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ax

V-
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HPBE2000 PC203F   

  

  

  

  

  

2 0.6 16 F10

HPBE2000T PC203F 2 1 12 F10

HPRE2000 PC203F 2 2 2 F11

HPRE4000 PC203F 4 3 16 F11

HPRE2000T PC203F 2 2 2 F11

HPRE4000T PC203F 4 2 16 F11

FE4000 PC203F 4 2.5 16 F14

IBE2000 PC220 2 1 20 F25

IBE4000 PC220 2 3 20 F25

IBE2000 PC220 2 3 20 F26

IBE2000-T PC220 2 3 16
F26

F27

IFE2000 PC220 2 1 20 F20

IFE3000 PC220 3 2 16 F20

IFE4000 PC220 4 2.5 20 F21

IFE2000 PC220 2 3 20 F22

IFE4000 PC220 4 3 20 F22

IFE2000-T PC220 2 3 16
F23

F24

IRE2000 PC220 2 3 20 F28

IRE4000 PC220 4 3 20 F29

BE2000 FA2   

  

  

  

  

2 1 20 F35

BE4000 FA2 4 3 20 F35

BE2000 FA2 2 3 20 F36

BE2000-T FA2 2 3 16
F36

F37

FE2000 FA2 2 1 16 F30

  

P M K N S H
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Min Max
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FE3000 FA2   

  

  

  

  

3 2 16 F30

FE4000 FA2 4 2.5 20 F31

FE2000 FA2 2 3 20 F32

FE4000 FA2 4 3 20 F32

FE2000-T FA2 2 3 16
F33

F34

IPFE2000 PC320 2 1 20 F41

IPFE4000 PC320 4 1 20 F43

IPLFE2000 PC320 2 1 20 F42

IPLFE4000 PC320 4 1 20 F44

IPBE2000 PC320 2 1 20 F45

IPBE4000 PC320 4 1 20 F47

IPLBE2000 PC320 2 1 16 F46

IPRE2000 PC320 2 1 12
F48

F49

IPRE4000 PC320 4 2 12 F51

IPRE2000 PC320 2 3 12 F50

IPRE4000 PC320 4 3 12 F52

FME4000 PC203F 4 6 12 F55

FMLE4000 PC203F 4 6 12 F55

MSE2000 PC215F 2 0.2 1 F57

MSBE2000 PC215F 2 0.2 1 F57

IFSE3000 PC210 STS 3 3 20 F60

SSEA2000
H01

PD3000
2 1 20 F62

SSEA3000
H01

PD3000
3 2 16 F62

SSBEA2000
H01

PD3000
2 1 20 F63
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Min Max

 

 

 

 

 

  

◎ :    ○: 
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CFE2000 PC210C 2 1.0 12 F65

CFNE2000 PC210C 2 0.5 4 F65

CBE2000 PC210C 2 1.0 12 F66

CBNE2000 PC210C 2 0.5 4 F66

CRE2000 PC210C 2 2.0 12 F67

CRNE2000 PC210C 2 1.0 4 F67

DBE2000 ND3000 2 4 8 F70

DFE2000 ND3000 2 3 8 F70

DRE2000 ND3000 2 4 8 F70

PDE1000 DP200 1 4.6 6 F72

PDE2000 DP200 2 6.0 12 F72

ZSE200
FCC

PC221F
2 14 50 F74

ZSE300
FCC

PC221F
3 14 50

F74

F75

ZSE400
FCC

PC221F
4 14 50 F75

ZSE600
FCC

PC221F
6 34 50 F75

ZSEL200
FCC

PC221F
2 14 50 F77

ZSEL400
FCC

PC221F
4 16 40 F77

ZSEXL200
FCC

PC221F
2 20 25 F77

ZSBE200
FCC

PC221F
2 13 50 F78

ZSEA200 FCC 2 15 50 F76

P M K N S H
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Min Max
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F

F

H-Max

High speed machining for
hardened steel
(~HRC70)

• 
    : 0~-0.015    : 
0~-0.005

HPBE HPRE

    

 ●      « »   
 .

 ●      , 
  .

 ●         
 PVD .

        PVD .

 

 
 

 

 

▶     

▶      

  (       )

  V , /
    

    

 

 
  

•  :  12  HRC54~59
•  : V =170 / , S =800 /
                                 t=0,2  =0,5 , 
•  : HPBE2080 PC203F
•   :  =130 , 

 ,    
.

•    '  (  12  HRC54~59)

   1

H - Max

-

  2  25% 

125%

100%

H - Max -

25

0

50

75

100

125

(%)
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F

F     

1

2

3

4

6

8

10

12

16

40,000

40,000

40,000

32,000

21,000

16,000

13,000

9,000

6,000

4,800

5,760

7,200

6,528

5,040

3,840

3,120

2,160

1,440

0.06

0.11

0.13

0.15

0.20

0.30

0.50

0.50

0.50

40,000

40,000

32,000

24,000

10,000

12,000

10,000

7,000

5,000

3,360

4,800

4,620

1,920

2,000

2,160

1,920

1,320

960

0.05

0.10

0.12

0.13

0.20

0.20

0.20

0.30

0.30

40,000

24,000

16,000

12,000

8,000

6,000

4,800

3,600

2,500

3,160

2,280

1,020

1,440

1,020

840

660

516

390

0.04

0.07

0.09

0.10

0.11

0.11

0.12

0.12

0.15

 
(~ HRC 50) (HRC 50~60)

  
(HRC 60~65)

 n,
/

S ,
/

 t,  n,
/

S ,
/

 t,  n,
/

S ,
/

 t,
 

, 

   (HPBE)

1

2

3

4

6

8

10

12

16

20

40,000

40,000

32,000

24,000

16,000

12,000

9,600

8,000

6,000

4,800

720

1,200

2,280

2,640

3,480

3,480

3,480

2,880

2,160

1,740

0.10

0.10

0.20

0.30

0.40

0.50

0.60

0.80

1.00

1.00

40,000

24,000

16,000

12,000

8,000

6,000

4,800

4,000

3,000

2,400

480

600

1,140

1,320

1,740

1,740

1,740

1,440

1,080

840

0.03

0.05

0.10

0.10

0.20

0.20

0.30

0.30

0.50

0.50

32,000

16,000

11,000

8,000

5,300

4,000

3,200

2,700

2,000

1,600

300

380

720

480

1,080

1,080

1,080

900

680

528

0.02

0.05

0.05

0.05

0.10

0.10

0.20

0.20

0.30

0.30

 
(~ HRC 50) (HRC 50~60)

  
(HRC 60~65)

 n,
/

S ,
/

 t,  n,
/

S ,
/

 t,  n,
/

S ,
/

 t,

   (HPRE)

 

, 

    D  (      = 0)

:     :
               D= 6 , t = 0,3 , n = 14000 1

   0°: V =113,7 /
   15°: V =113,7×1,5=170,6 /

      

    = 0°
    = 7°
    = 15°
    = 30°
    = 45°
    = 60°

 = 1   
 = 1.2   
 = 1.5   
 = 1.7   
 = 2.17   
 = 2.3  

 : •  : V  =  × D  × n/1000 (n = 1)

•  : D  = 2  t(D  t) × ,  D —  , ;

   –  ; t —  , .

•  =0,  =1  V =  × D  × n/1000
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F

F    

        H'max    

0.6

0.8

1

1.5

2

2.5

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.3

0.4

0.5

0.75

1

1.25

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

40,000

37,000

35,000

32,000

30,000

28,000

26,000

22,000

20,000

18,000

15,000

13,500

12,000

11,000

10,000

9,200

8,500

7,900

7,400

6,900

6,500

6,100

5,800

5,500

75

93

110

151

188

220

245

276

314

339

330

339

339

345

345

347

347

347

349

347

347

345

346

345

56

61

66

75

82

86

88

86

88

87

78

75

71

69

66

63

61

58

57

55

53

51

50

49

71

80

88

102

113

119

122

120

123

122

110

106

100

97

92

89

85

82

80

77

75

72

71

69

75

90

101

121

135

143

147

146

149

148

134

129

122

118

113

108

104

101

98

94

91

88

86

84

71

93

108

133

151

161

167

166

170

169

153

148

140

135

129

124

120

116

112

108

105

102

99

97

56

90

110

142

163

176

183

183

188

187

170

164

155

151

144

139

133

129

125

121

117

113

111

108

80

108

148

173

188

196

197

204

203

185

179

169

164

157

151

146

141

137

132

128

124

121

118

61

101

150

180

197

207

210

218

218

198

192

182

176

169

162

157

151

147

142

138

133

130

127

88

150

185

205

217

221

230

231

210

203

193

187

179

173

167

161

157

151

147

142

139

135

66

148

187

211

224

231

241

242

221

214

203

198

189

183

176

170

166

160

155

150

147

143

142

188

215

231

239

251

253

231

224

213

207

199

192

185

179

174

168

163

158

155

151

133

187

218

236

247

260

262

240

234

222

216

207

200

193

187

182

175

171

165

162

157

121

285

220

240

253

268

271

249

242

231

224

215

208

201

194

189

183

178

172

168

164

102

180

220

243

259

275

279

256

250

238

232

223

215

208

202

196

189

184

178

175

170

75

173

218

244

264

282

287

264

258

246

240

230

223

215

208

203

196

191

185

181

176

0

163

215

245

268

288

294

271

265

253

247

237

229

222

215

209

202

197

191

187

182

HRC45~55

 ,  ,
/

 ,
/

V , /
(D  = Dmax)

V , /
(D  = Dmax)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

  V , /      t,  

 , 

0.6

0.8

1

1.5

2

2.5

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.3

0.4

0.5

0.75

1

1.25

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

40,000

37,000

35,000

28,000

26,000

24,000

22,000

18,500

16,500

15,000

15,000

12,000

10,650

9,600

8,700

8,000

7,373

6,800

6,300

5,900

5,600

5,300

5,000

4,700

75

93

110

132

163

188

207

232

259

283

330

301

301

301

300

301

301

299

297

296

299

300

298

295

56

61

66

66

71

74

74

73

73

72

78

67

63

30

57

55

53

50

48

47

46

45

43

42

71

80

88

90

98

102

103

101

102

101

110

94

89

84

80

77

74

71

68

66

64

63

61

59

75

90

101

106

117

122

124

122

123

123

134

115

108

103

98

94

90

87

83

80

79

77

74

72

71

93

108

117

131

138

141

139

141

141

153

131

124

118

113

108

104

110

96

93

91

88

86

83

56

90

110

124

141

151

154

154

155

156

170

146

138

131

125

120

116

111

107

103

101

98

95

92

80

108

129

150

161

166

166

168

170

185

159

150

143

136

131

126

121

116

113

110

108

104

101

61

101

132

156

169

175

177

180

181

198

170

161

154

147

141

136

130

125

121

119

116

112

108

88

132

160

176

183

186

190

192

210

181

171

164

156

150

145

139

133

129

127

123

120

116

66

129

162

181

190

194

199

202

221

190

181

173

165

159

153

147

141

137

134

131

127

122

124

163

185

195

201

207

211

231

199

189

181

173

167

160

154

148

144

141

137

133

129

117

162

187

200

208

215

219

240

208

197

189

180

174

168

161

155

150

147

144

139

135

106

160

188

203

213

221

226

249

215

205

196

187

181

174

167

161

156

153

149

145

140

90

156

188

205

218

227

233

256

222

212

203

194

187

181

174

167

162

159

155

151

146

66

150

187

207

222

233

239

264

229

218

209

200

194

187

179

173

168

164

160

156

151

141

185

207

225

237

245

271

235

224

215

206

199

192

185

178

173

170

166

161

155

HRC55~60

 , 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

  V , /      t,  

 , 
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F

F H-Max

( )

HPBE 2006
 2008
 2010
 2020
 2030
 2040
 2050
 2060
 2070
 2080
 2090
 2100
 2110
 2120
 2140
 2160
HPBE 2060L
 2070L
 2080L
 2090L
 2100L
HPBE 2010-T2-26
 2010-T4-16
 2020-T2-41
 2020-T4-29
 2030-T2-51
 2030-T4-29
 2040-T2-61
 2040-T4-34
 2060-T2-63
 2060-T4-35
 2080-T2-67
 2080-T4-39
 2100-T2-69
 2100-T4-41
 2120-T2-71
 2120-T4-43

R ØdØD L

 0.3  0.6 6  1.2 4 50  
 0.4  0.8 6  1.6 4  50  
 0.5  1 6  2  4 50  
 1  2 6  3  6  50
 1.5  3 6 4 8  50  
 2 4 6  5  10  60  
 2.5  5 6  6  12  60  
 3 6 6 7 14 60 
 3.5  7 8  8  16  80  
 4 8 8  9  18  80  
 4.5  9 10  10  20  80  
 5 10 10  11  22  80  
 5.5  11 12  12 24  90  
 6  12 12  13  26  90  
 7  14 16  15 30  100 
 8  16 16  17  34  100  
 3  6 6 7 14 90  
 3.5  7 8 8 16 90  
 4  8 8 9 18 100  
 4.5  9 10 10 20 100  
 5  10 10 11 22 100
 0.5 1 6 2 26 55 1 
 0.5 1 6 2 16 50 2 
 1 2 6 3 41 70 1 
 1 2 6 3 29 60 2 
 1.5 3 6 4 51 80 1 
 1.5 3 6 4 29 60 2 
 2 4 6 5 61 90 1 
 2 4 6 5 34 70 2 
 3 6 6 7 63 90 1 
 3 6 6 7 35 90 2 
 4 8 8 11 67 100 1 
 4 8 8 11 39 100 2 
 5 10 10 13 69 120 1 
 5 10 10 13 41 120 2 
 6 12 12 15 71 130 1 
 6 12 12 15 43 130 2 
  

HPBE2000 (  ) / 2000L (   )

HPBE2000T (     )

ØD

Ø0.6 ~ Ø6
  Ø7   ~ Ø16

0 ~ - 0.02
0 ~ - 0.025

 R

± 0.005
± 0.010
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F

FH-Max

( )

( )

HPRE 2020-R0.5

HPRE 4030-R0.5 
 4040-R0.5
 4060-R1.0 
 4080-R2.0 
 4100-R2.0 
 4120-R2.0
 4160-R2.0

HPRE 2020-R0.5-T4-13
 2020-R0.5-T2-16
 

HPRE 4020-R0.5-T2-23
 4020-R0.5-T4-18
 4030-R0.5-T2-24
 4030-R0.5-T4-19
 4040-R0.5-T2-61
 4040-R0.5-T4-34
 4060-R1.0-T2-63
 4060-R1.0-T4-36
 4080-R2.0-T2-65
 4080-R2.0-T4-37
 4100-R2.0-T2-69
 4100-R2.0-T4-40
 4120-R2.0-T2-71
 4120-R2.0-T4-42
 4160-R2.0-T2-73
 4160-R2.0-T4-45

ØD

ØD

Ød

Ød

L

L

r

r

  2 6 3 12 60 0.5 
  

  3 6 4 16 60 0.5 
  4 6 5 20 60 0.5 
   6  6 7 28 60 1 
   8 8 9 31 80 2 
   10 10 11 33 90 2 
  12 12 13 39 100 2 
  16 16 17 51 120 2 

  2 6 3 13 70 0.3 2  
  2 6 3 18 70 0.5 1 

   2  6 3 23 70 0.5 1  
  2  6 3 18 70 0.5 2  
  3  6 4 24 90 0.5 1  
  3  6 4 19 90 0.5 2  
  4  8 5 61 100 0.5 1  
  4  8 5 34 70 0.5 2  
  6  10 7 63 100 1 1  
  6  10 7 36 70 1 2  
  8  12 9 65 110 2 1  
  8  12 9 37 90 2 2  
  10  14 11 69 110 2 1  
  10  14 11 40 100 2 2  
  12  16 13 71 110 2 1  
  12  16 13 42 110 2 2  
  16  20 17 73 130 2 1  
  16  20 17 45 130 2 2 

HPRE2000 / 4000 (  )

HPRE2000T / 4000T (   )

ØD

Ø0.6 ~ Ø6
  Ø7   ~ Ø16

0 ~ - 0.02
0 ~ - 0.025

0.005
0.010

ØD

Ø0.6 ~ Ø6
  Ø7   ~ Ø16

0 ~ - 0.02
0 ~ - 0.025

0.005
0.010

 R

 R
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F

F       V-Endmill

V-Endmill

   

     

   : 
    

        

 (   )

 (  )

•     
•     D=Ø8.0, n ( -1)=3183, Vp( / )=80, S ( / )=713, S ( / )=0.055, 
   t( )=8.0, B( )=8.0, 
•   V-Endmill VFE4080-060  ·  

N

[V-  ] [  ]
3000

2000

1000

0

-1000

-2000

-3000
(S)Fx              Fy              Fz (S)Fx              Fy              Fz

N 3000

2000

1000

0

-1000

-2000

-3000

·   

V-Endmill

  V (vf)

30% up 30% up

·        .
·          

    V-

C
ut

tin
g 

le
ng

th
(m

)

50

40

30

20

10

0
V-Endmill

A B

•      
•   D=Ø8.0, n ( -1)=3979, Vp( / )=100, S ( / )=796, S ( / )=0.05, t( )=12, B( )=0.8, 
•    VFE4080-060

 
 

V-
•  A
    
    
   

•  B
   
    
   

·     

·   D=Ø8.0, n( / )=6000, Vp( / )=150,   
   S ( / )=600, S ( / )=0.025,   
   t( )=7, B( )=0.8, ( )

·    VFE4080-060

V-Endmill  

 

 

80

60

40

20

V-Endmill(VFE4080)

36

 
(e

a)

80

36
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F

F      V-Endmill

  

  

 

    

 1.  :    .

 2.  :     10 ,    5%  ae 5%.

    

 1.  :    .

 2.  :     10 , 

            5%  ae 5%.

2.5

3.0

3.5

4.0

5.0

6.0

7.0

8.0

9.0

10.0

12.0

14.0

16.0

2.5

3.0

3.5

4.0

5.0

6.0

7.0

8.0

9.0

10.0

12.0

14.0

16.0

15,915 

13,263 

11,368

9,947 

7,958 

 6,631 

 5,684 

 4,974 

4,421

 3,979 

 3,316 

 2,842 

 2,487 

15.915

13,263 

11,268

9,947 

7,958 

6,631 

5,687

4,974 

4,421

 3,979 

 3,316 

2,842 

2,487 

12.732

10,610 

9,095

7,958 

6,366 

5,305 

4,547 

3,979 

3,537

3,183 

2,653 

2,274 

1,989 

12,732

10,610 

9,095

7,958 

6,366 

5,305 

4,549

3,979 

3,537

3,183 

2,653 

2,274 

1,989 

1,241

1,241 

1,241

1,241 

1,241 

1,241 

1,241 

1,194 

1,194

1,194 

1,194 

1,194 

1,194 

1,035

1,035 

1,035

1,035 

1,035 

1,035 

1,035

1,035 

1,035

1,035 

1,035 

1,035 

1,035 

891

891 

891

891 

891 

891 

891 

891 

891

891 

891 

891 

891 

700

700

700 

700 

700 

700 

700

700 

700

700 

700 

700 

700 

3.8

4.5 

5.3

6.0 

7.5 

9.0 

10.5 

12.0 

13.5

15.0 

18.0 

21.0 

24.0 

2.8

3.3 

3.9

4.4 

5.5 

6.6 

7.7

8.8

9.9 

11.0 

13.2 

15.4 

17.6 

3.8

4.5 

5.3

6.0 

7.5 

9.0 

10.5 

12.0 

13.5

15.0 

18.0 

21.0 

24.0 

2.5

3.0

3.5 

4.0 

5.0 

6.0 

7.0

8.0

9.0 

10.0 

12.0 

14.0 

16.0 

0.7

0.8 

0.9

1.1 

1.4 

1.6 

1.9 

2.2 

2.4

2.7 

3.2 

3.8 

4.3 

0.3

0.3 

0.4

0.4 

0.5 

0.6 

0.7 

0.8 

0.9

1.0 

1.2 

1.4 

1.6 

(ØD)

(ØD)

   , HRC25   ( 3, 38 )   - , HRC35~45(STS, KP4M)

   , HRC25   ( 3, 38 )   - , HRC35~45(STS, KP4M)

R.P.M( -1) 

R.P.M( -1) 

R.P.M( -1) 

R.P.M( -1) 

( / )

( / )

( / )

( / )

t( )

t( )

t( )

t( )

B( ) B( )
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F

F V-Endmill

( )

VFE 4025-045

 4030-050

 4035-050

 4040-050

 4050-050

 4060-050

 4070-060

 4080-060

 4090-070

 4100-075

 4120-080

 4140-085

 4160-090

2.5

3.0

3.5

4.0

5.0

6.0

7.0

8.0

9.0

10.0

12.0

14.0

16.0

6.0

6.0

6.0

6.0

6.0

6.0

8.0

8.0

10.0

10.0

12.0

14.0

16.0

2.48

2.98

3.48

3.98

4.98

-

6.97

-

8.97

-

-

-

-

6.0

7.0

8.0

9.0

12.0

14.0

16.0

19.0

20.0

23.0

27.0

31.0

36.0

8.0

9.5

11.0

12.0

16.0

-

21.0

-

27.0

-

-

-

-

45

50

50

50

50

50

60

60

70

75

80

85

90

B

B

B

B

B

A

B

A

B

A

A

A

A

ØD Ød d1 L

VFE4000 ( )

ØD

Ø3~Ø9

Ø10~Ø16

0.00 ~ -0.02

0.00 ~ -0.03

A

B
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F

F      I-M

I-Max
            

      PVD .
     .  ,   ,    

 .
      ,   , , 

 ,   .
         150 / .
        , ,    . .

I - Max

I-Max A B C
0

10

20

30

(m)

       I-MAX   .

PVD 

 

  

   : 0~0.008

   : ±0.01

•  : c  4  HRC40
•  : V  = 70 / , S  = 0,04 / , n = 3700 -1, S  = 590 / ,
                                    t = 10   = 1 ,    .
•   : IFE4060050

 1  2  3

 = 30 
 

 = 30  = 24  = 24 

 25% 
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F

F       I-M

   (IFE2000,  )

   (IFE4000,  )

   (ap)   
• ap 1.5D   

•       .    
       .

    t    B   

  • ap=1.5D
  • ae=0.1D   

  •       .    
       .

  

 3 12,600 920 8,200 580 6,400 220 12,900 1,370 5,300 200

 4 9,500 920 6,400 580 4,800 220 9,800 1,370 4,000 200

 5 7,500 920 5,400 580 3,900 220 7,600 1,370 3,200 200

 6 6,500 920 4,100 580 3,000 220 7,800 2,000 2,600 200

 8 4,800 920 3,200 580 2,500 220 6,000 2,120 2,000 200

 10 3,700 920 2,600 580 1,900 220 4,800 2,230 1,600 200

 12 3,100 920 2,100 580 1,600 220 3,700 2,340 1,300 200

 14 2,700 920 1,800 580 1,400 220 3,400 2,450 1,100 200

 16 2,400 1020 1,500 690 1,200 270 3,000 2,520 1,000 225

 18 2,000 1020 1,400 690 1,000 340 2,600 2,680 880 240

 20 1,900 1020 1,300 690 900 340 2,400 2,680 800 240

,
 

(~ HRC20)

,
 

(HRC30~40)

,
 

(HRC40~)
 ,

 

 1 37,500 185 25,400 130 19,500 80 39,700 370 16,000 45

 2 18,800 190 12,700 180 9,700 80 19,800 450 8,000 65

 3 12,600 310 8,200 190 6,400 80 12,900 450 5,300 65

 4 9,500 310 6,400 190 4,800 80 9,800 450 4,000 65

 5 7,500 310 5,400 190 3,900 80 7,600 450 3,200 65

 6 6,500 310 4,100 190 3,000 80 7,800 660 2,600 65

 8 4,800 310 3,200 190 2,500 80 6,000 710 2,000 65

 10 3,700 310 2,600 190 1,900 80 4,800 740 1,600 65

 12 3,100 310 2,100 190 1,600 80 3,700 780 1,300 65

 14 2,700 310 1,800 190 1,400 80 3,400 820 1,100 65

 16 2,400 340 1,500 240 1,200 90 3,000 830 1,000 75

 18 2,000 340 1,400 240 1,000 100 2,600 890 880 80

 20 1,900 340 1,300 240 900 100 2,400 890 800 80

   

 n,
/

 n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

S ,
/

 n,
/

S ,
/

 

, 

 n,
/

 n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

S ,
/

 n,
/

S ,
/

 

, 

,
 

(~ HRC20)

,
 

(HRC30~40)

,
 

(HRC40~)
 ,
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F

F      I-M

   (IBE2000 )

   (IBE4000 )

  

  

 1 15,760 250 5,800 90

 2 14,400 750 4,680 150

 3 13,100 680 4,520 150

 4 10,500 740 4,200 180

 5 9,140 820 3,680 180

 6 7,780 840 3,160 190

 8 5,260 950 2,100 190

 10 4,620 1,020 1,780 190

 12 3,780 900 1,360 190

 16 2,740 920 1,160 190

 20 2,100 840 840 190

 1 15,760 380 5,800 130

 2 15,760 800 4,840 160

 3 13,100 1,020 4,520 220

 4 10,500 1,110 4,200 270

 5 9,140 1,230 3,680 270

 6 7,780 1,260 3,160 280

 8 5,260 1,430 2,100 280

 10 4,620 1,530 1,780 280

 12 3,780 1,350 1,360 280

 16 2,740 1,380 1,160 280

 20 2,100 1,260 840 280

,  
(~ HRC30)

,  
(~ HRC30)

,  
(HRC30 ~)

,  
(HRC30 ~)

 

, 

 

, 

 n,
/

 n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

S ,
/

  • t=0.3D  • pf=0.7D 

  •       .   
        

.

  • t=0.3D  • pf=0.7D   
  •      .   

        
.
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F

F       I-M

   (IRE2000  )

   (IRE4000  )

 3 4,410 70 2,200 30

 4 3,570 85 1,790 35

 5 3,050 105 1,580 40

 6 2,630 125 1,370 50

 8 2,000 135 1,050 50

 10 1,680 135 840 50

 12 1,370 105 700 40

 16 1,160 95 560 35

 20 840 70 420 25

 3 4,410 115 2,200 55

 4 3,570 140 1,790 60

 5 3,050 180 1,580 70

 6 2,630 215 1,370 85

 8 2,000 230 1,050 85

 10 1,680 230 840 85

 12 1,370 180 700 70

 16 1,160 160 560 60

 20 840 115 420 45

,  
(~ HRC30)

,  
(~ HRC30)

,  
(HRC30 ~)

,  
(HRC30 ~)

  

  

 

, 

 

, 

 n,
/

 n,
/

S ,
/

S ,
/

  •         .  
    

     .

    t    B
  • t=1.5D     • B=0.1D

    t
  • t 1.5D

 n,
/

 n,
/

S ,
/

S ,
/

  •         .  
      

   .

    t    B
  • t=1.5D     • B=0.1D

    t
  • t 1.5D
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F

F      I-M

    t    B     
• ap=1.5D 
• ae=0.1D  
•       .    

       .

  

    t   
  • t 0.5D(D > Ø3) 
  • t 1.0D(D < Ø3) 

  •       .
             

  .

   

 1 11,000 55 8,000 40 16,000 45 13,000 120 32,000 300 24,000 240

 2 5,500 80 4,000 55 8,000 65 6,500 150 16,000 320 12,000 240

 3 3,700 90 2,600 60 5,300 65 4,200 150 11,000 320 8,000 240

 4 2,800 90 2,000 60 4,000 65 3,200 150 8,000 320 6,000 240

 5 2,200 90 1,600 60 3,200 65 2,500 150 6,400 320 4,800 240

 6 1,800 90 1,000 60 2,600 65 2,100 180 5,300 340 4,000 260

 8 1,400 90 1,000 60 1,300 65 1,600 190 4,000 340 3,000 260

 10 1,100 90 800 60 2,000 65 1,300 200 3,200 340 2,400 260

 12 900 90 660 60 1,600 65 1,000 210 2,600 340 2,000 260

 14 800 90 570 60 1,100 65 900 220 2,300 340 1,700 260

 16 700 100 500 75 1,000 75 800 225 2,000 340 1,500 260

 18 600 100 440 75 880 80 700 240 1,800 340 1,300 260

 20 550 100 400 75 800 80 640 240 1,600 340 1,200 260

 ,
 

,
 

 n,
/

 n,
/

 n,
/

 n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

S ,
/

S ,
/

S ,
/

 

, 

,
 

(~ HRC20)

,
 

(HRC30~40)

   (FE4000,  )

 3 3,700 270 2,600 180 5,300 200 4,200 450 11,000 960 8,000 720

 4 2,800 270 2,000 180 4,000 200 3,200 450 8,000 960 6,000 720

 5 2,200 270 1,600 180 3,200 200 2,500 450 6,400 960 4,800 720

 6 1,800 270 1,000 180 2,600 200 2,100 540 5,300 1,020 4,000 780

 8 1,400 270 1,000 180 1,300 200 1,600 570 4,000 1,020 3,000 780

 10 1,100 270 800 180 2,000 200 1,300 600 3,200 1,020 2,400 780

 12 900 270 660 180 1,600 200 1,000 630 2,600 1,020 2,000 780

 14 800 270 570 180 1,100 200 900 660 2,300 1,020 1,700 780

 16 700 300 500 220 1,000 225 800 680 2,000 1,020 1,500 780

 18 600 300 440 220 880 240 700 720 1,800 1,020 1,300 780

 20 550 300 400 220 800 240 640 720 1,600 1,020 1,200 780

 ,
 

,
 

 n,
/

 n,
/

 n,
/

 n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

S ,
/

S ,
/

S ,
/

 

, 

,
 

(~ HRC20)

,
 

(HRC30~40)
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F

F I-Max

( )

IFE 2010-040   1 6 2.5 40

 2015-040   1.5 6 4 40

 2020-040   2 6 6 40

 2025-040   2.5 6 8 40

 2030-045   3 6 8 45

 2035-045   3.5 6 10 45

 2040-045   4 6 11 45

 2045-045   4.5 6 11 45

 2050-050   5 6 13 50

 2055-050   5.5 6 13 50

 2060-050   6 6 13 50

 2065-060   6.5 8 16 60

 2070-060   7 8 16 60

 2075-060   7.5 8 16 60

 2080-060   8 8 19 60

 2085-070   8.5 10 19 70

 2090-070   9 10 19 70

 2095-070   9.5 10 19 70

 2100-070   10 10 22 70

 2105-075   10.5 12 22 75

 2110-075   11 12 22 75

 2115-075   11.5 12 22 75

 2120-075   12 12 26 75

 2130-085   13 16 26 85

 2140-085-S14  14 14 26 85

 2140-085   14 16 26 85

 2150-090   15 16 26 90

 2160-100   16 16 32 100

 2180-100-S18  18 18 32 100

 2180-100   18 20 32 100

 2200-105   20 20 38 105

IFE 3020-040   2 6 6 40

 3030-045   3 6 8 45

 3040-045   4 6 11 45

 3050-050   5 6 13 50

 3060-050   6 6 13 50

 3070-060   7 8 16 60

 3080-060   8 8 19 60

 3090-070   9 10 19 70

 3100-070   10 10 22 70

 3110-075   11 12 22 75

 3120-075   12 12 26 75

 3130-085   13 16 26 85

 3140-085-S14  14 14 26 85

 3140-085   14 16 26 85

 3150-090   15 16 26 90

 3160-100   16 16 32 100

ØdØD L

IFE2000 / 3000 ( )

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030
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F

FI-Max

( )

IFE 4025-040   2.5 6 8 40
 4030-045   3 6 8 45
 4035-045   3.5 6 10 45
 4040-045   4 6 11 45
 4045-045   4.5 6 11 45
 4050-050   5 6 13 50
 4055-050   5.5 6 13 50
 4060-050   6 6 13 50
 4065-060   6.5 8 16 60
 4070-060   7 8 16 60
 4075-060   7.5 8 16 60
 4080-060   8 8 19 60
 4085-070   8.5 10 19 70
 4090-070   9 10 19 70
 4095-070   9.5 10 19 70
 4100-070   10 10 22 70
 4105-075   10.5 12 22 75
 4110-075   11 12 22 75
 4115-075   11.5 12 22 75
 4120-075   12 12 26 75
 4130-085   13 16 26 85
 4140-085-S14  14 14 26 85
 4140-085   14 16 26 85
 4150-090   15 16 26 90
 4160-100   16 16 32 100
 4180-100-S18  18 18 32 100
 4180-100   18 20 32 100
 4200-105   20 20 38 105

ØdØD L

IFE4000 ( )

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030
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F

F

( )

IFE 2030-050   3 6 12 15 50

 2040-050   4 6 15 20 50

 2050-060   5 6 20 25 60

 2060-060   6 6 20 - 60

 2080-070   8 8 25 - 70

 2100-090   10 10 30 - 90

 2120-090   12 12 30 - 90

 2140-110-S14  14 14 40 - 110

 2140-110   14 16 40 45 110

 2160-110   16 16 50 - 110

 2180-110-S18  18 18 50 - 110

 2180-110   18 20 50 55 110

 2200-110   20 20 55 - 110

IFE 4030-050   3 6 12 15 50

 4040-050   4 6 15 20 50

 4050-060   5 6 20 25 60

 4060-060   6 6 20 - 60

 4080-070   8 8 25 - 70

 4100-090   10 10 30 - 90

 4120-090   12 12 30 - 90

 4140-110-S14  14 14 40 - 110

 4140-110   14 16 40 45 110

 4160-110   16 16 50 - 110

 4180-110-S18  18 18 50 - 110

 4180-110   18 20 50 55 110

 4200-110   20 20 55 - 110

ØdØD L

IFE2000/4000 (  )

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

I-Max
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F

FI-Max

( )

IFE 2030-045-T05  3 6 45 10 0.5°

 2030-045-T10  3 6 45 10 1°

 2030-045-T15  3 6 45 10 1.5°  

 2030-045-T20  3 6 45 10 2°

 2030-045-T25  3 6 45 10 2.5°

 2030-045-T30  3 6 45 10 3°

 2040-045-T05  4 6 45 12 0.5°

 2040-045-T10  4 6 45 12 1°

 2040-045-T15  4 6 45 12 1.5°

 2040-045-T20  4 6 45 12 2°

 2040-045-T25  4 6 45 12 2.5°

 2040-045-T30  4 6 45 12 3°

 2050-050-T05  5 6 50 15 0.5°

 2050-050-T10  5 6 50 15 1°

 2050-050-T15  5 6 50 15 1.5°

 2050-050-T20  5 8 50 15 2°

 2050-050-T25  5 8 50 15 2.5°

 2050-050-T30  5 8 50 15 3°

 2060-050-T05  6 8 50 15 0.5°

 2060-050-T10  6 8 50 15 1

 2060-050-T15  6 8 50 15 1.5°

 2060-050-T20  6 8 50 15 2°

 2060-050-T25  6 8 50 15 2.5°

 2060-050-T30  6 8 50 15 3°

 2080-060-T05  8 10 60 20 0.5°  

 2080-060-T10  8 10 60 20 1°

 2080-060-T15  8 10 60 20 1.5°

 2080-060-T20  8 10 60 20 2°

 2080-060-T25  8 10 60 20 2.5°  

 2080-060-T30  8 12 60 20 3°  

 2100-070-T05  10 12 70 25 0.5°

 2100-070-T10  10 12 70 25 1°

 2100-070-T15  10 12 70 25 1.5°

 2100-070-T20  10 12 70 25 2°

 2100-070-T25  10 14 70 25 2.5°

 2100-070-T30  10 14 70 25 3°

 2110-070-T05  11 12 70 25 0.5°

 2110-070-T10  11 12 70 25 1°

 2110-070-T15  11 14 70 25 1.5°

 2110-070-T20  11 14 70 25 2°

 2110-070-T25  11 14 70 25 2.5°

 2110-070-T30  11 14 70 25 3°

 2120-075-T05  12 14 75 30 0.5°

 2120-075-T10  12 14 75 30 1°

 2120-075-T15  12 14 75 30 1.5°

 2120-075-T20  12 16 75 30 2°

 2120-075-T25  12 16 75 30 2.5°

ØdØD L

IFE2000-T (  )

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030
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F

F I-Max

IFE2000-T (  )

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

( )

IFE 2120-075-T30  12 16 75 30 3°

 2130-075-T05  13 14 75 30 0.5°

 2130-075-T10  13 14 75 30 1°

 2130-075-T15  13 16 75 30 1.5°

 2130-075-T20  13 16 75 30 2°

 2130-075-T25  13 16 75 30 2.5°

 2130-075-T30  13 18 75 30 3°

 2140-080-T05  14 16 80 35 0.5°

 2140-080-T10  14 16 80 35 1°

 2140-080-T15  14 16 80 35 1.5°

 2140-080-T20  14 18 80 35 2°

 2140-080-T25  14 18 80 35 2.5°

 2140-080-T30  14 18 80 35 3°

 2150-080-T05  15 18 80 35 0.5°

 2150-080-T10  15 18 80 35 1°

 2150-080-T15  15 18 80 35 1.5°

 2150-080-T20  15 18 80 35 2°

 2150-080-T25  15 20 80 35 2.5°

 2150-080-T30  15 20 80 35 3°

 2160-090-T05  16 20 90 40 0.5°

 2160-090-T10  16 20 90 40 1°

 2160-090-T15  16 20 90 40 1.5°

 2160-090-T20  16 20 90 40 2°

 2160-090-T25  16 20 90 40 2.5°

 2160-090-T30  16 22 90 40 3°

ØdØD L
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F

FI-Max

( )

IBE 2010-050   0.5 1 6 2.5 50
 2015-050   0.75 1.5 6 4 50
 2020-050   1 2 6 5 50  
 2025-060   1.25 2.5 6 6 60
 2030-060   1.5 3 6 8 60
 2035-070   1.75 3.5 6 8 70
 2040-070   2 4 6 8 70
 2050-080   2.5 5 6 10 80
 2060-090   3 6 6 12 90
 2070-090   3.5 7 8 14 90
 2080-100   4 8 8 14 100
 2090-100   4.5 9 10 18 100  
 2100-100   5 10 10 18 100
 2120-110   6 12 12 22 110  
 2140-110-S14  7 14 14 26 110
 2140-110   7 14 16 26 110
 2160-140   8 16 16 30 140
 2180-140-S18  9 18 18 34 140
 2180-140   9 18 20 34 140
 2200-160   10 20 20 38 160
IBE 4030-060   1.5 3 6 8 60
 4040-070   2 4 6 8 70
 4050-080   2.5 5 6 10 80
 4060-090   3 6 6 12 90
 4070-090   3.5 7 8 14 90
 4080-100   4 8 8 14 100
 4100-100   5 10 10 18 100
 4120-110   6 12 12 22 110
 4160-140   8 16 16 30 140
 4200-160   10 20 20 38 160

ØDR Ød L

IBE2000 / 4000 ( ) 

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

 R
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F

F

( )

( )

IBE 2030-100   1.5 3 6 7 100
 2040-100   2 4 6 9 100
 2060-115   3 6 6 12 115
 2080-140   4 8 8 16 140
 2100-180   5 10 10 20 180  
 2120-200   6 12 12 23 200
 2160-250   8 16 16 30 250
 2200-250   10 20 20 38 250

IBE 2030-045-T05  1.5 3 6 10 45 0.5°
 2030-045-T10  1.5 3 6 10 45 1°
 2030-045-T15  1.5 3 6 10 45 1.5°
 2030-045-T20  1.5 3 6 10 45 2°
 2030-045-T25  1.5 3 6 10 45 2.5°
 2030-045-T30  1.5 3 6 10 45 3°
 2040-045-T05  2 4 6 12 45 0.5°
 2040-045-T10  2 4 6 12 45 1°
 2040-045-T15  2 4 6 12 45 1.5°
 2040-045-T20  2 4 6 12 45 2°
 2040-045-T25  2 4 6 12 45 2.5°
 2040-045-T30  2 4 6 12 45 3°
 2050-050-T05  2.5 5 6 15 50 0.5°
 2050-050-T10  2.5 5 6 15 50 1°
 2050-050-T15  2.5 5 6 15 50 1.5°
 2050-050-T20  2.5 5 6 15 50 2°
 2050-050-T25  2.5 5 8 15 50 2.5°
 2050-050-T30  2.5 5 8 15 50 3°
 2060-050-T05  3 6 8 15 50 0.5°
 2060-050-T10  3 6 8 15 50 1°
 2060-050-T15  3 6 8 15 50 1.5°
 2060-050-T20  3 6 8 15 50 2°

ØD

ØD

R

R

Ød

Ød

L

L

IBE2000 (  ) 

IBE2000-T ( )

ØD

1.0 ~ 8.0
  9.0  ~ 10.0
  12.0  ~ 20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

R 

±0.01
±0.01
±0.01

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

I-Max

 R
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F

FI-Max

( )

IBE 2060-050-T25  3 6 8 15 50 2.5°
 2060-050-T30  3 6 8 15 50 3°
 2080-060-T05  4 8 10 20 60 0.5°
 2080-060-T10  4 8 10 20 60 1°
 2080-060-T15  4 8 10 20 60 1.5°
 2080-060-T20  4 8 10 20 60 2°
 2080-060-T25  4 8 10 20 60 2.5°
 2080-060-T30  4 8 10 20 60 3°
 2100-070-T05  5 10 12 25 70 0.5°
 2100-070-T10  5 10 12 25 70 1°
 2100-070-T15  5 10 12 25 70 1.5°
 2100-070-T20  5 10 12 25 70 2°
 2100-070-T25  5 10 12 25 70 2.5°
 2100-070-T30  5 10 14 25 70 3°
 2110-070-T05  5.5 11 12 25 70 0.5°
 2110-070-T10  5.5 11 12 25 70 1°
 2110-070-T15  5.5 11 14 25 70 1.5°
 2110-070-T20  5.5 11 14 25 70 2°
 2110-070-T25  5.5 11 14 25 70 2.5°
 2110-070-T30  5.5 11 14 25 70 3°
 2120-075-T05  6 12 14 30 75 0.5°
 2120-075-T10  6 12 14 30 75 1°
 2120-075-T15  6 12 14 30 75 1.5°
 2120-075-T20  6 12 14 30 75 2°
 2120-075-T25  6 12 16 30 75 2.5°
 2120-075-T30  6 12 16 30 75 3°
 2130-075-T05  6.5 13 14 30 75 0.5°
 2130-075-T10  6.5 13 14 30 75 1°
 2130-075-T15  6.5 13 16 30 75 1.5°
 2130-075-T20  6.5 13 16 30 75 2°
 2130-075-T25  6.5 13 16 30 75 2.5°
 2130-075-T30  6.5 13 16 30 75 3°
 2140-080-T05  7 14 16 35 80 0.5°
 2140-080-T10  7 14 16 35 80 1°
 2140-080-T15  7 14 16 35 80 1.5°
 2140-080-T20  7 14 18 35 80 2°
 2140-080-T25  7 14 18 35 80 2.5°
 2140-080-T30  7 14 18 35 80 3°
 2150-080-T05  7.5 15 18 35 80 0.5°
 2150-080-T10  7.5 15 18 35 80 1°
 2150-080-T15  7.5 15 18 35 80 1.5°
 2150-080-T20  7.5 15 18 35 80 2°
 2150-080-T25  7.5 15 20 35 80 2.5°
 2150-080-T30  7.5 15 20 35 80 3°
 2160-090-T05  8 16 20 40 90 0.5°
 2160-090-T10  8 16 20 40 90 1°
 2160-090-T15  8 16 20 40 90 1.5°
 2160-090-T20  8 16 20 40 90 2°
 2160-090-T25  8 16 20 40 90 2.5°
 2160-090-T30  8 16 20 40 90 3°

ØDR Ød L

IBE2000-T ( )

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

 R
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F

F

( )

IRE 2030-050-R03   3 6 12 14 50 0.3 
 2040-050-R03   4 6 15 16 50 0.3 
 2040-050-R05   4 6 15 16 50 0.5 
 2050-060-R03   5 6 15 16 60 0.3 
 2050-060-R05   5 6 15 16 60 0.5 
 2060-060-R03   6 6 20 - 60 0.3 
 2060-060-R05   6 6 20 - 60 0.5 
 2060-060-R10   6 6 20 - 60 1 
 2080-070-R03   8 8 25 - 70 0.3 
 2080-070-R05   8 8 25 - 70 0.5 
 2080-070-R10   8 8 25 - 70 1 
 2080-070-R15   8 8 25 - 70 1.5 
 2080-070-R20   8 8 25 - 70 2 
 2100-090-R03   10 10 30 - 90 0.3 
 2100-090-R05   10 10 30 - 90 0.5 
 2100-090-R10   10 10 30 - 90 1 
 2100-090-R15   10 10 30 - 90 1.5 
 2100-090-R20   10 10 30 - 90 2 
 2120-090-R05   12 12 30 - 90 0.5 
 2120-090-R10   12 12 30 - 90 1 
 2120-090-R15   12 12 30 - 90 1.5 
 2120-090-R20   12 12 30 - 90 2 
 2160-110-R05   16 16 50 - 110 0.5 
 2160-110-R10   16 16 50 - 110 1 
 2160-110-R15   16 16 50 - 110 1.5 
 2160-110-R20   16 16 50 - 110 2 
 2200-110-R05   20 20 55 - 110 0.5 
 2200-110-R10   20 20 55 - 110 1 
 2200-110-R15   20 20 55 - 110 1.5 
 2200-110-R20   20 20 55 - 110 2 

ØdØD L  r

IRE2000 (  )

ØD

Ø1.0 ~ Ø8.0
  Ø0.5  ~ Ø10.5
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

I-Max
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F

FI-Max

( )

IRE 4030-050-R03   3 6 12 14 50 0.3 
 4040-050-R03   4 6 15 16 50 0.3 
 4040-050-R05   4 6 15 16 50 0.5 
 4050-060-R03   5 6 15 16 60 0.3 
 4050-060-R05   5 6 15 16 60 0.5 
 4060-060-R03   6 6 20 - 60 0.3 
 4060-060-R05   6 6 20 - 60 0.5 
 4060-060-R10   6 6 20 - 60 1 
 4080-070-R03   8 8 25 - 70 0.3 
 4080-070-R05   8 8 25 - 70 0.5  
 4080-070-R10   8 8 25 - 70 1 
 4080-070-R15   8 8 25 - 70 1.5 
 4080-070-R20   8 8 25 - 70 2 
 4100-090-R03    10 10 30 - 90 0.3 
 4100-090-R05    10 10 30 - 90 0.5 
 4100-090-R10    10 10 30 - 90 1 
 4100-090-R15    10 10 30 - 90 1.5 
 4100-090-R20    10 10 30 - 90 2 
 4120-090-R05    12 12 30 - 90 0.5 
 4120-090-R10   12 12 30 - 90 1 
 4120-090-R15    12 12 30 - 90 1.5 
 4120-090-R20    12 12 30 - 90 2
 4160-110-R05    16 16 50 - 110 0.5 
 4160-110-R10   16 16 50 - 110 1 
 4160-110-R15   16 16 50 - 110 1.5 
 4160-110-R20    16 16 50 - 110 2 
 4200-110-R05    20 20 55 - 110 0.5 
 4200-110-R10    20 20 55 - 110 1 
 4200-110-R15    20 20 55 - 110 1.5 
 4200-110-R20   20 20 55 - 110 2 

ØdØD L  r

IRE4000 (  )

ØD

Ø1.0 ~ Ø8.0
  Ø0.5  ~ Ø10.5
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030
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F

F

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

( )

FE 2010-040   1 6 2.5 40
 2015-040   1.5 6 4 40
 2020-040   2 6 6 40
 2025-040   2.5 6 8 40
 2030-045   3 6 8 45
 2035-045   3.5 6 10 45
 2040-045   4 6 11 45
 2045-045   4.5 6 11 45
 2050-050   5 6 13 50
 2055-050   5.5 6 13 50
 2060-050   6 6 13 50
 2065-060   6.5 8 16 60
 2070-060   7 8 16 60
 2075-060   7.5 8 16 60
 2080-060   8 8 19 60
 2085-070   8.5 10 19 70
 2090-070   9 10 19 70
 2095-070   9.5 10 19 70
 2100-070   10 10 22 70
 2105-075   10.5 12 22 75
 2110-075   11 12 22 75
 2115-075   11.5 12 22 75
 2120-075   12 12 26 75
 2130-085   13 16 26 85
 2140-085-S14  14 14 26 85
 2140-085   14 16 26 85
 2150-090   15 16 26 90
 2160-100   16 16 32 100
 2180-100-S18  18 18 32 100
 2180-100   18 20 32 100
 2200-105   20 20 38 105
FE 3020-040  2 6 6 40
 3030-045  3 6 8 45
 3040-045  4 6 11 45
 3050-050  5 6 13 50
 3060-050  6 6 13 50
 3070-060  7 8 16 60
 3080-060  8 8 19 60
 3090-070  9 10 19 70
 3100-070  10 10 22 70
 3110-075  11 12 22 75
 3120-075  12 12 26 75
 3130-085  13 16 26 85
 3140-085-S14  14 14 26 85
 3140-085  14 16 26 85
 3150-090  15 16 26 90
 3160-100  16 16 32 100

ØD Ød L

FE2000 / 3000 ( ) 

I-Max
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F

FI-Max

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

( )

FE 4025-040   2.5 6 8 40
 4030-045   3 6 8 45
 4035-045   3.5 6 10 45
 4040-045   4 6 11 45
 4045-045   4.5 6 11 45
 4050-050   5 6 13 50
 4055-050   5.5 6 13 50
 4060-050   6 6 13 50
 4065-060   6.5 8 16 60
 4070-060   7 8 16 60
 4075-060   7.5 8 16 60
 4080-060   8 8 19 60
 4085-070   8.5 10 19 70
 4090-070   9 10 19 70
 4095-070   9.5 10 19 70
 4100-070   10 10 22 70
 4105-075   10.5 12 22 75
 4110-075   11 12 22 75
 4115-075   11.5 12 22 75
 4120-075   12 12 26 75
 4130-085   13 16 26 85
 4140-085-S14  14 14 26 85
 4140-085   14 16 26 85
 4150-090   15 16 26 90
 4160-100   16 16 32 100
 4180-100-S18  18 18 32 100
 4180-100   18 20 32 100
 4200-105   20 20 38 105

ØD Ød L

FE4000 ( ) 
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F

F I-Max

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

( )

FE 2030-050   3 6 12 15 50
 2040-050   4 6 15 20 50
 2050-060   5 6 20 25 60
 2060-060   6 6 20 - 60
 2080-070   8 8 25 - 70
 2100-090   10 10 30 - 90
 2120-090   12 12 30 - 90
 2140-110-S14  14 14 40 - 110
 2140-110   14 16 40 45 110
 2160-110   16 16 50 - 110
 2180-110-S18  18 18 50 - 110
 2180-110   18 20 50 55 110
 2200-110   20 20 55 - 110
FE 4030-050   3 6 12 15 50
 4040-050   4 6 15 20 50
 4050-060   5 6 20 25 60
 4060-060   6 6 20 - 60
 4080-070   8 8 25 - 70
 4100-090   10 10 30 - 90
 4120-090   12 12 30 - 90
 4140-110-S14  14 14 40 - 110
 4140-110   14 16 40 45 110
 4160-110   16 16 50 - 110
 4180-110-S18  18 18 50 - 110
 4180-110   18 20 50 55 110
 4200-110   20 20 55 - 110

ØD Ød L

FE2000 / 4000 (  )
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F

FI-Max

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

( )

FE 2030-045-T05  3 6 10 45 0.5°

 2030-045-T10  3 6 10 45 1°

 2030-045-T15  3 6 10 45 1.5°

 2030-045-T20  3 6 10 45 2°

 2030-045-T25  3 6 10 45 2.5°

 2030-045-T30  3 6 10 45 3°

 2040-045-T05  4 6 12 45 0.5°

 2040-045-T10  4 6 12 45 1°

 2040-045-T15  4 6 12 45 1.5°

 2040-045-T20  4 6 12 45 2°

 2040-045-T25  4 6 12 45 2.5°

 2040-045-T30  4 6 12 45 3°

 2050-050-T05  5 6 15 50 0.5°

 2050-050-T10  5 6 15 50 1°

 2050-050-T15  5 6 15 50 1.5°

 2050-050-T20  5 8 15 50 2°

 2050-050-T25  5 8 15 50 2.5°

 2050-050-T30  5 8 15 50 3°

 2060-050-T05  6 8 15 50 0.5°

 2060-050-T10  6 8 15 50 1°

 2060-050-T15  6 8 15 50 1.5°

 2060-050-T20  6 8 15 50 2°

 2060-050-T25  6 8 15 50 2.5°

 2060-050-T30  6 8 15 50 3°

 2080-060-T05  8 10 20 60 0.5°

 2080-060-T10  8 10 20 60 1°

 2080-060-T15  8 10 20 60 1.5°

 2080-060-T20  8 10 20 60 2°

 2080-060-T25  8 10 20 60 2.5°

 2080-060-T30  8 12 20 60 3°

 2100-070-T05  10 12 25 70 0.5°

 2100-070-T10  10 12 25 70 1°

 2100-070-T15  10 12 25 70 1.5°

 2100-070-T20  10 12 25 70 2°

 2100-070-T25  10 14 25 70 2.5°

 2100-070-T30  10 14 25 70 3°

 

ØD Ød L

FE2000-T (  )
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F

F

ØD

Ø1.0 ~ Ø8.0
  Ø8.5  ~ Ø11.5

  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

FE2000-T (  )

I-Max

( )

FE 2110-070-T05  11 12 25 70 0.5°

 2110-070-T10  11 12 25 70 1°

 2110-070-T15  11 14 25 70 1.5°

 2110-070-T20  11 14 25 70 2°

 2110-070-T25  11 14 25 70 2.5°

 2110-070-T30  11 14 25 70 3°

 2120-075-T05  12 14 30 75 0.5°

 2120-075-T10  12 14 30 75 1°

 2120-075-T15  12 14 30 75 1.5°

 2120-075-T20  12 16 30 75 2°

 2120-075-T25  12 16 30 75 2.5°

 2120-075-T30  12 16 30 75 3°

 2130-075-T05  13 14 30 75 0.5°

 2130-075-T10  13 14 30 75 1°

 2130-075-T15  13 16 30 75 1.5°

 2130-075-T20  13 16 30 75 2°

 2130-075-T25  13 16 30 75 2.5°

 2130-075-T30  13 18 30 75 3°

 2140-080-T05  14 16 35 80 0.5°

 2140-080-T10  14 16 35 80 1°

 2140-080-T15  14 16 35 80 1.5°

 2140-080-T20  14 18 35 80 2°

 2140-080-T25  14 18 35 80 2.5°

 2140-080-T30  14 18 35 80 3°

 2150-080-T05  15 18 35 80 0.5°

 2150-080-T10  15 18 35 80 1°

 2150-080-T15  15 18 35 80 1.5°

 2150-080-T20  15 18 35 80 2°

 2150-080-T25  15 20 35 80 2.5°

 2150-080-T30  15 20 35 80 3°

 2160-090-T05  16 20 40 90 0.5°

 2160-090-T10  16 20 40 90 1°

 2160-090-T15  16 20 40 90 1.5°

 2160-090-T20  16 20 40 90 2°

 2160-090-T25  16 20 40 90 2.5°

 2160-090-T30  16 22 40 90 3°

ØD Ød L
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F

FI-Max

( )

BE 2010-050   0.5 1 6 2.5 50
 2015-050   0.75 1.5 6 4 50
 2020-050   1 2 6 5 50
 2025-060   1.25 2.5 6 6 60
 2030-060   1.5 3 6 8 60
 2035-070   1.75 3.5 6 8 70
 2040-070   2 4 6 8 70
 2050-080   2.5 5 6 10 80
 2060-090   3 6 6 12 90
 2070-090   3.5 7 8 14 90
 2080-100   4 8 8 14 100
 2090-100   4.5 9 10 18 100
 2100-100   5 10 10 18 100
 2120-110   6 12 12 22 110
 2140-110-S14  7 14 14 26 110
 2140-110   7 14 16 26 110
 2160-140   8 16 16 30 140
 2180-140-S18  9 18 18 34 140
 2180-140   9 18 20 34 140
 2200-160   10 20 20 38 160
BE 4030-060   1.5 3 6 8 60
 4040-070   2 4 6 8 70
 4050-080   2.5 5 6 10 80
 4060-090   3 6 6 12 90
 4070-090   3.5 7 8 14 90
 4080-100   4 8 8 14 100
 4100-100   5 10 10 18 100
 4120-110   6 12 12 22 110
 4160-140   8 16 16 30 140
 4200-160   10 20 20 38 160

R ØD Ød L

BE2000 / 4000 ( )

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

 R
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F

F

( )

( )

BE 2030-100   1.5 3 3 7 100
 2040-100   2 4 4 9 100
 2060-115   3 6 6 12 115
 2080-140   4 8 8 16 140
 2100-180   5 10 10 20 180
 2120-200   6 12 12 23 200
 2160-250   8 16 16 30 250
 2200-250   10 20 20 38 250

BE 2030-045-T05  1.5 3 6 10 45 0.5°
 2030-045-T10  1.5 3 6 10 45 1°
 2030-045-T15  1.5 3 6 10 45 1.5°
 2030-045-T20  1.5 3 6 10 45 2°
 2030-045-T25  1.5 3 6 10 45 2.5°
 2030-045-T30  1.5 3 6 10 45 3°
 2040-045-T05  2 4 6 12 45 0.5°
 2040-045-T10  2 4 6 12 45 1°
 2040-045-T15  2 4 6 12 45 1.5°
 2040-045-T20  2 4 6 12 45 2°
 2040-045-T25  2 4 6 12 45 2.5°
 2040-045-T30  2 4 6 12 45 3°
 2050-050-T05  2.5 5 6 15 50 0.5°
 2050-050-T10  2.5 5 6 15 50 1°
 2050-050-T15  2.5 5 6 15 50 1.5°
 2050-050-T20  2.5 5 6 15 50 2°
 2050-050-T25  2.5 5 8 15 50 2.5°
 2050-050-T30  2.5 5 8 15 50 3°
 

R

R

ØD

ØD

Ød

Ød

L

L

BE2000 (  )

BE2000-T ( )

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

I-Max

 R

 R
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F

FI-Max

( )

BE 2060-050-T05  3 6 8 15 50 0.5°
 2060-050-T10  3 6 8 15 50 1°
 2060-050-T15  3 6 8 15 50 1.5°
 2060-050-T20  3 6 8 15 50 2°
 2060-050-T25  3 6 8 15 50 2.5°
 2060-050-T30  3 6 8 15 50 3°
 2080-060-T05  4 8 10 20 60 0.5°
 2080-060-T10  4 8 10 20 60 1°
 2080-060-T15  4 8 10 20 60 1.5°
 2080-060-T20  4 8 10 20 60 2°
 2080-060-T25  4 8 10 20 60 2.5°
 2080-060-T30  4 8 10 20 60 3°
 2100-070-T05  5 10 12 25 70 0.5°
 2100-070-T10  5 10 12 25 70 1°
 2100-070-T15  5 10 12 25 70 1.5°
 2100-070-T20  5 10 12 25 70 2°
 2100-070-T25  5 10 12 25 70 2.5°
 2100-070-T30  5 10 14 25 70 3°
 2110-070-T05  5.5 11 12 25 70 0.5°
 2110-070-T10  5.5 11 12 25 70 1°
 2110-070-T15  5.5 11 14 25 70 1.5°
 2110-070-T20  5.5 11 14 25 70 2°
 2110-070-T25  5.5 11 14 25 70 2.5°
 2110-070-T30  5.5 11 14 25 70 3°
 2120-075-T05  6 12 14 30 75 0.5°
 2120-075-T10  6 12 14 30 75 1°
 2120-075-T15  6 12 14 30 75 1.5°
 2120-075-T20  6 12 14 30 75 2°
 2120-075-T25  6 12 16 30 75 2.5°
 2120-075-T30  6 12 16 30 75 3°
 2130-075-T05  6.5 13 14 30 75 0.5°
 2130-075-T10  6.5 13 14 30 75 1°
 2130-075-T15  6.5 13 16 30 75 1.5°
 2130-075-T20  6.5 13 16 30 75 2°
 2130-075-T25  6.5 13 16 30 75 2.5°
 2130-075-T30  6.5 13 16 30 75 3°
 2140-080-T05  7 14 16 35 80 0.5°
 2140-080-T10  7 14 16 35 80 1°
 2140-080-T15  7 14 16 35 80 1.5°
 2140-080-T20  7 14 18 35 80 2°
 2140-080-T25  7 14 18 35 80 2.5°
 2140-080-T30  7 14 18 35 80 3°
 2150-080-T05  7.5 15 18 35 80 0.5°
 2150-080-T10  7.5 15 18 35 80 1°
 2150-080-T15  7.5 15 18 35 80 1.5°
 2150-080-T20  7.5 15 18 35 80 2°
 2150-080-T25  7.5 15 20 35 80 2.5°
 2150-080-T30  7.5 15 20 35 80 3°
 2160-090-T05  8 16 20 40 90 0.5°
 2160-090-T10  8 16 20 40 90 1°
 2160-090-T15  8 16 20 40 90 1.5°
 2160-090-T20  8 16 20 40 90 2°
 2160-090-T25  8 16 20 40 90 2.5°
 2160-090-T30  8 16 20 40 90 3°

R ØD Ød L

BE2000-T ( )

ØD

Ø1.0 ~ Ø8.0
  Ø9.0  ~ Ø10.0
  Ø12.0  ~ Ø20.0

0 ~ - 0.020
0 ~ - 0.025
0 ~ - 0.030

±0.01
±0.01
±0.01

 R
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F

F       I+-Endmill

I+-Endmill
        

   

       
     -         45HRC

       

        45HRC

 

 

• IPBE : I Plus Ball Endmill (Ø1~Ø20)

• IPFE : I Plus Flat Endmill (Ø1~Ø20)

• IPRE : I Plus Radius Endmill (Ø1~Ø12)

PC320

 

20

30

40

50

60

H
ar

dn
es

s(
H

R
C

)

 
 

 , 
 

  

P M K NSH

I+-Endmill

V-Endmill

H-Endmill

100

50

0
I+-Endmill  A  B

Pr
oc

es
si

ng
 le

ng
th

(m
)

I+-Endmill  A  B

•  : SM45C 

•   :  =Ø8.0  n( -1)=5173  vc( / )=130.0  vf( / )=1034  fz( / )=0.1   

                                  t( )=0.5  B( )=1.6   

•   : I Plus Ball Endmill /  IPBE2080-060  2
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F

F      I+-Endmill

 IPFE2000 

 IPFE4000  

   ( )

 
(ØD) 

 ,  
  ~ HRC30

(SM50C, SCM, GC250, ) 

,  , 
  HRC30~45 

(Pre hardened steels, STD61, NAK) 

  
(STS304, STS316) 

R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / )
 

  
 

 
 

 
 

 
 

 
 

 
1.0 30,000 600 480 20,000 400 320 12,600 300 180

1.5 20,000 600 480 14,000 400 320 8,400 300 180

2.0 15,000 600 480 10,000 400 400 6,300 300 180

2.5 12,000 600 480 8,200 400 320 5,100 300 180

3.0 10,000 600 480 7,000 400 320 4,200 300 180

4.0 7,500 600 480 5,200 400 320 3,100 300 180

5.0 6,000 600 480 4,200 400 320 2,500 300 180

6.0 5,000 600 480 3,500 400 320 2,100 300 180

8.0 4,000 520 410 2,800 350 280 1,600 260 150

10.0 3,200 450 360 2,200 300 240 1,300 230 130

12.0 2,700 410 320 1,900 270 210 1,100 210 120

16.0 2,000 240 190 1,400 210 160 840 160 100

20.0 1,600 200 160 1,100 170 130 680 140 80

•ap : 0.1D (D Ø3)
         0.2D (D>Ø3)

•ae : 0.1D (D Ø2)
         0.2D (D>Ø2)

    t  
     B

    t
•ap : 0.1D (D Ø2)

         0.2D (D>Ø2)

  

 
(ØD) 

 ,  
  ~ HRC30

(SM50C, SCM, GC250, Cast iron) 

,  , 
  HRC30~45 

(Pre hardened steels, STD61, NAK) 

  
(STS304, STS316) 

R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / )
 

  
 

 
 

  
 

 
 

  
 

 
1.0 30,000 900 720 20,000 600 480 12,600 450 270

1.5 20,000 900 720 14,000 600 480 8,400 450 270

2.0 15,000 900 720 10,000 600 480 6,300 450 270

2.5 12,000 900 720 8,200 600 480 5,100 450 270

3.0 10,000 900 720 7,000 600 480 4,200 450 270

4.0 7,500 900 720 5,200 600 480 3,100 450 270

5.0 6,000 900 720 4,200 600 480 2,500 450 270

6.0 5,000 900 720 3,500 600 480 2,100 450 270

8.0 4,000 780 620 2,800 520 410 1,600 390 230

10.0 3,200 680 540 2,200 450 360 1,300 340 200

12.0 2,700 620 490 1,900 410 320 1,100 310 180

16.0 2,000 360 280 1,400 310 240 840 240 140

20.0 1,600 300 240 1,100 250 200 680 210 120

    t     
    B

    t

•ap : 1.5D(All diameter)

•ae : 0.1D (D Ø3) 
         0.2D (D>Ø3)

•ap : 0.1D (D Ø2)
         0.2D (D>Ø2)

  



 

40

F

F       I+-Endmill

 IPBE2000 

 IPRE2000 

   ( )

   (  )

 
(ØD) 

  
(SM50C) 

  
(SCM, STD, STS, KP4M, NAK) 

  -  
~HRC45

( STD61 )

  
( )

R.P.M 
( -1) 

 
( / )

R.P.M 
( -1) 

 
( / )

R.P.M 
( -1) 

 
( / )

R.P.M 
( -1) 

 
( / )

1.0 40000 1200 38000 1200 29000 900 40000 1000

1.5 30000 1270 25500 1100 19000 700 40000 1360

2.0 24000 1,160 19,000 800 14,300 600 40000 2,000

2.5 19000 1,000 15,300 670 11,500 510 38,000 2,400

3.0 16,000 930 13,000 600 9,600 460 32,000 2,400

3.5 13,700 930 11,400 580 8,200 450 27,300 2,400

4.0 12,000 930 10,000 570 7,200 450 24,000 2,400

5.0 9,600 930 8,000 560 5,700 450 19,000 2,400

6.0 8,000 930 6,400 540 4,800 450 16,000 2,400

8.0 6,000 900 4,800 540 3,600 450 12,000 2,400

10.0 4,800 900 3,800 540 2,900 450 9,600 2,300

12.0 4,000 900 3,200 540 2,400 450 8,000 2,100

14.0 3,400 900 2,750 540 2,050 450 6,800 2,000

16.0 3,000 900 2,400 540 1,800 450 6,000 2,000

20.0 2,400 900 1,900 520 1,450 450 4,800 2,000

• ap : 0.1×R(~45HRC)
         0.08×R(~50HRC)

(R0.1~0.5=0.2×R)
0.3×R

~0.16×R    R 0.3(~45HRC)
~0.25×R    R 3   (~45HRC)
~0.17×R    R 4   (~45HRC)
~0.05×R              (~50HRC)

  

    t

    t    
    B

 
(ØD) 

 ,  
  ~ HRC30(SM50C, SCM, GC250, Cast 

iron) 

,  , 
  HRC30~45 

(Pre hardened steels, STD61, NAK) 

  
(STS304, STS316) 

R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / ) R.P.M 
( -1) 

 ( / )
 

  
  

 
  

 
 

2.0 11,000 180 180 7,200 110 110 6,000 90 90

3.0 8,500 200 160 5,300 130 100 4,400 110 66

4.0 7,200 360 290 4,400 220 180 3,000 180 110

5.0 6,000 380 300 3,600 230 180 2,400 190 110

6.0 5,300 420 340 3,200 240 190 2,200 210 130

8.0 4,000 450 360 2,400 240 190 1,600 220 130

10.0 3,200 390 310 1,900 190 150 1,300 190 110

12.0 2,700 330 260 1,600 160 130 1,000 150 90

•ap : 1.5D
•ap : 0.1D

•ap : 0.3D

      t    
   B

    t
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F

FI+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPFE2000(  )

h6

( )

IPFE 2010-050-S3
2010-050-S4
2010-050
2015-050-S3
2015-050-S4
2015-050
2020-050-S3
2020-050-S4
2020-050
2025-050-S3
2025-050-S4
2025-050
2030-050-S3
2030-050-S4
2030-050
2035-050-S4
2035-050
2040-050-S4
2040-050
2045-050
2050-050
2055-050
2060-050
2065-060
2070-060
2075-060
2080-060
2085-075
2090-075
2095-075
2100-075
2105-075
2110-075
2115-075
2120-075
2140-100
2160-100
2180-100
2200-100

ØD Ød

1

1

1

1.5

1.5

1.5

2

2

2

2.5

2.5

2.5

3

3

3

3.5

3.5

4

4

4.5

5

5.5a

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

14

16

18

20

3

4

6

3

4

6

3

4

6

3

4

6

3

4

6

4

6

4

6

6

6

6

6

8

8

8

8

10

10

10

10

12

12

12

12

14

16

18

20

3

3

3

4

4

4

6

6

6

8

8

8

8

8

8

10

10

11

11

13

13

13

16

16

16

19

20

20

20

25

25

25

30

30

32

40

40

45

45

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60

60

60

60

75

75

75

75

75

75

75

75

100

100

100

100

L
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F

F I+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPLFE2000(  )

h6

( )

( )

IPLFE

IPLFE

2060-075
2060-100
2080-075
2080-100
2100-100
2100-150
2120-100
2120-150

2010-050-V7S4
2015-050-V9S4
2020-050-V12S4
2025-050-V12S4
2030-060-V15S6
2035-060-V15S6
2040-075-V20S6
2045-075-V20S6
2050-075-V25S6
2055-075-V25S6
2060-075-V30S6
2070-100-V30S8
2080-100-V40S8
2090-100-V40S10
2100-100-V40S10
2110-100-V40S12
2120-100-V50S12
2140-150-V50S16
2160-150-V60S16
2200-200-V90S20

ØD

ØD

Ød

Ød

6

6

8

8

10

10

12

12

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

7

8

9

10

11

12

14

16

20

6

6

8

8

10

10

12

12

16

16

20

20

25

25

32

32

75

100

75

100

100

150

100

150

4

4

4

4

6

6

6

6

6

6

6

8

8

10

10

12

12

16

16

20

7

9

12

12

15

15

20

20

25

25

30

30

40

40

40

40

50

50

60

90

50

50

50

50

60

60

75

75

75

75

75

100

100

100

100

100

100

150

150

200

L

L

•   

•   
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F

FI+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPFE4000(  )

h6

( )

IPFE 4010-050-S3
4010-050-S4
4010-050
4015-050-S3
4015-050-S4
4015-050
4020-050-S3
4020-050-S4
4020-050
4025-050-S3
4025-050-S4
4025-050
4030-050-S3
4030-050-S4
4030-050
4035-050-S4
4035-050
4040-050-S4
4040-050
4045-050
4050-050
4055-050
4060-050
4065-060
4070-060
4075-060
4080-060
4085-075
4090-075
4095-075
4100-075
4105-075
4110-075
4115-075
4120-075
4140-100
4160-100
4180-100
4200-100

ØD Ød

1

1

1

1.5

1.5

1.5

2

2

2

2.5

2.5

2.5

3

3

3

3.5

3.5

4

4

4.5

5

5.5a

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

14

16

18

20

3

4

6

3

4

6

3

4

6

3

4

6

3

4

6

4

6

4

6

6

6

6

6

8

8

8

8

10

10

10

10

12

12

12

12

14

16

18

20

3

3

3

4

4

4

6

6

6

8

8

8

8

8

8

10

10

11

11

13

13

13

16

16

16

19

20

20

20

25

25

25

30

30

32

40

40

45

45

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60

60

60

60

75

75

75

75

75

75

75

75

100

100

100

100

L
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F

F I+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPLFE4000(  )

h6

( )

( )

IPLFE

IPLFE

4060-075
4060-100
4080-075
4080-100
4100-100
4100-150
4120-100
4120-150

4010-050-V6S4
4015-050-V9S4
4020-050-V12S4
4025-050-V12S4
4030-060-V15S6
4035-060-V15S6
4040-075-V20S6
4045-075-V20S6
4050-075-V25S6
4055-075-V25S6
4060-075-V30S6
4070-100-V30S8
4080-100-V40S8
4090-100-V40S10
4100-100-V40S10
4110-100-V40S12
4120-100-V50S12
4140-150-V50S16
4160-150-V60S16
4200-200-V90S20

ØD

ØD

Ød

Ød

6

6

8

8

10

10

12

12

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

7

8

9

10

11

12

14

16

20

6

6

8

8

10

10

12

12

16

16

20

20

30

30

32

32

75

100

75

100

100

150

100

150

4

4

4

4

6

6

6

6

6

6

6

8

8

10

10

12

12

16

16

20

6

9

12

12

15

15

20

20

25

25

30

30

40

40

40

40

50

50

60

90

50

50

50

50

60

60

75

75

75

75

75

100

100

100

100

100

100

150

150

200

L

L

•   

•   
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F

FI+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPBE2000(  )

h6

( )

IPBE 2010-050-S3
2010-050-S4
2010-050
2015-050-S3
2015-050-S4
2015-050
2020-050-S3
2020-050-S4
2020-050
2025-050-S3
2025-050-S4
2025-050
2030-050-S3
2030-050-S4
2030-050
2035-050-S4
2035-050
2040-050-S4
2040-050
2045-050
2050-050
2060-050
2070-060
2080-060
2090-075
2100-075
2120-075
2140-100
2160-100
2180-100
2200-100

R

0.5

0.5

0.5

0.75

0.75

0.75

1

1

1

1.25

1.25

1.25

1.5

1.5

1.5

1.75

1.75

2

2

2.25

2.5

3

3.5

4

4.5

5

6

7

8

9

10

ØD

1

1

1

1.5

1.5

1.5

2

2

2

2.5

2.5

2.5

3

3

3

3.5

3.5

4

4

4.5

5

6

7

8

9

10

12

14

16

18

20

Ød

3

4

6

3

4

6

3

4

6

3

4

6

3

4

6

4

6

4

6

6

6

6

8

8

10

10

12

16

16

20

20

2

2

2

3

3

3

4

4

4

5

5

5

6

6

6

7

7

8

8

9

10

12

14

16

18

20

24

28

32

36

40

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60

60

75

75

75

100

100

100

100

L
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F

F I+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø16

0.00 ~ -0.02
0.00 ~ -0.03

IPLBE2000(  )

( )

IPLBE 2010-075
2010-100
2015-075
2015-100
2020-075
2020-100
2025-075
2025-100
2030-075
2030-100
2035-100
2040-075
2040-100
2050-075
2050-100
2060-075
2060-100
2060-150
2080-075
2080-100
2080-150
2100-100
2100-150
2100-200
2120-100
2120-150
2120-200
2160-150
2160-200

R

0.5

0.5

0.75

0.75

1

1

1.25

1.25

1.5

1.5

1.75

2

2

2.5

2.5

3

3

3

4

4

4

5

5

5

6

6

6

8

8

ØD

1

1

1.5

1.5

2

2

2.5

2.5

3

3

3.5

4

4

5

5

6

6

6

8

8

8

10

10

10

12

12

12

16

16

Ød

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

8

8

8

10

10

10

12

12

12

16

16

2

2

3

3

4

4

5

5

6

6

7

8

8

10

10

12

12

12

16

16

16

20

20

20

24

24

24

32

32

75

100

75

100

75

100

75

100

75

100

100

75

100

75

100

75

100

150

75

100

150

100

150

200

100

150

200

150

200

L

h6
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F

FI+-Endmill

ØD

Ø1~Ø12
Ø12.1~Ø20

0.00 ~ -0.02
0.00 ~ -0.03

IPBE4000(  )

( )

IPBE 4010-050-S4
4010-050
4015-050-S4
4015-050
4020-050-S4
4020-050
4025-050-S4
4025-050
4030-050-S3
4030-050-S4
4030-050
4035-050-S4
4035-050
4040-050-S4
4040-050
4045-050
4050-050
4060-050
4070-060
4080-060
4090-075
4100-075
4120-075
4140-100
4160-100
4180-100
4200-100

R

0.5

0.5

0.75

0.75

1

1

1.25

1.25

1.5

1.5

1.5

1.75

1.75

2

2

2.25

2.5

3

3.5

4

4.5

5

6

7

8

9

10

ØD

1

1

1.5

1.5

2

2

2.5

2.5

3

3

3

3.5

3.5

4

4

4.5

5

6

7

8

9

10

12

14

16

18

20

Ød

4

6

4

6

4

6

4

6

3

4

6

4

6

4

6

6

6

6

8

8

10

10

12

16

16

20

20

2

2

3

3

4

4

5

5

6

6

6

7

7

8

8

9

10

12

14

16

18

20

24

28

32

36

40

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60

60

75

75

75

100

100

100

100

L

h6
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F

F I+-Endmill

ØD

Ø1~Ø12 0.00 ~ -0.02

IPRE2000(   )

( )

IPRE 2010-050-R01
2010-050-R02
2010-050-R03
2015-050-R02
2015-050-R03
2020-050-R02
2020-050-R03
2020-050-R05
2025-050-R02
2030-050-R02-S3
2030-050-R03-S3
2030-050-R05-S3
2030-050-R10-S3
2030-050-R02
2030-050-R03
2030-050-R05
2030-050-R10
2040-050-R02
2040-050-R03
2040-050-R05
2040-050-R10
2040-050-R15
2050-050-R02
2050-050-R03
2050-050-R05
2050-050-R10
2060-050-R02
2060-050-R03
2060-050-R05
2060-050-R10
2060-050-R15
2060-050-R20

ØD

1

1

1

1.5

1.5

2

2

2

2.5

3

3

3

3

3

3

3

3

4

4

4

4

4

5

5

5

5

6

6

6

6

6

6

Ød

4

4

4

4

4

4

4

4

4

3

3

3

3

4

4

4

4

4

4

4

4

4

6

6

6

6

6

6

6

6

6

6

3

3

3

4

4

6

6

6

8

8

8

8

8

8

8

8

8

10

10

10

10

10

13

13

13

13

15

15

15

15

15

15

L

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

0.1

0.2

0.3

0.2

0.3

0.2

0.3

0.5

0.2

0.2

0.3

0.5

1

0.2

0.3

0.5

1

0.2

0.3

0.5

1

1.5

0.2

0.3

0.5

1

0.2

0.3

0.5

1

1.5

2

r

h6
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F

FI+-Endmill

ØD

Ø1~Ø12 0.00 ~ -0.02

IPRE2000(   )

( )

IPRE 2080-060-R03
2080-060-R05
2080-060-R10
2080-060-R15
2080-060-R20
2080-060-R25
2080-060-R30
2100-075-R03
2100-075-R05
2100-075-R10
2100-075-R15
2100-075-R20
2100-075-R25
2100-075-R30
2120-075-R03
2120-075-R05
2120-075-R10
2120-075-R15
2120-075-R20
2120-075-R25
2120-075-R30

ØD

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

Ød

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

20

20

20

20

20

20

20

25

25

25

25

25

25

25

30

30

30

30

30

30

30

L

60

60

60

60

60

60

60

75

75

75

75

75

75

75

75

75

75

75

75

75

75

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

r

h6
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F

F I+-Endmill

ØD

Ø3~Ø12 0.00 ~ -0.02

IPLRE2000(  )

( )

IPLRE 2030-075-R03
2030-075-R05
2030-075-R10
2040-075-R03
2040-075-R05
2040-075-R10
2040-075-R15
2060-100-R03
2060-100-R05
2060-100-R10
2060-100-R15
2060-100-R20
2080-100-R03
2080-100-R05
2080-100-R10
2080-100-R15
2080-100-R20
2080-100-R25
2080-100-R30
2100-100-R03
2100-100-R05
2100-100-R10
2100-100-R15
2100-100-R20
2100-100-R25
2100-100-R30
2120-100-R03
2120-100-R05
2120-100-R10
2120-100-R15
2120-100-R20
2120-100-R25
2120-100-R30

ØD

3

3

3

4

4

4

4

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

Ød

3

3

3

4

4

4

4

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

8

8

8

10

10

10

10

15

15

15

15

15

20

20

20

20

20

20

20

25

25

25

25

25

25

25

30

30

30

30

30

30

30

L

75

75

75

75

75

75

75

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0.3

0.5

1

0.3

0.5

1

1.5

0.3

0.5

1

1.5

2

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

r

h6
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F

FI+-Endmill

ØD

Ø2~Ø12 0.00 ~ -0.02

IPRE4000(   )

( )

IPRE 4020-050-R02
4020-050-R03
4020-050-R05
4025-050-R02
4030-050-R02-S3
4030-050-R03-S3
4030-050-R05-S3
4030-050-R10-S3
4030-050-R02
4030-050-R03
4030-050-R05
4030-050-R10
4040-050-R02
4040-050-R03
4040-050-R05
4040-050-R10
4040-050-R15
4050-050-R02
4050-050-R03
4050-050-R05
4050-050-R10
4060-050-R02
4060-050-R03
4060-050-R05
4060-050-R10
4060-050-R15
4060-050-R20
4080-060-R03
4080-060-R05
4080-060-R10
4080-060-R15
4080-060-R20
4080-060-R25
4080-060-R30
4100-075-R03
4100-075-R05
4100-075-R10
4100-075-R15
4100-075-R20
4100-075-R25
4100-075-R30
4120-075-R03
4120-075-R05
4120-075-R10
4120-075-R15
4120-075-R20
4120-075-R25
4120-075-R30

ØD

2

2

2

2.5

3

3

3

3

3

3

3

3

4

4

4

4

4

5

5

5

5

6

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

Ød L

4

4

4

4

3

3

3

3

4

4

4

4

4

4

4

4

4

6

6

6

6

6

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

6

6

6

8

8

8

8

8

8

8

8

8

10

10

10

10

10

13

13

13

13

15

15

15

15

15

15

20

20

20

20

20

20

20

25

25

25

25

25

25

25

30

30

30

30

30

30

30

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

60

60

60

60

60

60

60

75

75

75

75

75

75

75

75

75

75

75

75

75

75

0.2

0.3

0.5

0.2

0.2

0.3

0.5

1

0.2

0.3

0.5

1

0.2

0.3

0.5

1

1.5

0.2

0.3

0.5

1

0.2

0.3

0.5

1

1.5

2

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

r

h6
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F

F I+-Endmill

ØD

Ø3~Ø12 0.00 ~ -0.02

IPLRE4000(  )

( )

IPLRE 4030-075-R03
4030-075-R05
4030-075-R10
4040-075-R03
4040-075-R05
4040-075-R10
4040-075-R15
4060-100-R03
4060-100-R05
4060-100-R10
4060-100-R15
4060-100-R20
4080-100-R03
4080-100-R05
4080-100-R10
4080-100-R15
4080-100-R20
4080-100-R25
4080-100-R30
4100-100-R03
4100-100-R05
4100-100-R10
4100-100-R15
4100-100-R20
4100-100-R25
4100-100-R30
4120-100-R03
4120-100-R05
4120-100-R10
4120-100-R15
4120-100-R20
4120-100-R25
4120-100-R30

ØD

3

3

3

4

4

4

4

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

Ød L

3

3

3

4

4

4

4

6

6

6

6

6

8

8

8

8

8

8

8

10

10

10

10

10

10

10

12

12

12

12

12

12

12

8

8

8

10

10

10

10

15

15

15

15

15

20

20

20

20

20

20

20

25

25

25

25

25

25

25

30

30

30

30

30

30

30

75

75

75

75

75

75

75

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0.3

0.5

1

0.3

0.5

1

1.5

0.3

0.5

1

1.5

2

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

0.3

0.5

1

1.5

2

2.5

3

r

h6
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F

F      F-Endmill

F-Endmill

       
 

        
   

      

250

200

150

100

50

vc
(

/
)

0.1    0.2    0.3    0.4    0.5    0.6

HPM1, KP4M

NAK55, NAK80
Stavax

STD11, 
STD61

fz( / )

    
   

  

 

F-Endmill (High feed)

��
��

��
��

��
��

��
��

��

1 2 3 ����� (�)

 

180

200

120

0.30

0.09

0.05

0.5

1.0

8.0

5.0

5.0

0.2

135,000

90,000

48,000

F-Endmill
(High feed)

 
 

 

ae
  

( 2/ )
D.O.C

ap(vc) (fz)

 

  

 2,8 

7.8

10.2

12.4

14.9

1

2

3

4

100%

80%

60%

50%

Ramping 
angle

6

8

10

12

12

16

20

24

(ØD)
Min. Max. 

0.5

0.5

1.0

1.2

6

8

10

12

0.7

0.8

1.3

1.6

0.21

0.32

0.36

1.45

(ØD) R   CAM  

   

    CAM

     

 ØDc : (  ))
 . Dh:  

   

   
   .

Un-cut part

Corner R

 2,8 

���� ��������� 
����������

�������������� 
�����
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F

F       F-Endmill

 

  

         

  

·   STD61+SKT4(HRC 45~50)
·    D=Ø12, n( -1)=4,000, Vp( / )=150.8, S ( / )=4,000, S ( / )=0.25 , t( )=3.6, B( )=6.0, 
·    FME4120-075-R12

90

60

30

F-Endmill

 
(

)

70 . 

 

6

8

10

12

6

8

10

12

6

8

10

12

11,600

8,700

7,000

5,800

0

0

0

0

0

0

0.01

0.01

0.06

0.10

0.14

0.17

0

0

0

0

0.02

0.04

0.07

0.08

0.11

0.15

0.21

0.25

8,488

6,366

5,093

4,244

9,000

6,700

5,400

4,500

6,366

4,775

3,820

3,183

5,800

4,300

3,500

2,900

4,244

3,183

2,546

2,122

0.24

0.32

0.40

0.48

0.27

0.36

0.45

0.54

0.21

0.28

0.35

0.42

0.24

0.32

0.40

0.48

0.18

0.24

0.30

0.36

0.21

0.28

0.35

0.42

1.6

2.2

2.7

3.3

3.0

4.0

5.0

6.0

1.6

2.2

2.7

3.3

3.0

4.0

5.0

6.0

1.6

2.2

2.7

3.3

3.0

4.0

5.0

6.0

11,200  

9,167

7,570 

6,112

3,500

2,546

(ØD)

(ØD)

  B( )

(ØD)

  -  HRC35~45(HPM1, KP4M) 

  -  HRC35~45(HPM1, KP4M) 

  -  HRC45~55(NAK55, NAK80, STAVAX)

  -  HRC45~55(NAK55, NAK80, STAVAX)

HRC55(SKD11, STD61)

HRC55(SKD11, STD61)

RPM           
n( -1)

RPM           
n( -1)

RPM           
n( -1)

RPM           
n( -1)

( / )

( / )

( / )

( / )

( / )

0.6XD

( / )

RPM           
n( -1)

RPM           
n( -1)

t( )

t( )

t( )

t( )

t( )

t( )

B( )

0.1XD 0.5XD0.2XD 0.3XD 0.4XD

B( )

RPM           
n( -1)

RPM           
n( -1)

B( )

B( )

    
   1.  :    .
  2.  :   80%  ae 80%.
  3.  :     10 ,    5%  ae 5%.

Cusp height

ae
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F

FF-Endmill

( )

( )

FME 4060-050-R05
 4080-060-R05
 4100-070-R10
 4120-075-R12

FMLE 4060-090-R05
 4080-090-R05
 4100-100-R10
 4120-110-R12

0.5
0.5
1.0
1.2

0.5
0.5
1.0
1.2

R

R

6
8
10
12

6
8
10
12

ØD

ØD

50
60
70
75

90
90
100
110

L

L

0.35
0.45
0.65
0.78

0.35
0.45
0.65
0.78

Max. ap
( )

Max. ap
( )

0.7
0.8
1.3
1.6

0.7
0.8
1.3
1.6

CAM-  

CAM-  

6
8
10
12

6
8
10
12

Ød

Ød

4.5
6

7.5
9

4.5
6

7.5
9

18
24
30
36

30
40
50
60

FME4000 ( )

FMLE4000 ( )

ØD

ØD

Ø6~Ø12

Ø6~Ø12

- 0.01 ~ - 0.03

- 0.01 ~ - 0.03
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F

F     

 

MS 2 -E 004 S

   

  

MSBE MSE

 ●         .
 ●       .
 ●     ,        

   .
 ●        .  

     .

        .

  
            

       
   .      

  .

      

Ø0.4
E : 
BE: 

2 

 

S: Ø3,0
 :

Ø4,0  (  Ø2, Ø3, )
Ø6,0  (  )

  

  

•       .      
       .
1.     .   ,          
2.   ,    1/3

• ap  ae

  

• D 3 :    50~70%
              40~60%
•   : t ae

HRC45 ~ HRC45~55

SM50C,SCM,STD STD61,STAVAX 

0.4

0.5

0.6

0.7

0.8

0.9

1

40,000

40,000

40,000

40,000

40,000

40,000

40,000

640

800

960

1,120

1,280

1,440

1,600

0.01

0.015

0.02

0.02

0.03

0.04

0.06

40,000

40,000

40,000

40,000

40,000

40,000

40,000

640

800

960

1,120

1,280

1,280

1,280

0.01

0.02

0.02

0.02

0.03

0.04

0.06

,  , ,  , 

 n,
/

 n,
/, , 

S ,
/

S ,
/

 

, 
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F

F 

( )

( )

  MSE 2002
 2003
 2004
 2004-S
 2005
 2005-S
 2006
 2006-S
 2007
 2007-S
 2008
 2008-S
 2009
 2009-S
 2010
 2010-S

  MSBE 2002
 2003
 2004
 2004-S
 2005
 2005-S
 2006
 2006-S
 2007
 2007-S
 2008
 2008-S
 2009
 2009-S
 2010
 2010-S

0.2
0.3
0.4
0.4
0.5
0.5
0.6
0.6
0.7
0.7
0.8
0.8
0.9
0.9
1
1

0.1
0.15
0.2
0.2
0.25
0.25
0.3
0.3
0.35
0.35
0.4
0.4
0.45
0.45
0.5
0.5

4
4
6
3
6
3
6
3
6
3
6
3
6
3
6
3

0.2
0.3
0.4
0.4
0.5
0.5
0.6
0.6
0.7
0.7
0.8
0.8
0.9
0.9
1
1

0.4
0.6
0.8
0.8
1
1

1.2
1.2
14
1.4
1.6
1.6
1.8
1.8
2
2

4
4
6
3
6
3
6
3
6
3
6
3
6
3
6
3

0.6
0.9
1.2
1.2
1.5
1.5
1.8
1.8
2.1
2.1
2.4
2.4
2.7
2.7
3
3

0.2
0.3
0.8
0.8
1
1

1.2
1.2
1.4
1.4
1.6
1.6
1.8
1.8
2
2

40
40
50
45
50
45
50
45
50
45
50
45
50
45
50
45

0.4
0.6
1.2
1.2
1.5
1.5
1.8
1.8
2.1
2.1
2.4
2.4
2.7
2.7
3
3

40
40
50
45
50
45
50
45
50
45
50
45
50
45
50
45

ØD

R

Ød

ØD Ød

L

L

MSE2000 ( )

MSBE2000 ( )

ØD

Ø0.2~Ø1.0 0 ~ - 0.02

ØD

Ø0.2~Ø1.0 0 ~ - 0.02

  ( )  - MSE : MSE20◎◎l-L / MSBE : MSBE20◎◎l-L
 1)  ,  : 0.45,  l : 1.2,  L : 50 MSE20045 1.2-55L  
 2)   R0.225( 0.45), l : 1.2,  L : 55 MSBE0045 1.2-55L

     1     MSE  MSBE,    1 —SSEQ  SSBEQ
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F

F

•    
.

•    

•   

    
 

  

I FS 045030E 3

    

          
    .

         
  .

       , 
 ,    .

     :   
, ,     

 .

  

  
 

3 a Ø3.0 45mm

•   
•    (   

).
• .
•         

 .
•       

 

•   
•    < >   

•      
•        

    
•      

   

         

,   
( )      

•  
   
  PVD

• 
  (  )
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F

F    

       

  

    t    B 
  • , ,  
  •  , ,
      

  ,    t   
  • , ,  
  •  , ,
      

  ,
 

 

 n,
/

S ,
/

 n,
/

S ,
/

 n,
/

S ,
/

 n,
/

S ,
/

 n,
/

S ,
/

 2 5,500 240 2,600 90 9,000 540 6,000 3,200 4,000 240

 4 4,000 260 2,000 90 6,600 600 4,500 340 3,000 280

 6 3,000 360 1,200 90 4,800 720 3,000 360 2,500 280

 8 2,000 390 1,000 100 3,600 750 2,200 460 2,000 300

 10 1,700 410 800 120 2,800 750 1,800 460 1,500 300

 12 1,500 380 700 100 2,400 710 1,500 410 1,200 280

 14 1,200 320 600 95 2,200 660 1,300 370 1,000 270

 16 1,000 270 500 90 1,800 490 1,100 320 800 230

 20 750 250 400 85 900 270 900 270 600 200

SS34 SS41

SM10C 

SM15C

STS403 

STS410 

STS431

STS405 

STS430

STS301 

STS304 

STS316

38~65

~55

50~60

55~65

11.4

9.9~11.7

10.4

14.4~16.9

11.2

5.9

6.4

3.8

110~180

215

183

187

50~70

50~60

50~60

35~45

 

, / 2

 

×10-6 , 10-2 / × ×

- , -

 

, 

•   
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F

F

( )

IFSE 3030-045  3 6 10 45 
 3035-045  3.5 6 10 45 
 3040-045  4 6 12 45 
 3045-045  4.5 6 12 45 
 3050-050  5 6 15 50 
 3055-050  5.5 6 15 50 
 3060-050  6 6 15 50 
 3065-060  6.5 8 20 60 
 3070-060  7 8 20 60 
 3075-060  7.5 8 20 60 
 3080-060  8 8 20 60 
 3085-070  8.5 10 20 70 
 3090-070  9 10 20 70 
 3095-070  9.5 10 20 70 
 3100-070  10 10 25 70 
 3110-075  11 12 25 75 
 3120-075  12 12 30 75 
 3130-090  13 16 30 90 
 3140-090  14 16 35 90 
 3150-090  15 16 40 90 
 3160-090  16 16 40 90 
 3170-100  17 20 40 100 
 3180-100  18 20 45 100 
 3190-110  19 20 45 110 
 3200-110  20 20 45 110

ØD Ød L

IFSE3000 ( )

ØD

Ø1 ~Ø 6
Ø7 ~ Ø10
Ø11 ~Ø 20

- 0.01 ~  - 0.030
 - 0.015 ~  - 0.040 
 - 0.020 ~  - 0.050

IFSE3◎◎◎-L-l(V00)
 1) 3 ,  : 6.3.l : 17, L : 60 - IFSE3063-060-V17
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F

F

    
       .
     .
       :
    -   (Hv30007000),    
            
    -        ( <0,1)
    -      
    -    ,  ,
         

   .

010SSE A 2

     

  

  

2 : 2 
3 : 3 

Ø1.0

   (SSEA2000)

,      

  

1. .
2.            .
3.             
       .
4.         .

1.    ,   « »   ,       
          .

2.        ,       
.

     t   
 B    

•B 0.2D(D<3)
  •B 0.5D(D 3)

   ,  
  t  

•t D(max:12mm)

1.        ,        .

•   

 

,  ,  ,  ,  
(A7075) (AC4B) (A7075) (AC4B)

 

1

2

3

4

5

6

8

10

12

16

20

40,000

40,000

32,000

24,000

19,000

16,000

12,000

9,500

8,000

6,000

4,800

480

880

1,120

1,200

1,280

1,520

1,520

1,520

1,520

1,520

1,200

40,000

38,000

25,000

19,000

15,000

13,000

9,500

7,600

6,400

4,800

3,800

368

680

760

800

880

960

960

960

960

960

800

40,000

38,000

25,000

19,000

15,000

13,000

9,500

7,600

6,400

4,800

3,800

368

680

760

800

800

880

960

960

960

800

776

40,000

32,000

21,000

13,000

13,000

11,000

8,000

6,400

5,300

4,000

3,200

280

440

480

520

560

600

640

640

640

576

528

 

, 
 n,

/
 n,

/
 n,

/
 n,

/
S ,

/
S ,

/
S ,

/
S ,

/
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F

F

( )

  SSEA 2010
 2015
 2020
 2025
 2030
 2035
 2040
 2050
 2060
 2070
 2080
 2090
 2100
 2110
 2120
 2130
 2140
 2150
 2160
 2180
 2200
  SSEA 3020
 3030
 3035
 3040
 3050
 3060
 3070
 3080
 3090
 3100
 3110
 3120
 3130
 3140
 3150
 3160

1
1.5
2

2.5
3

3.5
4
5
6
7
8
9
10
11
12
13
14
15
16
18
20
2
3

3.5
4
5
6
7
8
9
10
11
12
13
14
15
16

6
6
6
6
6
6
6
6
6
8
8
10
10
12
12
16
16
16
16
18
20
6
6
6
6
6
6
8
8
10
10
12
12
16
16
16
16

3
4
6
7
10
10
12
15
15
20
20
20
25
25
30
30
35
40
40
45
45
6
10
10
12
15
15
20
20
20
25
25
30
30
35
40
40

40
40
40
40
45
45
45
50
50
60
60
70
70
75
75
90
90
90
90
100
100
40
45
45
45
50
50
60
60
70
70
75
75
90
90
90
90

ØD Ød L

SSEA2000 / 3000 ( )

ØD

  Ø1~ Ø6
  Ø7 ~Ø10
    Ø11 ~Ø20

 - 0.010 ~ - 0.030
 - 0.015 ~ - 0.040 
 - 0.020 ~ - 0.050

   : SSEA◎◎◎◎l-L
 1) 3 ,  : 6.3.l:17,  L : 60 SSEA3063 17-60L
 2) 3 ,  6.3   SSEA3063
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F

F

( )

 SSBEA 2010
 2015
 2020
 2025
 2030
 2035
 2040
 2045
 2050
 2055
 2060
 2065
 2070
 2075
 2080
 2085
 2090
 2100
 2110
 2120
 2130
 2140
 2150
 2160
 2170
 2180
 2190
 2200

1
1.5
2

2.5
3

3.5
4

4.5
5

5.5
6

6.5
7

7.5
8

8.5
9
10
11
12
13
14
15
16
17
18
19
20

0.5
0.75

1
1.25
1.5
1.75

2
2.25
2.5
2.75

3
3.25
3.5
3.75

4
4.25
4.5
5

5.5
6

6.5
7

7.5
8

8.5
9

9.5
10

6
6
6
6
6
6
6
6
6
6
6
8
8
8
8
10
10
10
12
12
16
16
16
16
20
20
20
20

3
4
6
8
10
10
12
15
15
15
15
20
20
20
20
25
25
25
30
30
35
35
40
40
40
45
45
45

70
70
70
70
70
70
70
80
80
80
80
90
90
90
90
100
100
100
110
110
120
120
120
120
130
130
130
130

ØDR Ød L

SSBEA2000 ( )

ØD

All 0 ~ - 0.03

    

   : SSEA◎◎◎◎l-L
 1) 3 ,  : 6.3.l:17,  L : 60 SSEA3063 17-60L
 2) 3 ,  6.3   SSEA3063

!
•     

1.                

      .

2.              
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F

F

C-Max

  

CRE

  

CRE

100%
75%

0

20

40

60

80

100

120

(%)
120%

(  ) PC210C

(  )
      C-Max

        .

 ●          
     «KSilver» . 
      

 

 ●         

 ●       : 
, ,   ,     

 

 ●         
 .

 

 
  

  

 «KSilver»
:    

  .
 

:    
   

.

 

 

 
•  
    : Cu 
    : V  = 70 / , S  = 0,083 /   = 3 , t = 0,6   
    : CRE4100-070-R10  

  1   2

•    

 1  2

(%)

 
 20%

0.5

1

1.5

2

3

4

5

6

8

10

12

40,000

40,000

40,000

40,000

40,000

32,000

25,000

21,000

16,000

13,000

9,000

2,600

2,800

3,200

3,600

4,000

3,200

2,500

2,100

1,600

1,300

900

40,000

40,000

40,000

30,000

23,000

15,000

12,000

10,000

8,000

6,400

5,400

1,800

2,000

2,400

1,800

1,380

900

750

600

480

384

324

40,000

30,000

30,000

20,000

15,000

12,000

10,000

8,000

6,400

5,400

2,000

2,400

1,800

1,380

900

750

600

480

384

324

CBE/CBNE CFE/CFNE CRE/CRNE

,  
 

, 
 n,

/
 n,

/
 n,

/
S ,

/
S ,

/
S ,

/

 • t=0.1D , pf=0.2D  • t 1.5D

•     .
            .

 • t=1.5D , B=0.1D
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F

FC-Max
(  )

( )

( )

CFE 2010-040
 2015-040
 2020-045
 2030-045
 2040-050
 2050-060
 2060-060
 2080-060
 2100-070
 2120-075

CFNE 2005-045-N2
 2005-045-N4
 2005-045-N6
 2005-050-N8
 2010-045-N4
 2010-045-N6
 2010-050-N8
 2010-050-N10
 2015-045-N6
 2015-050-N8
 2015-050-N10
 2015-050-N12
 2020-045-N6
 2020-050-N8
 2020-050-N10
 2020-055-N12
 2030-050-N10
 2030-050-N12
 2030-060-N14
 2030-060-N16
 2040-050-N12
 2040-050-N16
 2040-060-N20

1
1.5
2
3
4
5
6
8
10
12

0.5
0.5
0.5
0.5
1
1
1
1

1.5
1.5
1.5
1.5
2
2
2
2
3
3
3
3
4
4
4

4
4
4
6
6
6
6
8
10
12

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
6
6
6

2.5
4
5
8
11
13
13
19
22
26

0.8
0.8
0.8
0.8
1.5
1.5
1.5
1.5
2.3
2.3
2.3
2.3
3
3
3
3

4.5
4.5
4.5
4.5
6
6
6

2
4
6
8
4
6
8
10
6
8
10
12
6
8
10
12
10
12
14
16
12
16
20

40
40
45
45
50
60
60
60
70
75

45
45
45
50
45
45
50
50
45
50
50
50
45
50
50
50
50
50
60
60
50
50
60

ØD

ØD

Ød

Ød

L

L

CFE2000 ( )

CFNE2000 (  )

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

± 0.005

± 0.005

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

± 0.005

± 0.005

 R

 R
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F

F

( )

( )

CBE 2010-050
 2015-050
 2020-050
 2030-060
 2040-070
 2050-080
 2060-080
 2080-090
 2100-100
 2120-110

CBNE 2005-045-N2
 2005-045-N4
 2005-045-N6
 2005-050-N8
 2010-045-N4
 2010-045-N6
 2010-050-N8
 2010-050-N10
 2015-050-N8
 2015-050-N10
 2015-050-N12
 2015-055-N14
 2020-050-N8
 2020-050-N10
 2020-050-N12
 2020-055-N14
 2030-050-N10
 2030-050-N12
 2030-055-N14
 2030-055-N16
 2040-060-N16
 2040-060-N20
 2040-070-N25
 2040-070-N30

0.5
0.75

1
1.2
2

2.5
3
4
5
6

0.25
0.25
0.25
0.25
0.5
0.5
0.5
0.5
0.75
0.75
0.75
0.75

1
1
1
1

1.5
1.5
1.5
1.5
2
2
2
2

1
1.5
2
3
4
5
6
8
10
12

0.5
0.5
0.5
0.5
1
1
1
1

1.5
1.5
1.5
1.5
2
2
2
2
3
3
3
3
4
4
4
4

4
4
4
6
6
6
6
8
10
12

1
1.5
2
3
4
5
6
8
10
12

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
6
6
6
6

0.5
0.5
0.5
0.5
1
1
1
1

1.5
1.5
1.5
1.5
2
2
2
2
3
3
3
3
4
4
4
4

50
50
50
60
70
80
80
90
100
110

2
4
6
8
4
6
8
10
8
10
12
14
8
10
12
14
10
12
14
16
16
20
25
30

45
45
45
50
45
45
50
50
50
50
50
55
50
50
50
55
50
50
55
60
60
60
70
70

R

R

ØD

ØD

Ød

Ød

L

L

CBE2000 ( )

CBNE2000 (     )

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

± 0.005

± 0.005

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

±0.005

±0.005

C-max
(  )

 R

 R
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F

F

( )

( )

CRE 2020-045-R05
 2030-045-R05
 2040-050-R05
 2050-060-R05
 2060-060-R05
 2080-060-R10
 2100-070-R10
 2120-075-R10

CRNE 2010-045-R02N4
 2010-045-R02N6
 2010-050-R02N8
 2010-050-R02N10
 2015-045-R02N6
 2015-050-R02N8
 2015-050-R02N10
 2015-050-R02N12
 2020-045-R05N6
 2020-050-R05N8
 2020-050-R05N10
 2020-055-R05N12
 2030-050-R05N10
 2030-050-R05N12
 2030-060-R05N14
 2030-060-R05N16
 2040-050-R05N12
 2040-050-R05N16
 2040-060-R05N20

0.5
0.5
0.5
0.5
0.5
1
1
1

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

2
3
4
5
6
8
10
12

1
1
1
1

1.5
1.5
1.5
1.5
2
2
2
2
3
3
3
3
4
4
4

5
8
11
13
13
19
22
26

4
6
6
6
6
8
10
12

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
6
6
6

1.5
1.5
1.5
1.5
2.3
2.3
2.3
2.3
3
3
3
3

4.5
4.5
4.5
4.5
6
6
6

45
45
50
60
60
60
70
75

4
6
8
10
6
8
10
12
6
8
10
12
10
12
14
16
12
16
20

45
45
50
50
45
50
50
50
45
50
50
50
50
50
60
60
50
50
60

r

R

ØD

ØD

Ød

Ød

L

L

CRE2000 (  )

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

± 0.005

± 0.005

ØD
Ø0.5 ~ Ø6 0 ~ 0.01

Ø8 ~ Ø12 0 ~ 0.02

±0.005

±0.005

C-max
(  )

CRNE2000 (  ,  )

 R

 R
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F

F

D-Max

X3000

D-Max

 

D-Max

100%

0

100

130

(%)
130%

    

 ●     .

 ●       

 .

 ●    ,   

,    .

 ●     1020      

 .

    .

 

 
  « »

 

ND3000 

   
    

    

 

-

•   

    : 

    : n = 16000 1, S  = 2600 / , t = 1,5 ,  = 0,6 

-

(%)

 
 30%
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F

F    

   (DFE2000 )

   (DBE2000 )

   (DRE2000  )

  

3

4

6

8

21,000

16,000

10,500 

 8,000

1,280

1,180

1,180

1,080

21,000

16,000

10,500 

 8,000

670

670

670

600

21,000

16,000

10,500 

 8,000

640

640

560

540

,  ,  

 

,  n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

4

6

8

15,000

15,000

13,900

1,900

1,900

1,900

15,900

10,500

7,950

1,550

1,550

1,550

11,900

7,950 

5,950

1,150

1,150

1,150

,  ,  

 

,  n,
/

 n,
/

 n,
/

S ,
/

S ,
/

S ,
/

4

6

8

13,990

13,900

10,000

1,180

1,180 

1,080

15,900

10,500

7,950

670

670

600

11,990

7,950 

5,950

640

560

540

,  ,  

 

, 
 n,

/
 n,

/
 n,

/
S ,

/
S ,

/
S ,

/

• 
   t=1.5D, ae=0.1D

•  
   t=1.5D, pf=0.1D

•  
   t=1.5D, pf=0.1D

• 
   t=0.5D, pf=0.1D

•  
   t=0.5D, pf=0.1D

•  
   t=0.5D, pf=0.1D 

• 
   t=0.1D

•  
   t=0.1D

•  
   t=0.1D
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F

F D-Max

( )

( )

( )

 DBE 2040-070
 2060-080 
 2080-090

 DFE 2030-045
 2040-045
 2060-050
 2080-060

 DRE  2040-045-R05 
 2060-050-R05 
 2080-060-R10 

2
3
4

3
4
6
8

0.5
0.5
1

4
6
8

6
6
6
8

4
6
8

12
15
20

45
45
50
60

5
7
9

6
6
8

10
12
15
20

6
6
8

70
80
90

45
50
60

R

ØD

r

ØD

Ød

ØD

L

Ød

Ød

L

L

DBE2000 ( )

DFE2000 ( )

DRE2000 (  )



 

71

F

F    c 

0802PDE

LØd r a

PDES

ØD

Fig.1 Fig.2

   
 ●      .

 ●       

  .

 ●   1000 –  ( )   

.

 ●   2000 –   ,  

,    .

     .

  

  

2 Ø8.0PDE :    

  

 , 

 

 n, / S , / t, 

 , 

30~300

35~300

10~100

2,000~12,000

2,800~16,000

5,300~16,000

0.02~0.07

0.04~0.12

0.04~0.2

    

.
, 

   ,     .
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F

F    

( )

PDE 1040
 1050
 1060
 2060
 2070
 2080
 2090
 2100
 2120
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5
6
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7
8
9
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12
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6
6
8
8
8
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20
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F

F      

     

Z 2E -S 14 S
  

  
(W.P:STD61)

 ●        
   .

 ●         
     PVD .

 ●         
   .

 ●     , , 
   ,      

.
 ●    ZSEA   ,  

, ,     .
 ●        

         
 .

       
  .

  
.

   
   

 .

   

  .

 PVD .
   

  .

PC221F    

     
 S   : Ø42.0

Q   :   
SQ  : Ø42,0   

  : 
 

E      :  ( )
EA   : 
           ( , )
EL     : 
           ( )
EXT : 
           ( )
BE  :  ( )

2 : 2 s
3 : 3 s

    
ZSE (PC221F)

 
 2 

  
(ZSE200  )

  
(ZSE400  )

  , 
 

, 
   

(~HRC30) (~HRC30)(HRC30~45) (HRC30~45)(HRC45~55) (HRC45~55)
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25
30
40
50

1,600
1,300
1,100
800
650
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950
750
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400
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64
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40
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800
650
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750
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/
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/
S ,

/
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/
S ,

/
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F

F

  ZSE 214
 215
 216(Q)  
 217  
 218
 219
 220(Q)
 221
 222
 223
 224
 225
 226(Q)
 227
 228
 229
 230(Q)
 231
 232
 233
 234
 235
 236
 237
 238
 238S
 240(Q)
 240S
 242
 244
 245
 245S
 247
 248
 248S
 250
 250S
  ZSE 314
 315
 316
 317
 318
 319
 320
 322
 325
 326
 328
 330
 331

    

( )

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
38
40
40
42
44
45
45
47
48
48
50
50
14
15
16
17
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19
20
22
25
26
28
30
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16
16
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20
20
20
20
20
20
25
25
25
25
25
25
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32
32
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32
32
32
32
32
42
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42
32
32
32
42
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32
42
32
42
16
16
16
20
20
20
20
20
25
25
25
32
32

57
57
55
70
70
70
70
65
65
75
75
75
75
75
75
95
95
95
90
90
85
85
85
80
80
80
75
75
75
80
80
80
80
80
80
80
80
57
57
55
70
70
70
70
65
75
75
75
95
95

28
28
28
30
30
30
30
35
35
35
35
35
35
35
35
40
40
40
45
45
50
50
50
55
55
55
60
60
60
65
65
65
65
65
65
65
65
28
28
28
30
30
30
30
35
35
35
35
40
40

95
95
95
115
115
115
115
115
115
125
125
125
125
125
125
150
150
150
150
150
150
150
150
150
150
150
150
150
150
160
160
160
160
160
160
160
160
95
95
95
115
115
115
115
115
125
125
125
150
150

ØD Ød L

ZSE200 / 300 ( )

ØD

All 0 ~ - 0.050

 D

  ( )  : ZSE◎◎◎◎l-L
 1) 2 ,  : 6.3, l : 10, L : 60 ZSBE2063 10-60L
 1) 2 ,  : 6.3,   ZSE2063



 

75

F

F

  ZSE 332
 333
 334
 335
 338
 338S
 340
 340S
 342
 345
 345S
 350
 350S
  ZSE 414
 415
 416(Q)
 417
 418
 419
 420(Q)
 421
 422
 423
 424
 425(Q)
 426
 427
 428
 429
 430
 432(Q)
 435
 438
 438S
 440(Q)
 440S
 445
 445S
 450
 450S
  ZSE 634
 635
 638
 638S
 640
 640S
 645
 645S
 650
 650S

    

( )

32
33
34
35
38
38
40
40
42
45
45
50
50
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
32
35
38
38
40
40
45
45
50
50
34
35
38
38
40
40
45
45
50
50

32
32
32
32
32
42
32
42
32
32
42
32
42
16
16
16
20
20
20
20
20
20
25
25
25
25
25
25
32
32
32
32
32
42
32
42
32
42
32
42
32
32
32
42
32
42
32
42
32
42

90
90
85
85
80
80
75
75
75
80
80
80
80
57
57
55
70
70
70
70
65
65
75
75
75
75
75
75
95
95
90
80
85
85
75
75
80
80
80
80
85
85
80
80
75
75
80
80
80
80

45
45
50
50
55
55
60
60
60
65
65
65
65
28
28
28
30
30
30
30
35
35
35
35
35
35
35
35
40
40
45
50
55
55
60
60
65
65
65
65
50
50
55
55
60
60
65
65
65
65

150
150
150
150
150
150
150
150
150
160
160
160
160
95
95
95
115
115
115
115
115
115
125
125
125
125
125
125
150
150
150
150
150
150
150
150
160
160
160
160
150
150
150
150
150
150
160
160
160
160

ØD Ød L

ZSE300 / 400 / 600 ( )

ØD

All 0 ~ - 0.050

 D

  ( )  : ZSE◎◎◎◎l-L
 1) 2 ,  : 6.3, l : 10, L : 60 ZSBE2063 10-60L
 1) 2 ,  : 6.3,   ZSE2063



 

76

F

F     

  ZSEA 215
 216
 218
 219
 220
 221
 222
 223
 224
 225
 228
 230
 232
 238
 240
 250

( )

15
16
18
19
20
21
22
23
24
25
28
30
32
38
40
50

16
16
20
20
20
20
20
25
25
25
25
32
32
32
32
32

57
55
70
70
70
65
65
75
75
75
75
95
90
80
75
80

28
28
30
30
30
35
35
35
35
35
35
40
45
55
60
65

95
95
115
115
115
115
115
125
125
125
125
150
150
150
150
160

ØD Ød L

ZSEA200 ( )

ØD

All 0 ~ - 0.050

 D



 

77

F

F    

  ZSEL 214
 216
 218
 220
 222
 225
 230
 232
 235
 240
 245
 250
  ZSEL 416
 420
 425
 430  
 435
 440
 ZSEXL 220
 222
 225

( )

14
16
18
20
22
25
30
32
35
40
45
50
16
20
25
30
35
40
20
22
25

16
16
20
20
20
25
32
32
32
42
42
42
16
20
25
32
32
42
20
20
25

55
55
65
65
65
65
85
85
85
105
95
95
55
65
65
85
85
105
65
65
65

50
50
60
60
60
70
80
90
100
100
120
120
50
60
70
80
100
100
120
120
140

120
120
140
140
140
150
180
190
200
220
230
230
120
140
150
180
200
220
200
200
220

ØD Ød L

ZSEL, ZSEXL ( )

ØD

All 0 ~ - 0.050

 D



 

78

F

F     

( )

  ZSBE 213
 214
 215
 216Q
 217
 218
 219
 220Q
 221
 222
 223
 224
 225
 230
 231
 232
 233
 234
 235
 235S
 236
 236S
 237
 237S
 238
 238S
 239
 239S
 240
 240S
 245
 245S
 250
 250S

6.5
7

7.5
8

8.5
9

9.5
10

10.5
11

11.5
12

12.5
15

15.5
16

16.5
17

17.5
17.5
18
18

18.5
18.5
19
19

19.5
19.5
20
20

22.5
22.5
25
25

13
14
15
16
17
18
19
20
21
22
23
24
25
30
31
32
33
34
35
35
36
36
37
37
38
38
39
39
40
40
45
45
50
50

16
16
16
16
20
20
20
20
20
20
25
25
25
32
32
32
32
32
32
42
32
42
32
42
32
42
32
42
32
42
32
42
32
42

30
30
35
35
35
35
35
35
35
35
40
40
40
40
40
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

60
65
55
55
65
65
65
65
65
65
65
70
70
70
80
75
75
85
85
85
85
85
95
95
95
95
95
95
95
95
105
105
105
105

100
100
100
100
110
110
110
110
110
110
120
120
120
130
130
140
140
150
150
150
150
150
160
160
160
160
160
160
160
160
170
170
170
170

R ØD Ød L

ZSBE200 ( )

ØD

All 0 ~ - 0.050

• ZSEA200
    ( )  : ZSEA2◎◎ℓ-L
   1) 2 ,  : 16.3,ℓ:28, L:95 ZSEA2163 28-95L
   2) 2 ,  : 17.0,   ZSEA2170

• ZSBE200
    ( )  : ZSBE2◎◎ℓ-L
   1) 2 ,  : 6 3ℓ: 10 L: 60 ZSBE 206310-60L
   2) 2 ,  : 6.3,   ZSBE2063

• ZSEL200/400, ZSEXL200
    ( )  : ZSEL◎◎◎ℓ-L

 D



 

79

F

F  

R ØD Ød1Ød L

R ØD Ød L

ØD Ød1 rØd L

rØD Ød L

ØD Ød1Ød L


