatable 75 | 270 | 70| 4 |55 | 5 | 55| 4 |80 | 8 [120| 5 | 80 | 5 |100| 10 | 150 | 10 | 150 | 12
24 | -cestalloy 12%3 Heat Treatable AH 90 | 320 [70| 4 |55| 5 | 55| 4 |8 | 8 |[120] 5 | 80 | 5 |[100| 10 | 150 | 10 | 150 | 12
25 | Al&Myg- cast alloy >12%S| Non Heat Treatable 130 | 460 | - | - | - | - |38 | 6| - | - |100| 5 |60 | 6 | 60| 8 | 70 | 10 | 100 | 12
N 26 %p;/&cuau Free cutting, Pb> 1 110 | 390 |70 | 4 | 55| 5 [37| 7| - | - |40 | 5 |55| 5 |60| 8 | 70| 10 |100| 12
27 Bronzel %] Brass [Glzn, O.JS1ZrEH 90 320 - - - - - - - o o = = 50| 8 | 60 | 10 | 100 | 12
28 Bronze (@ | 100 | 360 [100| 5 |80 | 6 [55| 7 | - | - | 70| 6 |80 | 6 |100| 10 |130| 10 | 130 | 12
29 | Non-metallic- Thermosetting & fiber-reinforced plastics - - - - | 55| 4 - = = o o o o o o - - -
30 | Non-metallic- Hard rubber, wood etc. = = = = > o o o - - - - - - - R R -
31 | Hightemp. alloys Febased A 200 680 - = o o o o = o o o 5 5 5 5 5 - - -
32 A | 280 | 950 | - | - | - | - | - - T-T-T-T-1T-1T-7T-
B Ni/ @ based A 250 840 o = = = = = 3 = 5 5 - - - - - R R B
34 M |30 280 | - | - - --1-1-1-1-1-1-"1-°"1-T7T-717T-°7T-71-T1-
35 c 320 |80 | - |- -|-1-1-1-T1T-1-71-1-"T71-1-7-71T-717T-7-T1-
=1 | 36 | Titanium & Ti alloys CP Titanium 400 MPa - - - - = = = = = = = = = = - - - -
371 Alpha alloys 860 MPa o = o o = = = o 5 5 5 5 - - - - R -
37.2 Alpha/ Beta A 960 MPa - - - - = = = = o o o o - - - - R -
373 alloys AH (1170 vPd - T - - -1-1T-1T-1-01-1-7-71-7-7-
374 Betaalloys A 830 MPa - - = = = = = o o o o o - - - - - -
375 AH 1400 MPa o = = = o o o - - - - R R R - R R _
| 381 | Hardened steel HT | 45HRC - - - - 25 3 - - - - - - - - - - - -
138.2] HT | 55HRC - - - - - - - - - - - - - - - - - -
391 HT | 58 HRC - - - - - - - - - - - - - - - - - -
H 302 HT | 62 HRC O O O O R R B
| 40 | Gastlron illed c 400 | 1350 |50 | 4 |40 | 4 | - | - |40 | 8|60 4| - | - |- |- | -] -|-]-
41 HT | 55HRC - - - - - - - - - - - - - - - - - -
Qondition: AlZhnealedlZAH [Bde Hardened[ZClEAst[] -~ NI &
HT [Elrdened & Tempered 26T [@lienched & Tempered ] =cC a0 med 4 0
Bold = Optimal | Regular = Effective M 1 | 2 | 3| 456789 [10][41][12]13[14 [ 15[ 16| 47| 18| 19 | 20
2 10.001]0.002|0.002|0.003|0.004|0.005|0.006|0.007|0.008|0.010/0.011/0.013|0.014/0.016/0.018|0.020| 0.022|0.024|0.026 | 0.030
3 [0.002[0.003]0.004]0.005/0.006[0.008[0.009]0.010(0.0120.014]0.0160.0180.020/0.023/0.025|0.028|0.0320.034|0.038 |0.042
4 10.004|0.005|0.006|0.007|0.009/0.010/0.012|0.014|0.016|0.018|0.021|0.023|0.026|0.030|0.032|0.036 | 0.040|0.044 | 0.045| 0.050
5 [0.005[0.006]0.008/0.009]0.011[0.013]0.015[0.0170.020(0.023]0.025[0.030|0.032|0.036 | 0.040 | 0.0440.050 | 0.055 | 0.060 | 0.065
Notes on Milling 6 |0.006]0.008/0.009]0.011[0.013[0.016[0.018]0.021[0.024[0.028[0.030|0.034]0.038/0.042|0.045 | 0.050| 0.055 | 0.060|0.070 | 0.075
1. Above values are uidelines for the size £ 1300 05 001 0017 00 b, i 801 002 000, 00 001 0350 005 008 0 017 D0 015 03
and type of cut nominated. 12 ]0.016]0.019]0.022|0.026|0.030|0.034 | 0.038|0.044 | 0.050|0.055|0.060|0.065|0.075| 0.080{0.090|0.100| 0.11 | 0.12 | 0.13 | 0.14
2. For long series tools, reduce speed by 3010022/0.078 0.122] 003610044 0080 .00 0068]0075[ 00850005 | 0.1 | 047 | 013 018 | 015 | 018|018 | 021073
40%and feed by 20% 25 10.025|0.032|0.038]0.045]0.055|0.060/0.070/0.080/0.090| 0.10 | 0.12 | 0.13 | 0.15 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26 | 0.29
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METRICENDMILLS [ sizel ]
= nominal tool diameter (mm) ~ Ve x 1000 W
= Spindel speed (RPM) n= T gy = g X318
= Qutting speed (m/min) nx@x nxd

= Feed rate per tooth (mm/tooth) V¢ = T 1000 = 318

= Feed rate (mm/min)

= No. cutting edges f,=
= Metal removal rate (cm3/min)

= Qutting depth (mm) o Ap X Qe X Vi

= Qutting width (mm) 1000

Vi

oI vi= f.xzxn




Application Quide Troubleshooting - HSSDrills

suttoniools
[ oSN Sy

Code Problem

1 Breaking of drill
2 Quter corner breaks down
3 Qutting edges chip
4 Drill splits up centre
5 Drill will not enter work
6 Hole rough
7 Hole oversize
8 Tang breaks
(] [ ] (] Dull point Sharpen
[ Drill has front taper due to wearing Sharpen
[ ] [ ] [ Insufficient lip clearance on point Grind correctly
(] (] Lip clearance too great Regrind to correct clearance angle
(] Drill in incorrectly point ground Regrind correctly
® ® Flutes dogged with chips Remove drill from hole and
to clear flutes
Spring or backlash in drill press, Check each item for rigidity
[ . .
fixture or work and alignment
(] (] (] (] Feed too heavy Reduce Feed
[ Qutting speed too high Reduce speed
Dry cutting, no lubricant at . .
([ ] [ ] autting edges Apply cutting fluid
° Drill web [&drel’dlameter too big Thin web to original size
[ Fixture/ amping not rigid Secure job firmly
Unequal angle or uneven length Regrind to same lip lengths
of cutting edges and angles
Spindle run-out/ Loose spindle Check machine
Bad fit between shank taper & socket. The Remove dirt, nicks or burrs, or
drive & alignment is controlled by thetaper fit | replace worn socket




Application Quide Troubleshooting - Taps

suttontools

Code ‘ Problem
1 Thread is oversize
2 Axial miscutting of thread
3 Thread is undersize
4 Thread has bellmouthed entry
5 Thread surface is rough and unclean
6 Low toal life
7 Partial or complete tap breakage on FORWARD or BACKWARD movement
1 3 4 5 6 7 Possible reason Solution
\Wrong tap, cutting geometry of the Use correct tap for the material group
® ® e ® ® ® | tapisnot suitablefor this operation [8de Bxpert Tool System, at www.suttontools.com ]
Tap hole diameter should be in accordance to DIN336
[ [ ] [ Tap hole diameter is undersize or respective standard. For cold forming taps, a special
hole diameter is needed.
° ° e | Misalignment - tap hole position, a[@heck workpiece damping
or angle is not correct eck machine settings
° The axial machine spindle movement albe mechanical feed
is not free and easy tap holder with length compensation
allibe anew tap
° Qold welding on the thread flanks blithprove and check lubrication
of thetap ove cold welding area from tap
dlibe tap with surface treatment or coatings
° Poor guidance of the tap because a[ibe mechanical feed
of little thread depth blibe tap that has better guiding characteristics
. . alithprove lubrication
[ [ [ Seed is too high Widwer speed
albe tap with different flute form
[ ] (] [ ] Chip dogging coated taps
tap set
° ® ° The lubrication wrong, additives Make sure that the coolant is correct and
or the coolant supply is not sufficient that the supply is sufficient
Spiral fluted taps are over pressured Spiral fluted taps should only be lightly pushed into the
intheinitial cutting phase tap hole until it begins to cut. The tap holder should
[fetracting pulling foroe 2] immediately begin to apply tension to the tap.
" ] Spiral pointed taps and even left hand spiral flute taps
Spiral pointed taps [giin taplee_ not must have a stronger pressure until they begin to cut.
receiving enough pressureintheinitial | .04 2ol der should immediately begin to apply
cutting phase ’
pressure to the tap [pushing forcd
Tolerance on the tap is not identical
[ ] [ ] to the tolerance on the drawing or Use a tap which has a correct tolerance
on the gauge
Wrong initial cutting pressure has been ]
[ ] used or the machine spindle is not a@epmﬁcﬁgﬁvjﬁeﬂ h compensation
moving along its axis free and easy ap ot pen
Tap is over loaded, either from coarse
® ® pitch and/or tough material Use set of taps
alithprove coolant supply, use taps with surface
" ’ " treatments or coatings
® Qold welding, material build-up [fitkcupl] bl@heck if surface treatment is correct for
this application
alike drill best suited to material being drilled
new drill or boring tool
° ® | Hardened wallsin drilled hole d¥ésharpen drilling or boring tools
dlpossible, heat treatment and coatings should only
be made after threading
alibe a longer chamfer if the tap hole
" ’ is blind hole or through
e Over loading of teeth in the chamfer area increased number of teeth in the chamfer area
by selecting tap with increased number of flutes
[ ] Tap hole chamfer is missing or wrong Gountersink tap hole chamfer with correct angle
° Tap crashed against the bottom of Use tap holder with length compensation and over
tap hole load clutch




Application Quide Troubleshooting - Endmills

suttoniools

Gode ‘ Problem

‘ Possible Reason

1 Poor workpiece finish Qutting edge wear, cutter radial run-out
2 Splintering of workpiece edge Unsuitable cutting conditions, unsuitable shape of cutting edge
3 Non-parallel or uneven surface Low stiffness of the cutter or of the workpiece [[Bbsel]
4 Extreme flank wear
5 Extreme crater wear
6 Breaks and shelling due to thermal shock Unsuitable cutting conditions, unsuitable shape of cutting edge
7 Formation of built-up edges
8 Poor chip clearance, chip blockage
9 Lack of Rigidity Difficult cutting conditions, clamping of the workpiece
10 End mill cutter breaks Unsuitable cutting conditions, flute length of the cutter
3 4 5 6 7 8 9 10 ‘ Solution
[ ] (] [ ] increase cutting speed
([ ] [ ] [ ] reduce cutting speed
[ ) [} increase feed rate
[ ] (] [ ] [} [} [} (] [ ] reduce feed rate
[ ([ ] [ [ [ [ [ reduce cutting depth
[ [ ] [ change cutter diameter and cut width
[ ] (] [ ] (] [ ] check use of cooling lubricant, flush swarf away
) ° ° ° ° ° ° ° increase dearance angle [Radial relief[]
° ° ° increase wedge angle [Rike anglel[™]
[ ) increase number of teeth
[ ] [ [ [ reduce number of teeth
°® select larger chip space [Qltter[]
[ ] (] [ ] (] [ ] change shape of minor cutting edge
[ ] [ ] cutter - change radial run-out
) ° ° ° ® | change cutter stiffness, flue length [ZD ratiol ]
(] [ ] [ ] (] select machine with higher power and stiffness




Application Quide Troubleshooting - Reamers

suttoniools

=l

de Problem

1 Breakage

2 Excessive wear

3 Chattering

4 Poor surface finish

- Possible reason Solution
[ Dirt or burrs in spindle or socket in which reamer is held clean spindle
Misalignment of two or more parts of the set-up. . .
e e This condition can cause a bell-mouthed hole align holes or use bridge style reamer
[ J [ J [ J [ Too fast or too slow speeds adjust
[ [ [ [ ] Too much or too little feed adjust
[ ] Wrong type of coolant refer to lubricant supplier’s literature
[ No lubricant between guide bushing and reamer apply
[ [ ] Lack of lubricant increase
[ ] Bottoming in blind holes reduce depth travel of reamer
[ ] Lack of sufficient stock to ream drill smaller hole
[ [ [ Too much stock to ream drill larger hole
. slow down the approach feed, until all cutting edges are
[ ] [ ] Entering work too fast located in the hole
Badly drilled holes — too rough, tapered or bell-mouthed. Bell- .

® ® ® ® mouthed holes may cause the reamer to wedge rather than cut replace dril
[ [ Oversize or undersize bushings use suitable bush
[ [ Lack of rigidity in machine or work holder improve rigidity
[ ] [ ] (] Improperly designed reamer for the job use a different reamer




Technical Information Goatings & Surface Finish
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(oating Micro- 02z & Thermal

Trade Name Friction vs Mlour Application & Benefits

Sructure | hardness Seel Sability

Brt - - - 08-10 - - * For general purpose applications

* For ferrous metals

Seam * Prevents chip build-up on the cutting edges, especially in
Blu Oxide - - 08-10 - Blue - Black| low carbon steels

* Oxide layer protects surface

» Good carrier of lubricants

i Plasma * Increases surface hardness

Ni Nitride - - 08-10 - - * Better lubricant carrying properties

« Abrasive materials - cast iron and Aluminium alloys
* Abrasive materials - cast iron and heat treated steel
3300HV | 03-035 upto |\ soiet - Qey Difficult to machine materials, such as stainless steel

1652°F * Higher speeds and feeds
¢ Reduces or eliminates use of coolants

* Excellent friction and lubricating properties of the

Titanium
Futura Nano Auminium Nano

CRANCE] Niride | B

TAN + unto coating provide optimal chip flow
Hardlube woc | Namolayer | 3000HV | 015-020 | 4 4?2°F Dark Gey | » Tapping and drilling of hard to machine materials
« Quitable for minimum quantity lubrication [MQUahd
dry machining
Alcrona Aluminium Mono * Low alloy steels and high tensile steels

Monm | Qromum |2 3200HV | 035 ZSE’EQF Blue- Grey | » Hardened steels up to 54 HRC

Nitride « |deal for carbide tools

* Longer tool life
* Higher cutting speeds and feeds

. Alcrona . upto » Superb chip evacuation
Helica based Multi Layer | 3000 HV 025 1100°C Qopper |, Greater number of regrinds
* Improved drill hole quality
* BExcellent performance in abrasive material
* High speed machining
TAN+ « Quitable for minimum quantity lubrication [MQUhd
Adura ALQYy | MuitiLayer | 3300 HV <04 >1100°C |Blue- Gey | dry machining
« Machining of hardened steels [F60HRA ]
* |deal for carbide tools
* High performance applications
Titanium | Gadient upto « Difficult to machine materials
TiaN Carbonitride | Goating 8000 HV 04 752°F Blue- Gey |, Abrasive materials - cast iron and Aluminium alloys

 Adhesive materials - copper and copper based alloys

 Ceneral purpose use
Titanium Mono upto Gold- | » Wide range of materials
TiN Nitride Layer 2300 HV 04 1112°F Yellow |+ 3to8 timeslonger tool life than uncoated tools
* Higher tool speeds and feeds than uncoated tools

« Suitable for high speed [kt / dry(@hd hard machining
for difficult materials above 52 HRC

TiISN TiS based | Multi Layer | 3600 HV 0.3 <1200°C | Qopper | Suitablefor high speed machining with hardened
steels above 60 HRCto maximum of 63 HRC

* \c&Vf =+50%

« Qutting and forming of copper, nickel, & monel metal

* Enhanced thermal stability and oxidation resistance

Chromium | Gradient upto : :
aN o : 1750 HV 05 o |Slver- Qey|  Excellent corrosion resistance
Nitride (ating 1292°F * Low internal stress of coating results in excellent adhesion
under high loads

Latest advances in thin film coatings to optimise your machining application




Technical Information Materials - Tool
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Gonventional high Sandard tool material for most Used for the manufacturing of cutting tools such as twist drills,
speed steel common applications end mills and taps.
5%cobalt grade of | High-heat resistance, especially (obalt alloyed, tungsten-molybdenum high speed steel possessing
high speed steel suited for roughing or when coolant | high hardness, excellent cutting properties, high-red hardness and
insufficient good toughness.
8%cobalt gradeof | Increased heat resistance and Available for applications that require a strong resistance to softening at
high speed steel hardness, suitable for elevated cutting temperatures. The ability of the steel to maintain its “red-
difficult-to-machine materials hot hardness” is provided by the addition of cobalt. The high hot hardness
is required for machining difficult materials such as nickel-base, titanium
and highly alloyed steel.
Premium gradeof | Wide range of machine taps Vanadium grade gives high wear resistance and toughness for most
high speed steel tapping applications.
Powdered Materials with hardness PM-HSS V3 for higher performance tools, incorporates very fine
PM-HSSE\3 metallurgy - upto40 HRC and uniform grain structure allowing a high hardness to be achieved,
vanadium gradeof | Difficult-to-machine materials whilst maintaining good toughness.
high speed steel eg. stainless steels
Powdered Materials with hardness The addition of cobalt provides this material with the ability to maintain
metallurgy - 8% upto 45 HRC its strength and hardness level when exposed to extremely high cutting
(obalt grade of high temperatures. This makes PM-HSS  suitable for heavy duty tapping,
speed steel in materials such as high alloyed steels to non-ferrous metals like
Ni-base alloys & Ti-alloys.
Powdered Special applications, requiring very An excellent bridge material between high speed steel and carbide.
metallurgy - 11% high edge hardness. SPM offers very high red hardness, wear resistance and the highest
(obalt grade of high | Qutting tools with the appropriate compressive strength of any high speed steel.
speed steel geometry can be applied to
workpiece materials with hardness
upto 55 HRC
Sub-micron grade of | Tapping hardened steel Ultra fine grain type [@Bum{Slith maximum toughness &
solid Garbide high hardness, therefore especially recommended for rotating
[[Sok15-K30[] tools to machine hardened parts.
Sub-micron grade of | Sutton standard grade for endmills Ultra fine grain type mum@fers the ideal combination of hardness &
solid Garbide & drills toughness for high performance drilling & general milling applications
KkaolE]
Sub-micron grade of | High performance grade for endmills | Ultra fine grain type mum@fers the best wear resistance for high
solid Garbide performance milling applications.

O ka0-ks0[E]

Gomputer controlled vacuum heat treatment ensures consistent high quality




Technical Information Gonversion Tables
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0.010 0.0004 1.092 0.0430 3.800 0.1496

0.100 0.0039 1181 0.0465 56 3.861 0.1520 24

0.150 0.0059 97 1.191 3/64 0.0469 3.900 0.1535

0.160 0.0063 96 1321 0.0520 55 3912 0.1540 23

0.170 0.0067 95 1.397 0.0550 54 3.969 5/32 0.1563

0.180 0.0071 94 1.500 0.0591 3.988 0.1570 22

0.190 0.0075 93 1511 0.0595 53 4.000 0.1575

0.200 0.0079 92 1.588 1/16 0.0625 4.039 0.1590 21

0.210 0.0083 91 1613 0.0635 52 4.089 0.1610 20

0.220 0.0087 90 1.702 0.0670 51 4.100 0.1614

0.230 0.0091 89 1.778 0.0700 50 4.200 0.1654

0.240 0.0094 88 1.854 0.0730 49 4216 0.1660 19

0.254 0.0100 87 1.900 0.0748 4.300 0.1693

0.270 0.0106 86 1.930 0.0760 48 4305 0.1695 18

0.280 0.0110 85 1.984 5/64 0.0781 4366 11/64 01719

0.290 00114 84 1.994 0.0785 47 4394 0.1730 17

0.300 00118 2.000 0.0787 4400 01732

0.305 0.0120 83 2.057 0.0810 46 4496 0.1770 16

0.317 0.0125 82 2.083 0.0820 45 4.500 01772

0.330 0.0130 81 2.184 0.0860 44 4572 0.1800 15

0.343 0.0135 80 2261 0.0890 43 4.600 01811

0.368 0.0145 79 2375 0.0935 42 4623 0.1820 14

0.397 1/64 0.0156 2381 3/32 0.0938 4.700 0.1850 13

0.400 0.0157 2438 0.0960 41 4762 3/16 0.1875

0.406 0.0160 78 2489 0.0980 40 4800 0.1890 12

0.457 0.0180 77 2.500 0.0984 4851 0.1910 11

0.500 0.0197 2527 0.0995 39 4.900 0.1929

0.508 0.0200 76 2578 0.1015 38 4915 0.1935 10

0.533 0.0210 75 2642 0.1040 37 4978 0.1960 9

0572 0.0225 74 2.705 0.1065 36 5.000 0.1969

0.600 0.0236 2778 7164 0.1094 5.055 0.1990 8

0.610 0.0240 73 2.794 0.1100 35 5.100 0.2008

0.635 0.0250 72 2819 0.1110 34 5.105 0.2010 7

0.660 0.0260 71 2870 0.1130 33 5159 13/64 0.2031

0.700 0.0276 2.946 0.1160 32 5182 0.2040 6

0.711 0.0280 70 3.000 0.1181 5.200 0.2047

0.742 0.0292 69 3.048 0.1200 31 5.220 0.2055 5

0.787 0.0310 68 3.100 0.1220 5.300 0.2087

0.794 1/32 0.0313 3.175 1/8 0.1250 5.309 0.2090 4

0.800 0.0315 3.200 0.1260 5.400 0.2126

0.813 0.0320 67 3.264 0.1285 30 5410 0.2130 3

0.838 0.0330 66 3.300 0.1299 5.500 0.2165

0.889 0.0350 65 3400 0.1339 5556 7132 02188

0.900 0.0354 3.454 0.1360 29 5.600 0.2205

0914 0.0360 64 3.500 0.1378 5613 02210 2

0.940 0.0370 63 3.569 0.1405 28 5.700 0.2244

0.965 0.0380 62 3572 9/ 64 0.1406 5791 0.2280 1

0.991 0.0390 61 3.600 0.1417 5.800 0.2283

1.000 0.0394 3.658 0.1440 27 5.900 0.2323

1.016 0.0400 60 3.700 0.1457 5944 0.2340 A

1.041 0.0410 59 3734 0.1470 26 5.953 15/64 0.2344
- 1.067 0.0420 58 3.797 0.1495 25 6.000 0.2362




Technical Information Gonversion Tables
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6.045 0.2380 8.900 0.3504 15.500 0.6102
6.100 0.2402 9.000 0.3543 15.875 5/8 0.6250
6.147 0.2420 C 9.093 0.3580 T 16.000 0.6299
6.200 0.2441 9.100 0.3583 16.272 41/64 0.6406
6.248 0.2460 D 9128 23/64 0.3594 16.500 0.6496
6.300 0.2480 9.200 0.3622 16.669 21/32 0.6563
6.350 1/4 0.2500 E 9.300 0.3661 17.000 0.6693
6.400 0.2520 9.347 0.3680 U 17.066 43/64 0.6719
6.500 0.2559 9400 0.3701 17.462 11/16 0.6875
6.528 0.2570 F 9.500 0.3740 17.500 0.6890
6.600 0.2598 9525 3/8 0.3750 17.859 45/64 0.7031
6.629 02610 G 9576 0.3770 \Y% 18.000 0.7087
6.700 0.2638 9.600 0.3780 18.256 23/32 0.7188
6.747 17/64 0.2656 9.700 0.3819 18.500 0.7283
6.756 0.2660 H 9.800 0.3858 18.653 47/64 0.7344
6.800 02677 9.804 0.3860 W 19.000 0.7480
6.900 02717 9.900 0.3898 19.050 3/4 0.7500
6.909 02720 | 9.922 25/64 0.3906 19.447 49/64 0.7656
7.000 0.2756 10.000 0.3937 19.500 0.7677
7.036 02770 J 10.084 0.3970 X 19.844 25/32 0.7813
7.100 0.2795 10.200 04016 20.000 0.7874
7137 0.2810 K 10.262 0.4040 Y 20.241 51/64 0.7969
7144 9/32 0.2813 10319 13/32 0.4063 20.500 0.8071
7.200 0.2835 10490 0.4130 Zz 20.638 13/16 0.8125
7.300 02874 10.500 04134 21.000 0.8268
7.366 0.2900 L 10.716 27164 04219 21.034 53/64 0.8281
7400 02913 10.800 04252 21431 27132 0.8438
7493 0.2950 M 11.000 04331 21.500 0.8465
7.500 0.2953 11112 7116 04375 21.828 55/64 0.8594
7541 19/64 0.2969 11.200 0.4409 22.000 0.8661
7.600 0.2992 11.500 0.4528 22.225 718 0.8750
7671 0.3020 N 11.509 29/64 04531 22.500 0.8858
7.700 03031 11.800 0.4646 22.622 57/64 0.8906
7.800 0.3071 11.906 15/32 0.4688 23.000 0.9055
7.900 03110 12.000 04724 23.019 29/32 0.9063
7938 5/16 03125 12.200 0.4803 23416 59/64 09219
8.000 0.3150 12.303 31/64 0.4844 23.500 09252
8.026 0.3160 O 12.500 04921 23.812 15/16 0.9375
8.100 0.3189 12.700 1/2 0.5000 24.000 0.9449
8.200 0.3228 12.800 0.5039 24.209 61/64 0.9531
8204 0.3230 P 13.000 05118 24.500 0.9646
8.300 0.3268 13.097 33/64 05156 24.606 31/32 0.9688
8.334 21/64 0.3281 13494 17/32 05313 25.000 0.9843
8400 0.3307 13.500 05315 25.003 63/64 0.9844
8433 0.3320 Q 13.891 35/64 0.5469 25.400 1 1.0000
8.500 0.3346 14.000 05512

8.600 0.3386 14.288 9/16 0.5625

8611 0.3390 R 14500 05709

8.700 0.3425 14684 37/64 05781

8.731 11/32 0.3438 15.000 0.5906

8.800 0.3465 15.081 19/32 0.5938

8.839 0.3480 S 15478 39/64 0.6094
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Tensile Srength vs Hardness

N/ mm2 Kg/ mm2 Tons/ Inch? Brinell [HB] Rockwell [HRCIHRB]
400 40.8 26.0 119 69 HRB
450 459 290 133 75 HRB
500 501 324 149 81 HRB
550 56.0 356 163 855 HRB
600 61.0 389 178 89 HRB
650 66.2 421 193 92 HRB
700 714 453 208 95 HRB
750 76.5 485 221 97 HRB
800 81.6 51.8 238 22 HRC
850 86.7 551 252 25 HRC
900 91.8 58.3 266 27 HRC
1000 1020 64.7 296 31HRC
1100 1122 71.2 325 35 HRC
1200 1224 77.7 354 38 HRC
1300 132.6 84.1 383 41 HRC
1400 142.8 90.5 408 44 HRC
1500 1529 97.0 444 47 HRC
1600 163.1 1035 461 49 HRC
1700 1733 109.9 477 50 HRC
1800 1835 1164 514 52 HRC
1900 193.7 122.9 549 54 HRC
2000 2039 129.3 584 56 HRC
2100 2141 135.8 607 57 HRC
2200 2243 142.2 622 58 HRC
2300 2331 148.7 653 60 HRC

Conversion of values depends on the actual alloy content; this chart therefore indicates a general conversion only.

Manufacturing Tolerances

Nominal Tolerance ein Microns

Diameter | uptoand

in mm incduding

above
-14 0 0 0 0 0 0 +50 +125 +14 +25 +40 +12
0 3 -18 -4 -6 -10 -14 -25 -40 -50 -125 0 0 0 +2
-20 0 0 0 0 0 0 +60 +150 +18 +30 +48 +16
3 e -38 -5 -8 -12 -18 -30 -48 -60 -150 0 0 0 +4
-25 0 0 0 0 0 0 +75 +180 +22 +36 +58 +21
6 10 -47 -6 -9 -15 -22 -36 -58 -75 -180 0 0 0 +6
-32 0 0 0 0 0 0 +90 +215 +27 +43 +70 +25
10 1 -59 -8 -11 -18 -27 -43 -70 -90 -215 0 0 0 +7
18 20 -40 0 0 0 0 0 0 +105 +260 +33 +52 +84 +29
-73 -9 -13 -21 -33 -52 -84 -105 -260 0 0 0 +8
-50 0 0 0 0 0 0 +125 +310 +39 +62 +100 +34
%0 >0 -89 -11 -16 -25 -39 -62 -100 -125 -310 0 0 0 +9
-60 0 0 0 0 0 0 +150 +370 +46 +74 +120 +41
%0 80 -106 -13 -19 -30 -46 -74 -120 -150 -370 0 0 0 +11
-72 0 0 0 0 0 0 +175 +435 +54 +87 +140 +48
8 120 -126 -15 -22 -35 -54 -87 -140 -175 -435 0 0 0 +13

@onversion: 1 micron equals .00004 inches
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High Soeed Sedl Sraight Shanks

Form A [plkin[Z]
centre hole
4 28 20 50
A
5 28 25 56 - d,
6 36 32 60 I,
chamfer
8 36 40 70
10 40 50 80
12 45 63 90
Form B [&lth drive flat[Z]
d b C, (¢}
" 4005 0 s o centrehole
h6 -0 -1 < ‘ﬁ
6 42 18 48 36 - / 1 o
. d1 h‘I
8 55 18 66 36 - ]
1
10 7 20 84 40 - 7 chamfer
12 8 225 104 45
C
16 10 24 142 48 ) th—1'
1
20 11 25 182 50 - o
T Bhe 2 centre hole
25 12 32 23 56 17 —_— .
32 14 36 30 60 19 /
— d,
40 14 40 38 70 19
50 18 45 478 80 23 ‘ ,\ v
63 18 50 60.8 90 23 chamfer
Form D [&drewed shank[%]
d, I, I, d,
+2 | +1
0 | -0 1.27 1 20TPI
6 36 10 59 55°
10 40 10 99 {7
12 45 10 119 d1 d2 /% A ﬂ\
16 48 10 159 E %
3
20 50 15 199 l,
25 56 15 249 thread undercut or centering hole thread profile
thread runout released DIN SO 228
32 60 15 319 Whitworth Form
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Carbide Sraight Shanks

Form HA[plhin[Z]  DIN6535
d, l,
h6 +2
-0
2 28
3 28 14 45
4 28 16 48 o d,
5 28 18 48 . » \ chamfer
6 36 20 50
8 36 25 56
10 40 32 60
Form HB [&lth drive flat[Z]

6mm to 20mm = One Drive Flat

C .
A° | e 25mm & 32mm = Two Drive Hats
) "]
8 55 18 69 36
10 7 20 85 40 chamfer
12 8 225 | 104 45 c,
e
14 8 225 | 127 45
AS° 2
16 10 24 142 48 X
U
18 10 24 162 48
- — — — — q,
20 11 25 182 50
25 12 32 23 56 17 ,\
32 14 36 30 60 19 chamfer
Form HE [wlth whistle notch flat[%]
I 6mm to 20mm = One Drive Flat
4—"|> 25mm & 32mm = Two Drive Flats
5
a7 6 (b,)
0 4 ‘
8 55 6.9 36 25 18 — \
—
10 71 85 40 28 20
\q |
12 82 104 45 33 225 =
14 8.1 127 45 33 225 1,
16 101 142 48 36 24
18 108 162 48 36 24 l_,— {
20 114 182 50 38 25
25 136 93 23 241 56 44 32 (—
32 155 9.3 30 312 60 48 35 ﬂ‘
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Drill Definitions

fluted Ian& !

— I {_ drill
) M — —_—t — — diameter
tang point angle, *
tang drive
N —— lip relief angle dearance
— P 9 diameter
chisel edg

i | ek helix angle angle

shank _ _ \\&\ N\ / .
diameter ﬂ
*‘ \ margin

~————— flutelength ———= “lip [

—~—— shank body
length
— overall length —

width of land

*Drills manufactured to ANSI B94-11. The overall length and flute length are measured to the corner of the outer lip.

Drill Point Types [DIN1412[]

Type A TypeB TypeC

thinned chisel edge thinned chisel edge split point
with corrected cuttmg lips

Type D Type E

point ground for cast iron brad point

Drill Tolerances DIN/ 1SO 286, Part 2

Drill Diameter at Point [Fim[T] Diameter Tolerance h8 [mim[] Back Taper [fm[%]
Over Indlusive Plus (%] Minus (] [(Epering of Diameter(]
020 3.00 0.000 0014 0.000 to 0.008
3.00 6.00 0.000 0018 0.002 to 0.008
6.00 1000 0.000 0.022 0.002 to 0.009
1000 1800 0.000 0.027 0.003 to 0011
1800 3000 0.000 0033 0.004 to 0015
3000 50.00 0.000 0.039 0.004 to 0015

T The Drill diameter usually reduces towards the shank end; tolerance per 10mm of flute length.
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Web Thinning

On most drills the web increases in thickness towards the shank with the result that, as the drill is shortened by repeated sharpening, the chisel edge will
become wider. As the chisel edge does not cut but forces the metal out of the way, too wide a chisel edge will result in more pressure required for penetration,
leading to greater heat generation and a resultant loss of life.

7

Qutting Huids

hold original
thickness

The use of cutting fluids is an advantage in most drilling operations and an essential in some. The two main functions of the cutting fluid are lubrication
and cooling. The purpose of lubrication is to reduce friction by lubricating the surfaces tool and work, to fadlitate easier sliding of the chips up the flute
and to prevent the chips welding to the cutting edges. In production work, particularly when drilling deep holes, the cooling action of the fluid is often
more important than the lubrication. Overheating will shorten the life of the drill. Intermittent feed on deep holes, where possible, not only dears the
chips but permits more effective cooling.

Soeeds

The speed of a drill istherate at which the periphery of the drill moves in relation to the work being drilled. As arule, with a drill working within its speed range for
a spedific material, more holes between sharpenings will be achieved if the speed is reduced and less holes if the speed is increased. Thus, for each production run,
a speed must be established which will result in the highest rate of production without excessive breakdown time or drill usage. The factors governing speed are:
Gmponent material, hardness of material, depth of hole, quality required, condition of drilling machine, efficency of cutting fluid.

Feeds

The feed of the drill is governed by the drill size and the component material. As with speeds, an increase in feed will lessen the number of holes produced
sharpening but it is essential that a constant feed be maintained. If a drill is allowed to dwell, breakdown of the cutting edges will result.

Small Drill Feeds and Speeds

Breakdown of small drills can most often be attributed to two faults: speed too high and feed too low. Afeed which will produce CHIPS not PONVDER, coupled
with a speed compatible with the strength of the drill is essential for small hole drilling. Feeds must be based on thickness of chip, not mm/min, and speeds
adjusted accordingly. EXAMPLE: A1mm drill is to operate at afeed of 0.013mm /rev, drilling steel. While the material may permit a speed of 30m/min or
9,500 RPM it is obvious that the drill could not withstand a load of 0.013mm feed at this speed; a penetration rate of 124mm/min. The correct procedure is
toretain the feed but reduce the speed to obtain a penetration within the capacity of the strength of the drill.

Deep Hole Drilling

When drilling deep holes, speeds and feeds should be reduced as follows:

Depth of hole Reduction percent %

Seed Feed
3 times drill diameter 10 10
4 times drill diameter 30 10
5 times drill diameter 30 20
6 to 8 times drill diameter 35t040 20
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Technical Information Tap Terminology

pitch

——

s e overall length
Tap Definitions
length of shank ————=
length of
square
square size
shank —— .
diameter ‘—D

—— root

Y7

——— threaded length ———

chamfer
lead length
lead angle
minor pitch

. ' major
diameter diameter diameter

crest —sH—=—oo
front flank rear flank
included angle of thread

semi-angle of thread

web diameter /

flute
Thread Relief Types
Ule
Goncentric threads

(60 radial relief[]

Qutting Faces

N\

™ heel

-— Negative rake angle

Negative rake

W @un nose [&diral point[Z]

width of land
cutting face
radial relief
_—
\/

Eccentric threads
[i&lieved to cutting edgel ]

land

~ tangential hook ~
= chordal hook
_ _ o o
7777777 S 7:_’” - T
positive rake angle
Radial rake Positive rake Hook

concentric land

7 / radial relief

Gon- eccentric threads
[relieved to a land(2]

-~
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(onstruction dimensions / designs

Short Machine ISO529 ﬁhﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂi |Xﬂ
& Hand Taps JSQTYPE) | {
Reinforced Shank Taps  DIN371 W | %]
Reduced Shank Taps ~ DIN374/ DIN376 / DIN5156 W | =)
Machine Nut Taps ANS| B949 Sandard <M | =)
. RIESPT G [B$PH B [BSPrLE1S0R284 Standard T
Pipe Taps NPT, NPTF, NPSF - ANS| B949 Sandard ML =
Tap Syles
Style 1 Style 2 | Style 3
‘dz '—3—‘ d2 1d>
1 IS — ON | [ ] =
I, q 53 |
s sq L sq
Iy 1 |
Style 4 Style 5 L Style 6
. ® | — ©
L = © \ [ © ©,
I, Sq I, sq L2 % sq
Iy 1

Chamfer Type/ Length
Table below is in accordance with 1ISO8830 / DIN2197

Terminology

Form

Number of
threads
on lead

Chamfer
angle( )

Type of flute

Main area of

. lllustration
application

TAPER A 6t08 5° Hand or Short through holes
straight
flutes
INTERMEDIATE D 35to5 8° Hand or Cenerally for
straight through holes
BOTTOMING =4 15t02 23° Hand or Blind holes with very
straight short thread runout
flutes
INTERMEDIATE B 35to5 10° Straight, with Through holes in
spiral point medium & long
chipping materials
BOTTOMING C 2to3 15° Spiral Cenerally for Wy ]
fluted blind holes \ “‘“\l\\\“‘“‘ “‘\lq
Ry Ny

* Use of this typeis not recommended
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Tap Types - Helix direction/ Helical pitch / Huteless

The helix angle depends primarily upon the hole form, eg. Through hole , blind hole, deep blind hole, etc., but the material, eg short chips, long chips, also
has a strong influence on the direction of the helix. The following basic forms have derived during the development of taps:

Description lllustration

(1] Sraight Flutes [Hand[=Isuitable for through or blind holes. The flutes only have room for a small amount \
of chips. The chips are not transported axially. Therefore, it is not advisable to cut deep through or blind
holes [&cept in short chipping materials(With this type.

(2] Sraight Flutes with [Glin(= Suitable for through holes, the gun point curls the chip forward ahead of the
tap & out of the hole. Therefore, chip clogging is avoided and coolant can flow without problems.

(3] Spiral Flutes [£H1 Spiral, right hand cutting[:J Suitable for interrupted through holes, where cross-holes
exist. The direction of the flutes, curls & transports the chips forward of the tap, similar to Gun taps [abo,
opposite to RH spiral flutesHiowever, in applications where another hole intersects with the tapped hole,
the helical flutes maintain the pitching of the thread.

O 15° Spiral Flutes [RH Spirall = Suitable for blind holes, best suited to tough short chipping materials, up to
1.5 xDin depth. This particular tap desigh has no advantages for soft, and long chipping materials, especially
over 1.5 xd, in depth. Due to the slow helix angle not transporting the chips well, dogging is possible.

©® 40°t050° Spiral Flutes [RH Spirall = Suitable for blind holes, best suited to long chipping materials,
the high helix angle & the direction of the flutes, curls & transports the chips back out of the hole.

This particular tap style is required to cut on reversal; therefore flute rake is required on the both front
& back flute faces.

©® Thredflo/ Roll taps [filiteless£Jsuitable for blind & through holes. This type of tap internally rolls a
thread, therefore displacing the metal rather than cutting, like the above mentioned styles. Dueto torque
generated when producing roll threads, much higher machine power is required. Roll threads also produce
much stronger threads than cut threads, as the grain structure of the thread remains uniform through the
thread form profile. Note! Tapping drill size is not the same as a cut thread tap.

The above basic tool types are available in different variations, which have been designed & developed in
respect to the specific materials and working conditions.

Tap Hole Types

Through Holes
0 060 e o0

] ]

I % < l.‘SxD | ‘
! ‘ > 1.5xD
|

} I
| to 1xD
.
E]:\_ % 8 e

Blind Holes
0606 060 . 060 . 0060
D
| | | |
| | I |
| | | |
\ \
| |
| |
|
For blind holes, there are generally two thread runout forms used at the alThe bore is smaller than the tap hole diameter [fifpical for pipes[Z]
bottom of the tap hole. One form has a recessed diameter at the bottom of step hole, where the following diameter [88cond steplli
the hole, and the other form has a standard runout. Other types of holes are smaller than the tap hole diameter.
respective to construction designs, eg.
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Geometry

Sutton o

Designation Description Tap geometry Surface

G For cast iron— iron is a very abrasive material, therefore to increase tool life the taps Sraight flutes with TiIAN
are always surface treated or coated to resist the abrasion. The thread limit for this low rake angle Plasma Nitride Ni
range is 6HX;, which is high limit of the 6H tolerance allowing for longer wear life.

N For normal, general purpose type materials — suited to a wide range of materials, Normal rake angle Bright
with normal rakes & relief’s. This is existing geometry that Sutton Tools has & normal thread relief Blu
historically manufactured. TiN

UNI For normal, general purpose type materials — suited to a wide range of materials, with Normal rake angle Bright
normal rakes & high relief’s. However tap material is powder metal high speed steel & high thread relief TIAIN
[ElHsd ihich due to its finer grain structure than that of conventional HSS, higher
hardness can be achieved with excellent toughness, along with TIAIN surface coating
allowing for better tool life than normal taps.

VA For stainless and tough steels — to avoid dogging in tough, long chipping materials High rake angle TiION
such as stainless steel, it is essential that the chip flows continuously in an axial & thread relief Blu
direction. Best suited torigid tapping applications due to high thread relief. TIGN & TiN
coating has proven to be best suited for these materials.

VAPM For stainless and tough steels — geometry similar to VArange, however tap material High rake angle TiION
is powder metal high speed steel [BMHSI Which due to its finer grain structure than & thread relief
that of conventional HSS, higher hardness can be achieved with excellent toughness,
allowing for better tool life than VA taps.

H For hard materials forming short chips— the low rakes & relief’'s combined with a hard Low rake angle TiION
surface coating, allow excellent tool life. & thread relief

wW For soft materials — due to the very high rake angle with a low thread relief, allows for High rake angle Bright
excellent chip flow & gauging in soft materials. & low thread relief aN

Al For malleable aluminium with long chips — to avoid dlogging when threading in aluminium High rake angle, Bright
which forms long chips, it is essential that the chip flows continuously in an axial direction. high helix, 2 flutes, Plasma Nitride
Cenerally these taps have 1 less flute than normal taps & therefore have larger flute low thread relief
space, which more adequate for large volumes of chips to help avoid clogging.
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Lubricants

Use:
Use of a suitable lubricant or cutting compound is necessary on most tapping operations. The type of lubricant as well as the method of application is
often of extreme importance and can be responsible for the success or failure of a tapping operation.

Recommendation:

Better results can sometimes be obtained by the use of one of the many modified or specialised lubricants recommended by cutting oil specialists.
The general principle is to have more EP [EXtreme Pressurel@Hiditives added with the degree of difficulty, usually hardness increase. Oils stick, and
improve frictional properties essential in tapping tough applications.

Application:
Proper application of the lubricant is just as important as the type used. To be effective, ample quantities of lubricant must reach the chamfer or cutting
portion of the tap during the entire tapping operation. In many cases, the lubricant must also aid in controlling or disposing of the chips.

How:

The flow of lubricant should be directed into the hole rather than at the tap and should have sufficient pressure to wash the chips away from the hole as
much as possible. Also, if the flow is not continuous, it should start before the tap enters the hole and continue until the tap is completely reversed out
of the hole. In this way, ample oil is provided at the start of the cut and loose chips will be suspended in the oil so that they do not interfere with the tap
backing out of the hole. On machines where the work revolves and the tap is stationary, it is desirable to use several streams of lubricant on opposite
sides of the tap, especially on horizontal tapping.

Qeanliness:

Tapping lubricants must always be clean. If filter equipment is not used, the lubricant must be replaced periodically to eliminate fine chips, grit and foreign
matter that accumulate in the tank. Also, it is very important that the piping and tank are thoroughly flushed and cleaned before filling with new lubricant.
The dilution of lubricants often changes during use so that additions may be necessary to maintain the recommended proportion of active materials.

Tapping drill

The tapping drill hole diameter should be drilled as large as possible, within the respective fitting just under the upper permissible dimension of the tolerance.
If the tapping drill hole diameter is too small, then this will cause the thread root diameter [Hinor diameter[%d cut the material. This should be avoided,
because the small chips which derive from the root of thread, clog the normal chip flow and rip pieces of material out of the finished thread. Consequently,
thetap is overloaded and often breaks because of the high torque.

Another problem which occurs in certain materials due to thread root diameter cutting, is when a chip-bulge has been formed around the root radius.

The minor diameter of the tap is dlogged with small chips, which leads to a clamping of the tool teeth are ripped out, which leads to tool breakage. It

is therefore, necessary that the material which is to be tapped, be taken into account when determining the tap hole diameter. Typical materials which

do not squeeze or clamp are iron, brass and bronze and materials which squeeze are steels, steel castings and malleable steels. The tap cuts more
economically, when the tap drill hole diameter is within the upper range of the permissible tolerance.

Warning: When drilling holes in materials which tend to work harden, care is needed to ensure the drills are sharp otherwise tap life is decreased.

Tapping drill formula

The correct size of drill to give the desired percentage of thread can be calculated by using the following formula:

Thread Type Formula Example
Metric Drill Sze = Nom, Tap Dia, in mm — Pitch M6 x 1 =5.00mm drill

1/4 BSW 75%thread required:

1.28 75
i Drill Sze=0.250 - ——— x —— =0.250 — 0.048
vgr;wl;(i)cr)?reads Drill Sze = Nom, Tap Dia, — 1'I'I23? x %of thread depth 20 100
[ ]
Therefore Drill Sze = 0.202
Nearest Standard Drill = 51mm = 0.2007 inch
1/4 UNC75%thread required:
. . 130 _ 75
Unified Form Threads . . 130 Drill Sze = 0.250 — 0 X 100 =0.250 - 0.049
calculation Drill Sze = Nom, Tap Dia, — = x %of thread depth
Therefore Drill Size = 0.201 ‘
Nearest Standard Drill = 51mm = 0.2007 inch
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All sizes are “suggested sizes” only and may be varied to suit individual requirements

M UNC BSW
ISO Metric Goarse (60°) Unified National Goarse (60°) British Standard Whitworth [5° [%]

Tap Pitch Tapping Drill Tap Tapping Drill Tap Tapping Drill
TPI. TPI.
Sze mm mm Sze mm Sze mm
M1.6 035 125 #2 [0bs6l:] 56 1.85 1/16* 60 12
M2 04 16 #3 [FboolT] 48 21 3/32% 48 185
M2.5 045 205 #4 [Gh12(7] 40 23 18 40 255
M3 05 25 #5 (61 25[) 40 26 5/32% 32 30
M35 06 29 #6 (01381 32 28 316 24 37
M4 07 33 #8 [Gh64[] 32 34 =T o e
M4.5 0.75 37 #10 [GhoolZ 24 38 :
M5 08 42 #12 [Gb16[1] 24 45 14 20 5.1
M6 10 50 1/4 20 5.1 5/16 18 6.5
M8 125 6.8 5/16 18 6.6 3/8 16 79
M10 15 85 3/8 16 80 7116 14 93
M12 1.75 10.2 7/16 14 94 1/2 12 105
M14 20 12.0 1/2 13 108 9/16 12 121
M16 20 140 9/16 12 122 5/8 11 135
M18 25 155 5/8 11 135 3/4 10 16.25
M20 25 175 3/4 10 165 718 9 19.25
M22 25 195 7/8 9 195 g g 250
M24 30 21.0 1 8 222 L8 ; 2475
M27 30 240 1-1/8 7 250 :
M30 35 265 1-1/4 7 280 1-1/4 7 280
M33 35 295 1-3/8 6 310 1-1/2 6 335
M36 40 320 1-1/2 6 340 1-3/4 5 39.0
M42 45 375 1-3/4 5 395 2 4-1/2 445
v 50 430 - - S WHIT Form
M52 50 470 UNF
M56 55 505 Unified National Fine [G0° [Z£]

BSF
MF Tap Tp | Tapping Dril British Sandard Fine [85° [£]
ISO Metric Fine Sze mm Tp Tapping Drill
T Bitch ——— #3 [Gbool] 56 21 3 TPL.
ap apping Lxi #4 G127 48 235 2€ mm
Sze mm mm #5 [ 2507 a4 265 3/16 32 40
mg 0°~755 gg #8 @64 36 35 1a 26 53
Ve i o #10 [@1907] 32 41 5/16 22 68
o ' ' #12 G161 28 46 3/8 20 83
M10 10 20 7116 18 98
3/16* 32 40 -
M10 125 8.8 12 16 110
M12* 1.25 108 4 28 o2 9/16 16 127
M12 15 105 5/16 24 6.9 5/8 14 14'0
M14%* 125 128 3/8 24 85 :
M14 15 125 7116 20 o 11/16 14 155
M16* 15 145 12 20 s 314 12 1675
M18:* 15 165 9/16 18 128 7/8 11 19.75
mgg ig %g'g 58 18 145 i 1/8 190 2225'755
: : 3/4 16 175 - -
ioes i S 8 14 205 oy : o
M32+ 15 305 1 12 235 . '
- : , 1-3/4 7 410
M40* 15 385 1 14 240
M50* 15 485 1-1/8 12 265
*Metric Conduit  **Spark Plug i;g i; 3239(')51 BSB
8UN (8 TPI) 1-1/2 12 36'.0 British Sandard Brass Eo
Unified National Form [60° (%]  [ESAS] ;azpe TPI. Tappr':r?] Orill
Tap TPL. Tapping Drill o UNE: o 26 5o
Size mm Unified National Form [6d° 5/16 26 68
1-1/8 8 255 ; i 3/8 26 84
1-1/4 8 285 ;ap TRy | ‘@ppingDill T 26 100
1-3/8 8 3175 ze mm 12 26 116
1-1/2 8 350 L4 32 56 9/16 26 132
1-5/8 8 380 5/16 32 72 e e e
1-3/4 8 415 3/8 32 88 '
1-7/8 8 445 e o8 18 314 26 180
2 8 475 718 26 20.8
5/8 24 1475 ! o 5aa
3/4 20 18 :
468 1 20 242




Rc (BSPT)* Thread formin Thread formin
ISORc Taper Series 1:16 (55°) [Arteless taps [Aliteless tap

Tap TPl Drill Drill & Tap TPl Tapping Drill Tap - Tapping Drill
Sze T Only* | Reamer Sze o mm Sze T mm
Rel/16 | 28 64 62 Metric coarse
el 2 ai S ML 0.25 09 #110b73[]
Rc1/4 19 112 108 M11 0.25 10 #2 [Gbgs[i] 56 20
Rc3/8 19 14.75 145 M1.2 025 11 #3 [@bool] 48 23
Rc1/2 14 1825 180 M4 . o #4 [Gh12[T] 40 26
Rc3/4 14 23.75 230 Ml.6 0 '35 1'45 #5 [@h25[E] 40 29
Rl 11 300 290 ' : : #6 [(h38[E] 32 32
Re1-1/4| 11 385 380 ML.7 LED =2 48 @64l 32 38
Re1-1/2| 11 445 440 M1.8 035 1.65 #10 (64 90[% 24 44
Rc2 11 56.0 55.0 M2.0 0.40 18 #12 [GD16[7] 24 50
M2.2 045 20 1/4 20 58
M2.3 04 21 5/16 18 73
G(BPR) M25 045 23 38 16 88
ISO GParallel Series [6%° M2'6 0'45 2'4 7/16 14 102
. ' ' i ' 1/2 13 117
Tap TP Tapping Drill M3 05 28
Sze - mm M35 06 32 UNF
#1 [Gb73lE] 72 17
G1/16 28 6.8 M4 07 37
— o0 . #2 [GbsslE] 64 20
c1/a o s M5 08 46 #3 [@boolT] 56 23
o/ 19 15'3 M6 10 55 #4 @127 48 26
o1/ " 19'0 M8 125 74 #5 [Gh25[E] 44 29
o5/8 ) 21'0 M10 15 93 #6 [(h38[Z] 40 32
G3/a i 24'5 M12 175 11,2 #8 [Gh64[T] 36 519
| Aol | s
cri8 14 285 s 0 50 #1216 28 5.1
G1 11 310 :
1/4 28 6.0
G1-1/4 11 395 5/32 32 36 5/16 24 75
G1-1/2 11 455 3/16 24 43 3/8 24 90
G1-3/4 11 515 1/4 20 58 7/16 20 106
G2 11 575 5/16 18 73 1/2 20 121
G2-1/2 11 725 38 16 88
1/8 28 9.25
1/4 19 125
Rp (BSPPL) NPT-NPTF*
L . ) 3/8 19 16.0
Seahng plpethl’ead para”el @o natlonal plpe Tapel’ 1:16 @o 1/2 14 200
Tap TPl Tapping Drill Tap - Drill Drill & 5/8 14 220
Sze e mm Sze T Only* | Reamer 3/4 14 2515
Rp1/8 28 856 1/16 27 6.3 6.0 1/8 ﬁ 2392'205
Ro 1/4 19 115 1/8 27 85 82 '
Rp3/8 19 150 1/4 18 110 108
Rol/2 14 185 3/8 18 145 140 BAO
Rpi’ 4 i‘l‘ 23'(2) 1/2 14 180 175 (47.5°)
gl m 1 39'0 3/4 14 230 230 Tap Pitch Tapping Drill
= 1 450 1 11-1/2 | 290 285 Sze mm mm
Ro2 11 564 1-1/4 11-1/2 375 370 0 1 5.1
1-1/2 11-1/2 44 435 1 09 45
2 11-1/2 | 555 55.0 2 081 40
Pg 3 073 34
Sedl conduit [Bd° NP 4 066 30
, i 5 059 2.65
;ap TPy | Tpping Dxill National pipe Sraight [E6° 6 053 23
< o Ta Tapping Drill ~ © 048 205
Pg7 20 113 Sgg TP ppmr% 8 043 18
Pgo 18 139 9 039 155
Pgll 18 173 178 27 86 10 0.35 14
Pg135 18 19.1 1/4 18 113 11 031 12
Pgl6 18 212 3/8 18 145 12 028 1.05
Pg21 15 2638 1/2 14 180 13 025 098
*Taper pipe threads of improved quality are 14 023 08
obtained when taper is pre-formed using 15 021 07
Sutton Tools Taper Pipe Reamers. 16 0.19 0.6
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Huteless taps

Huteless taps do not cut threads in the same manner as conventional taps — but actually FORM and FLOW the threads with an absence of chips. Used
under suitable conditions, these taps produce threads with a high degree of finish not possible with ordinary taps. Ductile materials are most appropriate
for forming of threads and must have a minimum 10%elongation.

Benefits of thread forming

<[] Higher speeds and tool life

. Reduced possibility of breakage due to no cutting edges and robust tool construction

Whats New?

Fgure 4. New polygon profile
Fgure 5. New radiused blend on polygon profile

Fgurel. No chips produced FHgure 6. Thread profile with radius crest
Fgure2. Higher tensile strength threads produced due to grain structure following the thread form Fgure 7. Polished tool surface, surface finish
Fgure3. For useinthrough and blind holes applications
Figure 2. Haure4. Fgure5.
Formed Qut
Thread Thread
M %é i
= R1 R2
Fgure3.
’\L Figure6. Figure 7.
Suitable for wide range materials
-Low carbon steels -Aluminium die castings alloys [l silicon, 10%max[Z]
-Leaded steels ~Wrought aluminium alloys [[ilictile[Z]
-Austenitic stainless steels -Zinc die casting alloys
-Aloy stesls; typically up to 1200 N/m?, (38 RdWiith a minimum 10%elongation - @ypper and copper alloys

Percentage of thread required

Because thethread produced by a fluteless tap is substantially stronger than a conventional thread, greater tool life and efficency may be obtained when forming

up to 65%thread.

Threads may be formed up to 80%of depth, but tool life will be reduced and work damping pressure necessarily increased. Greater tapping speeds allow the
metal to flow far more readily, so 60 feet per minute minimum may be used as a guide, but this could increase with the type of material being tapped. A depth of
65%is recommended for the ductile materials mentioned, but this percentage will be reduced for less ductile materials to maintain all-round efficiency.

Tapping drill formula for fluteless taps

Refer Tapping Drill Size Chart for recommended sizes [Sllitable for Unified, Whitworth and Metric sizes only[ 2]
Theformulato calculate the theoretical hole size for a required percentage of thread is:

Formula

Drill size = nominal thread dia. @mmEIED07 x %%of thread x pitch(T]

Drill size for 65%0f thread in a M6 x 1.0 threaded hole would be:

Drill size = 6 — [E.D07 x65 x 1.0 [filchl[E5 54mm

[f3e 5.50mm drill Bockable drill(& 71947

It is to be noted that the drill size for fluteless tapping is always larger than the PD. of the thread. A drill size equal to the P.D. of the thread

would produce 100%of thread, but this is NOT recommended.
As the additional driving torque is only up to 50%increase, any conventional driving equipment using the square as a drive is suitable for fluteless tapping.

Lubrication

In general it is best to use a good cutting oil or lubricant rather than a
coolant for fluteless tapping. Sulphur base and mineral oils, along with

most friction reducing lubricants recommended for use in cold extrusion or
metal drawing, have proven best for this work. Make sure lubricant is clean,
free from chips swarf and filings in suspension, which produce a poor finish

and jamming, sometimes breakage — extra filtration may be required.

Qountersinking

Because the fluteless tap displaces metal, some metal will be displaced
above the mouth of the hole during tapping, countersink or chamfer the
hole prior to tapping will reduce the extrusion within the countersink and
not interfere with the mating part.
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[Blteless Roll Taps:

Thread Size ISO Goarse UNC BSW
M/ CScrew Pitch Tapping Tapping Tapping
Metric Fraction Gauge mm Drill mm TPl Drxill mm TPI. Drill mm
M1.0 0.25 0.90
M1.1 0.25 1.00
M1.2 0.25 1.10
M1.4 0.3 1.25
M1.6 0.35 145
M1.7 0.35 155
M1.8 0.35 1.65
M2.0 04 1.80
M2.2 045 2.00
M2.3 04 2.10
M2.5 045 2.30
M2.6 045 240
M3.0 05 2.75
1/8 40 290
M3.5 0.6 3.20
#6 32 3.10
5/32 32 3.60
M4 07 3.70
#8 32 3.80
3/16 24 4.30
#10 24 4.30
M5 0.8 4.60
M6 1.0 5.55
1/4 20 5.80 20 5.80
5/16 18 7.30 18 7.30
M8 125 7.40
3/8 16 8.80 16 8.80
M10 150 9.30
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Thread Systems

The ISOstandard is the international standard intended to be adopted throughout the world to unify and rationalise screw threads at an international level.
The ISOstandard recognises two groups of screw threads, metric, a complete thread system in metric units and inch Unified which is covered
by British Sandard BS1580 and American Standard ANS — B1-1 — Unified screw thread systems. The Whitworth and BA screw threads are obsolete but
still widely used during the period of transition.

All measurements must have a controlling point or base from which to start. In the case of a screw thread, this control point is called BASICor theoretically
correct size, which is calculated on the basis of a full thread form. Thus, on a given screw thread, we have the Basic Major Diameter, the Basic Pitch Diameter,
and the Basic Minor Diameter. The Basic Profile is the profile to which the deviations, which define the limits of the external and internal threads, are applied.
While it is impossible in practice to form screw threads to their precise theoretical or BASICsizes, it is possible and practical to establish limits to which the
deviation must not exceed. These are called the “Maximum” and “Minimum” Limits. If the product is no smaller than the “Minimum Limit” and no larger

than the “Maximum Limit”, then it is within the size limits required. This difference between the Maximum and Minimum Limits is the TOLERANCE.

In actual practice, the Basic size is not necessarily between Maximum and Minimum Limits. In most cases, the Basic Sze is one of the Limits.

In general, tolerances for internal threads will be above Basic and for external threads, below Basic.

Basic Profile for 1SO Inch [[ified @hd 1SO Metric

The basic form is derived from an equilateral triangle which is truncated 1/8 of the height at the major diameter and 1/4 of the height at the minor diameter.
The corresponding flats have a width of P/8 and P/4 respectively. Hgure 1.

In practice major diameter dearanceiis provided by the tap beyond the P/ 8 flat on internal threads and beyond the P/4 flat on external threads.

These dearances are usually rounded.

ISO Metric Tolerance Positions

Three tolerance positions are standardised for bolts and two for nuts. These are designated e, g and h for bolts and Gand H for nuts. As in the ISO System for
limits and fits, small letters are used to designate tolerance positions for bolts and capital letters are used for nut tolerance positions. Also the letters h and H
are used for tolerance positions having the maximum metal limit coincided with the basic size, i.e., with a fundamental deviation of zero. Hgure 2.

ISO Metric Tolerance Grades

A series of tolerance grades designated 4, 5, 6, 7 and 8 for nut pitch diameters.

An extended series of tolerance grades, designated 3, 4,5, 6, 7,8 and 9, for bolt pitch diameters.

Animportant factor hereis that for the same tolerance grade the nut pitch diameter tolerance is 1.32 x the corresponding bolt pitch diameter tolerance.
Sze and recommendations of fits can be obtained from the Australian Sandards AS1275 or AS1721.

Fgurel Fgure 2
’47 p 4>‘
major ‘ | P e ‘ nut
dia. ‘ 8 ‘ # 8G
‘ ‘ ‘ H i 7G fundamental
i i i G 6G deviation
\ 3 |
8 basic pitch
diameter _/

bolt 6h 59 g
7h 6e

99 fundamental
deviation

H = 0,86603P 3 H=0,32476P
8

H=021651P
% H = 0,54127P

n
% =0,10825P
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Metric Taps; Gomparison Tap Limits & Product dasses and Grades

1SO 6H JS2
Tolerance Upper Deviation ~ Old/ S Product 1SO Recommended Limit
Tap Size Pitch Jass Tolerance Tolerance Tap Grade  Tap Limits P1 P2 P3 P4

mm um um Microns um um um um um
M1.0 x0.25 5H 56 60 101 +6/17 | +10/25
M11 x0.25 5H 56 60 1ISO1 +6/17 | +10/25
M12 x0.25 5H 56 60 1ISO1 +6/17 | +10/25
M14 x03 5H 60 60 101 +6/18 | +10/25
M1.6 x0.35 5H 67 85 101 +7/20 | +10/25 +25/40
M1.7 x0.35 6H 85 85 1SO2 +20/34 | +10/25 +25/40
M18 x0.35 6H 85 85 1SO2 +20/34 | +10/25 +25/40
M20 x04 6H 90 70 1SO2 +21/36 | +10/25 +25/40
M22 x045 6H 95 95 1SO2 +23/38 | +10/25 +25/40
M23 x04 6H 90 95 1S02 +21/36 | +10/25 +25/40
M25 x045 6H 95 95 1SO2 +23/38 | +10/25 +25/40
M26 x0.45 6H 95 95 1SO2 +23/38 | +10/25 +25/40
M30 x05 6H 100 100 1S02 +24/40 | +10/25 +25/40
M35 x06 6H 112 90 1S02 +27/45 | +10/25 +25/40
M40 x0.7 6H 118 118 1SO2 +29/48 +20/40

M5 x0.8 6H 125 125 1SO2 +30/50 +20/40

M6 x1.0 6H 150 120 1SO2 +35/59 +20/40

M7 x1.0 6H 150 120 1SO2 +35/59 +20/40

M8  x1.25 6H 160 130 1SO2 +38/63 +20/40 +40/60

M10 x15 6H 180 140 1SO2 +42/70 +20/40 +40/60

M12 x1.75 6H 200 160 1SO2 +48/80 +40/60 +60/80
M14  x20 6H 212 170 1SO2 +51/85 +40/60 +60/80
M16 x20 6H 212 170 1SO2 +51/ 85 +40/60 +60/80
M18 x25 6H 224 190 1SO2 +54/90 +40/60 +60/80
M20 x25 6H 224 190 1SO2 +54/90 +40/60 +60/80
M22  x25 6H 224 190 1SO2 +54/90 +40/60 +60/80
M24  x3.0 6H 265 200 ISO2  +64/ 106 +40/60 +60/80

P limits; they stock the smaller P limit for SP Taps, and the larger P limit for POtaps.
Where there is only the one “P” limit; it is the same limit for both SP & PO Taps
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Technical Information 1ISO Metric Tap dass & Tolerance

The ISOmetric system of tap tolerances comprises three dasses of tap sizes which are calculated from the Grade 5 nut tolerance, irrespective of the nut gradeto

be cut as follows:

ISO, dass 1 — dass 2 — dass 3

The tolerances of these three classes are determined in terms of a
tolerance unit t, the value of which is equal to the pitch tolerance value TD2
grade 5 of nut [&trapolated up to pitch 0.2mmlZ]

t = TD, grade 5

The value of the tap pitch diameter tolerance is the same for all three classes
1,2 and 3:it is equal to 20%of t.

The position of the tolerance of the tap with respect to the basic pitch
diameter results from the lower deviation the values of which are

[8de Figure 3]

fortapclass1: +01t

fortapclass2: +0.3t

fortapclass3: +05t

Fgure 3

Choice of tolerance class of the tap with respect to the class of thread
to be produced.

Unless otherwise specified, the taps of classes 1 to 3 will generally be
used for the manufacture of nuts of the following classes:

ISO, Qass 1: for nuts of limits 4H and 5H

I1SO, dass 2: for nuts of limits 6Hand 5G

ISO, Qass 3: for nuts of limits 7H— 8Hand 6G.

nut limits

8H

7H

6H

5H

4H

—

pitch diameter of basic profile

ISOtap classes

Class 3
Class 2

Class 1
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This system is well known. It has now been accepted by ISO as the recommended tolerance for ISOinch threads down to 0.06 inch nominal diameter.
The arrangement of the allowance and the various classes of pitch diameter tolerance for a normal length of engagement of the mating threads is shown
in this diagram.

The pitch diameter tolerance for dass 2A bolts is shown as 100 units, and the fundamental deviation and other tolerances are shown as percentages of
the dass 2Atolerance. Figure 4.

Fgure4

class 1B

nut
class 2B
class 3B

}
basic pitch diameter I 915 + 130 + l
o i I

class 3A 30 \ 30 150
bolt class 2A #
class 1A
Unified Taps
The “GH’ System

This system provides for a range of pitch diameters for each size of tap: the height limit of pitch diameters being the basic pitch diameter plus increments
or units of .0005". It is designated by the letter “GH’ followed by a numeral indicating the number or units applying to the particular “GH" size. The tap
manufacturer’s tolerance is applied as minus.

This is the limit which will normally be supplied. Alternative “GH” limits other than those shown in the price list can be made to special order.

GH Limits for IS Roll Taps

GH Limits are applied to IS Metric and Unified Thredflo Tap Threads
due to market demands in the JS standard.

Inch Micron
+0.0060 Hm
+0.0055 - +140
+0.0050 - +127
+0.0045 - +114
+0.0040 - +101
+0.0035 - +89
+0.0030 - +77
+0.0025 - +64
+0.0020 CGH Limits: Steps of 0.0005" | 451

at12.7 um
+0.0015 — - +39
+0.0010 — - +26
+0.0005 — - +13
0- 0
Tbasic pitch dia.
For Sutton Tools Metric [mIm[Roll / Fluteless Taps [filit same as the “RH’ & “G’ Limits[Z] GHLUMITS
GHLimits: Seps of 0.0127 mm Upper limit: 0.0005" xN

N = GHnumber Lower limit: [ED005" x N(&1 0.0005
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Basic Profile for Whitworth [BSW, BSF and WHIT Thread forms

Figure5
British Sandard Whitworth Form
The sides of the thread form an angle of 55° with o ne another, and A H A
the top and bottom of the full triangle are truncated one-sixth of 6y
the height. The actual depth of the thread is equal to two-thirds of A r
the height of the generating triangle and is equal to 0.6403 times
the pitch. The crests and roots are rounded to a radius of 0137329
times the pitch. Figure 5.
H h
27.5°
4
y 550
HA
6 Y
[
< PitchP |
H = 0.96049P %= 0.160082P
h :%H =0.640327P r=0.137329P
The Whitworth Screw Thread Tolerance System
Figure 6
nut medium class normal class normal class
. A A
— A 150 150
basic pitch ' 100 E % Y % Y :
: 66 %5 A 4
diameter ﬁ i 150 100 v \ 150
Y over 3/4" dia. 150 y
bolt 3/4" dia. and under y over 3/4" dia.
3/4" dia. and under
fundamental deviation [Ellowancelz
close class medium class free dass

Pitch diameter tolerance zones of recommended combinations of classes of bolts and nuts having Whitworth screw threads. Figure 6.

Figure 7

British Tap Sze Zone Limits

British Sandard Zone 3 and Zone 4 limits are normally applied to
Whitworth and BA taps.

The values for position and tolerances are formulated and must be
obtained from the standard’s tables.

The accompanying chart shows the zone limits relationship for ground

threads. Figure 7. —_ —_—
pA
3
Zone
— 2 — —

Zone
1

basic
pitch diameter
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The International Sandard Pipe Tap Thread System (ISO) has been derived from the original Whitworth gas and water pipe tap threads, formerly
known as BSPF @stening@]d BSPT @perlfthese systems have been so widely used throughout Europe and the United Kingdom that they have been
metricated, whilst still retaining the Whitworth thread form. These popular thread systems are the basis for the ISO parallel “G’ series and the taper “R’
series, these systems are endorsed and in agreement with the current British and Australian standards. For comparison, the pitch diameter tolerance
zones are given for both the parallel and taper systems.

“G’ Fastening Parallel Pipe Threads — 1SO 228, ASL722 PT2 and B2779.

This parallel thread system has only one positive internal thread tolerance and two classes of external tolerances. This series constitutes a fine series of
fastening connecting pipe threads for general engineering purposes, the assembly tolerances on these threads are such as to make them unsuitable for
pressure tight seal by the threads themselves. For the conveying of fluids, the seal may be produced by gaskets, flanges, or “O’ rings etc.

internal thread
:

basic pitch
diameter
external thread

“R’ Sealing Taper Pipe Threads — 1ISO 7, ASL722 PT1 and BS21. The taper rate is 1-16 on diameter.

This series is for tubes and fittings where pressure tight joints are made by threads, these threads therefore must have a full form profile [fd truncations[Z]
The series include a taper external thread [Efdr assembly with either taper internal parallel internal [BhEhreads. The Rp series has a unilateral
tolerance [3-[Wlhich normally requires a special below basic low limit tap, to allow for sizing deviations at the start of the internal thread, the size is
gauged at this position, with an Rc taper gauge. The low limit Rp tap size, allows a minimum accommodation length to be machined, with an equivalent
material saving possible.

taper parallel
° ‘
maximum
internal
pitch

diameter

basic pitch

diameter minimum internal

(&l guage planel] pitch diameter
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Endmill Definitions

overall length

shank length - |

flute length

For shank styles refer page 459

shank
diameter

_»| | rake

raised
™ ™ landwidth

Gonventional milling versus dimb milling

Amilling cutter can cut in two directions, sometimes known as climb or conventional.

Gonventional milling: The depth of the cut starts at zero thickness, and increases up to
the maximum. The cut is so light at the beginning that the tool does not cut, but slides
across the surface of the material, until sufficient pressure is built up and the tooth
suddenly bites and begins to cut. This deforms the material (&l point A on the diagram,
left[ork hardening it, and dulling the tool. The sliding and biting behaviour leaves a
poor finish on the material.

Qimb milling: Each tooth engages the material at a definite point, and the width of the
cut starts at the maximum and decreases to zero. The chips are disposed behind the
cutter, leading to easier swarf removal. The tooth does not rub on the material, and so
tool life may be longer. However, climb milling can apply larger loads to the machine, and
so is not recommended for older milling machines, or machines which are not in good
condition. This type of milling is used predominantly on mills with a backlash eliminator.

cuttinglength —— =

J———

| < endteeth
relief angle

cutting diameter

peripheral
relief angle

f

Gonventional milling. Point A become work hardened

cutting depth

[feed per tooth(]

material

feed A

material to be
removed by the
- hext tooth

Chip formation during climb milling

cutter
rotation

* cutting depth
* [f8ed per tooth[H]

material
feed




Technical Information Endmills - Types

suttoniools

Type Description Application lllustration
N Finishing Form
W Slotting & Finishing - Use in soft materials,

quick spiral 45° up to 600 N/mm 2

VA Optimised geometry for Austentic Sainless Seels & other
long chipping materials up to 1000 N/mm?

A&QU For slotting wrought aluminium alloys with efficient chip
evacuation, due to high relief angles and 40° spira

NR Normal Roughing Form - general purpose

NE Semi Roughing Form - Ideally suited to soft,
long chipping materials.

WR Coarse Form - ideally suited to soft, non-ferrous materials.
Fine Pitch Roughing Form - ideally suited to hard,

HR . .
short chipping materials

HRS Special Fine Pitch Roughing Form - Universal use

Ti Wave Form - ideally suited to titanium & nickel alloys

STE Special tooth form - Semi Roughing Form, ideally suited to X
materials up to 1400 N/mm?
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Hints on use
Feeds

In reaming, feeds are usually much higher than those used for drilling.
The amount per feed may vary with the material, but a good starting
point would be between 0.038mm and 010mm per flute per revolution.
Too low afeed may result in glazing, excessive wear, and occasionally
chatter. Too high a feed tends to reduce the accuracy of the hole and
may lower the quality of the finish. The basicidea is to use as high a
feed as possible and still produce the required accuracy and finish.

Sock to be removed

For the same reason, insufficient stock for reaming may result in a
burnishing rather than a cutting action. It is very difficult to generalise
on this phase asiit is closely tied with the type of material the finish
required, depth of hole, and chip capacity of the reamer. For machine
reaming 0.20mm for a 6mm hole, 0.30mm for a 12mm hole, and
0.50mm for a 50mm hole, would be a typical starting point guide.

For hand reaming, stock allowances are much smaller, partly because
of the difficulty in hand forcing the reamer through greater stock.
Acommon allowance is 0.08mm to 013mm.

Soeeds

The most efficient speed for machine reaming is closely tied in with
the type of material being reamed, the rigidity of the set-up, and the
tolerance or finish required. Quite often the best speed is found to lie
around two-thirds the speed used for drilling the same material.

Alack of rigidity in the set-up may necessitate slower speeds, while
occasionally a very compact, rigid operation may permit still higher speeds.

When close tolerances and fine finish are required it is usually found
necessary to finish the reamer at considerably lower speeds.

In general, reamers do not work well when they chatter. Conseguently,
one primary consideration in selecting a speed is to stay low enough
to eliminate chatter. Other ways of reducing chatter will be considered
later, but this one rule holds: SPEEDS MUST NOT BE SOHIGH ASTO
PERMIT CHATTER.

Limit of tolerance on cutting diameter

The tolerance on the cutting diameter measured immediately behind the bevel or taper lead for parallel reamers listed is M6 as specified in
BS122-PT2-1964. It is not practicable to standardise reamer limits to suit each grade of hole and the limits chosen are intended to produce H7 holes.

The following charts gives recommended surface meter per minute
values which may be used as a basis from which to start.

m/min
Aluminium and its alloys 20-35
Brass and Bronze, ordinary 20-35
Bronze, high tensile 18-22
Monel Metal 8-12
Cast Iron, soft 22-35
Cast iron, hard 18- 22
Cast Iron, chilled 7-10
Malleable Iron 18-20
Seel, Annealed 13-18
Steel, Alloy. 12-13
Steel, Alloy 300-400 Brinell 7-10
Stainless Seel 5-12
(hatter

The presence of chatter while reaming has a very bad effect on reamer
life and on the finish of the hole. Chatter may be the result of several
causes, some of which are listed:

Excessive speed.

Too much clearance on reamer.

Lack of rigidity in jig or machine.
Insecure holding of work.

Excessive overhang of reamer in spindle.
Excessive looseness in floating holder.
Too light a feed.

Qorrecting the cause can materially increase both reamer life and the
quality of the reamed holes.

oolants for Reaming

In reaming, the emphasis is usually on finish and a lubricant is normally
chosen for this purpose rather than for cooling. Quite often this means a
straight cutting oil.

NoOk~wNE

Nominal Diameter Qutting Edge
Range Diameter
Inch mm Inch mm
Over _Up to gnd Over _Up to gnd High Low High Low
including including + + + +
00394 0.1181 1 3 0.0004 0.0001 0.009 0.002
01181 0.2362 3 6 0.0005 0.0002 0.012 0.004
0.2362 0.3937 6 10 0.0006 0.0002 0.015 0.006
03937 0.7087 10 18 0.0007 0.0003 0.018 0.007
0.7087 1.1181 18 30 0.0008 0.0003 0.021 0.008
1.1811 1.9085 30 50 0.0010 0.0004 0.025 0.009
1.9085 31496 50 80 0.0012 0.0004 0.030 0.011
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