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SKF

SKF

7

1

2-3

4

5

6

SKF

7

SKF 2007

SKF

SKF

ISO

1000:1992 SI

7

ISO281:2007

ISO76:2006

SKF

SKF

SKF www.skf.com

SKF

CAD

SKF
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SKF

SKF

SKF

SKF

SKF
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(in) 1 mm 0.03937 in 1 in 25.40 mm

(ft) 1 m 3.281 ft 1 ft 0.3048 m

(yd) 1 m 1.094 yd 1 yd 0.9144 m

(mile) 1 km 0.6214 mile 1 mile 1.609 km

(sq.in) 1 mm2 0.00155 sq.in 1 sq.in 645.16 mm2

(sq.ft) 1 m2 10.76 sq.ft 1 sq.ft 0.0929 m2

(cub.in) 1 cm3 0.061 cub.in 1 cub.in 16.387 cm3

(cub.ft) 1 m3 35 cub.ft 1 cub.ft 0.02832 m3

(gallon) 1 l 0.22 gallon 1 gallon 4.5461 l

(U.S.gallon) 1 l 0.2642 U.S. 1 U.S. 3.7854 l

gallon gallon

1 m/s 3.28 ft/s 1 ft/s 0.30480 m/s

1 km/h 0.6214 mile/h 1 mile/h 1.609 km/h

(mph) (mph)

(oz) 1 g 0.03527 oz 1 oz 28.350 g

(lb) 1 kg 2.205 lb 1 lb 0.45359 kg

(short ton) 1 tonne 1.1023 short ton 1 short ton 0.90719 tonne

(long ton) 1 tonne 0.9842 long ton 1 long ton 1.0161 tonne

(cubic inch) 1 g/cm3 0.0361 lb/cub.in 1 lb/cub.in 27.680 g/cm3

(lbf) 1 N 0.225 lbf 1 lbf 4.4482 N

(psi) 1 MPa 145 psi 1 psi 6.8948 x 103 Pa

(in.lbf) 1 Nm 8.85 in.lbf 1 in.lbf 0.113 Nm

(ft .lbf/s) 1 W 0.7376 ft lbf/s 1 ft lbf/s 1.3558 W

(HP) 1 kW 1.36 HP 1 HP 0.736 kW

tC = 0.555 (tF – 32) tF = 1.8 tC + 32
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NN 3020 KTN + 234420 NN 3018 KTN
NN 3020 KTN + BTM 100 B  NN 3018 KTN
NN 3020 KTN + BTM 100 A  NN 3018 KTN
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7020 ACE/TBTA 7018 CE/DBA
71920 ACE/DBA N 1018 KTNHA
71920 ACE/DBA 71918 CE/DBA
7020 ACE/DBA 7018 CE/DBA
7020 ACE/DBA N 1018 KTNHA

0 20 40 60 80 100     

, %

1

100mm

90mm

SKF

39

1



40



 1

SKF

SKF

ISO

SKF ISO 

15 1998

ISO

9 0
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 1

SKF

ISO                            SKF

9 1 719 ACD

1 719 CD 

1 S719 ACD
1 S719 CD
1 S719 DB 
1 S719 FB

   
4 NNU 49 B
4 NNU 49 BK

   
0 1 70 ACD

1 70 CD

1 S70 ACD
1 S70 CD
1 S70 DB 
1 S70 FB

   
1 N 10 K
3 NN 30
3 NN 30 K

   

   
2 0 72 ACD

0 72 CD

   
3
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 2

rs min d  r1.3 r2.4 r1.2.3.4

mm mm  mm

0.2 – – 0.5 0.8 0.5
0.3 – 40 0.6 1 0.8

40 – 0.8 1 0.8

0.6 – 40 1 2 1.5
40 – 1.3 2 1.5

1 – 50 1.5 3 2.2
50 – 1.9 3 2.2

1.1 – 120 2 3.5 2.7
120 – 2.5 4 2.7

1.5 – 120 2.3 4 3.5
120 – 3 5 3.5

2 – 80 3 4.5 4
80 220 3.5 5 4
220 – 3.8 6 4

2.1 – 280 4 6.5 4.5
280 – 4.5 7 4.5
    

2.5 – 100 3.8 6 –
100 280 4.5 6 –
280 – 5 7 –

3 – 280 5 8 5.5
280 – 5.5 8 5.5
    

4 – – 6.5 9 6.5
5 – – 8 10 8
6 – – 10 13 10
7.5 – – 12.5 17 12.5
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 3

d

ds

dmp

ds  ( ds = ds – d)

dmp  ( dmp = dmp – d)

d2mp

d3mp

Vdp

Vdmp

D

Ds

Dmp

Ds  ( Ds = Ds – D)

Dmp  ( Dmp = Dmp – D)

VDp

VDmp

B, C

Bs, Cs

B1s, C1s

Bs, Cs  ( Bs = Bs – B; Cs = Cs – C)

B1s, C1s
( B1s = B1s – B1; C1s = C1s – C1)

VBs, VCs

T  (H)

Ts

Ts

T2s
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SD

Sia, Sea

Si, Se
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SKF

1% 1.5% ISO 

683-17 1999

      SKF 150°C

4

SKF

SKF

4
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 4

 (g/cm3) 3.2 7.9

 (kN/mm2) 310 210

 (10–6/K) 3 12

 (  1 MHz)

x10–6

( ) ( )

8 –

120°C

66 Polyamide 66

66

66

66 120°C

66

SKF

PEEK

200°C

150°C
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300°C
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3~3.5

CNC 52

2 53 3 53 4

A>1 200 000 mm/min

54 5

6 54
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A>2 000 000 mm/min

7 8 55
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 2

70 ACD/P4ATBT NN 30 K

 1

NN 30 K + 2344(00) NN 30 K
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N 10 KTN + BTM-A/HC N 10 KTN

 4

NN 30 K 72 ACD/P4AQBT
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 6

70 CD/P4AQBC 70 CD/P4A

70 CE/HCP4AQBC 70 CE/HCP4A

 5

70 CE/HCP4ADB N 10 KTN

70 CD/P4ADB N 10 KTN
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70 CE/HCP4A 70 CE/HCP4A

 8

70 CD/HCP4ADT 70 CD/HCP4ADT
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 3

– mm  μm

– 50 0–2
50 80 1–3
80 120 1–4
120 150 2–5
150 200 2–6

1 2

A>1 200 000mm/min

SKF

2344 00 BTM

2

3 4

SKF
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 4

  

– mm  μm  μm

– 50 0–2 5–8 –
50 120 0–3 6–10 –
120 150 0–4 8–12 –
150 250 0–5 10–15 –

– 460 – – 0–2

 2

P4A, P7, SP, P4C PA9A, P9, 

H51) H41)

JS5 JS4
M5 M4

K5 K4
M5 M4

– K5 K4

1)

 1

P4A, P7, SP, P4C PA9A, P9, 

– mm  –

– 240 h4 h3
– 240 js4 js3

– 40 js4 –
40 140 k4 –
140 200 m5 –
200 500 n5 –

– 200 h4 h3

57

1



 5

ISO

  h4  h3  js3  js4  js5
  

mm  μm

6 10 0 –4 0 –2.5 +1.25 –1.25 +2 –2 +3 –3
10 18 0 –5 0 –3 +1.5 –1.5 +2.5 –2,5 +4 –4
18 30 0 –6 0 –4 +2 –2 +3 –3 +4.5 –4.5

30 50 0 –7 0 –4 +2 –2 +3.5 –3.5 +5.5 –5.5
50 80 0 –8 0 –5 +2.5 –2.5 +4 –4 +6.5 –6.5
80 120 0 –10 0 –6 +3 –3 +5 –5 +7.5 –7.5

120 180 0 –12 0 –8 +4 –4 +6 –6 +9 –9
180 250 0 –14 0 –10 +5 –5 +7 –7 +10 –10
250 315 0 –16 0 –12 +6 –6 +8 –8 +11.5 –11.5

  js6  k4  k5  m5  n5

mm  μm

6 10 +4.5 –4.5 +5 +1 +7 +1 +12 +6 +16 +10
10 18 +5.5 –5.5 +6 +1 +9 +1 +15 +7 +20 +12
18 30 +6.5 –6.5 +8 +2 +11 +2 +17 +8 +24 +15

30 50 +8 –8 +9 +2 +13 +2 +20 +9 +28 +17
50 80 +9.5 –9.5 +10 +2 +15 +2 +24 +11 +33 +20
80 120 +11 –11 +13 +3 +18 +3 +28 +13 +38 +23

120 180 +12.5 –12.5 +15 +3 +21 +3 +33 +15 +45 +27
180 250 +14.5 –14.5 +18 +4 +24 +4 +37 +17 +51 +31
250 315 +16 –16 +20 +4 +27 +4 +43 +20 +57 +34

ISO

5 6

1

58



 1

+
–0

+
–0

h4

H5 H4
JS4 JS5 K4

K5

M4 M5

h3 js3 js4 js5 js6 k4
k5

m5

n5

 6

ISO

  H5  H4  JS4  JS5
  

mm  μm

18 30 +9 0 +6 0 +3 –3 +4.5 –4.5
30 50 +11 0 +7 0 +3.5 –3.5 +5.5 –5.5
50 80 +13 0 +8 0 +4 –4 +6.5 –6.5

80 120 +15 0 +10 0 +5 –5 +7.5 –7.5
120 180 +18 0 +12 0 +6 –6 +9 –9
180 250 +20 0 +14 0 +7 –7 +10 –10

250 315 +23 0 +16 0 +8 –8 +11.5 –11.5
315 400 +25 0 +18 0 +9 –9 +12.5 –12.5
400 500 +27 0 +20 0 +10 –10 +13.5 –13.5

  K4  K5  M4  M5

mm  μm

18 30 0 –6 +1 –8 –6 –12 –5 –14
30 50 +1 –6 +2 –9 –6 –13 –5 –16
50 80 +1 –7 +3 –10 –8 –16 –6 –19

80 120 +1 –9 +2 –13 –9 –19 –8 –23
120 180 +1 –11 +3 –15 –11 –23 –9 –27
180 250 0 –14 +2 –18 –13 –27 –11 –31

250 315 0 –16 +3 –20 –16 –32 –13 –36
315 400 +1 –17 +3 –22 –16 –34 –14 –39
400 500 0 –20 +2 –25 –18 –38 –16 –43

59
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7

   

P4A, P7, SP, P4C PA9A, P9

t IT2/2 IT1/2

  t1 IT2/2 IT1/2

  t2 IT3/2 IT2/2

  t3 IT1 IT0

  t4 IT4 IT3

t1

ABt3

A B

t t

† /300 A

DA DB

t4† /300 Bt4

t1

A B

AB

B t

t1

t

†    /300 B

dA

t4 †    /300 At4t3

t2

dB
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 8

ISO

IT0 IT1 IT2 IT3 IT4 IT5

mm  μm

6 10 0.6 1 1.5 2.5 4 6
10 18 0.8 1.2 2 3 5 8
18 30 1 1.5 2.5 4 6 9

30 50 1 1.5 2.5 4 7 11
50 80 1.2 2 3 5 8 13
80 120 1.5 2.5 4 6 10 15

120 180 2 3.5 5 8 12 18
180 250 3 4.5 7 10 14 20
250 315 4 6 8 12 16 23

315 400 5 7 9 13 18 25
400 500 6 8 10 15 20 27

 9

 Ra (  N)

d, D   

  

P4A, P7, SP, P4C PA9A, P9 P4A, P7, SP, P4C PA9A, P9

mm  μm

– 80 0.2 (N4) 0.1 (N3) 0.4 (N5) 0.2 (N4)
80 250 0.4 (N5) 0.2 (N4) 0.8 (N6) 0.4 (N5)
250 500 0.8 (N6) 0.4 (N5) 1.6 (N7) 0.8 (N6)

ISO 

1101 2004 7

ISO IT 8

DIN 7184 Ra

9 ISO 1302 2002

61

1



 9  10

KMT KMTA

9

227

10

11

227

ISO 19

10
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 11  12

D

3 4

10-15μm/100mm

12

63

1



 13

 14

 15

13

14

15

1/3

10

11

64



1)

 10

  

  ba ha ra N

mm  mm  

– 50 2.5 0.5 2 2
50 100 3 0.5 2.5 2.5
100 150 4 0.8 3 3

150 200 4 0.8 3 3
200 250 5 1 4 4
250 300 5 1 4 4

300 400 6 1.25 4.5 5
400 500 7 1.5 5 5
500 650 8 1.5 6 6

650 800 10 2 7 7

 11

Ga Gb Gc
1) Na

    

– – mm  

M 4×0.5 A 5 4 2

M 6 A 10 8 3

G 1/8 A 12 10 3

G 1/4 A 15 12 5

G 3/8 B 15 12 8

G 1/2 B 18 14 8

G 3/4 B 20 16 8

 A  B
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SKF

16 17

16

17
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 17
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 18

1

2

3

4

5 7 8 9 11 12

6

10

18

Wankel

1 2

3 0.1~0.2mm

4

5

6

250mm2

0.2~0.3mm 7

8

9 150mm2

10

50mm2

11 1mm 12
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SKF

100
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1



-30~+100°C

SKF

+50°C 100°C

1.

    2

1

3

70



2.

SKF

SKF

www.skf.com

40°C

<20mm2/s 1–2

20mm2/s< <250mm2/s

>250mm2/s SKF

3

P>0.15C

SKF

4

SKF

71

1



76

40%

10%

1 SKF

10%-15%

100

SKF

72



 1

  

  

mm – cm3           

8 8 – – – 0.05 – – – – – – – –
9 9 – – – 0.06 – – – – – – – –
10 00 0.04 – – 0.08 – – 0.12 – – – – –

12 01 0.04 – – 0.09 – – 0.15 – – – – –
15 02 0.07 – – 0.13 – – 0.22 – – – – –
17 03 0.08 – – 0.18 – – 0.3 – – – – –

20 04 0.15 0.16 – 0.3 0.34 – 0.46 – – – – –
25 05 0.18 0.18 – 0.34 0.4 – 0.57 – 0.9 – – –
30 06 0.21 0.21 0.24 0.53 0.57 0.47 0.83 – 1.1 – 1.9 –

35 07 0.31 0.32 0.31 0.66 0.71 0.61 1.2 – 1.4 – 2.3 –
40 08 0.48 0.49 0.46 0.8 0.86 0.74 1.5 1.2 1.7 – 2.7 –
45 09 0.54 0.55 0.58 1.1 1.1 0.98 1.8 1.3 1.9 – 3.2 –

50 10 0.58 0.59 0.63 1.2 1.2 1.04 2.1 1.5 2.1 – 3.5 –
55 11 0.83 0.85 0.86 1.7 1.55 1.56 2.6 1.8 2.6 – 4.5 –
60 12 0.9 0.92 0.92 1.8 1.65 1.68 3.3 2 2.8 – 4.8 3.2

65 13 0.95 0.98 0.98 1.9 1.75 1.84 4.1 2.1 3 – 5.1 3.3
70 14 1.5 1.6 1.55 2.7 2.5 2.45 4.6 2.6 3.8 – 6 4.4
75 15 1.7 1.7 1.63 2.8 2.7 2.59 5 2.8 4 – 6.4 –

80 16 1.7 1.8 1.80 3.7 3.6 3.48 6 3.4 4.9 – 7.7 6.4
85 17 2.4 2.5 2.40 3.9 3.8 3.64 7.2 3.5 5.1 – 8.1 6.7
90 18 2.5 2.6 2.50 5 5 4.69 9 4.1 5.9 – 9.6 8.9

95 19 2.6 2.7 2.60 5.2 5.2 4.87 11 4.3 6.2 – 10 –
100 20 3.5 3.6 3.68 5.4 5.5 5.08 13 4.5 6.5 4.5 11 9.6
105 21 3.7 3.8 – 6.8 – – 16 5.3 7.6 7 12 –

110 22 3.8 3.9 3.95 8.5 – 7.37 18 6.1 8.8 7.3 14 12
120 24 5.1 5.3 5.24 9 – 7.84 22 6.7 9.6 9 15 17
130 26 6.8 – – 14 – – – – 12 11 19 26

140 28 7.2 – – 15 – – – – 17 15 27 –
150 30 11 – – 18 – – – – 20 19 31 –
160 32 11 – – 22 – – – – 22 21 36 –

170 34 12 – – 28 – – – – 29 24 43 –
180 36 18 – – 37 – – – – 34 30 51 –
190 38 19 – – 38 – – – – 36 31 53 –

200 40 27 – – 51 – – – – 42 39 57 –
220 44 28 – – 67 – – – – 76 62 – –
240 48 31 – – 72 – – – – 83 68 – –

260 52 50 – – – – – – – 140 122 – –
280 56 53 – – – – – – – 155 128 – –
300 60 90 – – – – – – – 225 140 – –

320 64 82 – – – – – – – 245 142 – –
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 1

 A, 106 mm/min

tf

100 000

10 000

1 000

100

0.1 0.15 0.2 0.3 0.5 0.7 1.0 1.5

15°, 18°

25°

N 10

 NN 30 

1

tf

70°C

90%

10

Trelub=tf  C1 C2 i

2

4

SKF
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 3

 C2
 n dm × 106, mm/min

0.5 0.7 1 1.5

                  3                  3.5            3 2.8

                       3                  –            – –

3 3 3 2.5

 2

 C1

2 0.8 0.7 0.55
3 0.7 0.55 0.35
4 0.65 0.45 0.25

2344(00) 1 – –
BTM 1 – 0.5

2 0.8 0.7 0.55
3 0.7 0.55 0.35
4 0.65 0.45 0.25

 4

C3 0.5
  1

C/P > 20 C4 1
C/P > 10 0.7
C/P > 8 0.5
C/P > 5 0.3
C/P > 2 0.2
C/P > 1 0.1

1 C5 0.37

10  1

50  2

C6 1
0.3
0.1

C7 1
0.5
0.3
0.1

40 °C C8 2
55 °C 2
70 °C 1
85 °C 0.5
100 °C 0.25

3

4

tf tot i / t )

tf tot =

ai = ni %

t = ni
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5 6 1

2 60~65°C

3

4

5 4

6

30 2

8 10
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250°C

SKF

SKF

SKF

SKF

NBR

-40 +100°C

120°C

FKM

200°C

300°C
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1 20–25%

2 60~65°C

3

4

5 5~10°C

6

7 5 6

8

4–7

9

2

A

B

C

D

B
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EDCBA

 7

d  Q

mm  l/min

– 50 0.3 1.0
50 120 0.8 3.6
120 400 1.8 6.0

7

SKF

79
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15m/s

q d B
Q = ––––

100

Q = mm3/h

d = mm

B = mm

q = 

q = 1–2

q = 2–5

q = 10–20

1 1

15–20

1–5

0.2–0.3MPa
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SKF
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SKF

www.skf.com

SKF

40°C 40–100 

mm2/s

SKF

www.skf.com

2

10
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 8

   dn

1) NNU 49

mm – mm

8 8 – – – 13.6 – – – – –
9 9 – – – 15.1 – – – – –
10 00 14.8 – – 16.3 – – 18.2 – –
12 01 16.8 – – 18.3 – – 20 – –
15 02 20.1 – – 21.8 – – 23 – –
17 03 22.1 – – 24 – – 25.9 – –

20 04 26.8 26.8 – 28.7 28.8 – 31.1 – –
25 05 31.8 31.8 – 33.7 33.8 – 36.1 40.5 –
30 06 36.8 36.8 36.6 39.7 40 40 42.7 47.6 –
35 07 43 43 43.1 45.7 46 46.1 49.7 54 –
40 08 48.7 48.7 49 51.2 51.5 51.6 55.6 60 –
45 09 54.2 54.2 54.1 56.7 57.2 57.2 60.6 66.4 –

50 10 58.7 58.7 58.6 61.7 62.2 61.8 65.6 71.4 –
55 11 64.7 64.7 64.7 68.7 69.7 69.2 72.6 79.8 –
60 12 69.7 69.7 69.7 73.6 74.7 74.2 79.5 85 –
65 13 74.7 74.7 74.7 78.6 79.7 79 86.5 89.7 –
70 14 81.7 81.7 81.9 85.6 86.7 86.1 91.5 98.5 –
75 15 86.7 86.7 86.9 90.6 91.7 91.1 96.5 103.5 –

80 16 91.7 91.7 91.6 97.6 98.7 98 103.5 111.4 –
85 17 98.6 98.6 98.9 102.6 103.7 103 111.5 116.5 –
90 18 103.3 103.6 103.9 109.5 110.6 110 117.5 125.4 –
95 19 108.6 108.6 108.9 114.5 115.6 115 124.4 130.3 –
100 20 115.6 115.6 115.7 119.5 120.6 120 131.4 135.3 113.8
105 21 120.6 120.6 – 126.5 – – 138.4 144.1 119

110 22 125.6 125.6 125.6 133.5 – 134.6 145.9 153 124
120 24 137.6 137.6 137.7 143.5 – 144.6 158.2 162.9 136.8
130 26 149.5 – – 157.5 – – – 179.6 147
140 28 159.5 – – 167.4 – – – 188 157
150 30 173.5 – – 179.4 – – – 201.7 169.9
160 32 183.5 – – 191 – – – 214.4 179.8

170 34 193.5 – – 205.8 – – – 230.8 189.8
180 36 207.4 – – 219.7 – – – 248.9 203.5
190 38 217.4 – – 229.7 – – – 258.9 213
200 40 231.4 – – 243.2 – – – 275.3 227
220 44 251.4 – – 267.1 – – – 302.4 247
240 48 271.4 – – 287 – – – 322.4 267

260 52 299.7 – – – – – – 355.2 294.5
280 56 319.7 – – – – – – 375.3 313.5
300 60 347 – – – – – – 408.4 362
320 64 362.1 – – – – – – 428 382

1)  TNHA N10 SKF

dnd
dnd
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SKF

SKF www.skf.com

SKF

www.skf.com/mount

SKF

SKF SKF www.

mapro.skf.com

SKF SKF

SKF

SKF

SKF

SKF

SKF
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 2  3

SKF

NNU49 SKF

20~30°C

10~30°C

SKF

1

240

2

3

85

1
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 5  6

4

SKF GB30 5

GB49 6

245

GB30 NN30K

GB49 NNU49K

GB30 NN30K

NN30K GB30

SKF

64

1
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 10

 7

 9

2

0 7

GB30

8 GB30

0

GB30

GB30

GB30

0

3

87

1



GB30

87

9

0

4

87 10

3–4μm

GB30

0

80%

1

15μm

0.1mm

8μm

2

11

3

11

3–4μm

a
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L
B = 

Ba = 

4

SKF SKF www.

skf.com www.skf.com/mount SKF

F = KN

D = mm

d = mm

       SKF
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60%
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SKF

8-320mm
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719
70

72

7270719

SKF

719

70

72

2

719 70

72

  719
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 3

15° 18° 25°

SKF

3

4

5

6 100

SKF

3

15° CD

18° FB

25° ACD DB

25°
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5

46

     SKF

HC 7000CD/HCP4A

C C7012FB/P7

 5 4

CD
ACD

FB
DB

CD ACD SKF

SKF

DB FB

CD ACD

4
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	����.��F|3óD£�®3ó+³D£�® 1)

�Î�úF|3óD£�®3ó   EI*WF|3ó+³�.�‘D£�®

��	& �ŸFþ ��	& �ŸFþ

7010 CD/P4ATBTA 2 7010 CDGA/P4A 6
7010 CD/P4AQBCA 2 7010 CDGA/P4A 8
7010 CD/P4ADT 5 7010 CDGA/P4A 10

7010 CD/P4ADBA 15 7010 CDGA/P4A 30
7010 CD/P4ADFA 4 7010 CDGA/P4A 8

1) E��fUŒ�ôL/>°B]:þ�/�Ê�„�FEI*WD£�®  7010 CDGA/P4A �`�.���µ  5 .ü�<	;+³F|3óD£�®3ó�!

EI*WF|3óD£�®

E��ÊSKF1í�õ?��Ô?�)2D£�®�i�BK��eEOUŒ��
�î,#�Ô,'Eê+³�*�>M©�¾�¸=ôUŒ�<*W�Ú'v�E1ª
�k=ô4•UŒ�`	����Æ�_4��É+³M³BN8¦	»���E�v�/
+³BN8¦�5�2�!EI*WF|3óD£�®	�*W�W�*�>F|4•
�\Uˆ5û�(5û� L‘�(L‘�E�a5ƒUŒ�� �- 9U‰UŒD£�®
3ó�\	��IDí�
�YD£�®�!�(�½�²��+³F|4•+³�)
@ÝUŒA&�ñK40[ 104M¤+³��F|3óD£�®3ó��F��5�!
�� �� EI*WF|3óD£�®*W	=4/GE
={�6"�UŒ	=L‘C�
�8 A� B�E �&UŒ*W�½�6 �=M³BN8¦0x3ÖUŒ�º �±
7014CDGA/P4A�!�‚@ÑB\EI*WF|3óD£�®�%UŒ
D£�®3ó� \D£�®�ŸFþ�Ã� ‚4 � � )UŒ�º �±� i �µ6,
�N3ó�?D£�®3ó7104CD/P4ATBTAUŒL/>°�8�Y
7104CDGA/P4A�!

EI*WF|3óD£�®3ó
�Ž	��ÿ�ÊEI*WF|3ó+³D£�®3ó�!�/3óD£�®�\D£
�®+³�´�³	»�E�³,'���<�IB´Dö�è@ç,#�³�›��
+³1/3UŒ�=�/�(EI*WF|3óD£�®,'!�UŒBN8¦�5�2
�#�v�/�!E��Ê3ó�\+³D£�®	����?�(�E�„(��®
*WUŒ3ó�?�o�N�J+³D£�®F|4•�!
��������*`�S�YD£�®3ó�?+³D£�®3ó	=4/�i DGA� 
DGB�EDGCUŒ	��â�½M³BN8¦0x3Ö+³�<	;UŒ�º�±
7020ACD/P4ADGA�!@ÑBV�%UŒ>°A#�=D£�®3ó
+³�ŸFþUŒ5;�<L/>°�„�FD£�®+³�ŸFþ�!

�þ�@�Â�‡
�i�µ�þ�@�‡BVUŒ�ÿP�L%�%+³EI*W�VUŒSKF�›
	'�)@Ý�®*WEI*WF|3óD£�®�!�®*WEI*WF|3óD£
�®UŒ	���8æ�Æ@ç�I�<	;F|�(�‘�>+³D£�®3ó�!
	���EIDö�/�L+³�Â�‡8æ�Æ$‹�W+³7±3ÕUŒ�±=—1
�o.i�!

102



�-  9

2 �YD£�®3ó�?+³D£�®3ó

5û�(5û  (DB1)) L‘�(L‘  (DF1)) �a5ƒ��(DT1))

3 �YD£�®3ó�?+³D£�®3ó

�a5ƒ�Ï5û�(5û�� (TBT1)) �a5ƒ�ÏL‘�(L‘�� (TFT1)) �a5ƒ (TT1))

4 �YD£�®3ó�?+³D£�®3ó

5û�(5û  (QBC1)) L‘�(L‘   (QFC1)) �a5ƒ (QT1))

5û�(5û�Ï�a5ƒ  (QBT1)) L‘�(L‘�Ï�a5ƒ  (QFT1))

1) F|3óD£�®3ó+³��	&	=4/
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�³	@?��Ô?�)2D£�®+³ P4A	» P7�›��0x3Ö

�´�7
� � � � � � � � � � � � � �
d  dmp ds Vdp Vdmp Bs B1s VBs Kia Sd Sia
               
� V� ½ 7 " � 9� �� :� � � 9� �� :� � � /� V � /� V � 9� � � :� � � 9� � � :� � � /� V � /� V � /� V � /� V

mm  µm  µm  µm µm µm  µm  µm µm µm µm

2.5 10 0 …4 0 …4 1.3 1 0 …40 0 …250 1.3 1.3 1.3 1.3
10 18 0 …4 0 …4 1.3 1 0 …80 0 …250 1.3 1.3 1.3 1.3
18 30 0 …5 0 …5 1.3 1 0 …120 0 …250 1.3 2.5 1.3 2.5

30 50 0 …6 0 …6 1.3 1 0 …120 0 …250 1.3 2.5 1.3 2.5
50 80 0 …7 0 …7 2 1.3 0 …150 0 …250 1.3 2.5 1.3 2.5
80 120 0 …8 0 …8 2.5 1.5 0 …200 0 …250 2.5 2.5 2.5 2.5

120 150 0 …10 0 …10 6 3 0 …250 0 …380 4 4 4 4
150 180 0 …10 0 …10 6 3 0 …250 0 …380 4 6 5 6
180 250 0 …12 0 …12 7 4 0 …300 0 …500 5 7 6 7

250 315 0 …13 0 …13 8 5 0 …350 0 …550 6 8 7 7
315 400 0 …16 0 …16 10 6 0 …400 0 …600 6 9 8 8

�E�7

D  Dmp Ds VDp VDmp Cs, C1s VCs Kea SD Sea
            
� V� ½ 7 " � 9� � � :� � � 9� � � :� � � /� V � /� V � /� V � /� V � /� V � /� V

mm  µm  µm  µm µm  µm µm µm µm

18 30 0 …5 0 …5 2 1.3 �5�Z�= 1.3 2.5 1.3 2.5
30 50 0 …6 0 …6 2 1.3 �´�7+³ 1.3 2.5 1.3 2.5
50 80 0 …7 0 …7 2 1.3 Bs 	» B1s 1.3 3.8 1.3 3.8
        �k,'0x
80 120 0 …8 0 …8 2.5 1.3  2.5 5 2.5 5
120 150 0 …9 0 …9 2.5 1.5  2.5 5 2.5 5
150 180 0 …10 0 …10 6 3  4 6 4 6

180 250 0 …11 0 …11 6 4  5 8 5 8
250 315 0 …13 0 …13 8 5  5 9 6 8
315 400 0 …15 0 …15 9 6  7 10 8 10

400 500 0 …20 0 …20 12 8  8 13 10 13
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�³	@?��Ô?�)2D£�®+³  PA9A 	»  P9 �›��0x3Ö

�´�7

d  �Gds Vdp Vdmp �GBs �GB1s VBs Kia Sd Sia
             
�V�½ 7" �9�� �:�� �/�V �/�V �9�� �:�� �9�� �:�� �/�V �/�V �/�V �/�V

mm  µm  µm µm µm  µm  µm µm µm µm

2.5 10 0 …2.5 1.3 1 0 …25 0 …250 1.3 1.3 1.3 1.3
10 18 0 …2.5 1.3 1 0 …80 0 …250 1.3 1.3 1.3 1.3
18 30 0 …2.5 1.3 1 0 …120 0 …250 1.3 2.5 1.3 2.5

30 50 0 …2.5 1.3 1 0 …120 0 …250 1.3 2.5 1.3 2.5
50 80 0 …3.8 2 1.3 0 …150 0 …250 1.3 2.5 1.3 2.5
80 120 0 …5 2.5 1.5 0 …200 0 …380 2.5 2.5 2.5 2.5

120 150 0 …6.5 3 2 0 …250 0 …380 2.5 2.5 2.5 2.5
150 180 0 …6.5 3 2 0 …300 0 …500 3.8 5 3.8 5
180 250 0 …7.5 4 2.5 0 …350 0 …500 3.8 5 3.8 5

�E�7

D  �GDs VDp VDmp �GCs. �GC1s VCs Kea SD Sea
          
�V�½ 7" �9�� �:�� �/�V �/�V   �/�V �/�V �/�V �/�V

mm  µm  µm µm  µm µm µm µm

18 30 0 …3.8 2 1.3 �5�Z�= 1.3 2.5 1.3 2.5
30 50 0 …3.8 2 1.3 �´�7+³ 1.3 2.5 1.3 2.5
50 80 0 …3.8 2 1.3 �GBs 	» �GB1s 1.3 3.8 1.3 3.8
      �k,'0x
80 120 0 …5 2.5 1.3  2.5 5 2.5 5
120 150 0 …5 2.5 1.5  2.5 5 2.5 5
150 180 0 …6.5 3 2  2.5 5 2.5 5

180 250 0 …7.5 4 2.5  3.8 6.5 3.8 6.5
250 315 0 …7.5 4 3.5  3.8 6.5 3.8 6.5
315 400 0 …10 5 5  6.5 7.5 6.5 7.5

109

2



?��Ô?�)2D£�®

=ôF|�z�|D£�®+³M³BN8¦
�„�FF|4•+³�6�õ1í�õ?��Ô?�)2D£�®!Ð�8�*�„
+³M³BN8¦UŒ	�6,EIDö�¸=ô	»A2�£�=�z,'�ü+³
	��/�YD£�®�”8æ�ÆUŒ�CE��YD£�®6,�N�ÿ�Ê�ü
	@�É�|�!
�� �� EI*WF|3óD£�®	»F|3óD£�®3ó�8�8.üM³BN8¦
0x3Ö*N�ÖUŒ��$�Bâ�<	;+³D›EN� �I�Õ	»	�&�
>°!q�!

�‡����A3ÖUŒDªM³BN8¦
�‡����B3ÖUŒ�\M³BN8¦
�‡����C3ÖUŒFüM³BN8¦

M³BN8¦0x3Ö	��â�½D£�®2*�F� �Ô?�?�� �´F�
���„4��³� D£�®�i�'� �ù�Ã*W�½5û�(5û�EL‘
�(L‘+³D£�®3óF|4•�!M³BN8¦�k�iL•�6�õ>ó�É
�kUŒ�±�:=—�o.i�!

�‡����7192*�F�/�>D£�®���� >ð111M¤=—4
�‡����7192*�F�õ�0D£�®���� >ð112M¤=—5
�‡����702*�F�/�>D£�®������ >ð113M¤=—6
�‡����702*�F�õ�0D£�®������ >ð114M¤=—7
�‡����722*�F�/�>D£�®������ >ð115M¤=—8

�¦ �8 �<	 ;M³BN8¦+³F|3óD£�®3ó6, �N�8L/ �ÿ
�Ê�!*`�8�E�
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�‡����1.35UŒTBT	» TFT
�‡����1.60UŒQBT	» QFT
�‡����2.00UŒQBC	» QFC

�6�õ+³F|3ó#&	7K¥*&D£�®3óUˆ	=4/�i HC�E54
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7192*�F�/�>D£�®Uš�Y�¸=ô+³EI*WF|3ó�„�F?��Ô?�)2D£�®�E��5û�(5û� L‘�(L‘�è�>F|4•+³D£�®3ó+³M³BN8¦

D£�®  D£�®2*�F 1) +³D£	@M³BN8¦������
  719 ACD   719 CD   719 ACE  719 CE
������������ 719 ACD/HC  719 CD/HC  719 ACE/HC 719 CE/HC
�ƒ�³ �i�' M³BN8¦0x3Ö   M³BN8¦0x3Ö  M³BN8¦0x3Ö M³BN8¦0x3Ö
  A B C2) A B C2) A B A B

mm … N

10 00 15 30 60 10 20 40 … … … …
12 01 15 30 60 10 20 40 … … … …
15 02 25 50 100 15 30 60 … … … …

17 03 25 50 100 15 30 60 … … … …
20 04 35 70 140 25 50 100 35 105 20 60
25 05 40 80 160 25 50 100 40 120 25 75

30 06 40 80 160 25 50 100 40 120 25 75
35 07 60 120 240 35 70 140 55 165 35 105
40 08 70 140 280 45 90 180 75 225 45 135

45 09 80 160 320 50 100 200 80 240 50 150
50 10 80 160 320 50 100 200 80 240 50 150
55 11 120 240 480 70 140 280 120 360 75 225

60 12 120 240 480 70 140 280 120 360 75 225
65 13 120 240 480 80 160 320 130 390 80 240
70 14 200 400 800 130 260 520 170 510 105 315

75 15 210 420 840 130 260 520 180 540 110 330
80 16 220 440 880 140 280 560 180 540 110 330
85 17 270 540 1 080 170 340 680 230 690 140 420

90 18 280 560 1 120 180 360 720 230 690 140 420
95 19 290 580 1 160 190 380 760 245 735 150 450
100 20 360 720 1 440 230 460 920 295 885 180 540

105 21 360 720 1 440 230 460 920 300 900 185 555
110 22 370 740 1 480 230 460 920 310 930 190 570
120 24 450 900 1 800 290 580 1 160 385 1 155 235 705

130 26 540 1 080 2 160 350 700 1 400 … … … …
140 28 560 1 120 2 240 360 720 1 440 … … … …
150 30 740 1 480 2 960 470 940 1 880 … … … …

160 32 800 1 600 3 200 490 980 1 960 … … … …
170 34 800 1 600 3 200 500 1 000 2 000 … … … …
180 36 1 000 2 000 4 000 630 1 260 2 520 … … … …

190 38 1 000 2 000 4 000 640 1 280 2 560 … … … …
200 40 1 250 2 500 5 000 800 1 600 3 200 … … … …
220 44 1 300 2 600 5 200 850 1 700 3 400 … … … …

240 48 1 430 2 860 5720 860 1 720 3 440 … … … …
260 52 1 730 3 510 7 020 1 050 2 110 4 220 … … … …
280 56 1 820 3 640 7 280 1 090 2 180 4 360 … … … …

300 60 2 200 4 400 8 800 1 400 2 800 5 600 … … … …
320 64 2 200 4 400 8 800 1 400 2 800 5 600 … … … …

1) 7192*�F FB�EDB4��³�/�>D£�®+³D£	@M³BN8¦�k�=�õ�0D£�®Uˆ�|4/�i S�ESCU‰+³�/7#UŒ�±112M¤=—5�o.i
2) �ôE1*W�½�—IÑD£�®
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1) Only valid for all-steel bearings
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7192*�F�õ�0D£�®Uš�Y�¸=ô+³EI*WF|3ó�„�F?��Ô?�)2D£�®�E��5û�(5û� L‘�(L‘�è�>F|4•+³D£�®3ó+³M³BN8¦

D£�® D£�®2*�F 1) +³D£	@M³BN8¦
������������������ S719 ACD  S719 CD  S719 DB  S719 FB
������������������ S719 ACD/HC  S719 CD/HC  SC719 DB  SC719 FB
�ƒ�³ �i�' M³BN8¦0x3Ö   M³BN8¦0x3Ö  M³BN8¦0x3Ö  M³BN8¦0x3Ö
  A B C1) A B C1) A B C1) A B C1)

mm … N

30 06 40 80 160 25 50 100 29 58 115 18 36 72
35 07 60 120 240 35 70 140 30 60 120 19 38 76
40 08 70 140 280 45 90 180 32 64 125 20 40 80

45 09 80 160 320 50 100 200 44 88 175 28 56 110
50 10 80 160 320 50 100 200 46 92 185 29 58 115
55 11 120 240 480 70 140 280 58 115 230 37 74 150

60 12 120 240 480 70 140 280 60 120 240 38 76 150
65 13 120 240 480 80 160 320 63 125 250 40 80 160
70 14 200 400 800 130 260 520 80 160 320 50 100 200

75 15 210 420 840 130 260 520 83 165 330 52 105 210
80 16 220 440 880 140 280 560 93 185 370 60 120 240
85 17 270 540 1 080 170 340 680 100 200 400 63 125 250

90 18 280 560 1 120 180 360 720 105 210 420 65 130 260
95 19 290 580 1 160 190 380 760 110 220 440 70 140 280
100 20 360 720 1 440 230 460 920 140 280 560 90 180 360

110 22 370 740 1 480 230 460 920 150 300 600 95 190 380
120 24 450 900 1 800 290 580 1 160 170 340 680 105 210 420
130 26 540 1 080 2 160 350 700 1 400 … … … … … …

140 28 560 1 120 2 240 360 720 1 440 … … … … … …
150 30 740 1 480 2 960 470 940 1 880 … … … … … …

1) �ôE1*W�½�—IÑD£�®
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702*�F�/�>D£�®Uš�Y�¸=ô+³EI*WF|3ó�„�F?��Ô?�)2D£�®�E��5û�(5û� L‘�(L‘�è�>F|4•+³D£�®3ó+³M³BN8¦

D£�® D£�®2*�F 1) +³D£	@M³BN8¦
  70 ACD   70 CD   70 ACE  70 CE
���������������������� 70 ACD/HC  70 CD/HC   70 ACE/HC 70 CE/HC
�ƒ�³ �i�' M³BN8¦0x3Ö   M³BN8¦0x3Ö  M³BN8¦0x3Ö M³BN8¦0x3Ö
  A B C2) A B C2) A B A B

mm … N

8 8 20 40 80 10 20 40 … … … …
9 9 20 40 80 10 20 40 … … … …
10 00 25 50 100 15 30 60 … … … …

12 01 25 50 100 15 30 60 … … … …
15 02 30 60 120 20 40 80 … … … …
17 03 40 80 160 25 50 100 … … … …

20 04 50 100 200 35 70 140 55 165 35 105
25 05 60 120 240 35 70 140 55 165 35 105
30 06 90 180 360 50 100 200 80 240 50 150

35 07 90 180 360 60 120 240 80 240 50 150
40 08 100 200 400 60 120 240 90 270 55 165
45 09 170 340 680 110 220 440 105 315 65 195

50 10 180 360 720 110 220 440 115 345 70 210
55 11 230 460 920 150 300 600 120 360 75 225
60 12 240 480 960 150 300 600 130 390 80 240

65 13 240 480 960 160 320 640 130 390 80 240
70 14 300 600 1 200 200 400 800 180 540 110 330
75 15 310 620 1 240 200 400 800 180 540 110 330

80 16 390 780 1 560 240 480 960 230 690 140 420
85 17 400 800 1 600 250 500 1 000 230 690 140 420
90 18 460 920 1 840 300 600 1 200 295 885 180 540

95 19 480 960 1 920 310 620 1 240 295 885 180 540
100 20 500 1 000 2 000 310 620 1 240 300 900 185 555
105 21 560 1 180 2 360 360 720 1 440 … … … …

110 22 650 1 300 2 600 420 840 1 680 … … … …
120 24 690 1 380 2 760 430 860 1 720 … … … …
130 26 900 1 800 3 600 560 1 120 2 240 … … … …

140 28 900 1 800 3 600 570 1 140 2 280 … … … …
150 30 1 000 2 000 4 000 650 1 300 2 600 … … … …
160 32 1 150 2 300 4 600 730 1 460 2 920 … … … …

170 34 1 250 2 500 5 000 800 1 600 3 200 … … … …
180 36 1 450 2 900 5 800 900 1 800 3 600 … … … …
190 38 1 450 2 900 5 800 950 1 900 3 800 … … … …

200 40 1 750 3 500 7 000 1 100 2 200 4 400 … … … …
220 44 2 000 4 000 8 000 1 250 2 500 5 000 … … … …
240 48 2 050 4 100 8 200 1 300 2 600 5 200 … … … …

1) 702*�F FB�EDB4��³�/�>D£�®+³D£	@M³BN8¦�k�=�õ�0D£�®Uˆ�|4/�i S�ESCU‰+³�/7#UŒ�±114M¤=—7�o.i
2) �ôE1*W�½�—IÑD£�®
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702*�F�õ�0D£�®Uš�Y�¸=ô+³EI*WF|3ó�„�F?��Ô?�)2D£�®�E��5û�(5û� L‘�(L‘�è�>F|4•+³D£�®3ó+³M³BN8¦

D£�® D£�®2*�F 1) +³D£	@M³BN8¦
  S70 ACD   S70 CD  S70 DB   S70 FB
������������������ S70 ACD/HC  S70 CD/HC  SC70 DB  SC70 FB
�ƒ�³ �i�' M³BN8¦0x3Ö M³BN8¦0x3Ö M³BN8¦0x3Ö  M³BN8¦0x3Ö
  A B C1) A B C1) A B C1) A B C1)

mm … N

30 06 90 180 360 50 100 200 38 76 155 24 48 96
35 07 90 180 360 60 120 240 40 80 160 26 52 105
40 08 100 200 400 60 120 240 43 85 170 28 56 110

45 09 170 340 680 110 220 440 57 115 230 35 70 140
50 10 180 360 720 110 220 440 60 120 240 37 74 145
55 11 230 460 920 150 300 600 83 165 330 52 105 210

60 12 240 480 960 150 300 600 85 170 340 54 110 220
65 13 240 480 960 160 320 640 92 185 370 57 115 230
70 14 300 600 1 200 200 400 800 115 230 460 70 140 280

75 15 310 620 1 240 200 400 800 120 240 480 75 150 300
80 16 390 780 1 560 240 480 960 160 320 640 98 195 390
85 17 400 800 1 600 250 500 1 000 160 320 640 100 200 400

90 18 460 920 1 840 300 600 1 200 170 340 680 105 210 420
95 19 480 960 1 920 310 620 1 240 175 345 690 110 220 440
100 20 500 1 000 2 000 310 620 1 240 175 350 700 110 220 440

110 22 650 1 300 2 600 420 840 1 680 220 440 880 135 270 540
120 24 690 1 380 2 760 430 860 1 720 230 460 920 140 280 560
130 26 900 1 800 3 600 560 1 120 2 240 … … … … … …

140 28 900 1 800 3 600 570 1 140 2 280 … … … … … …
150 30 1 000 2 000 4 000 650 1 300 2 600 … … … … … …

1) �ôE1*W�½�—IÑD£�®
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D£�® D£�®2*�F 1) +³D£	@M³BN8¦
72 ACD   72 CD

�������������������� 72 ACD/HC  72 CD/HC
�ƒ�³ �i�' M³BN8¦0x3Ö M³BN8¦0x3Ö

A B C1) A B C1)

mm … N

10 00 35 70 140 20 40 80
12 01 35 70 140 20 40 80
15 02 45 90 180 30 60 120

17 03 60 120 240 35 70 140
20 04 70 140 280 45 90 180
25 05 80 160 320 50 100 200

30 06 150 300 600 90 180 360
35 07 190 380 760 120 240 480
40 08 240 480 960 150 300 600

45 09 260 520 1 040 160 320 640
50 10 260 520 1 040 170 340 680
55 11 330 660 1 320 210 420 840

60 12 400 800 1 600 250 500 1 000
65 13 450 900 1 800 290 580 1 160
70 14 480 960 1 920 300 600 1 200

75 15 500 1 000 2 000 310 620 1 240
80 16 580 1 160 2 320 370 740 1 480
85 17 600 1 200 2 400 370 740 1 480

90 18 750 1 500 3 000 480 960 1 920
95 19 850 1 700 3 400 520 1 040 2 080
100 20 950 1 900 3 800 590 1 180 2 360

105 21 1 000 2 000 4 000 650 1 300 2 600
110 22 1 050 2 100 4 200 670 1 340 2 680
120 24 1 200 2 400 4 800 750 1 500 3 000

1) �ôE1*W�½�—IÑD£�®
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D£�®3ó+³EN�Õ�þ�>2*�Ÿ

D£�®F|4• �<	;D£�®@í@Ð+³EN�Õ�þ�>2*�Ÿ
�� �$�&�'�����&�'�����)�%�����'�%�� �� �$�&�(�����&�(���G���!���������P�P
�� �$�&�(�����&�(���G���”���������P�P

M³BN8¦0x3Ö  M³BN8¦0x3Ö
A B C A B

�S�YD£�®
�a5ƒF|4• 0.9 0.8 0.65 0.9 0.7

�S�YD£�®
5û�(5û�EL‘�(L‘F|4•                       0.8            0.7 0.55           0.75         0.6

�8�YD£�®3ó�?
+³D£�®3ó 0.7 0.55 0.35 0.65 0.4

�
�YD£�®3ó�?
+³D£�®3ó 0.65 0.45 0.25 0.55 0.3

	�Dí�_+³D›EN
D£�®�Ö	ð=—�\4� � )+³ 	 �Dí �_+³D›EN�ô�‹ � i
�6 �+�kUŒE��Ê�k � (EIDö�h1V�ì � ÏDªM³BN8¦
Uˆ�3�”��������U‰+³�„�FD£�®�|�8�w�!	��EUŒ>°!q
D£�®=ôF|�3�¦�87ž�¬+³�’&��V�!
���������� �o�ÿ�Ê+³�k�iFö*W!è!C"Õ$�UŒ�v�±Fö*W
�¥��!è"Õ$��è"��%UŒA��k�Ã�‚�þ�>�!�(61"Õ
$��%�o4�+³�k�i�/�V�kUŒ	��8�®*W�}/O�Õ� 
�}1Ç�Õ+³P�	ðBW+³!è61�|6,Dí�_�!�#�I+³A�
3õ���žUŒA&	@SKF	×A��!
�� �� �� �±�Ë�(�¦�8D²FüM³BN8¦+³�„�FD£�®E
={
,'�ÁA2�£Uˆ�±�i�µ
Í�Ï�jD£�I�ÕU‰UŒ�E54�±
�Ë�®*W*`�S�Y� �8�Y�E�
�Y,#�Ô,'Eê�¸=ô+³
D£�®3ó�?+³D£�®3ó�%UŒ�Ö	ð=—�\4��)+³	�Dí
�_+³D›ENL/>°�þ�>�!E�.ü�ô�ä�:+³�/�VD›EN
�kUŒ	���EIDö�Ö	ð=—�\+³�6�+�k�‡�� =—9�\�F
�)+³�þ�>2*�ŸUˆ	��â�½D£�®4��³� M³BN8¦	»
D£�®F|4•�‘�>U‰5;8æ�Æ�!
�� �� �� �±�Ë�W�®*W�\8æ�Æ+³D›EN!Ð�8Dí�_>°!qUŒ
	����WD£�®3ó�\�®*WKÃ�7Uˆ�� �� �- 14U‰�”�m9†
�ÿP�D›EN6,�Ê�!
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D£�®3ó+³�®D¬6,�Ê
�Ö	ð=—�\�F�)�µE1*W�½�„�FD£�®+³
)�[MÌ�É
�×BN8¦�kUˆCU‰� 
)�[MÌ�ÉLˆBN8¦�kUˆ C0U‰	»
*á�âBN8¦�°K•�kUˆ PuU‰�!�(�½D£�®3óUŒ�„�F
D£�®,'�Ã+³�Ÿ�k�Ã�‡���:�F2*�Ÿ

�‡�����S�YD£�®3ó�?+³D£�®3ó
    C = 1.62xC�„�FD£�®

    C0 = 1.62xC0�„�FD£�®

    Pu = 2xPu�„�FD£�®

�‡�����8�YD£�®3ó�?+³D£�®3ó
    C = 2.16xC�„�FD£�®

    C0 = 3xC0�„�FD£�®

    Pu = 3xPu�„�FD£�®

�‡�����
�YD£�®3ó�?+³D£�®3ó
    C = 2.64xC�„�FD£�®

    C0 = 4xC0�„�FD£�®

    Pu = 4xPu�„�FD£�®

D£�®�‚FþBN8¦
� ‚@Ð0Æ�8M³BN8¦?� �Ô?�)2D£�®+³� ‚FþBN8¦
�%UŒ�ôMª�5M³BN8¦52;€�W�´ � ! �h � • � � � ‹ � •
�%UŒ�(�½5û�(5û�EL‘�(L‘F|4•+³D£�®3óUŒ�o
!q+³D£�®BN8¦+³D£	@�5FþFa	�*`�:�>E
={E�
�k@Ð0Æ

�³	@BN8¦�‹*W�:�¥Dö+÷F|	7�¸=ô+³F|�(D£�®

Fa=Gm

�³	@BN8¦�‹*W�:�¥EIDö�h1V�ì�ÏM³BN8¦+³F|
�(D£�®

Fa� GA,B��C

D£	@BN8¦�‹*W�:�¥Dö+÷F|	7�¸=ô+³F|�(D£�®

Fa=Gm+0.67Ka              Ka�”���*m

Fa=Ka                            Ka>3Gm

D£	@BN8¦�‹*W�:�¥EIDö�h1V�ì�ÏM³BN8¦+³F|
�(D£�®

Fa=GA,B��C+Ka

�>�\Uš
Fa=D£�®BN8¦+³D£	@�5FþUŒN
GA,B��C=F|�(D£�®+³M³BN8¦UŒN
Gm=�!�¸=ô+³F|�(D£�®+³M³BN8¦UŒN
Ka=�‹*W�½�„�FD£�®�9+³�EF�D£	@�ÊUŒN�!
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�„�FD£�®	»�a5ƒF|�(D£�®+³2*�Ÿ

f0 Fa/C0� � � H� � � ;� � � <� � � <0

�Ô?�?� 15°
(��	&	=4/ CD� �&�(��

�”������������ 0.38 0.44 1.47 0.46
0.357 0.40 0.44 1.40 0.46
0.714 0.43 0.44 1.30 0.46

1.07 0.46 0.44 1.23 0.46
1.43 0.47 0.44 1.19 0.46
2.14 0.50 0.44 1.12 0.46

3.57 0.55 0.44 1.02 0.46
�•���������� 0.56 0.44 1.00 0.46

�Ô?�?� 18°
(��	&	=4/ FB)

… 0.57 0.43 1 0.42

�Ô?�?� 25°
(��	&	=4/ ACD� �$�&�(� DB)

… 0.68 0.41 0.87 0.38

=— 11

5û�(5û�EL‘�(L‘F|�(D£�®+³2*�Ÿ

2 f0 Fa/C0� � � H� � � ;� � � <1� � � <2� � � <0

�Ô?�?� 15°
(��	&	=4/ CD� �&�(��

�”������������ 0.38 0.72 1.65 2.39 0.92
0.357 0.40 0.72 1.57 2.28 0.92
0.714 0.43 0.72 1.46 2.11 0.92

1.07 0.46 0.72 1.38 2.00 0.92
1.43 0.47 0.72 1.34 1.93 0.92
2.14 0.50 0.72 1.26 1.82 0.92

3.57 0.55 0.72 1.14 1.66 0.92
�•���������� 0.56 0.72 1.12 1.63 0.92

�Ô?�?� 18°
(��	&	=4/ FB)

… 0.57 0.7 1.09 1.63 0.84

�Ô?�?� 25°
(��	&	=4/ ACD� �$�&�(� DB)

… 0.68 0.67 0.92 1.41 0.76

D£�®�‚Fþ�×BN8¦
�(�½�„�FD£�®	»�a5ƒF|�(+³D£�®

P=Fr                             Fa/Fr�”�H
P=XFr���<�)a                    Fa/Fr>e

�(�½5û�(5û�EL‘�(L‘F|4•�?�(�¸=ô+³D£�®

P=Fr���<���)a                    Fa/Fr�”�H
P=XFr���<���)a                  Fa/Fr>e

�(�½D£�®3óUŒP�iD£�®3ó+³�‚Fþ�×BN8¦U› Fr	»
Fa�5�Z�i�‹*W�WD£�®3ó�9BN8¦+³�³	@	»D£	@
�5Fþ�!
� � � � 2 *� ŸeUŒXUŒ�<+³�k	��â�½D£�®+³�Ô?�?�UŒ
�± =—10� =—11�o.i�!�Ô?�?��i 15°�E18°�%UŒ
2*�ŸeUŒXUŒ�<+³�k	��â�½ f0Fa/C0UŒ�>�\UŒf0�i
@Ð0Æ2*�ŸUˆ��>ð�Ö	ð=—U‰U›Fa�iBN8¦+³D£	@�5
FþU›C0�i
)�[MÌ�ÉLˆBN8¦�!

D£�®�‚FþLˆBN8¦
�(�½�„�FD£�®	»�a5ƒF|�(+³D£�®

P0=0.5Fr���<0Fa

�(�½5û�(5û�EL‘�(L‘F|4•�?�(�¸=ô+³D£�®

P0=Fr���<0Fa

�±�Ë P0<FrUŒ�ÃA�Fö*WP0=Fr�!�(�½D£�®3óUŒP0

�iD£�®3ó+³�‚FþLˆBN8¦U› Fr	» Fa�5�Z�i�‹*W�½
D£�®3óBN8¦+³�³	@	»D£	@�5Fþ�!
� � � � 2 *� Ÿ�<0+³�k	��â�½D£�®�Ô?�?�UŒ�± =—10� 
=—11�o.i�!
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�¸=ô	=D£�®3ó+³M³2VBN8¦

�¸=ô	=D£�®3ó�8!��Y�¸=ô�%�#�V+³M³BN8¦�!
�¥
Í�Ï�j>°*`�½Uš

�‡�����jD£	»D£�®�Ö�ƒ+³D£�®�¸=ôF��|+³�ÍKt�›
�������!*`�½Dö+÷F|	7UŒ�†�7�I	�*N�h�V	�
�����‘UŒ6×5ï�E�º4X�!
�‡�����jD£+³D›ENUŒ�±�ËD£�®�zK#,'�Á�S�º�!

�¥����2O�Ž	�6,�+7#D£�®M³BN8¦+³
Í�ÏUŒ�º
�±Uš

�‡����D£�®�´� �E�7	»$	)��zK#+³#X��
�‡�����jD£	»D£�®�Ö�•�È+³�<	;&�6×5ï2*�Ÿ
�‡����F|	7�%+³���„�‘'å�~��UŒ!��±D£�®�¸=ôL‘
����+³�5� �ÕUŒ�±,#�Õ�E	;D£�Õ�!

�±�ËD£�®�¸=ô�WIÑ�e�jD£	»�É
ð+³IÑ�e�EJ'
IðD£�®�Ö�\�%Fö*W�g*W+³F|	7Uˆ�jD£�›���i
js4	»D£�®�Ö�›���i JS5U‰UŒD£�®+³M³BN8¦	�
��*W���:�›�>@Ð0ÆUŒ�C@Ð0Æ�k�¦�8�t�5+³1í
�Õ�!

Gm=ff1f2fHCGA,B,C

�>�\Uš
Gm =�¸=ô	=D£�®3ó+³M³BN8¦UŒN
GA,B,C  =�¸=ô�|D£�®3ó+³M³BN8¦UŒN
f        =	��â�½D£�®2*�F	»�i�'+³D£�®2*�Ÿ
��������Uˆ�������ñ >ð120M¤=—12U‰
f1 =	��â�½�Ô?�?�+³�� ’2*�Ÿ
��������Uˆ�������ñ>ð121M¤=—13U‰
f2 =	��â�½M³BN8¦0x3Ö+³�� ’2*�Ÿ
��������Uˆ�������ñ>ð121M¤=—13U‰
fHC        =#&	7K¥*&D£�®+³�� ’2*�Ÿ
��������Uˆ�������ñ>ð>ð121M¤=—13U‰�!

�8�%	�6,L/>°,'�‚2V+³F|	7UŒ�±EN�Õ�°P�+³
� jD£UŒ.ê�ò�Ê� I �®D£�®�´ �7 �=D£+³F| 	7 	 �
�­�!�(E��ÊD£�®F|4•�ôMª��3õ�_@Ð	»@Ð0Æ�!
�WE��Ê�ô�ä�:UŒA&�=SKF5ƒ2*�!
��
@Ð0Æ�Í�º
D£�®3ó71924 CD/P4ADBC�¸=ô	=+³M³BN8¦�^
�I�@UŸ
���������¸=ô�|D£�®3ó+³M³BN8¦	�*` 111M¤+³=—4
�Æ�)UŒ�(�½719CD2*�FUŒM³BN8¦0x3Ö�iCUŒ�i
�'��	&�i 24UŒGC=1160N�!
� � � � � � *1̀20M¤=—12	�-�UŒD£�®2*�Ÿf=2.19�!*`
121M¤=—13	�-�UŒ�� ’2*�Ÿ f1� 1UŒf2� 1.19�!��
 “	��Æ�¸=ô	=D£�®3ó+³M³BN8¦�i

Gm =ff1f2GC

������� ���������?���?���������?�����������¤�������������1
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D£�®2*�Ÿ f

D£�® �<	;2*�F	»@í@Ð+³D£�®2*�Ÿ
719   70   72

  CD CE DB CD CE DB CD
�ƒ�³ �i�' ACD ACE FB ACD ACE FB ACD

mm … …

8 8 … … … 1.2 … … …
9 9 … … … 1.2 … … …
10 00 1.26 … … 1.2 … … 1.15

12 01 1.29 … … 1.22 … … 1.17
15 02 1.33 … … 1.24 … … 1.19
17 03 1.35 … … 1.26 … … 1.2

20 04 1.39 1.27 … 1.29 1.24 … 1.22
25 05 1.45 1.35 … 1.33 1.26 … 1.25
30 06 1.51 1.43 1.33 1.37 1.28 1.21 1.27

35 07 1.57 1.5 1.36 1.4 1.31 1.23 1.3
40 08 1.62 1.57 1.39 1.44 1.33 1.25 1.32
45 09 1.68 1.64 1.41 1.47 1.35 1.27 1.35

50 10 1.72 1.7 1.44 1.5 1.36 1.28 1.37
55 11 1.77 1.76 1.46 1.53 1.38 1.3 1.39
60 12 1.82 1.81 1.48 1.56 1.4 1.31 1.4

65 13 1.86 1.86 1.50 1.59 1.41 1.32 1.42
70 14 1.9 1.9 1.52 1.61 1.43 1.33 1.43
75 15 1.94 1.94 1.53 1.63 1.44 1.34 1.45

80 16 1.97 1.98 1.54 1.65 1.45 1.34 1.46
85 17 2.01 2.01 1.55 1.67 1.46 1.35 1.47
90 18 2.04 2.04 1.56 1.69 1.47 1.35 1.47

95 19 2.07 2.06 1.57 1.7 1.48 1.36 1.48
100 20 2.1 2.08 1.57 1.72 … 1.36 1.49
105 21 2.12 2.09 … 1.73 … … 1.49

110 22 2.15 2.1 1.57 1.74 … 1.36 1.49
120 24 2.19 2.11 1.57 1.78 … 1.36 1.49
130 26 2.23 … … 1.77 … … 1.48

140 28 2.26 … … 1.78 … … …
150 30 2.28 … … 1.79 … … …
160 32 2.3 … … 1.79 … … …

170 34 2.31 … … 1.79 … … …
180 36 2.32 … … 1.78 … … …
190 38 2.32 … … 1.77 … … …

200 40 2.31 … … 1.76 … … …
220 44 2.3 … … 1.74 … … …
240 48 2.27 … … 1.72 … … …

260 52 2.23 … … … … … …
280 56 2.19 … … … … … …
300 60 2.15 … … … … … …

320 64 2.15 … … … … … …
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