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Technical Data for Solid Carbide End mills
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Symbol Guide
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Symbols Description Formula&lcon
MIEE (mm) Aot | Ay |
Ap Axial depth of cutting Héﬁ Eéﬁ
| Ae |- -he
y MTERE (mm) " I o
€ Radial depth of cutting T T
$EE (mm) Thp
Ae | Aial Pitch of cutting depth or width
IMIEREE (m/mi
Ve C)Ju?tji;rrgzsp(er:dmm) Ve=d*xSxmx /1000
FEHEE (rpm) _
Spindle speed S=Vex1000/d/x
ELLEE (mm/min) .
F Feed rate F _fZ X§XZ
F7)E4%E (mm) _
fZ Feed per tooth fZ =F/S§/Z
FEELS (mmirev) -
f Feed per revolution f _fZ xXZ
ETEIRARZ (mme/min) B
Q Removal rate Q _Ap XAexF
) 7MEm (7)) AT E R -
Angle of inclination To see the picture below :
BRIBNEE (mm) = A =0 When A =0
Working diameter of ball nosed end mills
de = 2| Ap*(d-Ap)
J * & A #0F When A #0
d
e S(D
d-24p

de

Ap

de=dxsin|Axarccos

d
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Symbols Description

ATLRIET
Formula&lcon

Ve BN BRNEIERE (m/min)

Effective cutting speed of mills

Ve=dxSxm /1000

d #HJIEE (mm)

Diameter of End mill

7

F/7 TE &

Number of teeth

W

BIE LD HISide Milling

f f

It

Workpiece - Workpiece
EfGFeed — <+— &fEFeed
P I §5%

Up Mill Down Mill

& I HISIotting
Up Mill
iﬁ)) TR
Direotioi of Feed
IE &%

Down Mill
Tee /
Workpiece

s . B -

—iRMsS r EEJESHRMSEE
MREHEEE - #HEH "R, B
THREREEAFEEARLY & #E
A TR, o

Up Mill vs. Down Mill :

We recommend ‘down mill’ to get long
tool life and good finishing of workpiece.
If the surface roughness of workpiece

is poor,e.g.having sand,we would
recommend you ‘up mill’.

EAMYE
Application
b AEEE ~ ik
Up cut (Up miII) Roughing , Semi-finishing
[IE 5% rat - EBrEdt
Down cut (Down mill) | Finishing, Bright Finishing

HRINERMIEEETEN

Calculation of Virtual Diameter

. U de=2 N Apx(d-Ap)

(hn TEH3%)

de
(BENIER)
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5. RTIEEIMIEEEER
Simplified Virtual Diameter of Ball Nosed End Mill Table

. 2 D:gﬁjf(gﬂﬁﬁﬁp)
Radius  Diameter 0.01 0.02 0.03 0.04 0.05

0.1 0.2 0.087 0.120 0.143 0.160 0.173 0.196 0.20 -
0.2 0.4 0.125 0.174 0.211 0.240 0.265 0.320 0.35 0.39
0.3 0.6 0.154 0.215 0.262 0.299 0.332 0.410 0.45 0.52
0.4 0.8 0.178 0.250 0.304 0.349 0.387 0.480 0.53 0.62
0.5 1.0 0.199 0.280 0.341 0.392 0.436 0.540 0.60 0.71
1.0 2.0 0.282 0.398 0.486 0.560 0.624 0.780 0.87 1.05
1.5 3.0 0.346 0.488 0.597 0.688 0.768 0.970 1.08 1.31
2.0 4.0 0.399 0.564 0.690 0.796 0.889 1.120 1.25 1.52
2.5 5.0 0.447 0.631 0.722 0.891 0.995 1.250 1.40 1.71
3.0 6.0 0.489 0.692 0.846 0.977 1.091 1.380 1.54 1.87
4.0 8.0 0.565 0.799 0.978 1.129 1.261 1.590 1.78 217
5.0 10.0 0.632 0.894 1.094 1.262 1.411 1.780 1.99 2.43
6.0 12.0 0.693 0.979 1.198 1.383 1.546 1.950 2.18 2.67
7.0 14.0 0.748 1.058 1.295 1.495 1.670 2.110 2.36 2.88
8.0 16.0 0.800 1.131 1.384 1.598 1.786 2.260 2.52 3.08
9.0 18.0 0.848 1.199 1.468 1.695 1.895 2.390 2.68 3.27

10.0 20.0 0.894 1.264 1.548 1.787 1.997 2.520 2.82 3.45

- T VMR (I TRE)
; Depth of Cutting (Ap)
S
=3 Radius Diameter ) 2 . 0.8 1
g)_)
(W)
X 0.2 0.4 0.40
o
0.3 0.6 0.57 0.60
0.4 0.8 0.69 0.77
0.5 1.0 0.80 0.92
1.0 2.0 1.20 1.43 1.73 1.96 2.00
1.5 3.0 1.50 1.80 2.24 2.65 2.83
2.0 4.0 1.74 2.1 2.65 3.20 3.46 4.00
ﬁ 2.5 5.0 1.96 2.37 3.00 3.67 4.00 4.90
1[0
E 3.0 6.0 2.15 2.62 3.32 4.08 4.47 5.66 6.00
*z 4.0 8.0 2.50 3.04 3.87 4.80 5.29 6.93 7.75
5.0 10.0 2.80 3.4 4.36 5.43 6.00 8.00 9.17
6.0 12.0 3.07 3.75 4.80 5.99 6.63 8.94 10.39
7.0 14.0 3.32 4.05 5.20 6.50 7.21 9.80 11.49
8.0 16.0 3.56 4.34 5.57 6.97 7.75 10.58 12.49
9.0 18.0 3.77 4.61 5.92 7.42 8.25 11.31 13.42
10.0 20.0 3.98 4.86 6.24 7.84 8.72 12.00 14.28




0.2 31,850 47,770 63,690 79,620 95,540 111,460 127,390
0.3 21,230 31,850 42,460 53,080 63,690 74,310 84,930
0.4 15,920 23,890 31,850 39,810 47,770 55,730 63,690
0.5 12,740 19,110 25,480 31,850 38,220 44,590 50,960
0.6 10,620 15,920 21,230 26,540 31,850 37,150 42,460
0.7 9,100 13,650 18,200 22,750 27,300 31,850 36,400
0.8 7,960 11,940 15,920 19,900 23,890 27,870 31,850
0.9 7,080 10,620 14,150 17,690 21,230 24,770 28,310
1.0 6,370 9,550 12,740 15,920 19,110 22,290 25,480
1.4 4,550 6,820 9,100 11,370 13,650 15,920 18,200
1.6 3,980 5,970 7,960 9,950 11,940 13,390 15,920
1.8 3,540 5,310 7,080 8,850 10,620 12,380 14,150
2.0 3,180 4,780 6,370 7,960 9,550 11,150 12,740
2.2 2,900 4,340 5,790 7,240 8,690 10,130 11,580
2.4 2,650 3,980 5,310 6,630 7,960 9,290 10,620
2.6 2,450 3,670 4,900 6,120 7,350 8,570 9,800
2.8 2,270 3,410 4,550 5,690 6,820 7,960 9,100
3.0 2,120 3,180 4,250 5,310 6,370 7,430 8,490
4.0 1,590 2,390 3,180 3,980 4,780 5,570 6,370
5.0 1,270 1,910 2,550 3,180 3,820 4,460 5,100
6.0 1,060 1,590 2,120 2,650 3,180 3,720 4,250
7.0 910 1,360 1,820 2,270 2,730 3,180 3,640
8.0 800 1,190 1,590 1,990 2,390 2,790 3,180
9.0 710 1,060 1,420 1,770 2,120 2,480 2,830
10.0 640 960 1,270 1,590 1,910 2,230 2,550
11.0 580 870 1,160 1,450 1,740 2,030 2,320
12.0 530 800 1,060 1,330 1,590 1,860 2,120
13.0 490 730 980 1,220 1,470 1,710 1,960
14.0 450 680 910 1,140 1,360 1,590 1,820
15.0 420 640 850 1,060 1,270 1,490 1,700
16.0 400 600 800 1,000 1,190 1,390 1,590
17.0 370 560 750 940 1,120 1,310 1,500
18.0 350 530 710 880 1,060 1,240 1,420
19.0 340 500 670 840 1,010 1,170 1,340
20.0 320 480 640 800 960 1,110 1,270
21.0 300 450 610 760 910 1,060 1,210
22.0 290 430 580 720 870 1,010 1,160
23.0 280 420 550 690 830 970 1,100
24.0 270 400 530 660 800 930 1,060
25.0 250 380 510 640 760 890 1,020
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0.2 143,310 159,240 191,080 222,930 238,850 286,620 318,470
0.3 95,540 106,160 127,390 148,620 159,240 191,080 212,310
0.4 71,660 79,620 95,540 111,460 119,430 143,310 159,240
0.5 57,320 63,690 76,430 89,170 95,540 114,650 127,390
0.6 47,770 53,080 63,690 74,310 79,620 95,540 106,160
0.7 40,950 45,500 54,590 63,690 68,240 81,890 90,990
0.8 35,830 39,810 47,770 55,730 59,710 71,660 79,620
0.9 31,850 35,390 42,640 49,540 53,080 63,690 70,770
1.0 28,660 31,850 38,220 44,590 47,770 57,320 63,390
1.4 20,470 22,750 27,300 31,850 34,120 40,950 45,500
1.6 17,910 19,900 23,890 27,870 29,860 35,830 39,810
1.8 15,920 17,690 21,230 24,770 26,540 31,850 35,390
2.0 14,330 15,920 19,110 22,290 23,890 28,660 31,850
2.2 13,030 14,480 17,370 20,270 21,710 26,060 28,950
2.4 11,940 13,270 15,920 18,580 19,900 23,890 26,540
2.6 11,020 12,250 14,700 17,150 18,370 22,050 24,500
2.8 10,240 11,370 13,650 15,920 17,060 20,470 22,750
3.0 9,550 10,620 12,740 14,860 15,920 19,110 21,230
4.0 7,170 7,960 9,550 11,150 11,940 14,330 15,920
5.0 5,730 6,370 7,640 8,920 9,550 11,460 12,740
6.0 4,780 5,310 6,370 7,430 7,960 9,550 10,620
7.0 4,090 4,550 5,460 6,370 6,820 8,190 9,100
8.0 3,580 3,980 4,780 5,570 5,970 7,170 7,960
9.0 3,180 3,540 4,250 4,950 5,310 6,370 7,080
10.0 2,870 3,180 3,820 4,460 4,780 5,730 6,370
11.0 2,610 2,900 3,470 4,050 4,340 5,210 5,790
12.0 2,390 2,650 3,180 3,720 3,980 4,780 5,310
13.0 2,200 2,450 2,940 3,430 3,670 4,410 4,900
14.0 2,050 2,270 2,730 3,180 3,410 4,090 4,550
15.0 1,910 2,120 2,550 2,970 3,180 3,820 4,250
16.0 1,790 1,990 2,390 2,790 2,990 3,580 3,980
17.0 1,690 1,870 2,250 2,620 2,810 3,370 3,750
18.0 1,590 1,770 2,120 2,480 2,650 3,180 3,540
19.0 1,510 1,680 2,020 2,350 2,510 3,020 3,350
20.0 1,430 1,590 1,910 2,230 2,390 2,870 3,180
21.0 1,360 1,520 1,820 2,120 2,270 2,730 3,030
22.0 1,300 1,450 1,740 2,030 2,170 2,610 2,900
23.0 1,250 1,380 1,660 1,940 2,080 2,490 2,770
24.0 1,190 1,330 1,590 1,860 1,990 2,390 2,650
25.0 1,150 1,270 1,530 1,780 1,910 2,290 2,550




EREEF)BS
High feed rate.

PR ISEARTERE(F)

Reduce feed rate.

(1 L) IE#5(/20 T~ £1El)
Up milling. Change down milling.
TIEIZDAREF] BEHZD-HEREEREIE
Sharp cutting edge. Honing at the cutting edge-chamfering or rounding if needed.
BT
Chipping
INTEE FRAE X EMEHIE(S)
Chattering. Reduce spindle speed.
JIEREEARR 1§ 7IESRHERERR/
Too much overhang. Adjust to minimize overhang.
TR E TR REICAREE
Unfixed chucking of end mill. Check the precision of chuck and collet.
tNHEIEE (Ve)iB= PRAELIEIZERE (V)
High cutting speed. Reduce cutting speed.
EREE(F)BE REEHREEF)
Low feed rate. Increase feed rate.
EiR
Wear
555k (1= _EEDH) IEE55(120 T~ £1)
Up milling. Down milling.
MEEEBS BRI ERIEET]
High-hardened work piece. Choosing special coating end mill.
UIHIEB AR FRELIHIE
Too much cutting amount. Reduce cutting amount.
JIE R IHIFER RISEMRZER(F) - RETMIFES)

Tool breakage

High cutting force.

Reduce feed rate, Increase spindle speed.

JIERHEARR

Too much overhang.

IEREERERSR)

Adjust to minimize overhang.

REEHEE

Surface roughness

MIES P HI IR
Chattering. Change the cutting condition.
HEBAR RSIIHIEE (Vo) » EAEE(F)KIESE

Generation of built-up edge.

Increasing cutting speed, feed rate or down milling.

BEMEE(F) » BELIREIZERE(VC)

High feed rate, low spindle
speed.

PREIELREER (F) » IRSTIHIERE (VC)

Reduce feed rate, Increase spindle speed.

INTHEE
Accuracy of finished
work piece

TIEA 5

Incorrect numbers of flute.

ERSKT]

Replace more flutes end mill.

JTIERZE
Deflection of tool.

ERATENREERER/]

Using big diameter tool & minimize the overhang.
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EBERZINEM

Technical Data for Dirills

A. ZhE Y] $E5E
Twist Drill
[E 1% f€Straight Shank
SR
Outer Cooling E\I2 L ead
% ] |
% 4T\ _ ~_ _
?; ~ >
i3 |
CE! Type C &R Flute Length )

Point Angle 118° 2R Overall Length

AE W E End Mill Shank

Zf Overall Length

A
ARE : &R Flute Length
Outer Cooling ——

| EiE Lead

N

&P

R B A

CEZ Type C \ I21EA Helix Angle
Point Angle 140°

-
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o
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=}
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Z K Overall Length

A
A : &R Flute Length
QOuter Cooling -

&2 Lead

SE Type S
Point Angle 140°

fil
&
" il 2R Overall Length
Ilar?rl\:?: Cooling BE Flute Length
B2 Lead
- B
T OE
S&! Type S

Point Angle 140°




B. ]8T E#R{E Straighi Shank
Straight Flute Drill 2 E Overall Length

D D

&R Flute Length |
1

TIEE#

Drill Point Geometry
BHEBEFAA Relief Angle

F1817] Cutting Lip \~>
&7/ Chisel Angle

JIERX
Drill Point Style

| +\ ' | |
- ‘ S | - \: / @ - »,/} /l‘ - v,/}/l‘ -
SRR I EY)
— - oNET CH(TER) SEU(IR I ) SHK3L
o ar - (Straight Flute) Type C Type S Type S
(Standard) (Type E) oF (Flat Relief)y  (Eccentric Relief) (Eccentric Relief)
with oil holes
Ap (ILRE) mm
HIHEIEE Vc=dXSX m /1000
Tc (FEHIRSFRE) min
Ve (LIHIZEE) m/min
EREE F=fzXSXZ
d (9ME) mm
S (HEE) rpm
BEERE | f=fzXZ
n (EEZ) 3.14
F GEAREE) mm/min
BiRAE § =tan" (7 Xd/L)
f (BESELE) mm/rev
5 (i)
HEHIRFRS Tc=Ap X i/S/f
L (B%8) mm
i (FLEY) pcs
HBHIBIRE Q=1 Xd*/4XSXf
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3. EEMIRERRARER

Troubleshooting in Drilling

=P RA ES

Trouble Occurrences Countermeasures

1ERESEE
Check for suitable guide-bush.
FZ IR AENR 2B EEAE
Becoming thread scratch in the hole. Reduce relief angle.

IREEBERNIAENMERESSHE
Check for proper point angle & length of lips.

1LROEEEE

Reduce relief angle.
2.[EREIE

Grind web thinning.
3ARFEHEERRE  IBHNM@IE
- Shortening length of drill.

EELEEEE) - IRED ==
ﬁ-’ﬂ,ﬁ&iﬂ% Generation of chattering 4.1ﬁ§ﬁﬁﬁl§ﬁ@z§EEﬁE
Deformation of hole & vibration Check for proper drill.
: 5. iR E S B B SE R AF 577

Check for chuck & collet & socket.
6. 7855Il

Pre-centering.
7 RS T EHMAEIE

Inspect rigidity of the drill machine.
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1IREBEERE(

Increase feed per revolution.
2 BEEIFRERES
VIBHEEARS Check for proper helix angle.
Poor chip evacuation. 3 NAKEELL
Check for proper chip space.

AR FAESRIVES
Using step feed.




=P

Trouble

S|

Occurrences

#5R

Countermeasures

L aER

Deflection of hole

AIETIRAR

Drill won’t enter work.

1LERESHEE
Check for suitable guide-bush.
2. [REE TR BEERE(
Reduce feed per revolution.
3.FESEHEIF LA

Pre-centering.

i Gl N HRFEEEERE - ESEIE
Insufficient rigidity of drill. Shortening length of drill.
EEEAERH BiRE

Unsuitable angle. Regrinding.

1. FRELNHIZRE (V)

Reduce cutting speed.

- 2. MNARREEAE
ét(?e,fs;f/e wear of SRV (Ve)iB %ec{;:g tregi;é
) High cutting speed. 3.7 AR LIHL
STl Increase coolant flow.
A RSHEEME
Check for proper material.
TITEEARK BE
Excessive wear of cutting edge. Regrinding.
EREEF)BS PRAREARERE(F)
High feed rate. Reduce feed rate.
w LIHIPESE IEIRTIRE
E,LE*H% Chips clog in hole. Add number of exit.
oor surface

conditions of work
piece

Hith

the others.

1. IEREIE
Thin web.

2ERESEE
Check for proper guide- bush.

SRS
Use the highly rigid spindle.

eleq |eosluyos |
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BEERE(NES

High feed per revolution.

IREBEERE(

Reduce feed per revolution.

PR
Chips clog in hole.

1INARIEELL
Check for proper chip space.
2BEREIFRAE

Check for proper helix angle.

1R ESEELS(

UHI R SRR Reduce feed per revolution.
Breakage Bl Z N 2 4EIEHEERTE - JANRIE
Insufficient rigidity of drill. Shortening length of drill.
3.EREREMA
Increasing web thickness.
1REERRNSIERS()
EFRFEEETRH Reduce feed per revolution while throughout drilling.
(THRTEREE) 2. TERIGERE
Unstable in throughout hole drilling. Check set up rigidity.
KRSl E S
Use the highly rigid spindle.
EREEF)BS FRIESIEELRE()
High feed rate. Reduce feed per revolution.
1R EFEEE
; < Reduce lip relief angle.
LN 2 BEEERNSHESEN
YIS ST B Reduce feed per revolution in drilling.
==V Too high lip relief angle. 3 THERSEE
Chipping ) ) -
Check set up rigidity.
1INAREREE
EFAERAL eSS Properly grind point angle.
During oversize operation. 2. [RELDHIZEE (Ve)
Reduce cutting speed.
KimAREREEE D R/NF— 1.BHE Regrinding.
FLIEIEKX Point angle is not properly, large 2.IEWREIE Thin web.

Hole oversize

chip of one flute; small chip of other
flute.

3D RiFHAE Properly grind point angle.
4 {EFREE Guide-bush.
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Technical Data for Reamers

—NEE
(Circular Land)

7]7](Cutting Edge)
7)(Flute)

[EXES
(Diameter)

JJHE(Face)

JJER(Heel) P

A
(Land)
T
a
BT S
I (Bevel Lead Length) %
(BevellLead) %7\% A EE (Hemfffn% le)
(Bevel Lead Angle) IsH/L 9
§ ~—7J£= (Cutting Length)— g
E% ——— &M (Effective Length)}——|~—f% (Shank Lengthy—| &
£ (Overall Length) 7
[¥H
B

-
®
o
>
>
)
2
O
o
=,
©

= ==&

B7] Tl Alie

Straight Left Hand Helix Right Hand Helix

By : B NEEEERILLISEI T HIRRR
1. [EfERHLEE

2. F|EE B IE

3. FFEMEEE

4. ZEFENEREE

The reaming work means to enlarge drilled hole to get the following hole
finishing :

1. The hole bearing correct diameter.

2. The hole having good finish surface roughness.

3. The hole having correct roundness.

4. The hole free from shape (Cylindricity) deviation.
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3. FLNHIERERE

Hole Shape Deviation

BAERE

Enlarging margin

BHEE
Cylindricity

REEE

Straightness

HEE

Roundness

HEEE

Perpendicularity

J: i

=N

Decentering

4. RINMIREFRREFEHR

Troubleshooting in

P

Trouble

SMEREER

Serious wear on outside diameter

Reaming
RE
Occurrences

1. EEE

Bevel lead angle is insufficient.
2. tNHIEE(Ve)iBE

High cutting speed.
3. RAlR 2

Insufficient cooling.

4. TH3E1E

Work piece is too hard.

S

Countermeasures

1. INAEE
Increase bevel lead angle.

2. B ELIHIERE (Ve)
Reduce cutting speed.

3. AT A MLIEIRE EREZMIIHIR
Increase coolant flow and use proper
cutting fluid.

4 BRI TIEEE » ERTIME
Increase hardness of reamer cutting
edge and change the material.

FLEHEA

Hole size gets larger

1. S ~ FEFERER R TIRIE
Check for any run out at machine
spindle, sleeve and reamer.

2. TEREFEREE

Damaging on the sleeve.

1. RERTIIMNE  RARZERIE
Check for any run out of reamer diameter
and biting section.




@A

Hole size gets larger

3. JREEBEX
Stock amount is too big.
4. PULREIE
Is the drilled hole eccentric to the
reamer.
5. EREEF)EBS
High feed rate.

2. RIIWER ~ BEE ~ REEEES
Check for any damage on the shank,
sleeve and socket.

3. mAEEE
Reduce stock amount.

4. ERBRTIPOETHPLEEHIE
Confirm to see if the reamer and
workpiece are concentric.

5. [REERZEEF)

Reduce feed rate.

ERESTN
Hole size gets smaller

1. ERAARRT R
Use the reamer of larger diameter.
2. JEE=EB/
Stock amount is too small.
3. JGHEEEXR
Margin becomes larger.
4. TN 7DEE

Cutting edge is worn.

1. BERTDDE
Check for diameter of cutting edge.
1TATHZBEREHA - NTESWGE
Check to see if heat expansion ratio of
workpiece is too high.

2. BINFRES
Increase stock amount.

3. NI IEEERE
Make the margin narrower.

4. BRTRERTZE

Regrinding the scooping surface.

tHIcPiTE
Breakage during cutting

1. EREE(F)ES
High feed rate.
2. fHIEE
Chips clogging.
3. THERE(S)BE
High spindle speed.
4. JEBEBKR
Stock amount is too large.
5. tNHIRAE
Lack of cutting fluid.
6. RIIN T4tk
Cutting edge of reamer is worn.
7. NEEEBR
Margin width of cutting edge is too wide.
8. TFLERT P ILREIE
Is the hole reaming drilled through

straight or eccentric.

1. BRISELERE(F)
Reduce feed rate.

2. INERTIBERESHIEEEAdust
the teeth groove depth or teeth bottom
due to too shallow or sharp edge.

3. FRIEHHEEEE(S)

Reduce spindle speed.

4. mOEES
Reduce stock amount.

5. EEEMEIRE
Increase cutting fluid supply.

6. BIfE
Re-grinding.

7. BYTNEEE
Reduce the width of cutting edge.

8. R T IEESILEITE
Before reaming, check the drilled hole

straightness and concentricity.
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9. THBHE 9. HERRWHIMERERIERE

Work piece is too hard. Confirm hardness of work piece and reamer.
1. TIRIGREB IR 1. IEIEIRE
Cutting condition too high. Slow down the cutting conditions.
e 2. fIHIRA B 2. EEEIHIRE
%i?rwtfofliﬁ?e of Lack of cutting fluid. Increase cutting fluid.
reamer 3. JIEMETRH 3. EERTIM B IEIREE
Choose the wrong material. Change reamer material or apply coating process.
4. TVEIEIZHR 4. HE7IRRET
Use the wrong reamer. Exchange straight flute to helix one.

1. [RABMTIGHEHEE

Check biting section and cutting

1. R D ZEHE
Full of supply cutting oil.
2. IR ABR Z BEFE A
Increase relief angle of biting section.

3. HEEBZHBIYWEEMINIEFR

edge. Are they clogged with metal
chips.

2. RAERZ BB
Is the relieving angel of biting

section of the reamer too small.

MIEAE - N Either too large or too small size of stock amount lowers the
Surface roughness of 3. REERTEE ;

: ghness quality of surface roughness.
a hole is not sufficient Is the stock amount adequate.

4. fHIEE
Chips clog on the cutting edge.

5. MTHRFBFRE
Is the workpiece tightly clamped.

6. NI ERANSEA

Is the scooping angle in minus

Adjust the teeth groove depth and chip pocket depth.
5. IEEEMI 4

Fix the workpiece firmly.
6. WMEERAEEHEN

Check to see the scooping angel and back taper.
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range.
fitg
fl 1. RIVEEIRS)
%4 Reamer causes vibration. 1. BEIMEFRASS 2 I=EN
B 2. INTHEFRFAE Improving the outside diameter and biting section vibration.
HZACHEMA Is the workpi ted correctly| 2. NAABEIEAT 4
Diameter at hole inlet s the workpiece mounted correctly| 2.
becomes larger without any run-out. Fix the workpiece firmly.
3. FLAREIES TPl 3. FESGERPILE
Axis of predrilled hole and reamer Use center drill before reaming.

are not in line.
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Technical Data for Saws & Knives

Two Types of Thickness

A.#EBoss(#Ef) Without Boss
(FARLIERELBIEINT - —RIRERERA)

For cutting off or slot making, single usage is recommended.

ﬁ
A. EER2FERIT E

7
%

B.55Boss(®#&[) With Boss -
(FIRSHEEEEINT » —AESH ER) 1

For multiple groove & equidistance tooling; multi- usage
BOSS §§
>

is recommended.

B. EEEIZER :
Selection of Tooth Type

1A A S

CNE! (Rt5) : - REEZINTEMA -

CFE&! (EF) D —RgEA - A5l - SRS ERINTERA o

CHE! (f9t5) : —RHEH - F&EH - REEINITEAERE)

CN-Type : To be suitable to work Copper Alloys & Aluminum Alloys.

CF-Type : To be suitable to work Normal Steel or Stainless Steel, Titanium Alloys.
CH-Type : To be suitable to work Normal Steel or Stainless Steel, Titanium Alloys (high
efficiency).

C. INITHYEE :
Selection of Application
1.HREB R EBE I TREEERME IR - LIFIEEE -

2HRBEAREBECNLEEERMDER - IR THREEE -
SHRBEHMIMEBLFEELREE BRRNZEHRESEMREE -
AHRBRRABICEIL » REEHEE - MoETHREE -

-
®
o
>
>
)
2
O
o
=,
©




1.Using big teeth for deep or wide slot making, in order to be good at chip removal.

2.Using small teeth for shallow or narrow slot making, in order to get high-level accuracy of
finishing,

3.For hardened material, feed may be decreased first, then increases it step by step.

4.Increasing the spindle speed of saws may get high-level surface roughness for finishing.
OEHRHRERE (£EEHE)

4ME : 10mm ~ 150mm

EE : 0.1mm ~ 20mm

XEF & LilimE » HARAE - B EEE{AESRUWDWG » PDF) » LIFIEE(ESE
©Saw range in production

Diameter : 10mm ~ 150mm

Thickness : 0.1mm ~ 20mm

X The above-mentioned range is mainly composed of our standard tooth type.
X:For special tooth form is subject to quotation indicating : clear drawing file (DWG, PDF).
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£ I\ p
D. H+EAK i P=DX1%/Z (E5EE) mm
Formula Z (E5%)) (Number of Teeth)
i X
s Vc=DXSX 1 /1000 MG A m/min
D (7ME) mm
S (BH3E) rpm
ELOEE F=fzXSXZ
i ‘ LR(EIEES) 3.14
F GEAREE) mm/min
f (BEELRS) mm/rev
A FEMA :

MIME : EEEB-RE)  EEB-FRAKX

XARIIFER » I SBETRARB R ABERET

Applications :

Applicable Work Material :

Non-material— small bevel angle; Material— big bevel angle
X Due to special working, special design for angle is produced for requirement.

B. B4z Type

+ ; EEE $59 (Carbide) ®50 ~ 125mm 0.2 ~5.0mm
i Single bevel S (HSS) ®50 ~ 250mm 0.2 ~5.0mm
#l ERER #59 (Carbide) @50 ~ 125mm 0.2~5.0mm

2 Single bevel

with

top bevel ] == (HSS) ®50 ~ 250mm 0.2 ~5.0mm
5 waEm #5380 (Carbide) @50 ~ 125mm 0.2~5.0mm
Double bevel =M (HSS) ®50 ~ 250mm 0.2 ~5.0mm
HERER $58 (Carbide) D50 ~ 125mm 0.2 ~5.0mm

4 Double bevel

with top bevel
on both sides = (HSS) @50 ~ 250mm 0.2 ~5.0mm




EREEF)BS

PSR TEE(F)

High feed speed. Reduce feed rate.
IHEBR(EBBEE) BIEEEMIMS
Outside diameter is larger than width. | Use a slitting saw with proper outside diameter.
~TES N N 5 wi =
ROWETR | ek W MR
L Too large depth of cut. Make small depth of cut.
precision
HEMIMOEIERZ ] L F
Insufficient stiffness of machine and E?ﬁ@aﬁ:iﬁﬂ’\]%; HIBHC .
arbor. eplace the machine and arbor with proper types.
TIDEER BifE
Excessively worn-out cutting edge. Re-grinding.
FHEE(S)ER FRAKEBHERE(S)
High spindle speed. Reduce spindle speed.
ERER SMERRERS FE (IS ERRERE A
Ee”‘?us wear and Excessively small outside relief angle.| Modify the outside relief angle properly.
urning
HHIMIEEBS
Hardness of the workpiece material is TR MHRERIE L
. Apply the surface coated slitting saw.
too high.
AT (PO -
Too small medium to low gradient of 7JD7'<1,\|JEE:'EI3$§(_I7§|IEI) .
. ] Make the medium to low gradient greater.
side relief.
HBAR FRELIHIE
Chips clog on the workpiece. Make small cutting depth.
REAE
Insufficient T EEE EfE
roughness of finished | gxcessively worn-out cutting edge. Re-grinding.
surface
EREEF)BES PR LR (F)
High feed rate. Reduce feed rate.
FHERE(S)BIE RSIIHEIEE (V) ~ EBIEEE(S)

Low spindle speed.

Increase cutting speeds and pindle speed.

THREREYEF

Workpiece is not attached securely.

MEREE

Fix the workpiece firmly.

FHHEEEE(S) - BALEE(F)ER
High spindle speed and feed speed.

FRAKEBHERE(S) ~ EARZEE(F)

Reduce spindle speed and feed speed.

EEIHIRE) -
Chattering during AR ZE REHSHE
cutting Insufficient rigidity of machine. Replace machine rigidity with properly.
RETHIAEEN AR ST
Too small rake angle, or no rake ;*FH@EZ.#B HlF .
angle Use the slitting saw with proper rake angle.
HREZMRARS NATEZ
Poor bite due to straight tooth. Use the slitting saw with staggered tooth.
IIHIEBAR SRS (F) RN HIE
Too large amount of cutting. Adjust the feed speed and depth of cut.
tIHIPEE B2 IEANLD R
Chip clogging Insufficient application of cutting fluid.| Apply a large amount of cutting fluid to workpiece.

BB
Small chip pocket.

FRA7THBDTIR

Use a tool with less number of teeth.
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Trouble Occurrences Countermeasures
IIHIFEE BRERFR B BRRZAR
Chip clogging Improper shape of chip pocket. Modify the chip pocket to have a proper shape.
UTIEFEER AR BiRE
Excessively worn-out cutting edge. Re-grinding.
PN T T8 TIERTCES s EERT]E

Poor cutting quality

A tool to be used is not suited to the
workpiece.

Use a tool specially designed for the work.

tRIEE e

Too small rake angle.

REBEZIHIA
Modify the rake angle properly.

THZEEFE MNEEE
The workpiece is not fixed properly. Fix the workpiece firmly.
EREEF)BS FASEARTEE(F)
High feed speed. Reduce feed rate.
w HIBEE EEMELIED
A 77734
g%éUEPEEEZ?JnB Worn-out cutting edge. Perform re-grinding in early stage of wear.
Breakage during N
cutting FREHHRENSE B A RABERFHIZE
Too large deflection or bend of arbor. | Use the high-precision arbor.
IHIEBA BWAOIEIE
Too large cutting depth. Make small cutting depth.
=1l 9 ReEgamit
Insufficient rigidity of machine. Replace the machine a proper one.
The Application of Solid Carbide Cutting Tool’s Coating
A 4 LY %
i JRABIRGHE M INERSER
A= | RO0L R
=N
BDIIDD”EK EE (HRC)
High hardness A
[& Air blow 70
s Top ACTIN BURIERELMMEIRSR - SRENT
SKH(H) Hardened steels high speed and dry milling
%T-é oilmist SKD11(H) 60
= HPM38(H)
SKD61(H) 50
B o
'L% o NAK80
5 NAKS55
£l
7
SCM440
X SUS304 30
7
s Water
% soluble $456 20
g S50C CrN ; DLC
Hil il : /5%  BlERRE : SRENT
3 10 Copper ; Aluminum alloys
! Plastic high speed & high quality milling
Y >

50 100

150 200 250
BIBIEE (m/min) High speed
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Metal Material Code

L E B S o

bip=1 XE
\EVCE AlSI/ SAE
040A10
s10C 1010 (1’2 045A10 ggg XC10 —
045M10
s12¢ 1012 _ 040A12 _ XC12 _
C15E
S15C 1015 15 055M15 oI — —
s17c 1017 — — — XC18 —
0782“"220 c22 c22
$20C 1020 20 &= C22E C22E —
oo C22R C22R
$22C 1023 — — — — —
c25 c25 c25
S25C 1025 25 C25E C25E C25E —
C22R C25R C25R
S28C 1029 — — — — 25T
080A30
080M30 30 30
s30C 1030 30 C30 C30E C30E 30r
C30E C30R C30R
C30R
$33C — — — — — 30r
Cc35 35 35
S$35C 1035 35 C35E C35E C35E 35T
C35R C35R C35R
Ss38C 1038 — — — — 35T
1030 0882’(')40 c40 c40
s40C 40 C40E C40E 401
1040 C40E C40R C40R
C40R
1042
s43C 1oa2 — 080A42 — — 401
1045 c45 c45 c45
S45C Toa 45 C45E C45E C45E 45T
C45R C45R C45R
s48C — — 080A47 — — 451
0885",’(')50 50 C50
S$50C 1049 50 o C50E C50E 50T
o C50R C50R
1050
$53C oo — — — — 50T
°7g5""555 Cs5 Cs5
$55C 1055 55 vl C55E C55E —
s C55R C55R
105 C60 C60 C60
$58C 1o 60 C60E C60E C60E 60T
C60R C60R C60R
045A10
S09CK — — ooy C10E XC10 —
S15CK — 15F — C15E XC12 —
S$20CK — — — — XC18 —

eleq |eosluyos |
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Metal Material Code
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g; SNC236 — — — 36NiCr6 — 40XH
8B SNC415 = 12CrNi2 = 14NiCr10 = =
2 | SNC631 — 30CrNi3 — 36NICr10 — 30XH3A
i SNC815 = 12Cr2Ni4 655M13 15NiCr13 = =
7 SNC836 — 37CrNi3 — 31NICr14 — —
8615 805A20
8617 . 805M20 20NiCrMo2
SNCM220 8620 20CrNiMo B05A22 ONICAMoS2 20NCD2 =
8622 805M22
8637 .
SNCM240 8640 — — 40NiCrMo2-2 — —
g SNCM415 = — = — — —
i . 20XH2M
$H SNCM420 4320 18CrNiMnMoA — 17NiCrMo6-4 — (20XHM)
£ SNCM431 = = = 30CrNiMo8 = =
] SNCM439 4340 40CrNiMoA — 40NiCrMo6 — —
¥ SNCM447 = = = 34CrNiMo6 = =
SNCM616 — — — — — —
SNCM625 = = = = = =
SNCM630 — — — — — —
SNCM815 = = = = = =
15Cr 17Cr3 15X
SCrat15 - 15CrA - 17Crs3 - 15XA
SCra20 5120 20Cr = = = 20X
5130 34Cr4 34Cr4 34Cr4
= SCra30 5132 30Cr 34Crs4 34Crs4 34CrsS4 30x
i
37Cr4 37Cr4 37Cr4
i ERED 5132 e 37CrS4 37CrS4 37CrS4 35X
¥ 530M40
SCra40 5140 40Cr 41Cr4 4411(:?;‘4 4411(%‘4 40X
41CrS4
45Cr
SCra45 = o0 = = = 45X
SCM415 — 15CrMo — 15CrMo4 — —
18CrMo4
SCM418 = 20CrMo = 18CiMoB4 = 20XM
SCM420 — — 708M20 20CrMo5 — 20XM
SCM421 = = = = = =
30CrMo 30XM
ig SCM430 4130 30CrMoA - - - 30XMA
§
H SCM432 = = = = = =
1
34CrMo4 34CrMo4 34CrMo4
] Scmass 37 35CMo 34CrMos4 34CrMos4 34CrMos4 35XM
708M40
4140 709M40 42CrMo4 42CrMo4
Saarl 4142 GBI 42CrMo4 42CrMoS4 42CrMoS4 -
42CrMoS4
4145
SCM445 g — — — _ _

SCM822
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Metal Material Code

¢z SMn420 1522 20Mn2 150M19 20Mn5 — —
30Mn2 301 2
% SMn433 1536 s 150M36 34Mn5 = s
3512
/ SMn438 1541 40Mn2 150M36 36Mn5 — w02
£+
407 2
i SMn443 1541 45Mn2 — — = s
ﬂﬂ SMnC420 5115 15CrMn —_ 16MnCr5 —_ —_
¥ SMnC443 5140 40CrMn = — — _
SMn420H 1522H — — — — —
SMn433H — = = — = =
SMn438H 1541H — — — — —
SMn443H 1541H = — — _ _
SMnC420H — — — — — —
SMnC443H = — — — _ _
17Cr3
SCr415H — 15CrH — 17Cr83 — 15X
SCr420H 5120H 20Cr1H = 17Cr3 = 20X
5130H 34Cr4 34Cr4 34Cra
SCra30H 5132H - 34Crs4 34Crs3 34Crs4 30x
* 37Cr4 37Cr4 37Cr4
) SRS Ikl - 37Crs4 34Crs4 37Crs4 EE
ﬁE 41Crd 41Cr4 41Cr4
it SCr440H 5140H 40CrH 41Crsa sCsa 1Csa 40X
ge SCM415H 4118H 15CrMoH - 15CrMo5 — —
*g 18CrMo4
Y SCM418H - - - 18CrMoS4 - -
=
2] SCMA420H 4118H 20CrlMoH 708H20 18CrMo4 — —
b 4135H 34CrMo4 34CrMo4 34CrMo4
H' SCM435H 4137H - 34CrMoS4 34CrMoS4 34CrMoS4 -
H 4140H 42CrMo4 42CrMo4 42CrMo4
(H) 0L 4142H CAELE 42CrMoS4 42CrMoS4 42CrMoS4
4145H
SCMA445H Pyt — — — _ _
SCM822H — = — — = —
SNC415H — — — — — —
SNC631H — = — — = —
SNC815H — 12Cr2NidH 655H13 15NiCr13 — —
8617H 805H17
SNCM220H 8620H 20CrNiMoH 805H20 21NiCrMo2 20N CD 2 —
8622H 805H22
SNCM420H 4320H 20CrNi2MoH — 20NiCrMoS6-4 — —

ele(q [ed1uyosa |
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Metal Material Code

SK140 (SK1) — T13 — — C140E3U Y13
e SK120 (SK2) W1-11 172 T12 = = C120E3U Y12
T SK105 (SK3) W1-10 T11 — C105W1 C105E2U Y11
= SK95 (SK4) W1-9 T10 = = C90E2U Y10
iR SK85 (SK5) Wi1-8 e — C80W1 e er
£
7 SK75 (SK6) — T8 — C80W1 ey Y8
SK65 (SK7) — 7 — cTow2 C70E2U Y7
SKH2 T W18CraV BT1 = HS18-0-1 P18
SKH3 T4 W18CraVCo5 BT4 $18-1-2-5 HS18-1-1-5 P18K5®2
SKH4 T5 W18Crav2Co8 BT5 — HS18-0-2-9 P18K5®
SKH10 T15 WA12Cr4V5C0o5 BT15 S12-1-4-5 HS12-1-5-5 —
=) SKH51 M2 W6Mo5Cr4V2 BM2 $6-5-2 HS6-5-2 P6M5
% SKH52 M3-1 %m‘;s(%‘%z - - - PEM5®3
B SKH53 M3-2 CW6Mo5Crav3 — $6-5-3 HS6-5-3 P6M5D3
im SKH54 M4 — BM4 — HS6-5-4 -
f? SKH55 mz‘:’ wgmgggﬁgggg BM35 $6-5-2-5 HS6-5-2-5HC PEM5K5
SKH56 M36 — — — — —
SKH57 = = BT42 $10-4-3-10 HS10-4-3-10 —
SKH58 M7 W2Mo9Cr4v2 — — HS2-9-2 -
— SKH59 M42 W2Mo9Cr4VCo8 BM42 $2-10-1-8 HS2-9-1-8 =
§ SKS11 F2 — — — — XB4
5‘ SKs2 = = = 105WCr6 105WCr5 XBIr
g SKs21 — w — — — —
) SKs5 = = = = = =
SKS51 L6 — — — — —
SKs7 = = = = = =
SKs8 — Cro6 — — C140E3UCr4 13X
& sKs4 st Soasi = = - Seoee
£ SKs41 S1 4CrW2Si — — — 4XB2C
B L SKsS43 W2-9 1/2 = BW2 = 100V2 =
flTl] = SKS44 w2-8 — - - — _
fl glg SKS3 = 9CrWMn = = = 9XBI
SKS31 — CrWMn — 105WCr6 105WCr5 XBI
) SKS93 = — — = — —
SKS94 — — — — — —
SKS95 = 8MnSi — = — —
SKD1 D3 cr12 BD3 X210Cr12 X200Cr12 X12
SKD10 D2 Cr12Mo1V1 — X153CrMoV12 — X12M®
SKD11 D2 Cr12MoV BD2 X153CrMoV12 | X160CrMoV12 —
SKD12 A2 Cr5Mo1V BA2 = X100CrMoV5 —
SKD4 — — — — X32WCrv3 —
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Metal Material Code

SKD5 H21 3Crawsv BH21 X30WCrv9-3 X30WCrv9 —
P
= SKD6 H11 4Cr5MoSiV BH11 X38CrMoV51 X38CrMoV5 4X5M®OC
% SKDB1 H13 4Cr5MoSiV1 BH13 X40CrMoV51 X40CrMoV/5 4X5M®1C
= SKD62 H12 — BH12 — X35CrWMoV5 3X3M3 D
- SKD7 H10 4Cr3Mo3SiV BH10 X32CrMoV33 | 32CrMoV12-18 —
e SKD8 H19 — BH19 — — —
- SKT3 — — — — 55CrNiMoV4 —
SKT4 = 5CrNiMo BH224 /5 55NiCrMoV6 | 55NiCrMoV7 5XHM
75
SUP3 o - — — - 80
85
SuP6 — 558i2Mn — 56SiCr7 60Si7 60C2
G
60Si2Mn . .
o sup7 9260 60SIOMINA — 61SiCr7 60Si7 60C2r
=
im SUPY 5155 55CrMnA — 55Cr3 55Cr3 —
R SUP9A 5160 60CrMnA — 55Cr3 60Cr3 —
17 SUP10 6150 50CrVA 735A51, 735H51 50CrV4 51Crv4 XDA50X T DA
SUP11A 51B60 60CrMnBA — 51Crv4 - 50X TP
SUP12 9254 — 685A57, 685H57 54SiCr6 54SiCr6 —
SUP13 4161 60CrMnMoA | 705A60, 705H60 |  60CrMn3-2 60CrMo4 —
SUM11 1110 - — — - —
SUM12 1108 Y12 — — — —
SuM21 1212 — — — — —
E’E SUM22 1213 Y15 (203M07) 9SMn28 $250 —
ﬁ; SUM22L 12113 Y12Pb — 9SMnPb28 $250Pb —
M2 121 — — — — —
- sum23 5
i SUM23L — — — — — —
o5 sumz4L 12114 Y15Pb — 9SMnPb28 $250Pb —
N SUM25 — - — 9SMn36 S$300 —
R SUM31 1117 — — 15810 — —
Bl SUM3AL — — — — — —
0 SUM32 — Y20 210M15, 210A15 — (13MF4) —
Y30
% SUM41 1137 Va5 — — (35MF6) —
SUM42 1141 Y40Mn — — (45MF6.1) —
SUM43 1144 — (226M44) — (45MF6.3) —
SuJ 51100 GCr4 — — - —
=
=)
()
fik SuJ2 52100 GCr5 — 100Cr6 100Cr6 wx15
B SuJ3 ASTMA 483 GCr15SiMn — — — —
Grade 1
Vs
i SuJ4 = GCr15SiMo — = = —
SUJ5 — GCr18Mo — — — —
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Metal Material Code

<E
AISI

SUH31 — — — 331842 — Z35CNWS14-14 | 45X14H14B2M
SUH35 — — — 349852 — Z52CMIN21-09Az —
SUH36 S63008 | — 5Cr21Mn9Ni4N 349554 X53CrMnNi21 9 | Z55CMN21-09Az | 55X20 M9AH4
SUH37 S63017 | — 2Cr21Ni12N 381S34 — — —
SUH38 — — — — — — —
SUH309 S30900 | 309 2Cr23Ni13 309S24 — Z15CN24-13 —
SUH310 S31000 | 310 2Cr25Ni20 310524 CrNi2520 Z15CN25-20 20X25H20C2
SUH330 NO08330 | N08330 1Cr16Ni35 — — Z12NCS35-16 —
iﬁj‘ SUH660 S66286 — 0Cr15Ni25Ti2MoAIVB — — Z6NCTV25-20 —
g
i’! SUH661 R30155| — — — — — —
ﬁlﬂ SUH21 - - - — CrAl1205 - —
SUH409 S40900 | 409 — 409519 X6CrTi12 Z6CT12 —
SUH409L — — — — — Z3CT12 —
SUH446 S44600 | 446 2Cr25N — — Z12C25 15X28
SUH1 S65007 | — 4Cr9Si2 401545 X45CrSi9 3 Z45CS9 —
SUH3 — — 4Cr10Si2Mo — — Z40CSD10 40X10C2M
SUH4 — — 8Cr20Si2Ni 443565 — Z80CSN20-02 —
SUH11 — — — — — — 40X9C2
SUH600 — — 2Cr12MoVNbN — — — 20X12BHMBD P
SUH616 S42200| — 2Cr12NiMoWV — — — —
)= B4s Jis B7s Jis B JIs
Material RETEHER [ LEESES i FEEER
SUH31 SUH21 SUH1
SUH35 SUH409 SUH3
SUH36 SUH446 SUH4
it SUH37 — SUH11
# SUH38 — SUH600
ki SUH309 — SUH616
(i) SUH310 — —
SUH330 — —
SUH660 — —
SUH661 — —
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Metal Material Code

i
£

SUS201 S20100 | 201 1Cr17Mn6Ni5N — — Z12CNMIN17-07Az —
SUS202 S20200 | 202 1Cr18Mn8Ni5N 284516 = = 12X17T9AH4
SUS301 S30100 | 301 lj/ligl\?%ﬂg:ﬁ 301821 X12CrNi17 7 Z11CN17-08 07X16H6
SUS301L S30153 = = = X2CrNiN18-7 = =
SUS301J1 — — — — X12CrNi17 7 — —
SUS302 S30200 | 302 1Cr18Ni9 302S25 = Z12CN18-09 12X18H9
SUS302B S30215| 302B — — — — —
SUS303 S30300 | 303 Y1Cr18Ni9 303S21 X10CrNiS18 9 Z8CNF18-09 =
SUS303Se S30323 | 303Se | Y1Cr18Ni9Se 30341 — — 12X18H10E
SUS304 S30400 | 304 0Cr18Ni9 304S31 X5CrNi18 10 Z7CN18-09 08X18H10
SUS304L S30403 | 304L 00Cr18Ni10 304511 X2CrNi19 11 Z3CN19-11 03X18H11
SUS304N1 S30451 | 304N 0Cr18Ni9N = = Z6CN19-09Az =
SUS304N2 S30452 — 0Cr19Ni10NbN — — — —
SUS304LN S30453 | 304LN | 00Cr18Ni10N = X2CrNiN18 10 Z3CN18-10Az =
SUS304J1 — — — — — — —
SUS304J2 = = = = = = =
SUS304J3 S30431 | S30431 — — — — —
SUS305 S30500 | 305 1Cr18Ni12 305S19 X5CrNi18 12 Z8CN18-12 06X18H11
SUS305J1 — — — — — — —
SUS309S S30908 | 309S 0Cr23Ni13 = = Z10CN24-13 =
SUS310S S$31008 | 310S 0Cr25Ni20 310S31 — Z8CN25-20 10X23H18
SUS316 S31600 | 316 0Cr17Ni12Mo2 316S31 X5CrNiMo17 12 2| Z7CND17-12-02 =
SUS316F — — — — X5CrNiMo17 13 3| Z6CND18-12-03 —
SUS316L S$31603 | 316L | 00Cr17Ni14Mo2 316S11 X2CrNiMo17 13 2| Z3CND17-12-02 =
— — — — — X2CrNiMo17 14 3| Z3CND17-13-03 | 03X17H14M3
SUS316N S31651 | 316N | 0Cr17Ni12Mo2N — — — —
SUS316LN S$31653 | 316LN |00Cr17Ni13Mo2N — X2CrNiMoN17122| Z3CND17-11Az —
= = = = = X2CrNiMoN17133| Z3CND17-12Az =
SUS316Ti S31635 — — — X6CrNiMoTi17122 | Z6CNDT17-12 08X17H13M2T
SUS316J1 _ _ 0Cr18Ni12Mo2 _ _ _ _
Cu2
SUS316J1L _ _ 00Cr18Ni14Mo2 _ _ _ _
Cu2
SUS317 S$31700 | 317 0Cr19Ni13Mo3 317816 = = =
SUS317L S31703 | 317L | 00Cr19Ni13Mo3 317812 X2CrNiMo18 16 4| Z3CND19-15-04 .
SUS317LN S31753 = = = = Z3CND19-14Az =
SUS317J1 — — 0Cr18Ni16Mo5 — — — .
SUS317J2 = = = = = = =
SUS317J3L — — — — — — —
SUS836L N08367 = = = = = =
SUS890L NO08904 | N08904 — 904S14 — Z2NCDU25-20 —
SUS321 S$32100 | 321 01(§;r:188l\’l\:l1%1:ll| 321831 X6CrNiTi18 10 Z6CNT18-10 08X18H10T
SUS347 S34700 | 347 0Cr18Ni11Nb 347S31 X6CrNiNb18 10 | Z6CNNb18-10 08X18H12b
SUS384 S38400 | 384 = = = Z6CN18-16 =

ele(q [ed1uyosa |

2R




=BT E R SREEE
Metal Material Code

SUSXM7 | S30430 | 304Cu | OCr18Ni9Cu3 394817 — Z2CNU18-10 —
SUSXM15J1 | S38100| — | 0Cri8Ni13si4 = - Z15CNS20-12 -
SUS329J1 | $32900| 329 | O0Cr26Ni5Mo2 — — — —
SUS320J3L | $39240 | S31803 = = - Z3CNDU22-05Az |  08X21HBM2T
SUS320J4L | $39275 | S31260 — — — Z3CNDU25-07Az —
SUS405 | S40500 | 405 Ogélfg' 405517 X6CrAl13 Z8CA12 —
sus410L - - 00Cr12 - - z3C14 -
SUS429 $42900 | 429 - — — - -
SUS430 $43000 | 430 1Cr17 430817 X6Cr17 78C17 12X17
SUS430F | S43020 | 430F Yicr7 — X7CrMoS18 Z8CF17 —
SUS430LX | $43035| — — — X6CrTi17 74CT17 —
SUS430J1L — — — — X6CrNb17 ZACND17 —
SUs434 $43400 | 434 1Cr17Mo 434517 X6CrMo17 1 Z8CD17-01 —
SUS436L | S43600 | 436 - — — - —
SUS436J1L — — — — — — —
Sus444 S44400 | 444 - - - Z3CDT18-02 =
SUS447J1 | S44700 | — 00Cr30Mo2 — — — —
SUSXM27 | s44627| — 00Cr27Mo = - Z1CD26-01 =
;;.; SUS403 $40300 | 403 1Cr12 — — — —
éﬁl SUS410 $41000 | 410 1Cr13 410s21 X10Cr13 713C13 =
‘ SUS410S | S41008 | 4108 — 403517 X6Cr13 78C12 08X13
SUS410F2 — — — — — — —
§ SUS410J1 | S41025| — 18:%2 - X12Crs13 - -
g SUS416 $41600 | 416 Yicri3 416521 — Z11CF13 —
2 SUS420J1 | S42000| 420 2cr13 420529 X20Cr13 720C13 20X13
g SUS420J2 | S42000| 420 3Cr13 420837 X30Cr13 733C13 30X13
SUS420F | S42020 | 420F Y3Cr13 — — Z30CF13 —
SUS420F2 - = = = - - -
SUS42901 — — — — — — —
SUS431 $43100 | 431 1Cr17Ni2 431529 X20CrNi17 2 Z15CN16-02 20X17H2
SUS440A | S44002| 440A 7cr7 — — Z70C15 —
SUS440B | S44003 | 440B 8Cr17 = - = =
9cr18
SUS440C | S44004 | 440C 11Cr17 - - Z100CD17 95X18
fits 9Cr18Mo
B SUS440F | S44020 | S44020 |  Y11Cr17 - - - =
4 SUS630 S$17400 | S17400 | 0Cr17Ni4CuNb — X5CrNiCuNb16-4 |  Z6CNU17-04 —
SUS631 $17700 | S17700 |  OCr7Ni7Al - X7CrNiAM77 | Z9CNA17-07 09X17HTIO
SUS632J1 — — — — — — —
SUS201 SUS304 SUS310S SUS347 SUS405 SUS403 SUS440A SUS630
SUS202 SUS304L SUS316 SUS384 SUS429 SUS410 SUS440B SUS631
;f; SUS301 SUS304N1 Sus316L SUSXM7 SUS430 SUS410S SUS440C —
e SUS302 SUS304N2 | SUS316N | SUSXM15J1 | SUS430F SUS416 SUS440F —
(fk=M) | SUs302B SUS305 SUS317 — SUS434 SUS420J1 — —
SUS303 SUS308 SUS317L - SUSXM27 SUS420F - -
SUS303Se SUS309S SUS321 — — SUS431 — —




BB REER
Metal Material Code

L7h=1 =E e 2R
\EICHEL AISI / SAE BS DIN
FC100 NO.20 HT100 100 GG10 — cy10
FC150 NO.30 HT150 150 GG15 FGL150 Cy15
® FC200 NO.35 HT200 200 GG20 FGL200 Cy20
gl:l% FC250 NO.45 HT250 250 GG25 FGL250 Cy25
P FC300 NO.50 HT300 300 GG30 FGL300 Cy30
’ FC350 NO.60 HT350 350 GG35 FGL350 Cy35
_ — — — GG40 FGL400 Cy40
FCD400 60-40-18 QT400-18 400/17 GGG40 FGS370-17 By40
FCD450 65-45-12 QT450-10 420 /12 — FGS400-12 By45
2 FCD500 70-50-05 QT500-7 500/7 GGG50 FGS500-7 By50
5: FCD600 80-60-03 QT600-3 600/7 GGG60 FGS600-2 By60
g FCD700 100-70-03 QT700-2 700/2 GGG70 FGS700-2 By70
: FCD800 120-90-02 QT800-2 800/2 GGG80 FGS800-2 By80
— — QT900-2 900/2 — — By100

78 2R
Material DIN
— 1199 1A99 — A199.99R — A99
= — 1A97 = A199.98R = A97
— — 1A95 — — — A95
A1080 = 1A80 1080 (1A) A199.90 1080A A8
A1050 1050 1A50 1050 (1B) A199.50 1050A A5
A5052 5052 5A02 NS4 AlMg2.5 5052 Amg
— — 5A03 NS5 — — AMg3
;AE A5056 5056 5A05 NB6 AlMg5 = AMg5V
= A5556 5456 5A30 NG61 — 5957 —
E A2117 2036 2A01 = AICu2.5Mg0.5 2117 D18
A2017 — 2A11 HF15 AlCuMg1 2017S D1
A2024 2124 2A12 = AlCuMg2 2024 D16AVTV
— 2319 2B16 — — — —
A2NO01 = 2A80 = = = AK4
A2018 2218 2A90 — — — AK2
A2014 2014 2A14 = AICuSiMn 2014 AK8
A7075 7175 7A09 — AlZnMgCu1.5 7075 VI5P
AC4C 356.2 ZAISi7TMn LM25 G-AISi7Mg — =
AC3A 413.2 ZAISi12 LM6 G-Al12 A-S12-Y4 AL2
% = 355.2 ZAISi5Cu1Mg = = = AL5
= AC8A 413.0 ZAISi2Cu2MgH1 — G-Al12 (Cu) — —
g — — ZAICu5Mn — — — AL19
# — 201.0 ZAICu5MnCdVA — — — —
— 520.2 ZAIMg10 LM10 G-AlMg10 AG11 AL8
— — ZAIMg5Si — G-AIMg5Si — AL13

eleq |eosluyos |

5

Sk yme =23
LIRS




IR T LIS BERER- ISOIRMN
Recommended Drill Hole Size- ISO Thread

M1.0X0.25 0.75 0.73 0.78 0.77 0.78 0.80
M1.0X0.20 0.80 0.79 = 0.82 0.83 0.84
M1.1X0.25 0.85 0.83 0.88 0.87 0.88 0.90
M1.1X0.20 0.90 0.89 = 0.92 0.93 0.94
M1.2X0.25 0.95 0.93 0.98 0.97 0.98 1.00
M1.2X0.20 1.00 0.99 = 1.02 1.03 1.04
M1.4X0.30 1.10 1.08 1.14 1.12 1.14 1.16
M1.4X0.20 1.20 1.19 = 1.22 1.23 1.24
M1.6%X0.35 1.25 1.23 1.32 1.28 1.30 1.32
M1.6X0.20 1.40 1.39 = 1.42 1.43 1.44
M1.7X0.35 1.35 — — 1.38 1.40 1.42
M1.7X0.30 1.40 - — 1.42 1.44 1.46
M1.7X0.25 1.45 — — 1.47 1.48 1.50
M1.7X0.20 1.50 = = 1.52 1.53 1.54
M1.8%X0.35 1.45 1.43 1.52 1.48 1.50 1.52
M1.8X0.20 1.60 1.59 = 1.62 1.63 1.64
M2.0X0.40 1.60 1.57 1.67 1.63 1.65 1.67
M2.0%X0.25 1.75 1.73 = 1.77 1.78 1.80
M2.2X0.45 1.75 1.72 1.83 1.79 1.81 1.83
M2.2X0.25 1.95 1.93 i 1.97 1.98 2.00
M2.3X0.40 1.90 — — 1.93 1.95 1.97
M2.3X0.35 1.95 - = 1.98 2.00 2.02
M2.3X0.25 2.05 — — 2.07 2.08 2.10
M2.5%X0.45 2.05 2.02 213 2.09 2.1 213
M2.5%X0.35 2.15 2.13 2.22 2.18 2.20 2.22
M2.6X0.45 2.15 = — 2.19 2.22 2.23
M2.6X0.35 2.25 — — 2.28 2.30 2.32
M3.0X0.60 2.40 2.35 2.42 2.45 2.47 2.51
M3.0%X0.50 2.50 2.46 2.59 2.54 2.57 2.59
— M3.0%X0.35 2.65 2.63 2.72 2.68 2.70 2.72
3 M3.5%X0.60 2.90 2.85 3.01 2.95 2.97 3.01
3-_ M3.5%X0.50 3.00 2.96 = 3.04 3.07 3.09
5 M3.5X0.35 3.15 3.13 3.22 3.18 3.20 3.22
5 M4.0X0.75 3.25 3.19 3.32 3.30 3.33 3.37
g" M4.0X0.70 3.30 3.25 3.42 3.35 3.38 3.42
M4.0%X0.50 3.50 3.46 3.59 3.54 3.57 3.59
M4.5X0.75 3.75 3.69 3.87 3.80 3.83 3.87
M4.5X0.50 4.00 3.96 4.09 4.04 4.07 4.09
M5.0%X0.90 4.10 — — 4.15 4.19 4.23
M5.0X0.80 4.20 4.14 4.33 4.25 4.29 4.33
M5.0X0.75 4.25 4.19 — 4.30 4.33 4.37
M5.0X0.50 4.50 4.46 4.59 4.54 4.57 4.59
M5.5%X0.90 4.60 — — 4.65 4.69 4.73
M5.5X0.75 4.75 = = 4.80 4.83 4.87
e M5.5X0.50 5.00 4.96 5.09 5.04 5.07 5.09
!‘Tl] M6.0%1.00 5.00 4.92 5.15 5.06 5.10 5.15
E M6.0X0.75 5.25 5.19 5.37 5.30 5.33 5.37
*—I' M6.0X0.50 5.50 - = 5.54 5.57 5.59
M7.0%X1.00 6.00 5.92 6.15 6.06 6.10 6.15
M7.0X0.75 6.25 6.19 6.37 6.30 6.33 6.37
M7.0%X0.50 6.50 — — 6.54 6.57 6.59
M8.0X1.25 6.75 6.65 6.91 6.81 6.85 6.91
V8.0X1.00 7.00 6.92 7.15 7.06 7.10 7.15
M8.0X0.75 7.25 7.19 7.37 7.30 1:38 7.37
M8.0X0.50 7.50 — — 7.54 7.57 7.59
M9.0%X1.25 7.75 7.65 7.91 7.81 7.85 7.91
M9.0%X1.00 8.00 7.92 8.15 8.06 8.10 8.15
M9.0X0.75 8.25 8.19 8.37 8.30 8.33 8.37
M9.0X0.50 8.50 — — 8.54 8.57 8.59
M10X1.50 8.50 8.38 8.67 8.52 8.61 8.67

X TH1E = §8587)%& Drill hole dia. = Drill diameter




IR T LIS BERER- ISOIRMN
Recommended Drill Hole Size- ISO Thread

M10X1.25 8.75 8.65 8.91 8.81 8.85 8.91

M10X1.00 9.00 8.92 9.15 9.06 9.10 9.15

M10X0.75 9.25 9.19 9.37 9.30 9.33 9.37

M10%0.50 9.50 = = 9.54 9.57 9.59

M11X1.50 9.50 9.38 9.67 9.52 9.61 9.67

M11X1.25 9.75 9.65 9.80 9.81 9.85 9191

M11X1.00 10.00 9.92 10.15 10.06 10.10 10.15

M11X0.75 10.25 10.19 10.37 10.30 10.33 10.37

M11X0.50 10.50 — — 10.54 10.57 10.59

M12X1.75 10.25 10.11 10.44 10.31 10.37 10.44

M12X1.50 10.50 10.38 10.67 10.56 10.61 10.67

M12X1.25 10.75 10.65 10.91 10.81 10.85 10.91

M12X1.00 11.00 10.92 11.15 11.06 11.10 11.15

M12X0.75 11.25 = = 11.30 11.33 11.37

M12X0.50 11.50 — — 11.54 11.57 11.59

M13%X1.75 11.25 = = 11.31 11.37 11.44

M13X1.50 11.50 — — 11.56 11.61 11.67

M13%1.25 11.75 = = 11.81 11.85 11.91

M13X1.00 12.00 — — 12.06 12.10 12.15

M13X0.75 12.30 = i 12.30 12.33 12.37

M13X0.50 12.50 — — 12.54 12.57 12.59

M14X2.00 12.00 11.84 12.21 12.07 12.13 12.21

M14X1.50 12.50 12.38 12.67 12.56 12.61 12.67

M14X1.25 12.75 12.65 — — — 12.91

M14X1.00 13.00 12.92 13.15 13.06 13.10 13.15

M14X0.75 13.30 — = 13.30 13188 13.37

M14X0.50 13.50 — — 13.54 13.57 13.59

M15X2.00 13.00 - = 13.07 13.13 13.21

M15X1.50 13.50 13.40 13.60 13.56 13.61 13.67

M15%1.25 13.80 13.70 13.90 13.81 13.85 13.91 —
M15X1.00 14.00 13.95 14.15 14.06 14.10 14.15 3
M15X0.75 14.30 = = 14.30 14.33 14.37 g
M15X0.50 14.50 — — 14.54 14.57 14.59 =
M16X2.00 14.00 13.90 14.20 14.07 14.13 14.21 5
M16X1.50 14.50 14.40 14.60 14.56 14.61 14.67 g-
M16 X 1.25 14.75 14.65 = 14.81 14.85 14.91

M16%1.00 15.00 14.95 15.15 15.06 15.10 15.15

M16X0.75 15.25 15.19 — 15.30 15.33 15.37

M16 X 0.50 15.50 15.46 15.52 15.54 15.57 15.59

M17X2.00 15.00 = = 15.07 15.13 15.21

M17 X 1.50 15.50 15.40 15.68 15.56 15.61 15.67

M17 X 1.25 15.80 - = 15.81 15.85 15.91

M17 X 1.00 16.00 15.95 16.15 16.06 16.10 16.15

M17X0.75 16.30 = = 16.30 16.33 16.37

M17 X 0.50 16.50 — — 16.54 16.57 16.59 ?i_
M18%2.50 15.50 15.30 15.70 15.57 15.64 15.74 ~“
M18X2.00 16.00 15.90 16.20 16.07 16.13 16.21 ﬁ
M18%1.50 16.50 16.40 16.60 16.56 16.61 16.67 S
M18X1.25 16.75 16.65 — 16.81 16.85 16.91

M18X1.00 17.00 16.95 17.15 17.06 17.10 17.15

M18X0.75 17.25 17.19 — 17.30 17.33 17.37

M18X0.50 17.50 17.46 17.52 17.54 17.57 17.59

M19X2.50 16.50 — — 16.57 16.64 16.74

M19X2.00 17.00 = = 17.07 17.13 17.21

M19X1.50 17.50 — — 17.56 17.61 17.67

M19X1.25 17.80 = = 17.81 17.85 17.91

M19X1.00 18.00 — — 18.06 18.10 18.15

M19X0.75 18.30 = = 18.30 18.33 18.37

M19X0.50 18.50 — — 18.54 18.57 18.59

M20%2.50 17.50 17.30 17.70 17.57 17.64 17.74

X TH1E = §8587)%& Drill hole dia. = Drill diameter




IR T LIS BERER- ISOIRMN
Recommended Drill Hole Size- ISO Thread

M20 X 2.00 18.00 17.90 18.20 18.07 18.13 18.21
M20X1.50 18.50 18.40 18.60 18.56 18.61 18.67
M20X1.25 18.75 18.65 — 18.81 18.85 18.91
M20%1.00 19.00 18.95 19.15 19.06 19.10 19.15
M20X0.50 19.50 19.46 19.52 19.54 19.57 19.59
M21X2.50 18.50 = = 18.57 18.64 18.74
M21X1.50 19.50 — — 19.56 19.61 19.67
M21X1.00 20.00 - = 20.06 20.10 20.15
M22X2.50 19.50 19.30 19.70 19.57 19.64 19.74
M22X2.00 20.00 19.90 20.20 20.07 20.13 20.21
M22X1.50 20.50 20.40 20.60 20.56 20.61 20.67
M22%1.00 21.00 20.95 21.15 21.06 21.10 21.15
M22%0.50 21.50 21.46 21.52 21.54 21.57 21.59
M23X2.50 20.50 = = 20.57 20.64 20.74
M23X2.00 21.00 — — 21.07 21.13 21.21
M23 X 1.50 21.50 = = 21.56 21.61 21.67
M23X1.00 22.00 — — 22.06 22.10 22.15
M24 X 3.00 21.00 20.80 21.20 21.06 21.15 21.25
M24 X 2.50 21.50 21.29 — 21.57 21.64 21.74
M24X2.00 22.00 21.90 22.20 22.07 22.13 22.21
M24 X 1.50 22.50 22.40 22.60 22.56 22.61 22.67
M24 X 1.25 22.75 22.65 = 22.81 22.85 22.91
M24%1.00 23.00 22.95 23.15 23.06 23.10 23.15
M25 X 3.00 22.00 — — 22.06 22.15 22.25
M25%2.00 23.00 22.90 23.20 23.07 23.13 23.21
M25X1.50 23.50 23.40 23.60 23.56 23.61 23.67
M25%1.00 24.00 23.95 24.15 24.06 24.10 24.15
M26 X 3.00 23.00 — = 23.06 23.15 23.25
M26 X 2.00 24.00 — — 24.07 24.13 24.21
— M26 X 1.50 24.50 24.40 24.60 24.56 24.61 24.67
3 M26 X 1.00 25.00 24.95 25.15 25.06 25.10 25.15
3-_ M27 X 3.00 24.00 23.80 24.20 24.06 24.15 24.25
5 M27 X 2.50 24.50 — — 24.57 24.64 24.74
5 M27 X 2.00 25.00 24.90 25.20 25.07 25.13 25.21
g" M27 X 1.50 25.50 25.40 25.60 25.56 25.61 25.67
M27 X 1.00 26.00 25.95 26.15 26.06 26.10 26.15
M28 X 3.00 25.00 — — 25.06 25.15 25.25
M28X2.00 26.00 25.90 26.20 26.07 26.13 26.21
M28 X 1.50 26.50 26.40 26.60 26.56 26.61 26.67
M28X1.00 27.00 26.95 27.15 27.06 27.10 27.15
M30 X 3.50 26.50 26.30 26.70 26.56 26.66 26.77
M30X3.00 27.00 26.80 27.20 27.06 27.15 27.25
M30X2.00 28.00 27.90 28.20 28.07 28.13 28.21
M30%1.50 28.50 28.40 28.60 28.56 28.61 28.67
e M30X1.00 29.00 28.95 29.15 29.06 29.10 29.15
!‘Tl] M32X3.00 29.00 = = 29.06 29.15 29.25
E M32X2.00 30.00 29.90 30.20 30.07 30.13 30.21
*—I' M32%1.50 30.50 30.40 30.60 30.56 30.61 30.67
M32%1.00 31.00 30.95 31.15 31.06 31.10 —
M33 X 3.50 29.50 29.30 29.70 29.56 29.66 29.77
M33%3.00 30.00 29.80 30.20 30.06 30.15 30.25
M33X2.00 31.00 30.90 31.20 31.07 31.13 31.21
M33%1.50 31.50 31.40 31.60 31.56 31.61 31.67
M33%1.00 32.00 — = 32.06 32.10 32.15
M34 X 3.00 31.00 — — 31.06 31.15 31.256
M34X2.00 32.00 = = 32.07 32.13 32.21
M34 X 1.50 32.50 — — 32.56 32.61 32.67
M34%1.00 33.00 = = 33.06 33.10 33.15
M35X3.00 32.00 — — 32.06 32.15 32.25
M35X2.00 33.00 = i 33.07 33.13 33.20

X TH1E = §8587)%& Drill hole dia. = Drill diameter




IR T LIS BERER- ISOIRMN
Recommended Drill Hole Size- ISO Thread

M35 X 1.50 33.50 33.40 33.60 33.56 33.61 33.67
M35X1.00 34.00 — = 34.06 34.10 34.15
M36 X 4.00 32.00 31.70 32.20 32.04 32.14 32.27
V36 X 3.00 33.00 32.80 33.20 33.06 33.15 33.25
M36 X2.00 34.00 33.90 34.20 34.07 34.13 34.21
M36 X 1.50 34.50 34.40 34.60 34.56 34.61 34.67
M36 X 1.00 35.00 — — 35.06 35.10 35.15
M37 X 1.50 35.50 - = 35.56 35.61 35.67
M37%1.00 36.00 — — 36.06 36.10 36.15
M38X4.00 34.00 = = 34.04 34.14 34.27
M38 X 3.00 35.00 — — 35.06 35.15 35.25
M38%2.00 36.00 — = 36.07 36.13 36.21
M38 X 1.50 36.50 36.40 36.60 36.56 36.61 36.67
M38X1.00 37.00 36.95 37.15 37.06 37.10 37.15
M39X4.00 35.00 34.70 35.20 35.04 35.14 35.27
M39%3.00 36.00 35.80 36.20 36.06 36.15 36.25
M39X2.00 37.00 36.90 37.20 37.07 37.13 37.21
M39%1.50 37.50 37.40 37.60 37.56 37.61 37.67
M39X1.00 38.00 — — 38.06 38.10 38.15
V140X 4.00 36.00 = = 36.04 36.14 36.27
V40X 3.00 37.00 36.80 37.20 37.06 37.15 37.25
M40 X 2.00 38.00 37.90 38.20 38.07 38.13 38.21
M40X1.50 38.50 38.40 38.60 38.56 38.61 38.67
V40X 1.00 39.00 — — 39.06 39.10 39.15
M42X4.50 37.50 37.20 37.70 37.55 37.65 37.79
V42X 4.00 38.00 37.70 38.20 38.04 38.14 38.27
V42X 3.00 39.00 38.80 39.20 39.06 39.15 39.25
M42X2.00 40.00 39.90 40.20 40.07 40.13 40.21
M42 X 1.50 40.50 40.40 40.60 40.56 40.61 40.67
V42X 1.00 41.00 40.95 41.03 41.06 41.10 41.15 —
M45 X 4.50 40.50 40.20 40.70 40.55 40.65 40.79 3
V45X 4.00 41.00 40.70 41.20 41.04 41.14 41.27 g
M45X3.00 42.00 41.80 42.20 42.06 42.15 42.25 =
V45X 2.00 43.00 42.90 43.20 43.07 43.13 43.21 5
M45X1.50 43.50 43.40 43.60 43.56 43.61 43.67 g"
45X 1.00 44.00 = = 44.06 44.10 44.15
M46 X 1.50 44.50 — — 44.56 44.61 44.67
V148 X 5.00 43.00 42.60 43.20 43.03 43.14 43.29
V48X 4.00 44.00 43.70 44.20 44.04 44.14 44.27
V148 X 3.00 45.00 44.80 45.20 45.06 45.15 45.25
M48 X 2.00 46.00 45.90 46.20 46.07 46.13 46.21
V48 X 1.50 46.50 46.40 46.60 46.56 46.61 46.67
M48 X 1.00 47.00 — — 47.06 47.10 47.15
M50%5.00 45.00 = = 45.03 45.14 45.29
M50X4.00 46.00 45.70 — 46.00 46.10 46.20 ?i_
M50 % 3.00 47.00 46.80 47.20 47.06 47.15 47.25 ~“
M50X2.00 48.00 47.90 48.20 48.07 48.13 48.21 ﬁ
M50%1.50 48.50 48.40 48.60 48.56 48.61 48.67 S
M50% 1.00 49.00 — — 49.10 49.10 49.15
M52 X 5.00 47.00 46.60 47.20 47.00 47.10 47.20
M52%4.00 48.00 47.70 48.20 48.00 48.10 48.20
M52 X 3.00 49.00 48.80 49.20 49.00 49.10 49.20
M52%2.00 50.00 49.90 50.20 50.00 50.10 50.20
M52X1.50 50.50 50.40 50.60 50.50 50.60 50.60
M55 X 4.00 51.00 50.70 51.20 51.00 51.10 51.20
M55 X 3.00 52.00 51.80 52.20 52.00 52.10 52.20
M55 X 2.00 53.00 52.90 53.20 53.00 53.10 53.20
M55%1.50 53.50 53.40 53.60 53.50 53.60 53.60
M56 X 5.50 50.50 50.10 50.70 50.50 50.60 50.70
V56 X 4.00 52.00 51.70 52.20 52.00 52.10 52.20

X TH1E = §8587)%& Drill hole dia. = Drill diameter




IR T LIS BERER- ISOIRMN
Recommended Drill Hole Size- ISO Thread

M56 X 3.00 53.00 52.80 53.20 53.00 53.10 53.20
V56 X 2.00 54.00 53.90 54.20 54.00 54.10 54.20
M56 X 1.50 54.50 54.40 54.60 54.50 54.60 54.60
M58 X 4.00 54.00 53.70 54.20 54.00 54.10 54.20
M58 X 3.00 55.00 54.80 55.20 55.00 55.10 55.20
M58 X 2.00 56.00 55.90 56.20 56.00 56.10 56.20
M58 X 1.50 56.50 56.40 56.60 56.50 56.60 56.60
M60 X 5.50 54.50 54.10 54.70 54.50 54.60 54.70
M60 X 4.00 56.00 55.70 56.20 56.00 56.10 56.20
M60 X 3.00 57.00 56.80 57.20 57.00 57.10 57.20
M60%2.00 58.00 57.90 58.20 58.00 58.10 58.20
M60 X 1.50 58.50 58.40 58.60 58.50 58.60 58.60
M62%4.00 58.00 57.70 58.20 58.00 58.10 58.20
M62 X 3.00 59.00 58.80 59.20 59.00 59.10 59.20
M62 X 2.00 60.00 59.90 60.20 60.00 60.10 60.20
M62 % 1.50 60.50 60.40 60.60 60.50 60.60 60.60
M64 X 6.00 58.00 57.60 58.30 58.00 58.10 58.20
M64 X 4.00 60.00 59.70 60.20 60.00 60.10 60.20
M64 X 3.00 61.00 60.80 61.20 61.00 61.10 61.20
V64 X 2.00 62.00 61.90 62.20 62.00 62.10 62.20
M64 X 1.50 62.50 62.40 62.60 62.50 62.60 62.60
M65 X 4.00 61.00 60.70 61.20 61.00 61.10 61.20
M65 X 3.00 62.00 61.80 62.20 62.00 62.10 62.20
M65 X 2.00 63.00 62.90 63.20 63.00 63.10 63.20
M65 % 1.50 63.50 63.40 63.60 63.50 63.60 63.60
V68 X 6.00 62.00 61.60 62.30 62.00 62.10 62.20
V68 X 4.00 64.00 63.70 64.20 64.00 64.10 64.20
M68 X 3.00 65.00 64.80 65.20 65.00 65.10 65.20
M68 X 2.00 66.00 65.90 66.20 66.00 66.10 66.20
— M68 X 1.50 66.50 66.40 66.60 66.50 66.60 66.60
3 M70X6.00 64.00 63.60 64.30 64.00 64.10 64.30
5-_ M70%4.00 66.00 65.70 66.20 66.00 66.10 66.20
5 M70X3.00 67.00 66.80 67.20 67.00 67.10 67.20
5 M70X2.00 68.00 67.90 68.20 68.00 68.10 68.20
g.- M72X6.00 66.00 65.60 66.30 66.00 66.10 66.30
M72X4.00 68.00 67.70 68.20 68.00 68.10 68.20
M72%3.00 69.00 68.80 69.20 69.00 69.10 69.20
M72X2.00 70.00 69.90 70.20 70.00 70.10 70.20
M75X4.00 71.00 70.70 71.20 71.00 71.10 71.20
M75X3.00 72.00 71.80 72.20 72.00 72.10 72.20
M75X2.00 73.00 72.90 73.20 73.00 73.10 73.20
M76X2.00 74.00 73.90 74.20 74.00 74.10 74.20
M80 X 6.00 74.00 73.60 74.30 74.00 74.10 74.30
VI80 X 4.00 76.00 75.70 76.20 76.00 76.10 76.20
e V180X 3.00 77.00 76.80 77.20 77.00 77.10 77.20
!‘Tl] V180 2.00 78.00 77.90 78.20 78.00 78.10 78.20
E V85X 6.00 79.00 78.60 79.30 79.00 79.10 79.30
*—I' V185X 4.00 81.00 80.70 81.20 81.00 81.10 81.20
V85X 3.00 82.00 81.80 82.20 82.00 82.10 82.20
M85 X 2.00 83.00 82.90 83.20 83.00 83.10 83.20
V90X 6.00 84.00 83.60 84.30 84.00 84.10 84.30
V90X 4.00 86.00 85.70 86.20 86.00 86.10 86.20
V90X 2.00 88.00 87.90 88.20 88.00 88.10 88.20
V95X 6.00 89.00 88.60 89.30 89.00 89.10 89.30
M95 X 4.00 91.00 90.70 91.20 91.00 91.10 91.20
M95X2.00 93.00 92.90 93.20 93.00 93.10 93.20
M100 X 6.00 94.00 93.60 94.30 94.00 94.10 94.30
M100 X 4.00 96.00 95.70 96.20 96.00 96.10 96.20
M100X2.00 98.00 97.90 98.20 98.00 98.10 98.20

X TH1E = §8587)%& Drill hole dia. = Drill diameter




PRA T FLIE IR R- UNSERIIE
Recommended Drill Hole Size- UN Thread

No. 0- 80UNF 1.25 1.19 1.30 15/16- 12UN 31.30 31.10 31.40

No. 1- 64UNC 1.50 1.43 1.57 13/8- 6UNC 30.80 30.40 31.10

No. 1- 72UNF 1.55 1.48 1.61 1 3/8- 8UN 31.80 31.50 32.10

No. 2- 56UNC 1.79 1.70 1.87 1 3/8- 12UNF 32.90 32.70 33.00

No. 2- 64UNF 1.84 1.76 1.91 11/2- 6UNC 33.90 33.60 34.20

No. 3-48UNC 2.05 1.95 2.14 11/2- 8UN 35.00 34.70 35.30

No. 3- 56UNF 2.1 2.03 2.19 11/2- 12UNF 36.10 35.90 36.20

No. 4- 40UNC 2.27 2.16 2.38 1 5/8- 5UNS 36.20 35.80 36.60

No. 4- 48UNF 2.37 2.28 2.45 15/8- 8UN 38.20 37.90 38.40

No. 5- 40UNC 2.59 2.49 2.69 15/8- 12UN 39.20 39.00 39.40

No. 5- 44UNF 2.65 2.56 2.74 1 3/4- 5UNC 39.40 39.00 39.80

No. 6- 32UNC 2.77 2.65 2.89 1 3/4- 8UN 41.40 41.10 41.60

No. 6- 40UNF 2.92 2.82 3.02 13/4- 12UN 42.40 42.20 42.60

No. 8- 32UNC 3.42 3:31 3.53 17/8- 8UN 44.50 44.20 44.80

No. 8- 36UNF 3.51 3.41 3.60 2-4.5UNC 45.10 44.70 45.50

No.10- 24UNC 3.81 3.69 3.93 2- 8UN 47.70 47.40 48.00

No.10- 32UNF 4.07 3.97 4.16 2-12UN 48.80 48.60 48.90

No.12- 24UNC 4.47 4.35 4.59 2 1/4- 4.5UNC 51.50 51.10 51.90

No.12- 28UNF 4.61 4.50 4.72 21/2- 4UNC 57.10 56.70 57.50

1/4- 20UNC 5.12 4.98 5.25 21/2- 8UN 60.40 60.10 60.70

1/4- 28UNF 5.47 5.36 5.58 2 3/4- AUNC 63.50 63.00 63.90

1/4- 32UNEF 5.59 5.49 5.68 2 3/4- 8UN 66.80 66.50 67.00

5/16- 18UNC 6.57 6.41 6.73 3-4UNC 69.80 69.40 70.20

5/16- 24UNF 6.91 6.79 7.03 3-8UN 73.10 72.80 73.40

5/16- 32UNEF 7.18 7.09 7.26 3 1/4- 4UNC 76.20 75.70 76.60

3/8- 16UNC 7.98 7.80 8.15 31/2-4UNC 82.50 82.10 82.90

3/8- 20UN 8.30 8.16 8.43 31/2- 8UN 85.80 85.50 86.10

3/8- 24UNF 8.51 8.39 8.63 3 3/4- 4UNC 88.90 88.40 89.30

3/8- 32UNEF 8.77 8.67 8.86 4- 4UNC 95.20 94.80 95.60 .
7/16- 14UNC 9.35 9.15 9.55 4- 8UN 98.50 98.20 98.80 KD

7/16- 20UNF 9.88 9.73 10.03 41/4- 4UN 101.60 101.10 102.00 =
1/2- 13UNC 10.81 10.60 11.02 4 1/4- 6UN 103.80 103.40 104.10 a2

1/2- 20UNF 11.47 11.33 11.60 41/4- 8UN 104.90 104.60 105.10 5
9/16- 12UNC 12.20 12.00 12.40 4 1/2- 4UN 107.90 107.50 108.30 S
9/16- 18UNF 12.90 12.80 13.00 41/2- 6UN 110.10 109.80 110.40 ®

5/8- 11UNC 13.60 13.40 13.80 41/2- 8UN 111.20 110.90 111.50

5/8- 18UNF 14.50 14.40 14.60 4 3/4- AUN 126.30 137.80 114.70

5/8- 24UNEF 14.90 14.80 14.90 4 3/4- 6UN 116.50 116.10 116.80

3/4- 10UNC 16.60 16.40 16.80 4 3/4- 8UN 117.60 117.30 117.80

3/4- 16UNF 17.50 17.40 17.60 5- 4UN 120.60 120.20 121.00

3/4- 20UNEF 17.80 17.70 17.90 5- 6UN 122.80 122.50 123.10

7/8- 9UNC 19.50 19.20 19.70 5- 8UN 123.90 123.60 124.20

7/8- 14UNF 20.50 20.30 20.60 5 1/4- 4UN 127.00 126.50 127.40

7/8- 20UNEF 21.00 20.90 21.10 51/4- 6UN 129.20 128.80 129.50 ?i_
1- 8UNC 22.30 22.00 22.60 51/4- 8UN 130.30 130.00 130.50 ~”‘

1- 12UNF 23.40 23.20 23.50 51/2- 4UN 133.30 132.90 133.70 :—%
1- 14UNS 23.70 23.50 23.80 51/2- 6UN 134.50 135.20 133.80 =

11/16- 12UN 24.90 24.70 25.10 51/2- 8UN 136.60 136.30 136.90

11/8- 7TUNC 25.00 24.70 25.30 5 3/4- 4UN 139.70 139.20 140.10

11/8- UN 25.50 25.20 25.70 5 3/4- 6UN 141.90 141.50 142.20

11/8- 12UNF 26.50 26.30 26.70 5 3/4- 8UN 143.00 142.70 143.20

11/4- 7TUNC 28.20 27.90 28.50 6- 4UN 146.00 145.60 146.40

11/4- 8UN 28.70 28.40 28.90 6- 6UN 148.20 147.90 148.50

1 1/4- 12UNF 29.70 29.50 29.90 6- 8UN 149.30 149.00 149.60

X TH1E = §8587)%& Drill hole dia. = Drill diameter




BT FLEREER- NPTERHEEEIFM
Recommended Drill Hole Size- NPT Thread

T
NPTQ%,?& Drill hole dia.
Thread Size- NPT lE2::E9 HMEAEET]
Where Reamer is used Where Reamer is not used
1/16" 5.94 6.15
1/8" 8.33 8.43
1/4" 10.72 11.13
3/8" 14.27 14.27
1/2" 17.48 17.86
3/4" 22.63 23.01
1" 28.58 28.98
11/4" 37.31 37.69
11/2" 43.26 43.66
2" 55.17 55.58
21/2" 65.48 66.27

PR T AL RER- NPTFERE D H E TR
Recommended Drill Hole Size- NPTF Thread

2 THE
g NPTFi2437 Drill hole dia.
o Thread Size- NPTF {ERET] NMERAEKT]
D, Where Reamer is used Where Reamer is not used
= 1/16" 5.94 6.15
) 1/8" 8.33 8.43
1/4" 10.72 11.13
3/8" 14.30 14.27
1/2" 17.48 17.86
3/4" 22.63 23.01
1" 28.58 28.98
11/4" 37.31 37.69
112" 43.26 43.66
2" 55.17 55.58
21/2" 65.48 66.27

X T 4% = $#88704%  Drill hole dia. = Drill diameter




IR T FLIE 2 R- BSP(G)REE T BB
Recommended Drill Hole Size- BSP(G) Thread

BSP(G)IAX BASME BTIE BATIR
Thread Size- BSP(G) Major dia. Drill hole dia.- Min Drill hole dia.- Max
G 1/16" 7.723 6.561 6.843
G 1/8" 9.728 8.566 8.848
G 1/4" 13.157 11.445 11.890
G 3/8" 16.662 14.950 15.395
G 12" 20.955 18.631 19.172
G 5/8" 22.911 20.587 21.128
G 3/4" 26.441 24117 24.658
G 7/8" 30.201 27.877 28.418
G1" 33.249 30.291 30.931
G11/8" 37.897 34.939 35.579
G11/4" 41.910 38.952 39.592
G 13/8" 44.323 41.365 42.005
G11/2" 47.803 44.845 45.485
G13/4" 53.746 50.788 51.428
G2" 59.614 56.656 57.296
G21/2" 75.184 72.226 72.866
G3" 87.884 84.926 85.566
G31/2" 100.330 97.300 98.000
G4" 113.030 110.072 110.712

BT FLEERER- BSPT(Rc/PT)E R B #H E1EHN
Recommended Drill Hole Size- BSPT(Rc/PT) Thread

BSPT(RC/PT)IEA RS TFAE
Thread Size- BSPT(Rc/PT) Major dia. Drill hole dia.
(JIS B 0203 (JIS B 0203)

116" 7.723 6.2
1/8" 9.728 8.2
1/4" 13.157 10.9
3/8" 16.662 144
1/2" 20.955 18.0
3/4" 26.441 23.0
1" 33.249 29.0
11/4" 41.910 38.0
1172" 47.803 44.0
o 59.614 55.0
21/2" 75.184 71.0
& 87.884 83.0
31/2" 100.330 96.0
4" 113.030 108.0
5" 138.430 133.0
6" 163.830 159.0
7" 189.230 183.0
8" 214.630 209.0
9" 240.030 234.0
10" 265.430 259.0
12" 316.230 310.0

X TH1E = §8587)%& Drill hole dia. = Drill diameter
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Comparison Table of Hardness
(HARDNESS CONVERSION TABLE)

(Approximate relationship between various hardness scales)

ECTERE 4TS ECTERE BEEE
Brinell hardness Diamond Rockwell hardness
SESMER Pyramid

Tungsten hardness

Standard BAREM Ik1M16in  EAE%E BRER

A Scale B Scale C Scale D Scale

Halt- gren
10mm

mEEE
Shore
scleroscope
hardness

iEEE

(GEEUE)
Approx.
tensile

S ball S TuMDeT  é0Kgf  100Kgf  150Kgf  100Kgf  number strength
HB HV HRA HRB HRC HRD HS N/mm?
940 85.6 68.0 76.9 97
920 85.3 67.5 76.5 92
900 85.0 67.0 76.1 95
767 880 84.7 66.4 75.7 93
757 860 84.4 65.9 75.3 92
745 840 84.1 65.3 74.8 91
733 820 83.8 64.7 74.3 90
722 800 83.4 64.0 73.8 88
712
710 780 83.0 63.3 73.3 87
698 760 82.6 62.5 72.6 86
684 740 82.2 61.8 72.1 84
682 737 82.2 61.7 72.0 83
670 720 81.8 61.0 715
656 700 81.3 60.1 70.8 81
653 697 81.2 60.0 70.7
647 690 81.1 59.7 70.5
638 680 80.8 59.2 70.1 80
630 670 80.6 58.8 69.8
627 667 80.5 58.7 69.7 79
§ 601 677 80.7 59.1 70.0
> 601 640 79.8 57.3 68.7 77
8
- 578 640 79.8 57.3 68.7
S 578 615 79.1 56.0 67.7 75
555 607 78.8 55.6 67.4
555 591 78.4 54.7 66.7 73 2055
534 579 78.0 54.0 66.1 2015
534 569 77.8 53.5 65.8 71 1985
514 533 771 52.5 65.0 1915
% 514 547 76.9 52.1 64.7 70 1890
fil 495 539 76.7 51.6 64.3 1855
ﬁ 495 530 76.4 51.1 63.9 1825
£ 496 528 76.3 51.0 63.8 68 1820
477 516 75.9 50.3 63.2 1780
477 508 75.6 49.6 62.7 1740
477 508 75.6 49.6 62.7 66 1740
461 495 75.1 48.8 61.9 1680
461 491 74.9 48.5 61.7 1670
461 491 74.9 48.5 61.7 65 1670
444 474 74.3 47.2 61.0 1595
444 472 74.2 47.1 60.8 1585
444 472 74.2 471 60.8 63 1585




Comparison Table of Hardness
(HARDNESS CONVERSION TABLE)

(Approximate relationship between various hardness scales)

PR ¥

429 429 429 455 734 45.7 59.7 61 1510
415 415 415 440 72.8 44.5 58.8 59 1460
401 401 401 425 72.0 43.1 57.8 58 1390
388 388 388 410 71.4 41.8 56.8 56 1330
375 375 375 396 70.6 40.4 55.7 54 1270
363 363 363 383 70.0 39.1 54.6 52 1220
352 352 352 372 69.3 110.0 37.9 53.8 51 1180
341 341 341 360 68.7 109.0 36.6 52.8 50 1130
331 331 331 350 68.1 108.5 35.5 51.9 48 1095
321 321 321 339 67.5 108.0 343 51.0 47 1060
311 311 311 328 66.9 107.5 33.1 50.0 46 1025
302 302 302 319 66.3 107.0 321 49.3 45 1005
293 293 293 309 65.7 106.0 30.9 48.3 43 970

285 285 285 301 65.3 105.5 29.9 47.6 950

277 277 277 292 64.6 104.5 28.8 46.7 41 925

269 269 269 284 64.1 104.0 27.8 45.9 40 895

262 262 262 276 63.6 103.0 26.6 45.0 39 875

255 255 255 269 63.0 102.0 25.4 44.2 38 850

248 248 248 261 62.5 101.0 24.2 43.2 37 825

241 241 241 253 61.8 100.0 22.8 42.0 36 800

235 235 235 247 61.4 99.0 21.7 41.4 35 785

229 229 229 241 60.8 98.2 20.5 40.5 34 765

223 223 223 234 97.3 18.8

217 217 217 228 96.4 17.5 33 725

212 212 212 222 95.5 16.0 705

207 207 207 218 94.6 15.2 32 690

201 201 201 212 93.8 13.8 31 675

197 197 197 207 92.8 12.7 30 655

192 192 192 202 91.9 11.5 29 640

187 187 187 196 90.7 10.0 620

183 183 183 192 90.9 9.0 28 615

179 179 179 188 89.0 8.0 27 600

174 174 174 182 87.8 6.4 585

170 170 170 178 86.8 5.4 26 570

167 167 167 175 86.0 4.4 560

163 163 163 171 85.0 3.3 25 545

156 156 156 163 82.9 0.9 525

149 149 149 156 80.8 23 505

143 143 143 150 78.8 22 490

137 137 137 143 76.4 21 460

131 131 131 137 74.0 450

126 126 126 132 72.0 20 435

121 121 121 127 69.8 19 415

116 116 116 122 67.6 18 400

111 111 111 117 65.7 15 385

ele(q [ed1uyosa |




ISOERAER
Tolerance Table- ISO
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/N
Tolj;rice Millimeters (mm)
Micrometers
(Hm) 3<D=6 6<® =10 10<P=18 18<P =30 30<P=50 50<P=80 80<P=120
h6 0 0 0 0 0 0 0 0
-6 -8 -9 -11 -13 -16 -19 -22
h7 0 0 0 0 0 0 0 0
-10 -12 -15 -18 -21 -25 -30 -35
h8 0 0 0 0 0 0 0 0
-14 -18 -22 -27 -33 -39 -46 -54
ho 0 0 0 0 0 0 0 0
-25 -30 -36 -43 -52 -62 -74 -87
h10 0 0 0 0 0 0 0 0
-40 -48 -58 -70 -84 -100 -120 -140
h11 0 0 0 0 0 0 0 0
-60 -75 -90 -110 -130 -160 -190 -220
h12 0 0 0 0 0 0 0 0
-100 -120 -150 -180 -210 -250 -300 -350
h13 0 0 0 0 0 0 0 0
-140 -180 -220 -270 -330 -390 -460 -540
H13 +140 | +180 | +220 | +270 | +330 | +390 | +460 | +540
0 0 0 0 0 0 0 0
H12 +100 | +120 | +150 | +180 | +210 | +250 | +300 | +350
0 0 0 0 0 0 0 0
H11 +60 +75 +90 +110 | +130 | +160 | +190 | +220
0 0 0 0 0 0 0 0
H10 +40 +48 +58 +70 +84 +100 | +120 | +140
0 0 0 0 0 0 0 0
H9 +25 +30 +36 +43 +52 +62 +74 +87
0 0 0 0 0 0 0 0
H8 +14 +18 +22 +27 +33 +39 +46 +54
0 0 0 0 0 0 0 0
H7 +10 +12 +15 +18 +21 +25 +30 +35
0 0 0 0 0 0 0 0
H6 +6 +8 +9 +11 +13 +16 +19 +22
0 0 0 0 0 0 0 0
H5 +4 +5 +6 +8 +9 +11 +13 +15
0 0 0 0 0 0 0 0




Tolerance Table- ISO

ISOERAER

a8 -20 -30 40 @ 50 | -65 | -80 | -100 | -120
34 | 48 62 | 77 | -98 | -119 | -146 | -174

4 -20 -30 40 | 50 | -65 | -80 | -100 | -120
45 | -60 76 | -93 | 117 | -142 | 175 | -207

o7 14 | -20 25 | -32 -40 -50 -60 72
24 | 32 40 | -50 | -61 75 | -90 | -107

o8 14 | 20 25 | -32 -40 -50 -60 72
-28 -38 47 | 59 | 73 | -89 | -106 | -126

o9 14 | 20 25 | -32 -40 -50 -60 72
-39 -50 -61 75 | -92 | 112 | -134 | -159

. -6 -10 13 | 16 | -20 25 | -30 -36
12 -18 22 | 271 | 33 | -4 -49 -58

- -6 -10 13 | 16 | -20 25 | -30 -36
-16 -22 28 | =34 | 41 -50 -60 71

8 -6 -10 13 | 16 | -20 25 | -30 -36
-20 -28 35 | 43 | 53 | -64 | -76 -90

6 -2 4 5 -6 -7 -9 -10 12

9 -8 12 44 | 17 | =20 25 | -29 -34
6 +8 +12 | +14 | +17 | +20 | +25 | +29 | +34
+2 +4 +5 +6 +7 +9 +10 | +12

Fg +20 | +28 | +35 | +43 | +53 | +64 | +76 | +90
+6 +10 | +13 | +16 | +20 | +25 | +30 | +36

F7 +16 | +22 | +28 | +34 | +41 | +50 | +60 | +71
+6 +10 | +13 | +16 | +20 | +25 | +30 | +36

F6 +12 | +18 | +22 | 427 | +33 | +41 | +49 | +58
+6 +0 | +13 | +16 | +20 | +25 | +30 | +36

Eo +39 | +50 | +61 | +75 | +92 | +112 | +134 | +159
+14 | 420 | +25 | +32 | +40 | +50 | +60 | +72

cs +28 | +38 | +47 | +59 | +73 | +89 | +106 +126
+14 | 420 | +25 | +32 | +40 | +50 | +60 | +72

- +24 | +32 | +40 | +50 | +61 | +75 | +90 | +107
+14 | 420 | +25 | +32 | +40 | +50 | +60 | +72

5o +45 | +60 | +76 | +93 | +117 | +142 | +174 | +207
420 | +30 | +40 | +50 | +65 | +80 | +100 | +120

D8 +34 | +48 | +62 | +77 | +98 | +119 | +146  +174
+20 | +30 | +40 | +50 | +65 | +80 | +100 | +120
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