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(2-14)

RAN 4 7 OUS PRODUCTION METHODS

1 POSSIBLE
USUAL
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R, R, = TYPICAL
" um b APPLICATIONS
(3(E
1 025
Gages, special surfaces. Seldom
2 050 [ — specified for production.
» ] Piston pins, dies. valve stems
4 1
0.10 J J and seats, cam rolls, races.
§ 020 . 0 Gear teeth, spindles, crank-
f ! , shafts, precision ways, handles.
16 040 y ] Press fits, flange seals, tur-
33 080  _ bine buckets, cylinder bores.
[ Ja . Locating surfaces, oil seals,
63 16 1§ 005" = pulleys, clutch plates.
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J i non-critical sliding surfaces.
50 6. g - o
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SYMBOLS FOR SPECIFICATIONS
AND DRAWINGS

In this example, all values are in inches except R, values, which are
in microinches (millionths ef ch). Metric values (millimeters
and micrometers, r j on metric drawings.
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2.17.6 IMITANNAUDAIBUN (Steepest Ascent Method) [18]
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2.18 MIIAZHNG [16]
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~ A A o 1 a 3 A =
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\?TIL\‘I’E]‘LJhl"lJﬂ15§m¢IN“]ﬁﬁ’ﬂﬂﬂilﬂ@]ilﬂaﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 QUK.

No. Name of Cutting conditiony Ra Rz Vba Vbm
(Cutting Speed Feed R | | lt ‘ ) (um) (mm) (mm)
1 150 0. / 4 9.4044 0.0000 0.0000
15 50 Q : 698 0.05834 | 0.09467
— .
1509 \ 0.11188 | 0.11954
70.15080.7571 0.11234 | 0.13540
"0.15%0 N/A N/A
2 3507 0. 4 k) 0.0000 0.0000
350 9¥15040.7 255 0.14918 | 0.15206
0.180 045, 10 28 0. 0.18360 | 0.19702
350, 4¥1504.75 15 J 3 1.941 . 034 0.21033 | 0.24098
350 0.180 0. 5 (% 9 79.2574 0.23239 | 0.26680
3 150_0.20_0 — = 3 14.5798 0.0000 0.0000
1 93 ‘] 0.0641 0.0803
i 0.1014 0.1109
ﬁo_o. - 14.6 Tt 0.1272 0.1463
-/
150,0.20 0.75_ 2000 3.6009 13.4272 0.1970 0.1597
f u ) 0 0.0000
0.1846 WI
o) I
q 350 0.20 0.75 2000 9.5456 29.6602 0.4036 | 0.4810
5 150 0.175 0.50 0 3.2924 14.3880 0.0000 0.0000
150 0.175_0.50 500 2.7411 11.6800 0.1511 0.1558
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~ A A o 1 a 3 A =
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\iTIL\‘I’E]‘LJhl"lJﬂ15§m¢INO]ﬁﬁ’ﬂﬂﬂilﬂ@i!ﬂﬁﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 QUK.

No. Name of Cutting condition | | . Ra Rz Vba Vbm
(Cutting Speed Feed-Rat | pth ¢ i (um) (mm) (mm)
150_0.17529 | 1 12,4840 | 0.1577 | 0.1690

m-_ 0.3360 | 0.1720 | 0.1735

0.1859 | 0.1901

6 0.0000 | 0.0000
0.1901 | 0.1965

! g0 | 02163 | 02220

35040.17 ! &f 7 '!ﬁ\a‘\ 440 | 02897 | 0.3481

y ! o ”, 4 W\ N N/A N/A

7 ' 6520 | 0.0000 | 0.0000
14.1440 | 0.0921 | 0.0970

12.1200 | 0.1120 | 0.1309

,,,,,,,,,,, J 0.1897 | 0.1943

t 15 R40d | 01976 | 0.2011

8  | 350 0.175_1.000 14@0 0.0000 | 0.0000
35‘0§§_1.00_500 @y 12.6800 | 0.1976 | 0.2019

0.2128

350 0.175_1.00 1500 0.2705

350 _0.175_1.00 2000‘

250_0.15_0.50_500 1.8080 8.4040 0.1279 0.1471

250_0.15_0.50_1000 1.8107 8.8640 0.1721 0.1833
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\iTIL\‘I’E]‘LJhl"lJﬂ15§m¢INO]ﬁﬁ’ﬂﬂﬂilﬂ@i!ﬂﬁﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN.(71D)

No. Name of Cutting conditiony Ra Rz Vba Vbm
(Cutting Speed_Feed Ratg ‘ (um) (mm) (mm)
10.0115 0.1977 0.2016
8:6840 0.2023 0.2038
10 0.0000 0.0000
0.1272 0.1741
0.1320 0.1874
0.1598 0.1951
N/A N/A
11 0.0000 0.0000
0.0900 0.1102
250_0 1.0021000 10.6853 0.1130 0.1353
P e
250 0.15 1.00. 11.6453 0.1356 0.1578
e _ﬂ‘
9.268( 0.1526 0.1839
2| | s Tk 0.0000 0.0000
Hl 50 0.20 14¢ 0.1167 0.1415
250,.0.20_1.00_1000 3.9397 14.3039 0.1913 0.2142

250 0.175_0.75_1000

2.8895 14.3066 0.1855 0.2143
250_0.175_0.75_1500 2.8669 17.9993 0.2018 0.2439
250_0.175_0.75_2000 3.3593 13.6258 0.2162 0.2592
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁﬂ']i‘ﬂﬂﬁﬁl\iTllﬁfluhl"llﬂ'liﬁﬂﬁ'lio]Gla’ﬁlﬂﬂill'milﬂaﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN.(71D)

No. Name of Cutting C Rz Vba Vbm
(Cutting Speed Fee : 7 (um) (mm) (mm)
14 . )‘g 13.6600 | 0.0000 | 0.0000
250 0TS 0L - pmm- 6610 | 0.1290 | 0.1234
250 0 1 %m ; ‘ 11 6835 0.1482 0.1817
M" \\ e Wy 0.1673 | 0.1960
\ .
0.1711 0.2018
15 0.0000 | 0.0000
0.1082 0.1421
0.1343 0.1653
0.1532 | 0.1786
os W 133019 | 01712 | 02121
HINEHe) 1) N/A: Not Al Bt aaiaou liannsoda la
i of Cutting Conditic : Bdmhs/ 1) _5asIms
Houda (iia ANUANIBUAILAT)

w I =
3) Fx 11|Liﬂm Ul m“luuuﬁm(Radial Force) Loy Fz=

UIIAAKAN (Main F

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
QW’]Mﬂ?ﬂJﬂJW]’JVIFJ’]ﬂEJ
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\?TIL\‘I’E]‘LJhl"lJﬂ15§m¢IN“]ﬁﬁ’ﬂﬂﬂilﬂ@]ilﬂaﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN.(71D)

No. Name of Cutting Condition Fx Fy Fz Fy/Fz | Temperature
(Cutting Speed_Feed Rat N | (N) (°C)
1 310 | 0.629032 438.2
300 | 0.583333 458.2
310 | 0.629032 478.2
0.684783 457.0
N/A N/A
2 0.521739 487.0
0.527586 491.6
0.576923 496.2
0.521739 484.1
306 | 0.650327 511.7
3 393 | 0.549618 435.6
388 | 0.541237 425.4
,,,,,,, J0.506083 | 421.7
0.549618 497.3
0.510948 521.8
0.518817 444 4
E 80530 417.3
0.520942 507.8
3ol |
063 4
5 150 0.175_0.50 0 165 139 276 | 0.503622 446.6
150 _0.175_0.50_500 149 147 | 289 | 0.508651 460.5
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\iTIL\‘I’E]‘LJhl"lJﬂ15§m¢INO]ﬁﬁ’ﬂﬂﬂilﬂ@i!ﬂﬁﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN (919)

Name of Cutting Conditio Fx Fy Fz Fy/Fz | Temperature
No.
(Cutting Speed Feed R. gl N) | (N) (°C)
150 0.1 d 297 | 0.498316 452.7
150 1500 = 226 | 0.544248 474.1
1509 ' N | 0.493724 478.2
6 - 0.19% 0 0.946997 489.8
70.1728 0. 0 0.537879 499.4
35040.17 " 100 0 | 0.614815 490.5
350_Q#f75 | LSO 1 240 | 0.541667 4943
" 0.139 080, 20 N/ N/A N/A
7 1 178 1.00 168 9 WM 466 | 0.534335 452.7
150 0.14% 1. 441 | 0.553287 468.2
150_0.175_1.0 240 | 452 | 0.530973 4744
15 49 "'(_:.570156 461.0
- |
§.529018 457.6
8 m50_0. L 4 0.824034 487.9
-/
350 ,0.175 1.00_500 190 | 262 | 465 | 0.563441 469.4
O§O. "%, 1 8 485.7

250 0.15_0.50 500

132 117 | 204 | 0.573529 |  467.0
250_0.15_0.50_1000 140 125 | 223 | 0.560538 472.1
250_0.15_0.50_1500 122 110 | 187 | 0.588235 479.0
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁfﬂi‘ﬂﬂﬁﬂ\iTIL\‘I’E]‘LJhl"lJﬂ15§m¢INO]ﬁﬁ’ﬂﬂﬂilﬂ@i!ﬂﬁﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN (919)

Name of Cutting Condition I Fx Fy Fz Fy/Fz | Temperature
No. 1'F
(Cutting Speed Feed R v ™ | (N (°C)
250 0. A 204 | 0.529412 |  465.2
10 = 9 = 257 | 0501946 |  487.4
#500 , 0.507752 |  494.2
70.2000 507 0.537594 | 519.5
0.29” 0.493976 | 4963
259002 [ 200 0 6 | 0.488722 512.7
11 25900.19 1. 403"| 0.588089 |  410.4
0_045 _1#0_50 1 0.568123 425.6
25040.15 #1100 10 124 1Nl398 | 0580402 |  454.1
250 O\ 1. 7 386 | 0.577720 |  467.2
250 0.15 1.0 204 | 376 | 0.542553 | 4862
12 74410545296 | 4345
- |
§.537678 453.9
m!}o_o. 0.555556 |  464.1
-t
250.0.20_1.00_1500 148 | 243 | 450 | 0.540000 |  472.0
I 250 020, | 002000 467.1
) " il
13 2 ,0_0 w5 07 l“ 448.2
250_0.175_0.75_500 g’ 199 @5
- . L = il [ R y o
¥ . U U3 5 ! . 0 . ‘« 7.
SR d R ” A
L] L] ] L] L] __J
250 0.175 0.75_1500 135 | 177 | 340 | 0.520588 |  491.6
250 0.175_0.75_2000 217 | 192 | 354 | 0.542373 512.7
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~ A A o 1 a 3 A = 1
M1919N 4.1 Wﬁﬂ']i‘ﬂﬂﬁﬁl\iTllﬁfluhl"llﬂ'liﬁﬂﬁ'lio]ﬁﬁﬁ]ﬂ‘ﬂih'l@]i!ﬂaﬂ‘ﬂﬂﬂﬂﬂiﬂ 2,000 aUKN.(71D)

No. Name of Cutting conditiong | - Fx Fy Fz Fy/Fz Temperature
(Cutting Speed Feed R: h g N) | (N) (°C)
14 250 0. 332 | 0.533133 481.7
25 Q a 0 | 0.500000 481.7
e—
2508071 /5 0.319410 492.4
;_ L7380.797 1 0.489297 493.6
"0.17870 0.458716 518.9
15 0,195 | 5 0.455657 495.9
I250 7‘5. | . 0 40 | 0.500000 481.7
0.1 ﬁgr 100 13 0.319410 492.4
250 75:- 475. 1 133 27 | 0.504587 498.3
250 0. I 0. - 1 327 | 0.458716 518.8

HInewg 1) N/A: No
2 -
floudia (oM,
==

3) Fx jﬁﬂﬁﬂ ULl

HIIAAKAN (Main F

€

fryavuliannsodald

~ (%
3/UIN)_ BATING

4 a
Qﬂﬂ?ﬁﬂl“ﬁu@m@ﬂ

o =
m“luuq@rn(Radial Force) 1ay Fz=

ﬂLlEJ’JVIEJVITNEﬂﬂ‘i
QW’]Mﬂ’iﬂJﬂJW]'JVImﬂEJ
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VYHIINNIINAADY

ilesnnda)snaneuvesAInNuHeUAITgA e 2 A1 ek IMTIATIZYEA

No - a

1 3

2° 24904

3 .4 166 511

4 310 121

5 22805 if 9.5

6 0378 | 10.2

7 2.4

8 1.9419 | 972082—
12 ,m 3.7653 | 15.9534

[ @

1.6800

4840

360

qUNU

J o 9 )
FNUITADIUING
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Normal Probability Plot of the Residuals
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32 298 (#898 o 497 Ff 994 ' 8 78 | 4973 | 5968 | 6963
40 E' . fFod ). 1% 4 3 3 3978 | 4774 | 5570
50 191 4255 63 12724 | 46 | 3183 | 3819 | 4456
63 I51 |, ) 505 (I oMW 2021 | 2526 | 3031 | 3536
80 119 P59 il 190 |9e82IH AL 705 [\o3 Wiso1 | 1980 | 2387 | 2785
100 95 | 12§ 1273 | 1591 | 1909 | 2228
125 76 | 109 | 124 4=25 - 764 | 1018 | 1237 | 1527 | 1782
160 | 60 | 795 | 994 | 1193 | 1392
175 & i‘: 909 | 1091 | 1273
200 As 63/ 795 | 954 | 1114

18

c 1000 (m/min) ie D, =50 mm , VCZW =314 (m/min)

$ 1 3 o <
Eﬂﬁ 10 I NUFAAIAIANINULIINA-AIINLTITOU

7XDXn X 50X2000
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MANUHIN Y
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LUIUMINAY

Term

Constant ‘ 0.000
Cutting Speed y J 0.2663 ; Tohs W 3430 0.018
Feed Rate ‘ ' 14061 0.000
Depth of cut 2, 0.816 0.451
Cutting Speed*Cutting Spé¢ . :":“""‘5".“‘- 1125 -1.412 0.217
Feed Rate*Feed Rate 7 2917 0.033
Depth of cut*Depth of cut f:;'::' =041 0.389
Cutting spe@ 77 : 0.034
Cutting speel' : 0.636
Feed Rate*DepﬂﬁIj cu ﬁIISIO 0.114

i

S=0.2163 R-Sq —ﬁhR-Sq(adj) 94.2%

‘ﬂ‘i&l‘ﬂ"ﬂﬂ&lﬂiw ﬂ’]ﬂi

Source DF  SeqSS ﬁdj SS Adj M
Square 0.5763 0.57629 0.19210 4.11 0.081
Interaction 3 0.5753 0.57532 0.19177 4.10 0.081

Residual Error 5 0.2340 0.23396 0.04679
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Lack-of-Fit 3 0.2053 0.20525 0.06842 4.77 0.178
Pure Error 2 0.0287 0.02871 0.01436
Total 14 1L 2361\"/ j
Estimated Regression Coe \a using
Term
Constant

Cutting Speed
Feed Rate
Depth of cut

Cutting Speed*

Depth of cut*De
Cutting Speed*Feed
Cutting Speed*Depth oflg i -0:0021760

Feed Rate*Depth of cut

Q =
il IUNIINAI

Response ty . dJRate, Depth of cut
The analysis waéﬁn l'
Estimated RegreSsion Coefficients for Fy/Fz '
COELLIEI’J NENINYINT
Cutti Speed -0?8490 0. 01093 -2.607 0. 048
0103
ARIANT TN YA TANYTAY
Cutting Speed*Cutting Speed 0.031307 0.01609 1.946 0.109
Feed Rate*Feed Rate 0.029544 0.01609 1.837 0.126

Depth of cut*Depth of cut 0.015615 0.01609 0.971 0.376
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Cuiting Speed*Feed Rate 0.029997 0.01545 1.941 0.110
Cutting Speed*Depth of cut -0.004165 0.01545 -0.270 0.798
Feed Rate*Depth of cut : 0.01545 0.915 0.402

S=0.03091 R-Sq=285.6

Analysis of Variarw.—-" TOT E y/E Zug™.

Source ; AESSAN %, AdWS, P
i WS .

Regression . {02337 0:00 N 0.101
.‘: ! "

Linear 7080 A\ C01708% 0,005, . 0.042

Square 0.186
Interaction 1.56 0.309
Residual Error
Lack-of-Fit 5.84 0.150
Pure Error
Total 14

Estimated R@

Term
111
Constant - q l

Cutting Speed -0.00382508

DCEI“MEJ’JVI&IVWW g1n73

Cutti Speed*Cuttlng Speed 3. 130 3E-06

Qmmmﬂmm'mma d

Cutting Speed*Feed Rate 0.0119987
Cutting Speed*Depth of cut -1.66609E-04
Feed Rate*Depth of cut 2.26157
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Response Surface Regression: Temperature versus Cutting Speed, Feed Rate, Depth

of cut
The analysis was done using ¢ 'K
Estimated Regression Co

;—i‘

Term P

Constant 0.000
Cutting Speed .859 0.012
Feed Rate 484 0.018
Depth of cut 0.160
Cutting Speed* ‘ 0.828
Feed Rate*Feed Raigl f /4 Los 8 4ol . 0.390
Depth of cut*Depth of g _ 10875, \ . 0.078
Cutting Speed*Feed .||' _ , y ) ".l ! ‘ . 0.654
Cutting Speed*Depth o 0.384

Feed Rate*Depth of cut -0.636 0.553

S=9.437 RSek;

Analysis of t id1

Source DF Seq SS Adj SS Ad] MS
ssion 76. 276. .05
AU THEHTN B’tﬂ%
489 98 489.98 163.33 0.258
Interaction
QW@Mﬂ?ﬂMWﬂﬂmﬁ d
Lack-of-Fit 419.25 419.25 139.75 10.75 08
Pure Error 2 26.00 26.00 13.00

Total 14 3721.73
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Estimated Regression Coefficients for Ra using data in uncoded units

Term

Constant
Cutting Speed
Feed Rate
Depth of cut

Cutting Speed*Cutti

" 1-:

o e )
Zx

AUINENINGINg
RIAINTUNRIINYINE
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FimF) Coowleon(l)  Pacamslee(B)  dnshenls) DepleiD) Mescosrend(M)  Inbsgraied ansbas(ll  Wrskedl)  Other(l)

Bilﬁlﬂﬁlblﬂlﬁlﬁl i 2 5 2 @3 Ra| ][0 [0 0 ] [
mﬂ 3 r_rrn jf1r2'1 a.rs. E & .r B9 ﬁ?-[

(1] Primary Prefile WiMag. 8 000.00 Hebag. *10.00

o EEERED|

L . ;uhfm e @
il il i_‘ | EWE

AnuResu | [T rrey |

4 3 i ' - -
517 6 uaraswanla ninget; inesShester) 84 /311913713009 1,500

Y

au. ¥, ‘V]ﬂ’JUJlj’JG]ﬂ 350 Lil Hnsnam @a0.15 HU.ADTU Llﬁ$ﬂ31ﬂﬁﬂﬁﬂ 0.5 yu.
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QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ



161

1511915 500 av.BW.

151185 1,000-a

N '!u \\

151105 1,500,813 ‘H

1J51195 210067
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1511915 500 av.BW.

151195 1,000.84

\

I"J‘h"é’,m\\
SRR\

151105 1,500,891 3 4

i Q/
IU THRR

1N A0 P11 58T ; yaiftedaiin g1 SAG a0 eEAn T Base)

aa 0.150aa1NA5/501 uazmmﬁﬂﬁﬂ 0.5 Taamasiudazlsinasmsnasda
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AU ATERINYINS
AR A4S AIHA?

q i o 1A 106 193 Y3 OLBA M A (Flank Wear)N1/31105M3NA9AANLANA N V03

‘wﬂmﬁﬁm 1 000 T ~

3 o o % Aa A o
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Surface Plot of Ra vs Feed Rate, Cutting Speed
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Surface Plot of Fy/Fz vs Feed Rate, Cutting Speed
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Surface Plot of Temperature vs Feed, Cutting speed
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