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SG 0 What is Oilless bearing? What is solid lubricant dispersed bearing, THEDVELON? SG 0

What is Qilless bearing? What is solid lubricant
A bearing that can improve productivity and save cost/time by having the material properties which can d |S persed bearl ng y TH E DVE LO N ?

withstand both high & low temperature, corrosive environment, foreign particles, and impact load. There are

various kind of shapes and materials for oilless bearings such as metal, non-metal, plastic and ceramic. Solid Iubricant dispersed bearing, THEDVELON is made

with steel in external layer and with special solid lubricant
in internal layer. This bi-layer metal bearing can be used for
medium and high load with excellent abrasion resistance.

| Applications |

@ Place where lubrication cannot be applied or lubrication is dangerous.
@ Place where product can be contaminated or failure is occurred due to lubrication.
e Low/Hightemperature, under-water, and place that is exposed to chemicals.

@ Place that can prevent decrease in productivity due to machine stop while lubricating. I Bearing structure I

@ Place where oiling is not effective due to harsh conditions such as frequent stop motion.

e Impact and vibration, high-load low-speed motion, rust occurrence, foreign substance penetration. @ Sintered bearing layer (1~1.2mm)

e Sliding motion, angular pitching motion. = |tis composed of solid lubricant such as Cu, Fe, Ni, Sn, MoS?, graphite

and pores filled with oil.
@ Backing steel = KS SS400/ SM45C

| Advantage & Disadvantage of each lubricating method |

Lubrication Type
@ Dry Lubrication = Using solid lubricant e Liquid lubrication (Using oil or water)
Example) SGO SDU Dry Bearing = Teflon + Special additive Example) SGO #300 = Oil impregnation in porous cast iron

i

SGO #500 Bearing = Natural graphite + Teflon lubricant

What is solid lubricant? Bi-layer structure Distribution shape of solid lubricants
Powder or solid type lubricant that is used in harsh conditions such as high temperature and corrosion environment and where oil or grease cannot be used.
Generally itis mainly made with natural graphite, molybdenum disulfide, and PT.F.E.

Advantage & Disadvantage of each lubricating method | Characteristics |
Classification Dry lubrication Liquid lubrication @ Since solid lubricant is evenly distributed, it can be used for any motion direction.
@ Since sintering and solid lubricant are applied, lubrication is multiplied, which can be used in high speed.
« Can be used in high / low temperature. ; ; ; _ ; ; ; ko ;
e e e « Ideal for high speed in light and medium load. ) g!nce I:] hats lower hgat (.axpanﬁlocr; rate (iomplarecito.glerllgral nf()nbrufetalht.)e:rllng(;ten;p?fratu:)e char:jge.[[shlovi Tnbd .|t n:glntalns highaccuracy.
Advantage | ° G2 be applied for high-load low-speed motion, reciprocating motion, 3% Liquid lubrication prevent friction between metal to metal by forming oil @ Since heat processing is applied on external material, it is suitable for high load and it can be used without lubrication. .
|mpgct load, angular pltchlng_ motion, anq discontinuous frequent stop film with continuously rotating by centrifugal force in the clearance of @ Additional oilimpregnation is needed to prevent oil washing after it has been stored for a long time or additional processing has been applied.
motion where oil lubrication is not effective. shaft and housing. e Standards parts and custom-made parts available.
« Can be used without lubrication
« Oiling is required in regular basis.
« Cannot be used in low / high temperature.
« Can be used in low speed in principle without lubrication. « Cannot be used in corrosive atmosphere. H H H
Disatyantane %% Using it in high speed condition may occur seizure or shorten life cycle | « Not suitable for high-load & low-speed motion, reciprocating motion, I MeChanlcaI & PhyS|Ca| propertles I
g of bearing, because solid lubricant has higher friction coefficient than impact load, angular pitching motion, and discontinuous frequent stop — -
liquid lubricant. motion where oil film is difficult to be formed. P Contact v PV T Specific Hardness | Elongation Tensile
« Not suitable for use in high load and high speed, which reduces lifetime . pressure velocity value temperature gravity strength
due to excessive PV value. Code Type | Lubrication kef /o Jmin | kef /cd -m /mi kef /md
gf /cm m /min | kgf/cm-m/min ° 3 o gf /mm
N/md | m/s | N/mi-m/s c g/eh | HRB % N /i
. 290 (760) 30 1,000 (3,000)
| Base metal and its use | ~ L 20(76) | 05 | 165(490) i
200S sintering —— 500 (760) p- 1,500 (3,000) -40 ~ +120 6.3~7.1 0~20 17 400
eriodic . !
CODE SP BP Al B F Sus S lubrication | 50 (76) 1 2.45 (4.90)
High Strength q Aluminum Bronze P Stainless
Base metal Brass Casing Brass Casting Bronze Casting Casting Cast iron Steel Steel Dry zgg (;gO) g% %8((5)0(2218;]5)
General General General General High Temperature | Chemical Resistance |  High Pressure 200SP ) (t;“', (70) : 60 (4.58) -40 ~ +120 60~6.8 | -15~15 17 44010
USE High Pressure Low load Seawater High speed High temperature | Shock Resistance SlEg | *Lein(i!C 4ig (;80) 510 1729‘05(‘1‘3830)
Under water Underwater ubrication (i) i)
Dr 450 (750) 30 1,000 (3,000)
Fe- y 45 (75) 0.5 1.63 (4.90) 18
200H interi — -40 ~ +120 6.3~7.1 35~45 28 470
sintering Periodic 700 (1,200) 70 1,500 (3,000)
I Solid Lubricant type I CODE USE CODE USE LS HAY) (a8 2Bl
SL1 High Temperature SL4 Underwater % () :Allowable static contact pressure (no sliding or sliding at extremly slow speed (0.1m /min or below))
SL2 General SL7 Underwater, Eco-friendly % Above datais based on backing steel KS SS400/ SM45C and its mechanical characteristics may be changed when backing steel is changed.

% Value indicated above is general value and it can be changed without notification forimprovement.
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SGD Operating Conditions Non-ferrous Metal Materials SG o

Operating Conditions Non-ferrous Metal Materials

Allowable Range Mechnical Properties Tensile Strength |  Elongation Hardness Foreign Standards
Type Code 0Id Code
o N/mm % HB ASTM DIN
Material Code C o o ifi IR
oMact 1 yeocity Value T Specific | - rdness | Elongation | Strength CAC202 YBsC2 | 1950rabove | 20 orabove . 085400 | CuZn33Pb
Lubrication |  Pressure . 2 .\ | Temperature Gravity P Brass
(kef/cm?) (m/min) | (kgf/cm*m/min) ) X (HB) (%) (kgf/mm?)
gf/cm (s> | (N/mmzm/sy (°C) (g/cr) N/mm? CAC203 YBsC3 245 0rabove | 20 or above - €85700 Cuzn37Pb
{N/mm?)
CAC301 HBsC1 430 or above 20 or above - 86500 CuZn35Al1
b 30 1,000
"y (0.5 (1.65) High CAC302 HBsC2 490 or above | 20 or above - 86400 CuZn34AI1
300(1,500) 77 Strength
L 9(150)) E e i A = (755) Brass CAC303 HBSC3 | 6350rabove | 18 orabove 165 or above (10/3,000) £86200 CuZn25AI5
Periodic 60 2,000
lubrication 1) (3.25) CAC304 HBsC4 755 or above 12 or above 200 or above (10/3,000) €86300 CuzZn25A15
CAC401 BC1 165 or above 15 or above - 84400 -
6 1,000
Dry
240(1.500) 0.1 (1.65) - CAC402 BC2 2450rabove | 20 or above - 90300 -
#500 SP24 - (1’80)> -40 ~ +150 7.8 245 12 )
o Bronze CAC403 BC3 245 or above 15 or above - 90500 CuSn10Zn
Periodic 15 2,000
lubricati : .
ubrication 0.25) (.25 CAC406 BC6 195 0rabove | 15 or above - C83600 | CuSn5ZnPb
15 1,000 CAC407 BC7 215 or above 18 or above = £92200 =
Dr ’
J (0.25) (1.65) i - / "
920(2,050 79 AC502A PBC2 195 or above 5 or above 60 or above (10/1,000) - usSni0
#500 SP28 ( ) -40 ~ +150 7.6 280 1
90 (200)> (780> Phosphorous
Periodic 30 2,000 Bronze CAC502B PBC2B 295 or above 5 or above 80 or above (10/1,000) €90700 CuSni2
lubrication €0.5) (3.25)
CAC503B PBC3B 265 or above 3 or above 90 or above (10/1,000) €91000 CuSni2
Dry 290(760) 30 1,000 (3,000) CAC602 LBC2 195 0rabove | 10 or above 65 or above (10/500) - CuPb5Sn
29(76)) 0.5y | <1.65(4.90))
AL HRB 41
THE (Fe- 40~+120 | 63~7.1 17 CAC603 LBC3 1750rabove | 7 or above 60 or above (10/500) €93700 CuPb10Sn
DEVELON Sintering) 0~20 (400)
iodi L
SALs | EED) ci LEEnSen) ead CAC604 LBC4 1650rabove | 5 or above 55 or above (10/500) £93800 CuPb15Sn
lubrication | {50 (76)) (L) (2.45(4.90)) Bronze
CAC605 LBC5 145 or above 5 or above 45 or above (10/500) - CuPb20Sn
Dry i) 30 LD CAC60 93200 207 or ab 15 or ab 93200
7 7 or above 5 or above = =
200SP (25(70)y | <0.5) | <1.60(4.50))
THE HRB 41
DEVELON (O R (400) CAC701 AIBC 4400rabove | 25 or above 80 or above (10/1,000) £95200 CUAI10Fe
Sintering) | periodic | 450(700) | 60 | 1,500(3,000)
lubrication |  (45(70)) (L (2.45(4.90)) CAC702 AIBC2 490 or above | 20 or above 120 or above (10/1,000) €95400 CUAIONi
Alumi CAC703 AIBC3 590 or above 15 or above 150 or above (10/1,000) €95800 CuAI10Ni
2001 - 450(750) 30 1,000 (3,000) t‘)""'“‘"“
. @5(75)y | €0.5) | <1.63(4.90)) ronze CAC704 AIBC4 590 orabove | 15 or above 160 or above (10/1,000) £95700 .
HRB 48
THE Sintering -40 ~ +120 6.3~7.1 28
DEVELON | ich 35~45 (470> CAC705 95500 | 6200rabove | 6 orabove 190 or above (10/3,000) €95500 -
v Periodic | 700(1,200) 70 1,500 (3,000)
0al ..
lubrication | (70(120)) | <1.16) | <¢2.45(4.90)) CAC706 €95300 450 or above 20 or above 110 or above (10/3,000) €95300 -
% () : Allowable static contact pressure (no sliding or sliding at extremly slow speed (0.1m/min or below)) % Referto KS D 6024

% Above data is based on backing steel KS SS400/ SM45C and its mechanical characteristics may be changed when backing steelis changed.
% Value indicated above is general value and it can be changed without notification for improvement.
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SG 0 Straight Bushing SOB / SBSB Straight Bushing SOB / SBSB SG o

Straight Bushing SOB / SBSB

Thrust washer(SOW)
Chamfer(Housing)

Thrust washer(SOW)
Chamfer(Housing)

coot m_ 2~5 Set screws ) oo s Set screws A
i i - 15& -
(777 A\( rT_ (77> A\V b
1 | L o0 o | E E _L‘__ B i)u_swrﬂ . W sl e _;_ Housing H7
(@8, o7, 17) ok X. 8 8 1 L ;; = o @am| 1 pes || j_ T g s : i
7 /rm [vavavd L \(\ = = ga %7 = ST "
R1.5~4 " sos --;j-\ 4‘6 R1.5~4 e s ";r"\ N 4‘6
Sintered layer 1~1.2mm =
[ Sliding direction B [t} Sliding direction
Material Tolerance Material Tolerance
® SOB: #500 SP20(CAC304+Graphite) @ Housing:H7 . o o SBSB: #200S (SS400 + Sintered Layer) e Housing: H7
@ Shaft: d8-Forhighload, f7-For high precision, i .
@ Shaft: g6-General, f7-For high load
b9-For underwater
Dimension & Tolerance Length L (-0.1/-0.3) Length L (-0.1/-0.3) Inner Outer .
Code Inner Diameter Outer Diameter Diameter | Diameter Applicable
dll=7 : D r:r16 8 10 12 15 16 20 25 30 35 40 50 60 70 80 100 120 130 140 150 d D Washer
6 +0.022 / +0.010 10 +0.015 / +0.006 . o o o o 6 10 -
8 +0.028 / +0.013 12 +0.018 / +0.007 o o o o 8 12 -
10 +0.028 / +0.013 14 +0.018 / +0.007 o o o o o 10 14 SOW-10
12 +0.034 / +0.016 18 +0.018 / +0.007 o o o o o o . 12 18 SOW-12
13 +0.034 / +0.016 19 +0.021 / +0.008 o o o 13 19 SOW-13
14 +0.034 / +0.016 20 +0.021 / +0.008 o o o o o o 14 20 SOW-14
15 +0.034 / +0.016 21 +0.021 / +0.008 o o o o o . . 15 21 SOW-15
16 +0.034 / +0.016 22 +0.021 / +0.008 o o o o o o o o o 16 22 SOW-16
18 +0.034 / +0.016 24 +0.021 / +0.008 o o o o o ° o 18 24 SOW-18
20 +0.041 / +0.020 28 +0.021 / +0.008 o o o o . . o o 20 28 SOW-20
20 +0.041 / +0.020 30 +0.021 / +0.008 o o . o o . 20 30 SOW-20
25 +0.041 / +0.020 33 +0.025 / +0.009 o o o o o o o o 25 33 SOW-25
25 +0.041 / +0.020 35 +0.025 / +0.009 o o . . o o o 25 35 SOW-25
30 +0.041 / +0.020 38 +0.025 / +0.009 o L) o LI L) o o 30 38 SOW-30
30 +0.041 / +0.020 40 +0.025 / +0.009 o o o o oo L] o 30 40 SOW-30
31.5 | +0.050 /+0.025 40 +0.025 / +0.009 L oo 31.5 40 -
35 +0.050 /+0.025 44 +0.025 / +0.009 L] L] o L L) o o 35 44 SOW-35
35 +0.050 /+0.025 45 +0.025 / +0.009 oo oo oo oo oo oo oo 35 45 SOW-35
40 +0.050 / +0.025 50 +0.025 / +0.009 oo oo oo oo oo oo oo oo oo 40 50 SOW-40
40 +0.050 /+0.025 55) +0.030/ +0.011 oo oo oo oo oo 40 55) SOW-40
45 +0.050 /+0.025 55| +0.030/ +0.011 oo oo o o oo oo 45 55! SOW-45
SOB 45 +0.050 / +0.025 56 +0.030 / +0.011 I oo oo oo oo 45 56 SOW-45
45 +0.050 /+0.025 60 +0.030/ +0.011 oo oo oo oo oo oo oo 45 60 SOW-45
50 +0.050 /+0.025 60 +0.030/ +0.011 oo oo oo oo oo oo oo 50 60 SOW-50
SBSB 50 +0.050 / +0.025 62 +0.030 / +0.011 oo oo oo oo oo oo 50 62 SOW-50
50 +0.050 / +0.025 65 +0.030 / +0.011 oo oo oo (K oo oo oo 50 65 SOW-50
55] +0.060 / +0.030 70 +0.030/ +0.011 oo oo oo oo 55) 70 SOW-55
60 +0.060 / +0.030 74 +0.030 / +0.011 oo oo LI oo oo oo oo 60 74 SOW-60
60 +0.060 / +0.030 75 +0.030/ +0.011 oo oo oo LK (K oo oo LK 60 75 SOW-60
63 +0.060 / +0.030 73 +0.030/ +0.011 oo oo oo 63 5 -
65 +0.060 / +0.030 80 +0.030 / +0.011 oo oo oo L oo 65 80 SOW-65
70 +0.060 / +0.030 85 +0.035/ +0.013 oo oo oo LK oo oo LK 70 85 SOW-70
70 +0.060 / +0.030 90 +0.035/ +0.013 oo oo oo oo 70 90 SOW-70
75 +0.060 / +0.030 90 +0.035/ +0.013 oo oo LI oo oo 75 90 SOW-75
75 +0.060 / +0.030 95 +0.035/ +0.013 (K oo oo oo 75 95 SOW-75
80 +0.060 / +0.030 96 +0.035/ +0.013 . o o . o o . 80 96 SOW-80
80 +0.060 / +0.030 100 +0.035/ +0.013 o o o o o o o o 80 100 SOW-80
90 +0.071/ +0.036 110 +0.035/ +0.013 . . . . . 90 110 SOW-90
100 +0.071 / +0.036 120 +0.035/ +0.013 o o . . o . o 100 120 SOW-100
110 +0.071 / +0.036 130 +0.040/ +0.015 o o o o o 110 130 -
120 +0.071/ +0.036 140 +0.040/ +0.015 o o o ° o 120 140 SOW-120
125 +0.083 / +0.043 145 +0.040 / +0.015 o . 125 145 -
130 +0.083 / +0.043 150 +0.040/ +0.015 o o 130 150 -
140 +0.083 / +0.043 160 +0.040/ +0.015 o o 140 160 -
150 +0.083 / +0.043 170 +0.040 / +0.015 o o 150 170
160 +0.083 / +0.043 180 +0.040/ +0.015 o o 160 180 -

*SOB  SBSB How to order =® Code-d XD XL (Example) SOB-20X28X40
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Thrust Washer SOW SG 0

Flange Bushing SFB Thrust Washer SOW

C0.5 C0.5 Chamfer(Housing)

’o‘.
=3
) 5~
?%_!:.___ BN g |
NS
I ® e é\ 1

T Shaft

s @
d [10-16| 55 | e0-
15 lm <_€ sra/”

Housing H7

|
7

Detail ofa

oF
o

[
A
2D

2d
PC.D

a R03 | R05 | Ri L

Sliding direction

Material Tolerance

Material
@ SOW: #500 SP20 (CAC304+Graphite)

e SFB: #500 SP20 (CAC304+Graphite) @ Housing:H7
@ Shaft: d8-For high load, f7-For high precision,

e7-Forlightload

Flan - - . .
Code ID oD FD Flange Length L (-0.1/-0.3) Code Nominal ID oD beD Set screws Thickness . b
d D F t 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 60 | 67 | 80 | 100 Dia. d D Dimension aty T
+0.040 +0.034
8 | ;0.025| 1 |+0003| 18 | 2 |0810 10 10.2 30 20 M3 2 3 15 03
+0.040 +0.034
10 14 22 2 1015 | 1020
+0.025 +0.023 12 12.2 40 28 M3 2 3 2 0.4
12 +8'ggg 18 +8'ggg 25 3 | 1210 | 1215 | 1220 | 1225
i i 13 13.2 40 28 M3 2 3 2 0.4
13 :8'822 19 :8'8‘2‘; 26 3 1315 | 1320
0050 0001 14 14.2 40 28 M3 2 3 2 0.4
+0. +0.
" so0e2 | ® o028 ¥ ’ il s 15 15.2 50 35 M3 2 3 2 0.4
+0.050 +0.041 g :
15 | T00s2 | 2 | tooos | 28 3 | 1510 | 1515 | 1520 | 1525 | 1530
+0.050 +0.041 16 16.2 50 35 M3 2 3 2 0.4
16 | tooa2 | 2 | toos| 20 3 1615 | 1620 | 1625 | 1630
20 | *0-081 1 55 | +0.041 ) 5 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 8 18.2 2e E2 e 2 & 2 =
+0.040 +0.028
+0.061 +0.050 20 20.2 50 35 M5 2 5 2.5 0.4
25 | Tooao | 35 |io0aa | 45 5 2520 | 2525 | 2530 2540
30 | *0-0611 45 | +0.050) 54 5 3020 | 3025 | 3030 | 3035 | 3040 | 3045 | 3050 25 25.2 55 40 M5 2 5 2.5 0.4
+0.040 +0.034
+0.075 +0.050
315/ 50| 40 | To0sa| 50 5 31.525|31.530|31.535|31.540 30 30.2 60 45 M5 2 5 2.5 0.4
+0.075 +0.050
35 | 70050 | 45 | to.03a| 60 5 3520 | 3525 | 3530 | 3535 | 3540 3550 | 3560 35 35.2 70 50 M5 2 5 2.5 0.4
SFB| 40 :g:ggg 50 :g:ggg 65 5 4020 | 4025 | 4030 | 4035 | 4040 | 4045 | 4050 | 4560 SOwW 40 402 80 60 M6 o 7 3 05
+0.075 +0.060
45 | 10050 | 55 | to0a1| 7O 5 4530 | 4535 | 4540 | 4550 4560 3 453 % 20 6 5 . 3 05
+0.075 +0.060
50 | Tooso | 69 | tooar | 78 5 5030 | 5035 | 5040 5050 | 5060 . 505 100 s " . . . 07
+0.090 +0.060
55 65 80 5 5540 5560
+0.060 +0.041 55 55.3 110 85 M6 4 8 4 0.7
60 *8'828 75 *8'82@ 9 | 75 6040 6050 | 6060 6080
+o. +o. 60 60.3 120 90 M8 4 8 5 0.9
63 :g'ggg 75 :g'gig 85 | 75 6367
: : 65 65.3 125 95 M8 4 8 5 0.9
g5 | 10090 [ oo 140062 oo | . 6560
+0.000 10049 : 70 70.3 130 100 M8 4 10 5 0.9
+0.090 +0.073 : :
70 | ooso | 85 | soosq | 105 | 75 7050 7080
+0.090 +0.073 75 75.3 140 110 M8 4 10 5 0.9
75 | Tooeo | 90 | toost| 110 | 75 7560
+0.090 +0.073 80 80.3 150 120 M8 4 10 5 0.9
80 | Tooe0 | 190 | to.0aq | 120 | 10 8040 8060 8080 | 80100
+0.107 +0.076 90 90.5 170 140 M10 4 10 5 0.9
90 | Too7e | 110 To.0sa | 130 | 10 9040 9060 9080
+0.107 +0.076 100 100.5 190 160 M10 4 10 5 0.9
100|070 (120 | Toosa | 150 | 10 10080 | 100100
+0.107 +0.088
120| Y070 | 140| To0ea | 170 | 10 12080 |120100 120 120.5 200 175 M10 4 10 5 0.9

How to order = Code-d XL (Example)SFB-20X20

How to order = Code - Nominal D (Example) SOW-10
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SGD Guide Bushing SGB / Guide Flange Bushing SGFB

Guide Bushing SGB

1)
H C1 C0.5 o c1
Sliding > i
direction / s
dl
- R RS L T
) [ ] 8| 8
°
Material e .
e SGB: #500 SP20 (CAC304+Graphite) ,g]
® SGB: FC 500F(GC250+Graphite) L
ID oD Length
Code
d D L L1 L2
25 +0.021/0 40 +0.008 40 0/-0.2 10 5
30 +0.021/0 50 +0.008 50 0/-0.2 10 5
35 +0.025/0 60 + 0.0095 55 0/-0.2 15 5]
40 +0.025/0 60 + 0.0095 50, 60 0/-0.2 10 5
SGB 50 +0.025/0 70 + 0.0095 50, 75 0/-0.2 15 10
60 +0.030/0 80 +0.011 60, 90 0/-0.2 20 10
80 +0.030/0 100 +0.011 100, 120 0/-0.2 25 10
100 +0.035/0 120 +0.011 150 0/-0.2 25 10
120 +0.035/0 140 +0.0125 180 0/-0.2 25 10
How to order = Code -d XL - Material (Example) SGB-20X20-FC
Guide Flange Bushing SGFB
&
< & R1-R2
7
| _ _HE e
2 e o o 5 9
L] [ ]
[ ]
Material <+
Sliding direction —H—l -
@ SGFB: #500 SP20 (CAC304+Graphite) L
ID oD Flange D Length Flange L
Code 9 R
d D D1 L L1
25 +0.021/0 35 +0.025 / +0.009 45 40 0/-0.3 7 10
30 +0.021/0 40 +0.025 / +0.009 50 50 0/-0.3
40 +0.025/0 55 +0.030/ +0.011 65 70 0/-0.3
50 +0.025/0 65 +0.030/ +0.011 75
60 +0.030/0 75 +0.030/ +0.011 85 80 0/-0.3
SGFB
65 +0.030/0 80 +0.030/ +0.011 90 10 20
120 0/-0.3
100 0/-0.3
80 +0.030/0 100 +0.035/ +0.013 110
140 0/-0.3
100 0/-0.3
100 +0.035/0 120 +0.035/ +0.013 130
140 0/-0.3

How to order =® Code-dXL (Example) SGFB-80X100

www.sgoilless.co.kr
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E—
Guide Bushing SGO9834 (DIN 9834) / Guide Bushing SGO61 SG 0

Guide Bushing SG09834 (DIN 9834)

[
B LR
«—
1 ¥/l T Sliding
N —— o direction
| g ®e © o o
°%|e¢ e o o 5 2
ala| {--o—0—e-—1 35
| ® 8l ®
L}] Detail B
i 2
Material Sk rg I.b_
@ SG09834 : #500 SP20 (CAC304+Graphite) . - 9
#200S (SS400 + Sintered Layer)
Code d H7 D hé L D1 L1 L2 t r bxc
SG09834-025 25 +0.021/0 32 0/-0.016 40 40 30 6.3 3
SG09834-032 32 +0.025/0 40 0/-0.016 50 50 40 4 6.3 3 o
SG09834-040 40 +0.025/0 50 0/-0.016 63 63 50 5 6.3 3 ' ’
SG09834-050 50 +0.025/0 63 0/-0.019 71 71 56 6.3 6.3 5
SG09834-063 63 +0.030/0 80 0/-0.019 80 90 63 8 10 6
SG09834-080 80 +0.030/0 100 0/-0.022 100 112 80 10 10 8
SG09834-100 100 +0.035/0 125 0/-0.025 125 140 106 12.5 10 10 1.0X0.4
SG09834-125 125 +0.040/0 160 0/-0.025 160 180 132 16 10 12
SG09834-160 160 +0.040/0 200 0/-0.029 200 220 170 16 10 18

How to order = Code (Example) SGO9834-025 Make-to-order

Guide Bushing SGO61

[TBdA] L3 +“—>
T T T N Sliding
1/ direction
)
afsall R R
8 [ ] 8| &
Material A B
® SGO61 : #500 SP20 (CAC304+Graphite) [l o L igeai
#200S (SS400 + Sintered Layer) 3 L2
L1
Code D1 D2 D3 D4 L1 L2 L3 R1

SG0612540 25 32 40 32 40 30 4 3
SG0613250 32 40 50 40 50 40 4 3
SG0614063 40 50 63 50 63 50 5 &
SG0615071 50 63 71 63 71 56 6 5!
SG0616380 63 80 90 80 80 63 8 6
SG0618010 80 100 112 100 100 80 10 8
SGO611012 100 125 140 125 125 106 12 10
SGO611114 115 140 155 140 140 120 12 10
SGO611216 125 160 180 160 160 132 12 12

How to order = Code (Example) SGO613250 Make-to-order
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SG o Guide Bushing SGO71 / THEDVELON Wear Plate Material SBPM

Guide Bushing SGO71

Material

Lo A] LZ‘_
»
T~ E::-:I Tw\ +«—>
=
4

Sliding

...'.. a direction
8 _— S
° 8 8

Clooa]A

la:
_'é
E

L1

@ SGO71 : #500 SP20 (CAC304+Graphite) / #200S (SS400 + Sintered Layer)

Code D1 D2 D3 L1 L2
SGO712540 25 32 40 40 4
SGO713250 32 40 50 50 4
SGO714055 40 50 63 55 5
SGP715063 50 63 71 63 6
SGO716375 63 80 90 75 8
SGO718090 80 100 112 90 10
SGO711011 100 125 140 115 12
SGO711213 125 160 180 138 12

How to order = Code (Example)SGO718090 Make-to-order

THEDVELON Wear Plate Material SBPM

Material

Code W L T

75
100
125
150
SBPM 75 320
100
125
150
100 25

10

20

How to order = Code WXLXT (Example) SBPM-75X320X20

o SBPM: #200S (SS400 + Sintered Layer)

Sintered Layer 1~1.2mm

Processing Precautions

2 When cutting or drilling to the required size, process from the
back steel direction to the sintering direction, for protection of
sintered surface.

2% Please process the back steel, if you need to adjust the thickness,
because sintered layeris 1 ~ 1.2mm.

2% After further processing, be sure to apply lubricant before use.

www.sgoilless.co.kr 14

Spherical Bearing SOSB

—
Spherical Bearing SOSB SG 0

B, Lubrication

hole
Tolerance
Tolerance | Shaft Use ©
N7 | High load £
H7 Low load

Material

e InnerRing : #500 SP20 (CAC304+Graphite)

e OuerRing: Bearing steel (SUJ2)

Code d H7 D1 hé B c D p | Alonmentangle
015 15 +0.018/0 26 0/-0.013 12 9 22 4 8
020 20 +0.021/0 32 0/-0.016 16 14 28 4 4
025 25 +0.021/0 42 0/-0.016 21 18 36 4 5
030 30 +0.021/0 50 0/-0.016 27 23 44 4 6
035 35 +0.025/0 55 0/-0.019 30 26 49 4 5
040 40 +0.025/0 62 0/-0.019 33 28 55) 4 6
045 45 +0.025/0 72 0/-0.019 36 31 62 4 5
050 50 +0.025/0 80 0/-0.019 42 36 70 4 5
060 60 +0.030/0 100 0/-0.022 53 45 90 4 6
070 70 +0.030/0 110 0/-0.022 58 50 99 4 5
080 80 +0.030/0 130 0/-0.022 70 60 115 4 6
090 90 +0.035/0 140 0/-0.025 76 65 125 4 6
100 100 +0.035/0 160 0/-0.025 88 75 145 6 6
SOSB
110 110 +0.035/0 170 0/-0.025 93 80 155 6 5
120 120 +0.035/0 190 0/-0.029 105 90 170 6 6
130 130 +0.040/0 200 0/-0.029 110 95 180 6 5
140 140 +0.040/0 210 0/-0.029 90 70 180 6 7
150 150 +0.040/0 220 0/-0.029 120 105 200 6 5
160 160 +0.040/0 230 0/-0.029 105 80 200 6 8
180 180 +0.040/0 260 0/-0.032 105 80 225 6 6
200 200 +0.046 /0 290 0/-0.032 130 100 250 6 7
220 220 +0.046 /0 320 0/-0.036 135 100 275 6 8
240 240 +0.046 /0 340 0/-0.036 140 100 300 9 8
260 260 +0.056 /0 370 0/-0.036 150 110 325 9 7
280 280 +0.056 /0 400 0/-0.036 155 120 350 9 6
300 300 +0.056 /0 430 0/-0.040 165 120 375 9 7
How to order = Code (Example)SOSB-015 Make-to-order
I Fixing Direction | | Fixing Method |

Slide Insertion 'R | Split Bushing T f T f

Type s ! Type

> ID(15~90) P OverID 100 Labraion | ]

P Loading direction P> Loading direction hole

perpe_ndiqular tp the perpendic_ulartothe Press-fit/ Fixing Bolt Non-loosening
spherical insertion goove split surface. Cooling Fit Plate
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| |
SG 0 Wear Plate SWP / SBP Wear Plate SWP / SBP SG o

Bolt hole

W Code w L Type
ear Plate SWP / SBP wm [ w | u | u | ow
75 45 15
100 50
150 100 = A
Material 28 200 150 25
@ SWP-SP: #500 SP20 (CAC304+Graphite) 250 200
® SWP-FC: 500F (GC250 + Graphite) 300 250 125 B
@ SBP:200S (SS400 + Sintered layer) 75 45 15
100 50
Tolerance e —
@ Thickness tolerance : +/-0.01 38 150 100 i ’s A
200 150
250 200
300 250 125 B
75 45 15
100 50
125 75
o olee " y o s 48 150 - - 100 _ A
il * 53 oe0 sl sz 200 150 %
A Type @ @ z g| | CType 250 200
s @ @ & 300 250 125 B
= 75 45 15
L3 L1 %02 s | < 13 11555 3 | < 100 50
. - :
250 200
o Swp 300 250 125 B
o:o.o:o g @@@ a SBP 75 25
53 ON=C il g 100 50
e | OO 3 75
$ @@@ E: 75 150 100 i 25 A
I = 200 150
12 02| L2 +02 ol L2 +02] L2 *02 401
L3 L1 $02 L3 L3 L1 02 L3 250 200
L 03 LI53 300 250 125 B
100 50
125 75
150 100 = ©
B Chamferaccording to Width (1) w=28 &38 100 25 25 B
2175 R3 4-R10 +— 250 200
z : l—_‘l _T Sliding direction 300 200 (250) -(125) 50 (25) C (D)
i R e 7 (2) W=48 &200 _ ’s o
@il 200 150
(W=75~200) 4_1_» 129 250 87 200
300 200 (250) - (125) 50 (25) C (D)
35,  4R5 35 4R5 Sliding direction 350 200 75
W RTF 150 100 .
: i : . (38) SS400 + Sintered Layer 150 200 100 150
4-C2 4-C1 250 200
300 25 250 - (125) 25 C (D)
(W=48 & 58) (W=28 & 38) % 200 150 I—
Sliding direction 200 250 150 200 ) C
300 250 - (125) c (D)

How to order = Code-W X L (Example) SWP-28X75-SP
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|
SG 0 Thin Wear Plate STWP / SBPT

Thin Wear Plate STWP / SBPT

A-type B-type

@ ©

s 3| o 33
© Ot EE:
B @ ’@ T (1) W=28 838
S - - Sliding direction
bsoz — bsoz
o = @ w=a8t
W=28~75 w=1001
3 Sliding direction
217.5 é &
_ ol sy (3) $5400 + Sintered Layer
. )j —(N\a
N 'L—"L = W=28 - w=3st Siiding direction
Material Mounting bolt

e STWP: #500 SP20 (CAC304+Graphite) o Low head socket cap screw
e SBPT:200S (SS400 + Sintered layer)

Code w L a b Type Bolt Qt'y
75 45
100 50
28
125 75
150 100
75 45
100 50
38
125 75
150 100
75 45
100 50
48 125 75
150 100
- A 2
200 150
75 45
100 50
58 125 75
STWP 150 100
SBPT 200 150
75 25
100 50
125 75
75
150 100
175 125
200 150
100 50
125 75
100 150 50 100
200 150
250 200
B 4
150 100
125 200 50 150
250 200
150 100
150 100
200 150

How to order = Code-W X L (Example) STWP -75X100
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—
Sliding Plate SP SG o

Sliding Plate SP

Sliding direction

W=18, 28, 38,48 Fﬂ‘ 4R2
P r—. -
a b a lT__I_L 4ct

W2
004
661

103

F

~.4-C1

,.
Wi2

Material
@ SP:#500 SP20 (CAC304-+Graphite)

L Bolt Moungting bolt
Code ')
Dimension | Tolerance a b C d e Size Qt'y
75 15 45
100 25 50
18
125 25 75
150 25 100
M6
75 15 45 2
0/-0.2
100 25 50
28
125 25 75
150 25 100
100 20 60
150 20 55) 55) 3
200 20 55 50 55
35 *M8 4
250 20 70 70 70
0/-0.3
300 20 65 65 65 65
5
350 20 80 75 75 80
75 15 45
100 25 50
38
125 25 75
SP
150 25 100
M6
75 15 45 2
0/-0.2
100 25 50
48
125 25 75
150 25 100
100 20 60
150 20 55) 55) 3
200 20 55 50 55
50 4
250 0/-0.3 20 70 70 70
300 20 65 65 65 65
5
400 0/-0.5 20 90 90 90 90
*M8
150 0/-0.2 20 110 4
200 20 80 80
6
250 0/-0.3 20 105 105
75
300 20 85 90 85
8
400 20 120 120 120
0/-0.5
500 20 115 115 115 115 10

*Mark : Low head socket cap screw How to order = Code-W X L (Example) SP-38X 100
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| |
SG o Wear Plate VDI3357 SWPV/SBPV Sliding Liner SL SG o

Wear Plate VDI3357 SWPV/SBPV Sliding Liner SL

«" o
Secti - .y
ection o
0.0 on® 4$> w = & < .' 0...: 9 _ sndmﬁon
& & ..' ) | Sliding direction " ° 0o 5 % WP
® 0,70 O 2 Bl LIy
() o A B - e . = A W(20) B © . Was)
2 0.0o"0 — s <% . Tas | T Ea
e .. W g\ *.‘// o (.20 a b ¢, d_ 20 o B4 9 I % - ¥ B2 g
oo V - LN “ "” I ——— — 0 5 s
& - i d > X e = = ’ ] T X
: === — L $38
: § = 153188 25188
Material Material
o SWPV: #500 SP20 (CAC304+Graphite) e SBPV:200S (SS400 + Sintered layer) @ SL:#500 SP20 (CAC304+Graphite)
Code W L L L1 wl d dl t Type Bolt Qt'y Bolt hole Mounting bolt
Code w L Type
£C gl 9 s 9 a b C d Size Qt'y
100 50
50 125 75 - B 100 60 - - 2
13,5 20 13
160 110 20 150 55 - - M8 3 A
200 150 55
2 4
50 25 - 30 9 15 9 A 00 %0 *
80 30 100 60 - - 2
e B0 150 55 = 3
125 75 30 55 B
50 e P . o SL 200 50 55
200 150 ) 250 70 70 70
M10 4
250 40 170 200 55 50 55
315 235
= = - 250 70 70 70
50 A 45 ©
80 40 - 300 65 65 65 65
100 50 g
e s 350 80 75 75 80
100 25
SWPV 160 110 i = How to order = Code-W X L (Example)SL-20X100
200 150
SBPV 250 170
40
315 235
50 25 - 135 20 13 A . . - . . .
o 0 - I Conical plugs for sliding plates (Design registeration) |
100 50
125 75 Coventional Improved
125 25 75
160 110 B 3
0000 0000
250 170
- 0000 0000
315 235
I 0000 0000
A 2
80 40 -
100 50
s . [ vy eSS YYPPY |
160 25 110 @ 3 i
160 110 Void
200 150
250 M 170 5 4 P> Void inside the sliding plate, causing sinking or swelling problems, is eliminated by forming
315 235 the lubricant in a cone shape.

How to order = Code-W X L (Example) SWPV-100X100 Make-to-order
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|
SGD Cam Bottom Plate SCBS/SCBSL / Cam Bottom Steel Plate SCBSP/SCBSPL SGO U/C Bearing SG 0

Cam Bottom Plate SCBS / SCBSL SGO U/C Bearing

B a p(n=2) a d H
p1(n23) (ERE 2c2
B A [3 -
Teiet % - i el s,
1OF H’i &) 3| N S %l % = HE

it ! 22 v

= = | % s lel
e | e f - UCT Type

i Section A-A SectionB-B(SCBSL)  Section B-B (SCBS)

Material @ SCBS/SCBSL :#500 SP20 (CAC304+Graphite)

Code L H E F G a pl Bolt hole Q'ty b p2 p
100 20 o 40 20 60
125 25 UCFC Type UCFL Type UCUP Type
150 3 50
35 18 15 8
SCES 200 25 50 4 50 100 -
250 5 150 ® Type: Case specification
300 6 200
100 20 40 20 60 ) ]
125 B o 25 75 Bearing No. Shaft (mm) Bearing No. Shaft (mm)
150 50 100
37 20 20 10
SCBSL e o 3 50 e uC 201 12 uC 308 40
250 100 ® 150 i uC 202 15 uC 309 45
300 125 200
How to order = Code-L (Example) SCBS-150 ucC 203 17 uC 310 50
UC 204 20 UC 311 55
uC 205 25 ucC 312 60
Cam Bottom Steel Plate SCBSP/ SCBSPL = .
N ucC 207 35 ucC 314 70
B o pin=2) o £
e e fo uC 208 40 uc 315 75
By Ay g = g
= ) /% alkE uc 209 45 uc 316 80
Or OO 3 120
i I | \?/ A\ UG 210 50 uc 317 85
BT _A—I Q,Q N \ 2-C2
\ s2t0m b J e it uc 211 55 uc 318 90
Section A-A
2-210
UcC 212 60 UC 319 95
. . H
Material e SCBSP/SCBSPL:SM45C + HRC50 Assembly | o @ UG 213 65 UG 320 100
(High frequency quenching on hatched area) /:j\ s SCBS SCBSP 65
® SCBSL | SCBSPL 50 ucC 214 70 UC 321 105
Code L H E G a pl Bolt hole Q'ty b p2 p uc 215 75 UC 322 110
100 20 40 20 60
- 2 ucC 216 80 UC 324 120
125 25
150 3 50
47 a4 20 uc 217 85 uC 326 130
SCBSP 200 25 50 4 50 100 -
250 5 150 ucC 218 90 UC 328 140
300 6 200
100 20 40 20 60 ucC 305 25
125 - 2 25 75
UC 306 30
150 50 100
SCBSPL 200 30 26 10 o5 25 5 100
ucC 307 35
250 100 3 150 - How to order = BearingNo. (Example) UC201 Make-to-order
300 125 200

How to order = Code-L (Example) SCBSP-150
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SG o Extrusion Material
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——
Extrusion Material SG 0

Extrusion Material

| Aluminum Bronze |

e High strength and toughness are high. V Available type and dimension

@ Excellentresistance to bending, corrosion, heat,
and abrasion in low temperature. Type Dimension
@ Used in parts such as bearing, bush, gear, belt .
seat, plunger, paper-making roller, propeller for Solid bar 240 ~z194
ship, nut, and safety tools. Hollow bar Inquire for available dimension

Standards Chemical composition Mechanical properties
0ld code Tensile Elongation Hardness
KS/JI F Ni Al Mn n P Zn rength
S/IS UNS NO. Cu e S b stre gt2 % HB
N/mm
440 25 80
CAC701 AIBC1 85.0 ~90.0 1.0~3.0 01~1.0 8.0~10.0 01~1.0 0.1 0.1 0.5
orabove | orabove (10/1000)
490 20 120
CAC702 AIBC2 80.0 ~ 88.0 25~5.0 1.0~3.0 8.0~10.5 01~15 | 0.1 0.1 0.5 el | e (10/1000)
590 15 120
CAC703 ABC3 78.0 ~ 85.0 30~6.0 30~6.0 8.5~10.5 01~15 | 0.1 0.1 0.5 e | e (10/1000)
| Brass |
@ Excellent hot forging and machinability. V¥V Available type and dimension
@ Used in parts such as bolt, nut, small screw,
spindle, gear, valve, and mechanical parts. Type Dimension
Solid bar 028 ~2194
I High Strength Brass || Hollow bar Min. ID 23, 7T or above

o Excellent strength, hardness, corrosion resistance, and V¥ Available type and dimension

toughness ; ; Standards Chemical composition Mechanical properties
@ Superior abrasion resistance in high load. Type Dimension Remarks
e Used such as bearing, valve seat, lever, arm, gear, fittings for . Tensile strength Elongation
ship, sliding parts with low speed and high load, bearing for Solidibar 22D =EN ) KS/JIS Cu Pb Fe Fe +Sn Zn N/mm? %
bridge, nut, slipper, and water pressure cylinder parts. Hollow bar 223 ~3194 /5 e 77 o alseve
3604 57.0 ~61.0 1.8~37 0.5 1.0 Rem 335 27
Standards Chemical composition Mechanical properties c3rn 57.0 ~61.0 1.0~25 05 0.5 Rem 315 15
Tensile
0ld code ) ) Elongation Hardness
KS Ci Zn ke Al Mn Sn | Pb | N Si strength
UNS NO. u boo! gom g HB
N/mm
430 20 90 or above
CAC301 | HBsC1 | 55.0~60.0 | 33.0~42.0 | 05~15|05~15|01~15| 1.0 | 04 | 1.0 | 0.1 orabove | or above (10/1000)
490 18 100 or above
CAC302 | HBsC2 | 55.0~60.0 | 30.0~42.0 | 05~2005~20/01~35| 1.0 | 04 | 1.0 | 0.1 I - (10/1000)
635 15 165 or above
CAC303 | HBsC3 | 60.0~65.0 | 22.0~28.0 | 20~4.0 | 30~50|25~50| 05 | 02 | 05 | 0.1 orabove | or above (10/3000)
755 12 200 or above
CAC304 | HBsC4 | 60.0~65.0 | 22.0~28.0 | 20~4.0|50~75|25~50| 02 | 02 | 05 | 0.1 orabove | or above (10/3000)
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SG o Dry Bearing SDU
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—
Dry Bearing SDU SG o

Dry Bearing SDU RoHS

Operating Conditions
Chamfer ltem Value ltem Value
1820, o 150 Static 250 N/mm? e " Grease Lubrication 0.08 ~ 0.20
= = — Max. B - 140 N/ Friction Coefficient Ol Lubricati GG
cos|| 20~30 ynamic mm il Lubrication d .
snaft? . 9 o 08| Housingt7 Allowable Load Oscillatin 60 N/mm? Hard 120 HB
o = (I i B g mm Shaft ardness >
Grease Lubrication 2.5m/s Roughness Ra=04~1.25
j Linear Velocity - —
= Oil Lubrication 5m/s Temperature -200 ~ +280°C
3Ls PYVal Grease Lubrication 3.6 N/mm’ -m/s Heat-Conducting Coefficient 40 W/(m-k)
ale Qil Lubrication 50 N/mm?®-m/s Heat-Expansion Coefficient (Shaft) 11 x 10°K”
% ():indicates static allowable contact pressure with no sliding at extremely low velocity of under 6m/min
Bushing Length Length
Shaft Housing
ID @d OD @D 3 4 5 6 7 8 10 12 15 20 25 30 35 40 50 60 70 80 90 95 100
3 5 3 -0.025/-0.034 5 (H7) +0.012/0 0303 0304 0305 0306
4 6 4 -0.025/-0.037 6 (H7) +0.012/0 0404 0406 0408
5 7 5 -0.025/-0.037 7 (H7) +0.015/0 0503 0504 0505 0506 0508
6 8 6 -0.025/-0.037 8 (H7) +0.015/0 0605 0606 0607 0608 0610
7 9 7 -0.025/ -0.040 9 +0.015/0 0705 0706 0707 0710 0712
8 10 8 -0.025 / -0.040 10 (H7) +0.015/0 0805 0806 0807 0808 0810 0812 0815
9 11 9 -0.025/ -0.040 11 +0.015/0 0910
10 12 10 -0.025 / -0.040 12 (H7) +0.018/0 1006 1007 1008 1010 1012 1015 1020
12 14 12 -0.025/-0.043 14 +0.018/0 1206 1208 1210 1212 1215 1220
13 15 13 -0.025/-0.043 15 +0.018/0 1308 1310 1315
14 16 14 | -0.025/-0.043 16 +0.018/0 1410 | 1412 1415 1420
15 17 15 | -0.025/-0.043 17 +0.018/0 1508 1510 1512 1515 1520 1525
16 18 16 -0.025/-0.043 18 +0.018/0 1610 1612 1615 1620 1625
17 19 17 -0.025/-0.043 19 +0.021/0 1710 1715
18 20 18 -0.025/-0.043 20 (H7) +0.021/0 1810 1812 1815 1820 1825
19 22 19 -0.025 / -0.045 22 +0.021/0 1910 1915
20 23 20 -0.025/-0.045 23 +0.021/0 2010 2012 2015 2020 2025 2030
22 25 22 | -0.025/-0.045 25 +0.021/0 2210 | 2212 2215 2220 2225 2230
24 27 24 -0.025 / -0.045 27 +0.021/0 2415 2420 2425 2430
25 28 25 -0.025/-0.045 28 +0.021/0 2510 2512 2515 2520 2525 2530 2535
26 30 26 -0.025/-0.045 30 +0.021/0 2615 2620 2625 2630
28 32 28 | -0.025/-0.045 32 (H7) +0.025/0 2812 2815 2820 2825 2830
30 34 30 -0.025/-0.045 34 +0.025/0 3012 3015 3020 3025 3030 3035 3040
31 35 31 -0.025 / -0.050 35 +0.025/0 3115 3125 3140
32 36 32 -0.025 / -0.050 36 +0.025/0 3220 3225 3230 3240
35 39 35 -0.025 / -0.050 39 +0.025/0 3512 3520 3525 3530 3535 3540 3550
38 42 38 -0.025 / -0.050 42 +0.025/0 3820 3825 3830 3835 3840
40 44 40 -0.025 / -0.050 44 +0.025/0 4012 4015 4020 4025 4030 4035 4040 4050
45 50 45 -0.025 / -0.050 50 +0.025/0 4520 4525 4530 4535 4540 4550
50 55 50 -0.025/ -0.050 55 (H7) +0.030/0 5020 5025 5030 5035 5040 5050 5060
55] 60 55] -0.025/ -0.055 60 +0.030/0 5525 5530 5535 5540 5550 5560
60 65 60 | -0.025/-0.055 65 +0.030/0 6030 6035 6040 6060
65 70 65 | -0.035/+0.005 70 +0.030/0 6530 6540 6550 6560
70 75 70 | -0.035/+0.005 75 +0.030/0 7030 7035 7040 7050 7060 7080
75 80 75 | -0.035/ +0.005 80 +0.030/0 7530 7535 7540 7550 7560 7580
80 85 80 | -0.035/+0.005 85 (H7) +0.035/0 8040 8050 8060 8080
85 90 85 +0.035/0 90 +0.035/0 8540 8550 8560 8580
90 95 90 +0.035/0 95 +0.035/0 9040 9060 9090
100 105 100 +0.035/0 105 +0.035/0 10050 10070 10095
110 115 110 +0.035/0 115 +0.035/0 11050 11070 11095
120 125 120 +0.035/0 125 (H7) +0.040/0 12050 12070 12095
130 135 130 +0.035/0 135 +0.040/0 13050 13080
140 145 140 +0.035/0 145 +0.040/0 14050 14080 140100
150 155 150 +0.035/0 155 +0.040/0 15050 15080 150100
160 165 160 +0.035/0 165 +0.040/0 16050 16080 160100

Howto order = Code-dX L (Example)SDU -03X05

Howto order = Code-dX L (Example)SDU -03X05
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SG 0 Dry Bearing SDUF
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—
Dry Bearing SWC SG o

Dry Bearing SDUF RoHS Dry Bearing SWC RoHS

Bearing Layer +0.3+0.1
™

Dowel Pin Diameter A‘,-t;

Dowl Pin

Bearing Layer +0.3+0.1 |

L-os
R3.5 Max

FD-0s

|

+

|

|

|

[
Go

NOGO

2D

R LRERER) | — ~.
/ T2
Y S ——
Bushing | Recommended Tolerance Thickness Length (Except flange length T2) Dowel Pin
. ID oD Thickness Housing Depth
ip FereeD] Housing Shaft T T2 | 3| 4|5 |6 | 7|8 |10 |12|15 |20 | 25|30 40 | 50 Code | Nominal 2d @D T t
OFD H7 & e Dowel Pin Diameter P.C.D
3| 7 |46/|+0012/0 3 |-0025/-0035 03037
0.8 0 0.8 0 SWC 06 6 8 16 12 +0.12
810035 98| 015 5
4| 9 |[56]+0012/0| 4 |-0025/-0.037 04049 04069 1400 | 1020
: 0
5| 10 | 7 |+0015/0| 5 |0.025/-0.037 0504-10 | 0505-10 | 0506-10 0508-10 SWC 08 8 10 18 14 +0.12
6| 12 | 8 |+0015/0| 6 |-0.025/-0.037 0605-12 | 0606-12 | 0607-12 | 0608-12 | 0610-12
7| 13 | 9 |+0015/0| 7 |-0.025/-0.040 0705-13 0707-13 0710-13 | 0712-13 SWC 10 10 12 24 1.625 18 +0.12
8 | 15 [10|+0015/0| 8 |-0.025/-0.040 0805-15 | 0806-15 | 0807-15 | 0808-15 | 0810-15 | 0812-15 | 0815-15
SWC 12 12 14 26 20 +0.12
10| 18 | 12 |+0018/0 | 10 |-0.025/-0.040 . . 1006-18 | 1007-18 | 1008-18 | 1010-18 | 1012-18 | 1015-18
12| 20 | 14 |+0018/0 | 12 |-0.025/-0.043 10005/ 10015 120620 1208-20 | 121020 | 1212-20 | 1215-20 | 1220-20
+0. -0. -0. - - - - - -
SWC 14 14 16 30 2.125 23 +0.12
14| 22 | 16| +0018/0 | 14 |-0.025/-0.043 161002 | 141222 | 141522 | 1420-22
15| 23 | 17 | +0018/0 | 15 |-0.025/-0.043 151023 | 1512-23 | 151523 | 1520-23 | 152523 SWC 16 16 18 32 25 +0.12
16| 24 | 18 |+0018/0 | 16 |-0.025/-0.043 161024 | 1610-24 | 1615-24 | 1615-24 | 162524
18| 26 |20 |+0021/0 | 18 |-0.025/-0.043 1810-26 | 181226 | 181526 | 1820-26 | 182526 Swc 18 18 20 36 28 +0.12
1.5 1.0
20 | 31 |23 |+0021/0] 20 |-0.025/-0.046 2010-31 | 2012:31 | 2015:31 | 2020-31 | 202531 | 2030-31
SWC 20 20 22 38 30 +0.12
22| 33 |25 |+0021/0] 22 |-0.025/-0.046 sl 0 sl o 2210-33 | 2212:33 | 2215-33 | 222033 | 2225-33 +0.25 0.03 315 +0.20
P 1-0025| ' |-0.15 0 -0.25 -0.08 ’ -0.05
0.021/0 -0.025/-0.046 241535 | 2420-35 | 2425-35 | 2430-35
R L 24 SWC 22 22 24 42 33 +0.12
25| 36 |28 |+0.021/0| 25 |-0.025/-0.046 251036 | 2512-36 | 2515-36 | 2520-36 | 2525-36 | 2530-36 +0.25
0
26 | 38 | 30 |+0.021/0| 26 |-0.025/-0.046 2615-38 | 2620-38 SWC 24 24 26 44 35 +0.12
28 | 40 |32 |+0.025/0 | 28 |-0.025/-0.046 2812-40 | 281540 | 2620-40 2830-40
30 | 42 |34 |4+0025/0| 30 |-0.025/-0.046 301242 | 301542 | 302042 | 302542 | 3080-42 | 3040-42 SWC 25 25 28 48 38 +0.12
31| 45 |35 |+0025/0/ 31 |-0.025/-0.050 . ) 312545
20 | 0005 20 | 015 SWC 30 30 32 54 43 +012
32| 46 |36 |+0.025/0 | 32 |-0.025/-0.050 300046 | 3225-46 | 323046
35| 49 |39 |+0.025/0| 35 |-0.025/-0.050 351249 352049 | 3525-49 | 353049 | 3540-49 | 3550-49
SWC 35 35 38 62 50 +0.12
38| 52 |42 |+0.025/0| 38 |-0.025/-0.050 382052 3830-52 | 3840-52 4o
40 | 54 |44 |+0.025/0 | 40 |-0.025/-0.050 4012-54 | 4015-54 | 4020-54 | 4025-54 | 4030-54 | 4040-54 | 4050-54 SWC 40 40 42 66 54 +012
45| 60 |50 |+0.025/0 | 45 |-0.025/-0.050 4520-60 | 4525-60 | 4530-60 | 4540-60 | 4550-60
50 | 65 |55 |+0.080/0 | 50 |-0.025/-0.050 y y 502065 5030-65 | 504065 5060-65 SWC 45 45 48 74 61 +0.12
2.5 25
55| 70 |60 |+0.030/0 | 55 |-0.025/-0.055 0025 018 553070 | 5540-70 5560-70 20 k=
SWC 50 50 52 78 65 +0.12
60 | 75 |65 |+0.030/0 | 60 |-0.025/-0.055 6030-75 | 6040-75 6060-75

How to order = Code-d X L-FD (Example) SDUF - 04 X 06 -9

How to order = Code - Nominal ID (Example) SWC 10
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SG 0 Pre-lubricating Bearing SDX Pre-lubricating Bearing SDX WC SG 0

Pre-lubricating Bearing SDX RoHS Pre-lubricating Bearing SDX WC RoHS

s
L fa 1 Fixing Pin Hole
_..H._H _T ixing Pi
=0.3 g_
o|s| t+—-—-—] :,:l
20045 L/t A 3 8
<z 4
Lt )
8 L
Detail View Z é
S 1 f2 8 S f1 f2 8 2
1.00 (06+03 [03+0.2 | 30°+5° 200 (12+£03 [05+02 | 30°+5°
150 (07+03 (0502 | 30°+5° 250 (1.8£03 [06+02 | 45°+5° T
Material e Low Carbon Steel + Porous Bronze Powder + POM Lining
i . 4 Item Value Iltem Value
Bushing Shaft Housing Grease Length L (0/-0.4)
(h7) (H7) Hole Static 250 N/mm?® o Grease Lubrication 0.15~0.25
ID @d|0OD @D OH 10 15 20 25 30 35 40 50 60 80 90 95 Max. - 2 Friction Coefficient
Allowable Load Dynamic 140 N/mm Qil Lubrication 0.05 ~ 0.15
10 | 13 | 10 |o0/-0015 | 13 |+0.018/0 SDX 1010 | SDX 1015 | SDX 1020 Oscillating 70 N/mme shar Hardness - 270 HB
a
12 15 12 | 0/-0018| 15 | +0.018/0 SDX 1215 | SDX 1220 Velocit Grease Lubrication 2.5m/s Roughness Ra=04~1.25
elocity a ——
Oil Lubrication 3m/s Temperature -40 ~ +120°C
14 | 17 | 14 |o0/-0018 | 17 |+0.018/0 SDX 1415 | SDX 1420 m— - e -
B Grease Lubrication 2.8 N/mm*-m/s Heat-Conducting Coefficient 52 W/(m-k)
alue
15 | 18 | 15 | 0/-0018 [ 18 |+0.018/0 4 SDX 1515 SDX 1515 Oil Lubrication 50 N/mm?-m/s Heat-Expansion Coefficient (Shaft) 11 x 10°K™
16 | 19 | 16 | 0/-0018 [ 19 |+0.021/0 SDX 1615 | SDX 1620 | SDX 1625
18 | 21 18 | 0/-0018 | 21 |+0021/0 SDX 1815 | SDX 1820 | SDX 1825
. . Fixing Pin Hole .
20 | 23 | 20 |o0/-0021| 23 |+0021/0 SDX 2015 SDX 2025 | SDX 2030 NOTE)maI Code é% 83 Thlcl;ness ngsmg
. e
Dia. PC.D :
22 | 25 | 22 |0/-0021| 25 |+0.021/0 SDX 2215 | SDX 2220 | SDX 2225
24 | 27 | 24 |o0/-0021| 27 |+0.021/0 SDX 2415 | SDX 2420 | SDX 2425 | SDX 2430 10 SDXWC10 | 12 24 1.625 18
25 28 25 | 0/-0.021 28 | +0.021/0 6 SDX 2515 | SDX 2520 SDX 2530 12 SDX WC 12 14 26 20
30 | 34 | 30 |0/-0021| 34 |+0025/0 SDX 3020 SDX 3030 SDX 3040
14 SDXWC 14 | 16 30 2.125 23
35 | 39 | 35 |0/-0025| 39 |+0.025/0 SDX 3520 SDX 3530 SDX 3550
16 SDXWC 16 18 32 25
40 | 44 | 40 |0/-0025| 44 |+0.025/0 SDX 4020 SDX 4030 SDX 4040 | SDX 4050
45 | 50 | 45 |0/-0025| 50 |+0025/0 SDX 4530 SDX 4550 18 S| 20 36 28
50 | 55 | 50 |0/-0025| 55 |+0.025/0 SDX 5040 | SDX 5050 | SDX 5060 20 SDXWC20 | 22 38 30
1.5 3.125 1.0
55 | 60 | 55 |0/-0080 | 60 |+0.025/0 8 SDX 5540 SDX 5560 oo covcves Y " 3
+0.25 0 -0.07 +0.25 0
60 | 65 | 60 |0/-0030| 65 |+0.030/0 SDX 6030 | SDX 6035 | SDX 6040 SDX 6060 0 025 045 0 #0.12 095
24 SDX WC 24 26 44 35
65 | 70 | 65 |0/-0080| 70 |+0.080/0 SDX 6540 | SDX 6540| SDX 6560
2 DX WC 2 2 4
70 | 75 | 70 |0/-0080| 75 |-+0.030/0 SDX 7040 SDX 7080 ° S ©25 8 8 8
75 | 80 | 75 |0/-00%0 | 80 |+0.080/0 SDX 7540 SDX 7580 30 SDXWC30 | 32 54 43
80 | 85 | 80 |0/-0080| 85 |+0.085/0 SDX 8040 SDX 8080 o5 Spanees || e w =5
85 | 90 | 85 |0/-0035| 90 |+0.035/0 SDX 8540 SDX 8580 4.125
9.5 40 SDXWC 40 42 66 54
9 | 95 | 90 |0/-0085| 95 |+0.035/0 SDX 9040 SDX 9090
45 SDXWC45 | 48 74 61
100 | 105 | 100 | 0/-0.035 | 105 | +0.035/0
2.0 1.5
g SDX SDX 50 SDXWC 50 | 52
110 115 110 | 0/-0.035 | 115 | +0.035/0 T R 78 65

How to order = Code-d XL (Example)SDX10x10 How to order = Code - Nominal ID (Example) SDXWC 10
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SGD Bi-metal Bearing SBI 800

Bi-metal Bearing SBI 800

wr¥
L
fa
T =03
—-—-—+1 ©| o
A
4 fa
Detail View Z

Material @ Low Carbon Steel + Lead Bronze Alloy (CuPb10Sn10)

Item Value ltem Value
Static 250 N/mm? Bronze Alloy Hardness HB 60 ~ 100
Max. Allowable Load - 5
Dynamic 140 N/mm Temperature -40 ~ +250°C
Linear Velocity 2.5m/s Friction Coefficient 0.05~ 0.12
PV Value 2.8 N/mm’-m/s Thermal Conductivity 60 W/(m-k)
Shear Strength 170 N/mm? Heat-Expansion Coefficient (Shaft) 14 x 10°K™
Bushing Shaft Housing Length L (0/-0.4)
ID@d |OD @D (h7) (H7) 10 15 20 25 30 40 50
10 12 10 -0.013/-0.028 12 +0.018/0 1010 1015 1020
12 14 12 -0.016/-0.034 14 +0.018/0 1210 1215 1220
14 16 14 -0.016/-0.034 16 +0.018/0 1410 1415 1420
15 17 15 -0.016/-0.034 17 +0.018/0 1510 1515 1520
16 18 16 -0.016/-0.034 18 +0.018/0 1610 1615 1620
18 20 18 -0.016 /-0.034 20 +0.021/0 1810 1815 1820 1825
20 23 20 -0.020 /-0.041 23 +0.021/0 2010 2015 2020 2025
22 25 22 -0.020 / -0.041 25 +0.021/0 2210 2215 2220 2225
24 27 24 -0.020/ -0.041 27 +0.021/0 2410 2415 2420 2425 2430
25 28 25 -0.020/ -0.041 28 +0.021/0 2515 2520 2525 2525 2530
26 30 26 -0.020 / -0.041 30 +0.021/0 2615 2620 2625 2625 2630
28 32 28 -0.020 / -0.041 32 +0.025/0 2815 2820 2825 2825 2830 2840
30 34 30 -0.020 /-0.041 34 +0.025/0 3015 3020 3025 3025 3030 3040
32 36 32 -0.025 / -0.050 36 +0.025/0 3215 3220 3225 3225 3230 3240
35 39 35 -0.025 / -0.050 39 +0.025/0 3520 3525 3525 3530 3540 3550
38 42 38 -0.025 / -0.050 42 +0.025/0 3820 3825 3825 3830 3840 3850
40 44 40 -0.025/-0.050 44 +0.025/0 3850 4025 4025 4030 4040 4050
45 50 45 -0.025 / -0.050 50 +0.025/0 4520 4525 4525 4530 4540 4550

How to order = Code-d XL (Example)SBI80035X25
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Online Shopping Mall SG o

Online Shopping Malli

| Items In Stock |

SOB SFB Sow SDuU SDUF SWC

g“ ® ° o /.Qé.. < < :
2 ¢ ©
- 8 . 3(’ ,:// OiLLess BE;

SWP STWP SDX

ucC UCF SBP SBPT SBPM Coil Springs

»

% .

Bronze Roll Bearings  Bi-metal Bearings Hydraulic DU Bronze-backing DU SUS DU DU Plate
Bronze Mesh DU with OD General Plastic High-Speed Plastic High-Load Plastic Food Plastic
PTFE Bearing PTFE-coated Bearing Bearing Bearing Bearing

|l Order-made - Others |

-, BeEr 088 ‘
y

Solid Lubricant Solid Lubricant Solid Lubricant Spring Plunger Guide Post Pin Ball Retainer
(Eco-Friendly) (General) (Conical)

i
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| Effect of Peridic Greasing |

Technical Data

| Bearing Life and Wear Amount -}

Allowance of abrasion for oil-less bearing depends on its dimension and accuracy, which directly leads to its lifetime. Since abrasion
amount can be changed due to other conditions such as speed, load, inflow of foreign substance, temperature, axis processing status,
and tolerance, itis difficult to accurately anticipate the abrasion amount and life time without using it. Also, oil-less bearing is mostly used
in complex and special conditions compared to ball and roller bearing, so it is difficult to anticipate the life time using calculation formula.
However, the wear amount is estimated by the following formula.

W : Wearamount (mm) / V: Velocity (m/min) / P: Contact pressure (kgf/cm?)
T: Runningtime (hr) / K: Specific wear amount (mm/kgf/cm?2-m/min-hr)

W=K.P.V.T

V¥ Specific wearamount K

Lubrication mm/kgf/cm?m/min-hr Pmax.
Allowable PV value
Dry 1X10°° T
Boundary lubrication under low speed 1X10°7 b
Periodic lubrication 1X10°° %
Continuous lubricaiton under water application 1X10%" Service Range

V—> Vmax.

| PV Value |

PV value is a value that has multiplied surface pressure per unit area P (kgf/cm?, unit area for bearing is internal diameter x length) and
speed per unit time V (m/min), which is used as important criteria for selecting bearing. Therefore, PV value should be calculated and
selected as indicated below so that it does not exceed allowable PV value for each bearing. Calculation formula is indicated as below.

Bushing P (Kgf/ci) V (m/min) PV (Kgf/cii-m/min)
w
C'— EaAm Radial journal 10°W medn TWn
rotation od X L 10° 10X L
od c
w
WohAm _ 10° W modch mWc8
Oscillation —_— —_— —
o od X L 180 X 10 18 X 10° X L
=

Reciprocation  w

W RAR _ _ 10° W NES Wes
Reciprocation —_— — —_—
» od X L 10 5XodXL
L

Washer P (Kgf/ci) V (m/min) PV (Kgf/cii-m/min)
Rotation Rotation Rotation
400 W meDn 4 W gD n
X (gD” - gd?) 10° 10° X (gD? - @d?)
Thrust motion
Oscillation Oscillation Oscillation
400 W meD 0 4WegDch
m X (aD? - @d?) 180 X 10° 180 X 10° X (gD” - @d?)
Plate P (Kgf/ci) V (m/min) PV (Kgf/cii-m/min)
) ) 10° W 2c¢S WcS
Reciprocation —— — o WEY
BXL 10 5XBXL

Inner Diameter : @d mm /Quter Diameter : @D mm /Length : Lmm /Width : B mm /Rotating Speed : nrpm
Oscillating Cycle : ¢ cpm / Stroke Distance : Smm / Oscillating Angle : 6 ° / Load : W kgf

Additinoal lubrication with grease or oil can reduce friction heat and abrasion compared to dry lubrication status. Also, it can discharge
worn particles abrasion and prevent foreign substance from flowing in (seal effect), and rust from occurring, which can improve bearing
performance and life cycle. Also, if initial lubricant is applied on internal diameter where it requires no lubrication, it can reduce rapid initial
wear amount that is occurred in starting and achieve soft operation effect.

V¥ Lubricant can be used effectively as below depending on the using condition.

Using condition Lubricant

Low-load, High-speed Spindle oil having low viscosity of < 8~17cst (30°C)

Medium-load, Medium-speed | Motor oil and turbine oil having viscosity of < 7~15cst (98.9°C)

High-load, Low-speed Gear oil and cylinder oil having high viscosity of 100~1,000 cst (37°C) (OQil containing MoS? is effective)

% Forusingonhigh-load andresistance to abrasion and heat, grease containing molybdenum disulfide (MoS?)is most effective, which isrecommended forimproving
performance and life cycle.

Oil Impregnation Method |

When using solid lubricant dispersed bearing, THEDVELON
by purchasing the material and machining or grinding, be sure
to apply oil impregnation. There are heating type and vacuum Lubrication
type in impregnation method. Heating method contains
processed product in the container with lubricant (motor oil)

Qilles bearings

3=

and gradually heats to 100 ~ 110°C and keep the temperature Heatsource o B 2 Steel mesh
1 to 2 hours until bubble does not occur. Cut the heat source
and let it cool down to the room temperature and takes A L Thermometer

products out of the bath. If oil impregnation by heating is not
available, leave the products in the oil bath for 24 hours or
more. Also, vacuumimpregnation can be available onrequest.

Design for Oil Groove and Oil Hole |

@ 20il groove : Design can be applied evenly on the internal diameter surface based on the maximum load point. Length of oil groove
should be 80 % more or less of bearing length. All edges should be chamfered. In case of injecting oil from outside of the
housing, it is very effective to make the rotation groove on the housing internal diameter or bearing external diameter
surface in order to avoid inadequate lubrication from clogged oil hole caused by shifiting of the oil hole from the housing
oil groove.

@ Oil hole : Normally, 1 oil hole is made to the direction where load is not applied. In case of rotational motion, 2 oil holes are made to both
direction based on the maximum load point. Also, when bearing length is long, 2 oil holes are made to length direction.

ID ltem R r H Qt'y
Ol hole
30 or below 1.5 15 1.2 1~2
30 ~ 50 2 2 1.8 3
Circumferontial groove 50 ~ 80 3 3 2.5 3
Oil hole
Oil hold and oil groove 80 ~120 3.5 3.5 3.5 4
120 ~ 180 4 4 5 4
180 ~ 250 o) ) 6 ©
250 ~ 315 6 6 7 6
315 ~ 400 7 7 8 8
. _ 400 ~ 500 8 8 8 8
Cross sectional configuraton

of oil groove
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Technical Data

| Frictional Heat |

Frictional heat Q generated per unit time and unit area is indicated as below.

| Bearing Mounting |
*Load

There are pressing fit and cooling fit for inserting the bearing into the housing. Mandrel a—
4{ . J : Frictional heat per unit motion (=427kgf-m/kcal) / p : Frictional coefficient
o Q= p-P-V/J (kcal/min) _ 2V - Veloni .
g ol P : Contact pressure (kgf/cm?) / V : Velocity (m/min)
e Cooling fit 4‘@ % a
- Nitrogen and dry icg arelu§ed for coo!ing fit. ' . Frictional heat is mainly affected by speed rather than contact pressure.
- Compared to pressing fit, it can acheive more accurate installation. i Therefore, for simillar PV values, additional lubrication should be considered for a higher velocity application to prevent
- Shrinkage fit can deteriorate the bearing function. ittt seizure to the bearing or the mating shaft
e Pressing fit
-In general, mandrel and press machine are used for pressing the oil-less bearing into the housing.
- Asindicated on the figure, oil-less bearing is pressed into the housinghe with jig (fixing device) by a small press.
-Incaseof pressing large product, chamfering should be made onthe bearing external diameter and housing internal diameter first before I Mat| ng Shaft I
using the oil.
Item Shaft Material Hardness Shaft roughness
;19., General purpose General structural steel wiht SM35C or above Higher strength material is
vi/ High temperature Stainless steel or chrome plating recommended, when foreign 3~12p
E Z ; 2 Corrosive environment Rockwell “C” 35 or above SHESENER (or 17
A NN
i o= 5 £ e Reduce the shaftdimensionto accountforthe heatexpansion amount of the material whenitisused on high
< g g 2 Power °
= = o s § el — = = temperature 100°C or above.
E ® 3 o)
5| ¢ .
H £ i Z Heat expansion amount = shaft heat expansion coefficient (a) x shaft diameter
3.2 -
= SN (d) x (ambient temperature -room temperature)
JigMandrel Bushing Housing Press Fitting e 2 ~ 3 chrome plating is ideal for seawater and liquid medicine.
e Nitrification on shaftis effective in high pressure and low speed application.
e Caution

- Shaft should be ground (Ra0.8) in principle.

- Be sure to comply with the tolerance indicated on the dimension table of the catalog for the housing and shaft. -

- Be sure to maintain bearing shaft horizontally so that it is not tilted to one side. I Chamfe”ng I
- Recommended to use the sealing to prevent foreign substance from flowing in.

- Hardening does not have to be applied on the shaft, but life cycle can be extended if it's chrome plated.

It is ideal to chamfer the both ends of the oil-less bearing in order to prevent

stress concentration. 1.D. 1.D.
Chamfer Chamfer
ID ltem Chamfer o P
80 or below 0.5C 3
fa)
80 ~ 200 1.0C =
| Calculation Formula for Shrinkage Amount by Cooling | 200 ~ 300 15C 207 NQO.
300 or below 2.0C
. D: Outer Diameter of the Bearing / a: Heat Expansion Coefficient of the Bearing
AD =Dxax(T0-T1) TO: RoomTemperature / T1:Cooling Temperature
e Heat expansion coefficient | Calculation Formula for Appropriate Thickness of the Bearing |
#500SP:a=2.2X10-5°C Ex) #500SP 1.D100x0.D 130x 100L =X 2|o| EJi|= 2ol ZmAIO St
#500B :a=1.8X10-5°C Room temperature 20°C, Cooling temperature -70°C EEX Ho1de FH= TSel SH22 TRILIT
#500F :a=1.2X10-5°C = AD = 130x2.2x0.00001X(20- (-70))=0.2574

T=(0.05~0.07)d + (2~ 5mm)

% Refer to it for below diameter 500 mm
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SG o Tolerances of Regularly Used Hole Fits Tolerances of Regularly Used Hole Fits SG o

Tolerances of Regularly Used Hole Fits

Size(mm) D E F G H Size(mm) Js K M N P R S T U X
Over | Below | D8 D9 | D10 | E7 E8 E9 F6 F7 F8 G6 | G7 H5 H6 H7 H8 H9 | H10 Over |Below| Js5 | Js6 | Js7 | K& | K6 | K7 | M5 | M6 | M7 | N6 | N7 | P6 | P7 | R7 | S7 | T7 | U7 | X7
34.0 45.0 60.0 24.0 28.0 29.0 12.0 16.0 20.0 8.0 12.0 4.0 6.0 10.0 14.0 25.0 40.0 2.0 3.0 5.0 0.0 0.0 0.0 -2.0 -2.0 -2.0 -4.0 -4.0 -6.0 -6.0 | -10.0 | -14.0 . -18.0 | -20.0
0 8 20.0 20.0 20.0 14.0 14.0 14.0 6.0 6.0 6.0 6.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0 8 -2.0 -3.0 -5.0 -4.0 -6.0 | -10.0 | -6.0 -8.0 | -12.0 | -10.0 | -14.0 | -12.0 | -16.0 | -20.0 | -24.0 . -28.0 | -30.0
48.0 60.0 78.0 32.0 38.0 50.0 18.0 22.0 28.0 12.0 16.0 5.0 8.0 12.0 18.0 30.0 48.0 25 4.0 6.0 0.0 2.0 3.0 -3.0 -1.0 0.0 -5.0 -4.0 -9.0 -8.0 | -11.0 | -15.0 . -19.0 | -24.0
8 6 30.0 | 30.0 | 30.0 | 20.0 | 20.0 | 20.0 10.0 10.0 10.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 8 6 -2.5 -4.0 -6.0 -5.0 -6.0 -9.0 -8.0 90 | -120 | -18.0 | -16.0 | -17.0 | -20.0 | -23.0 | -27.0 . -31.0 | -36.0
620 | 76.0 | 980 | 40.0 | 470 | 61.0 | 220 | 280 | 350 | 140 | 20.0 6.0 9.0 16.0 | 220 | 36.0 | 58.0 3.0 45 7.5 1.0 2.0 5.0 -4.0 -3.0 0.0 -7.0 -40 | -120 | 90 | -18.0 | -17.0 o -22.0 | -28.0
6 10 40.0 40.0 40.0 25.0 25.0 25.0 13.0 13.0 13.0 5.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 6 10 -3.0 -4.5 75 =50 -70 | -10.0 | -10.0 | -12.0 | -15.0 | -16.0 | -19.0 | -21.0 | -24.0 | -28.0 | -32.0 ° -37.0 | -43.0
. " 77.0 93.0 | 120.0 | 50.0 59.0 75.0 27.0 34.0 43.0 17.0 24.0 8.0 11.0 18.0 27.0 43.0 70.0 0 | 9 4.0 515) 9.0 2.0 2.0 6.0 6.0 -4.0 0.0 -9.0 15.0 | -156.0 | -11.0 | -16.0 | -21.0 o -26.0 | -33.0
50.0 50.0 50.0 32.0 32.0 32.0 16.0 16.0 16.0 6.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 -4.0 -5.5 -9.0 -6.0 -9.0 -9.0 | -12.0 | -156.0 | -18.0 | -20.0 | -23.0 | -26.0 | -29.0 | -34.0 | -39.0 o -44.0 | -51.0
77.0 93.0 | 120.0 | 50.0 59.0 75.0 27.0 34.0 43.0 17.0 24.0 8.0 11.0 18.0 27.0 43.0 70.0 4.0 5.5 9.0 2.0 2.0 6.0 6.0 -4.0 0.0 -9.0 150 | -156.0 | -11.0 | -16.0 | -21.0 o -26.0 | -38.0
b 18 50.0 50.0 50.0 32.0 32.0 32.0 16.0 16.0 16.0 6.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 1418 -4.0 -5.5 -9.0 -6.0 -9.0 -9.0 | -12.0 | -156.0 | -18.0 | -20.0 | -23.0 | -26.0 | -29.0 | -34.0 | -39.0 o -44.0 | -56.0
98.0 | 117.0 | 149.0 [ 61.0 | 730 | 92.0 | 33.0 | 41.0 | 53.0 | 200 | 28.0 9.0 13.0 | 21.0 | 383.0 | 520 | 84.0 45 6.5 10.5 1.0 2.0 6.0 -5.0 -4.0 00 | -11.0| -7.0 | -180 | -14.0 | -20.0 | -27.0 . -33.0 | -46.0
18 2 65.0 | 65.0 | 65.0 | 40.0 | 40.0 | 40.0 | 20.0 | 20.0 | 20.0 7.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 18 2 -4.5 -65 | -105| -80 | -11.0 | -156.0 | -140 | -17.0 | -21.0 | -24.0 | -28.0 | -31.0 | -35.0 | -41.0 | -48.0 o -54.0 | -67.0
98.0 | 117.0 | 149.0 | 61.0 73.0 92.0 33.0 41.0 53.0 20.0 28.0 9.0 13.0 21.0 33.0 52.0 84.0 4.5 6.5 10.5 1.0 2.0 6.0 -5.0 -4.0 0.0 -11.0| -70 | -180 | -14.0 | -20.0 | -27.0 | -33.0 | -40.0 | -56.0
24 %0 65.0 65.0 65.0 40.0 40.0 40.0 20.0 20.0 20.0 7.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 24 | %0 -4.5 -65 | -105| -80 | -11.0 | -156.0 | -14.0 | -17.0 | -21.0 | -24.0 | -28.0 | -31.0 | -35.0 | -41.0 | -48.0 | -54.0 | -61.0 | -77.0
119.0 | 142.0 | 180.0 | 75.0 89.0 | 112.0 | 41.0 50.0 64.0 25.0 34.0 1.0 16.0 25.0 39.0 62.0 | 100.0 5.5 8.0 12.5 2.0 3.0 7.0 -6.0 -4.0 0.0 -120 | -80 | -21.0 | -17.0 | -25.0 | -34.0 | -39.0 | -51.0 o
%0 40 80.0 80.0 80.0 50.0 50.0 50.0 25.0 25.0 25.0 9.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 30 | 40 -5.5 -80 | -125 | 90 | -180 | -18.0 | -16.0 | -20.0 | -25.0 | -28.0 | -33.0 | -37.0 | -42.0 | -50.0 | -59.0 | -64.0 | -76.0 o
119.0 | 142.0 | 180.0 | 75.0 89.0 | 112.0 | 41.0 50.0 64.0 25.0 34.0 1.0 16.0 25.0 39.0 62.0 | 100.0 BB 8.0 12.5 2.0 3.0 7.0 -5.0 -4.0 0.0 -120 | -80 | -21.0 | -17.0 | -25.0 | -34.0 | -45.0 | -61.0 o
40 %0 80.0 | 80.0 | 80.0 | 50.0 | 50.0 | 50.0 | 25.0 | 25.0 | 25.0 9.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 40| %0 -5.5 -80 | -125| 9.0 | -18.0 | -18.0 | -16.0 | -20.0 | -25.0 | -28.0 | -33.0 | -37.0 | -42.0 | -50.0 | -59.0 | -70.0 | -86.0 .
o - 146.0 | 174.0 | 220.0 [ 90.0 | 106.0 | 134.0 | 49.0 60.0 76.0 29.0 40.0 13.0 19.0 30.0 46.0 74.0 | 120.0 5 | G 6.5 9.5 15.0 3.0 4.0 9.0 -6.0 -5.0 0.0 -14.0 | 90 | -26.0 | -21.0 | -30.0 | -42.0 | -55.0 | -76.0 o
100.0 | 100.0 | 100.0 | 60.0 60.0 60.0 30.0 30.0 30.0 10.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 -6.5 -95 | -16.0 | -10.0 | -16.0 | -21.0 | -19.0 | -24.0 | -30.0 | -33.0 | -39.0 | -45.0 | -61.0 | -60.0 | -72.0 | -85.0 | -106.0 o
146.0 | 174.0 | 220.0 [ 90.0 | 106.0 | 134.0 | 49.0 60.0 76.0 29.0 40.0 13.0 19.0 30.0 46.0 74.0 | 120.0 6.5 9.5 15.0 3.0 4.0 9.0 -6.0 -6.0 0.0 -140 | -9.0 | -26.0 | -21.0 | -32.0 | -48.0 | -64.0 | -91.0 o
65 80 100.0 | 100.0 | 100.0 | 60.0 60.0 60.0 30.0 30.0 30.0 10.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 6 | 80 -6.5 -95 | -16.0 | -10.0 | -16.0 | -21.0 | -19.0 | -24.0 | -30.0 | -33.0 | -39.0 | -45.0 | -51.0 | -62.0 | -78.0 | -94.0 | -121.0 o
174.0 | 207.0 | 260.0 | 107.0 | 126.0 | 156.0 | 58.0 71.0 90.0 34.0 47.0 15.0 22.0 35.0 54.0 87.0 | 140.0 7.5 11.0 | 175 2.0 4.0 10.0 -8.0 -6.0 0.0 -16.0 | -10.0 | -30.0 | -24.0 | -38.0 | -58.0 | -78.0 |-111.0 o
80 100 120.0 | 120.0 | 120.0 [ 720 | 72.0 | 720 | 36.0 | 36.0 | 36.0 12.0 12.0 0.0 0.0 0.0 0.0 0.0 0.0 80 1100 -75 | -11.0 | 175 | -18.0 | -18.0 | -25.0 | -23.0 | -28.0 | -35.0 | -38.0 | -45.0 | -52.0 | -59.0 | -73.0 | -93.0 [-113.0|-146.0 .
- 174.0 | 207.0 | 260.0 | 107.0 | 126.0 | 1566.0 | 58.0 | 71.0 | 90.0 | 34.0 | 47.0 15.0 | 220 | 35.0 | 540 | 87.0 | 140.0 - 7.5 11.0 | 175 2.0 4.0 10.0 | -8.0 -6.0 0.0 | -16.0 | -10.0 | -30.0 | -24.0 | -41.0 | -66.0 | -91.0 [-131.0 .
120.0 | 120.0 | 120.0 | 72.0 72.0 72.0 36.0 36.0 36.0 12.0 12.0 0.0 0.0 0.0 0.0 0.0 0.0 -75 | -11.0 | -175 | -13.0 | -18.0 | -25.0 | -23.0 | -28.0 | -35.0 | -38.0 | -45.0 | -52.0 | -59.0 | -76.0 | -101.0 | -126.0 | -166.0 o
208.0 | 245.0 | 305.0 | 125.0 | 148.0 | 185.0 | 68.0 83.0 | 106.0 | 39.0 54.0 18.0 25.0 40.0 63.0 | 100.0 | 160.0 9.0 125 | 20.0 3.0 4.0 12.0 9.0 -8.0 0.0 -20.0 | -12.0 | -36.0 | -28.0 | -48.0 | -77.0 | -107.0 o o
120 140 145.0 | 145.0 | 145.0 | 85.0 85.0 85.0 43.0 43.0 43.0 14.0 14.0 0.0 0.0 0.0 0.0 0.0 0.0 120/ 140 -90 | -125 | -20.0 | -15.0 | -21.0 | -28.0 | -27.0 | -33.0 | -40.0 | -45.0 | -52.0 | -61.0 | -68.0 | -88.0 | -117.0|-147.0 o o
T . 208.0 | 245.0 | 305.0 | 125.0 | 148.0 | 185.0 | 68.0 83.0 | 106.0 | 39.0 54.0 18.0 25.0 40.0 63.0 | 100.0 | 160.0 o | a1 9.0 125 | 20.0 3.0 4.0 12.0 -9.0 -8.0 0.0 -20.0 | -12.0 | -36.0 | -28.0 | -50.0 | -85.0 |-119.0 . o
145.0 | 145.0 | 145.0 | 85.0 85.0 85.0 43.0 43.0 43.0 14.0 14.0 0.0 0.0 0.0 0.0 0.0 0.0 -9.0 | -125 | -20.0 | -15.0 | -21.0 | -28.0 | -27.0 | -83.0 | -40.0 | -45.0 | -52.0 | -61.0 | -68.0 | -90.0 |-125.0|-159.0 o o
T 208.0 | 245.0 | 305.0 | 125.0 | 148.0 | 185.0 | 68.0 | 83.0 | 106.0 | 39.0 | 54.0 18.0 | 25.0 | 40.0 | 63.0 | 100.0 | 160.0 Tl 9.0 125 | 20.0 3.0 4.0 120 | -9.0 -8.0 0.0 | -20.0 | -120 | -36.0 | -28.0 | -53.0 | -93.0 |-131.0 . .
145.0 | 145.0 | 145.0 | 85.0 | 85.0 | 85.0 | 43.0 | 43.0 | 43.0 | 140 14.0 0.0 0.0 0.0 0.0 0.0 0.0 -90 | -125 | -200 | -15.0 | -21.0 | -28.0 | -27.0 | -33.0 | -40.0 | -45.0 | -52.0 | -61.0 | -68.0 | -93.0 | -133.0|-171.0 . .
242.0 | 285.0 | 355.0 | 146.0 | 172.0 | 215.0 | 79.0 96.0 | 122.0 | 44.0 61.0 20.0 29.0 46.0 72.0 | 1156.0 | 185.0 10.0 | 145 | 23.0 2.0 5.0 13.0 | -11.0 | -80 0.0 -22.0 | -14.0 | -41.0 | -83.0 | -60.0 |-105.0 o o o
180 200 170.0 | 170.0 | 170.0 | 100.0 | 100.0 | 100.0 | 50.0 50.0 50.0 15.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 180 | 200 -10.0 | -145 | -23.0 | -18.0 | -24.0 | -33.0 | -31.0 | -37.0 | -46.0 | -51.0 | -60.0 | -70.0 | -79.0 [-106.0|-151.0 . . o
242.0 | 285.0 | 355.0 | 146.0 | 172.0 | 215.0 | 79.0 96.0 | 122.0 | 44.0 61.0 20.0 29.0 46.0 72.0 | 115.0 | 185.0 10.0 | 145 | 23.0 2.0 5.0 130 | -11.0 | -8.0 0.0 -22.0 | -140 | -41.0 | -33.0 | -63.0 [-113.0 . . o
200 228 170.0 | 170.0 | 170.0 | 100.0 | 100.0 | 100.0 | 50.0 50.0 50.0 15.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 200 | 225 -10.0 | -145 | -23.0 | -18.0 | -24.0 | -33.0 | -31.0 | -37.0 | -46.0 | -51.0 | -60.0 | -70.0 | -79.0 [-109.0 | -159.0 o . o
242.0 | 285.0 | 355.0 | 146.0 | 172.0 | 215.0 | 79.0 96.0 | 122.0 | 44.0 61.0 20.0 29.0 46.0 72.0 | 115.0 | 185.0 10.0 | 145 | 23.0 2.0 5.0 130 | -11.0 | -8.0 0.0 -22.0 | -140 | -41.0 | -33.0 | -67.0 [ -123.0 o o o
225 | 20 170.0 | 170.0 | 170.0 | 100.0 | 100.0 | 100.0 | 50.0 | 50.0 | 50.0 | 15.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 225 | 250 -10.0 | -145 | -230 | -180 | -24.0 | -83.0 | -31.0 | -37.0 | -46.0 | -51.0 | -60.0 | -70.0 | -79.0 |-113.0|-169.0 . . .
271.0 | 320.0 | 400.0 | 162.0 | 191.0 | 240.0 | 88.0 | 108.0 | 137.0 | 49.0 69.0 23.0 32.0 52.0 81.0 | 130.0 | 210.0 115 | 16.0 | 26.0 3.0 5.0 16.0 | -13.0 | 9.0 0.0 -256.0 | -14.0 | -47.0 | -36.0 | -74.0 o o o o
250 280 190.0 | 190.0 | 190.0 | 110.0 | 110.0 | 110.0 | 56.0 56.0 56.0 17.0 17.0 0.0 0.0 0.0 0.0 0.0 0.0 250 | 280 -11.5 | -16.0 | -26.0 | -20.0 | -27.0 | -36.0 | -36.0 | -41.0 | -52.0 | -567.0 | -66.0 | -79.0 | -88.0 [-126.0 o . . o
271.0 | 320.0 | 400.0 | 162.0 | 191.0 | 240.0 | 88.0 | 108.0 | 137.0 [ 49.0 69.0 23.0 32.0 52.0 81.0 | 130.0 | 210.0 11.5 16.0 | 26.0 3.0 5.0 16.0 | -13.0 | -9.0 0.0 -25.0 | -140 | -47.0 | -36.0 | -78.0 o . . o
280 815 190.0 | 190.0 | 190.0 | 110.0 | 110.0 | 110.0 | 56.0 56.0 56.0 17.0 17.0 0.0 0.0 0.0 0.0 0.0 0.0 280 | 315 -11.5 | -16.0 | -26.0 | -20.0 | -27.0 | -36.0 | -36.0 | -41.0 | -52.0 | -57.0 | -66.0 | -79.0 | -88.0 [-130.0 o o o o
299.0 | 350.0 | 440.0 | 182.0 | 214.0 | 265.0 | 98.0 | 119.0 | 151.0 [ 54.0 79.0 25.0 36.0 57.0 89.0 | 140.0 | 230.0 125 | 180 | 285 3.0 7.0 17.0 | -14.0 | -10.0 0.0 -26.0 | -16.0 | -51.0 | -41.0 | -87.0 o . . o
818 955 210.0 | 210.0 | 210.0 | 125.0 | 125.0 | 125.0 | 62.0 62.0 62.0 18.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0 815 | 355 -12.5 | -18.0 | -28,5 | -22.0 | -29.0 | -40.0 | -39.0 | -46.0 | -57.0 | -62.0 | -73.0 | -81.0 | -98.0 [-144.0 o o o o
299.0 | 350.0 | 440.0 | 182.0 | 2140 | 265.0 | 98.0 | 119.0 | 151.0 | 540 | 79.0 | 25.0 | 36.0 | 57.0 | 89.0 | 140.0 | 230.0 125 | 180 | 285 3.0 7.0 17.0 | -140 | -100 | 0.0 | -26.0 | -16.0 | -51.0 | -41.0 | -93.0 . . . .
855 400 210.0 | 210.0 | 210.0 | 125.0 | 125.0 | 125.0 | 62.0 62.0 62.0 18.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0 355 | 400 -125 | -18.0 | -285 | -22.0 | -29.0 | -40.0 | -89.0 | -46.0 | -57.0 | -62.0 | -73.0 | -81.0 | -98.0 | -150.0 o o o o
327.0 | 385.0 | 480.0 | 198.0 | 232.0 | 290.0 | 108.0 | 131.0 | 165.0 | 60.0 83.0 27.0 40.0 63.0 97.0 | 155.0 | 250.0 135 | 200 | 315 2.0 8.0 18.0 | -16.0 | -10.0 0.0 -27.0 | -17.0 | -65.0 | -45.0 [-103.0 o o o o
400 450 230.0 | 230.0 | 230.0 | 135.0 | 135.0 | 135.0 | 68.0 68.0 68.0 20.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 400 | 450 -13.5 | -20.0 | -31.5 | -26.0 | -32.0 | -45.0 | -43.0 | -50.0 | -63.0 | -67.0 | -80.0 | -95.0 | -100.0 | -166.0 o . . o
327.0 | 385.0 | 480.0 | 198.0 | 232.0 | 290.0 | 108.0 | 131.0 | 165.0 | 60.0 83.0 27.0 40.0 63.0 97.0 | 1565.0 | 250.0 135 | 200 | 315 2.0 8.0 18.0 | -16.0 | -10.0 0.0 -27.0 | -17.0 | -55.0 | -45.0 [-109.0 o . . o
480 500 230.0 | 230.0 | 230.0 | 135.0 | 135.0 | 135.0 | 68.0 68.0 68.0 20.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 450 | 500 -13.5 | -20.0 | -31.5 | -256.0 | -32.0 | -45.0 | -43.0 | -50.0 | -63.0 | -67.0 | -80.0 | -95.0 | -100.0 | -172.0 o o . o
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Tolerances of Regularly Used Shaft Fits

Size(mm) b c d e f g h Size(mm) h js k m n p r s t u X
Over | Below | b9 cY ds d9 e7 e8 €9 6 f7 8 g4 g5 g6 h4 h5 h6 h7 Over [Below| h8 h9 | js4 | jsb | js6 | js7 | k4 k5 k6 | m4d | m5 | m6 | n6 p6 ré s6 6 ué | x6
-140.0 | -60.0 | -20.0 | -20.0 | -14.0 | -14.0 | -140 | -6.0 -6.0 -6.0 -2.0 -2.0 -2.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 2.0 3.0 5.0 3.0 4.0 6.0 5.0 6.0 8.0 10.0 | 120 | 16.0 | 20.0 o 24.0 | 26.0
0 8 -165.0 | -85.0 | -34.0 | -45.0 | -24.0 | -28.0 | -29.0 | -12.0 | -16.0 | -20.0 | -5.0 -6.0 -8.0 -3.0 -4.0 -6.0 | -10.0 0 8 -140 | -250(| -1.5 | -20 | -3.0 | -5.0 0.0 0.0 0.0 2.0 2.0 2.0 4.0 6.0 10.0 | 14.0 o 18.0 | 20.0
-140.0 | -70.0 | -30.0 | -80.0 | -20.0 | -20.0 | -20.0 | -10.0 | -10.0 | -10.0 | -4.0 -4.0 -4.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 25 4.0 6.0 5.0 6.0 9.0 8.0 9.0 12.0 | 16.0 | 20.0 | 23.0 | 27.0 o 31.0 | 36.0
8 6 -170.0 | -100.0 | -48.0 | -60.0 | -82.0 | -38.0 | -50.0 | -18.0 | -22.0 | -28.0 | -8.0 9.0 | -120 | -4.0 -5.0 -8.0 | -120 8 6 -18.0 | -80.0| 20 | -25 | 40 | -6.0 1.0 1.0 1.0 4.0 4.0 4.0 8.0 | 12.0 | 16.0 | 19.0 . 23.0 | 28.0
-150.0 | -80.0 | -40.0 | -40.0 | -25.0 | -25.0 | -25.0 | -13.0 | -13.0 | -13.0 | -5.0 -5.0 -5.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 3.0 4.5 7.5 6.0 7.0 | 10.0 [ 10.0 | 120 | 15.0 | 19.0 | 240 | 28.0 | 32.0 . 37.0 | 43.0
6 10 -186.0 | -116.0 | -62.0 | -76.0 | -40.0 | -47.0 | -61.0 | -22.0 | -28.0 | -356.0 | -9.0 | -11.0 | -14.0 | -4.0 -6.0 9.0 | -15.0 6 10 -220 | -360| 20 | -30 | -45 | -7.5 1.0 1.0 1.0 6.0 6.0 6.0 10.0 | 16.0 | 19.0 | 23.0 o 28.0 | 34.0
-150.0 | -95.0 | -50.0 | -60.0 | -32.0 | -32.0 | -32.0 | -16.0 | -16.0 | -16.0 | -6.0 -6.0 -6.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 4.0 5.5 9.0 6.0 9.0 120 | 120 | 156.0 | 18.0 | 23.0 | 29.0 | 34.0 | 39.0 o 44.0 | 51.0
10 1 -193.0 | -138.0 | -77.0 | -93.0 | -50.0 | -59.0 | -75.0 | -27.0 | -34.0 | -43.0 | -11.0 | -140 | -17.0 | -5.0 -80 | -11.0 | -18.0 10114 270 | -430| -25 | -40 | -55 | -9.0 1.0 1.0 1.0 7.0 7.0 7.0 12.0 | 18.0 | 23.0 | 28.0 o 33.0 | 40.0
-150.0 | -95.0 | -50.0 | -60.0 | -32.0 | -32.0 | -32.0 | -16.0 | -16.0 | -16.0 | -6.0 -6.0 -6.0 0.0 0.0 0.0 0.0 0.0 0.0 215 4.0 5.5 9.0 6.0 9.0 120 | 12.0 | 156.0 | 18.0 | 23.0 | 29.0 | 34.0 | 39.0 o 440 | 56.0
b 18 -193.0 | -138.0 | -77.0 | -93.0 | -50.0 | -59.0 | -756.0 | -27.0 | -34.0 | -43.0 | -11.0 | -140 | -17.0 | -5.0 -8.0 | -11.0 | -18.0 14118 270 | -430| -25 | -40 | -55 | -9.0 1.0 1.0 1.0 7.0 7.0 7.0 12.0 | 18.0 | 23.0 | 28.0 o 33.0 | 45.0
- . -160.0 | -110.0 | -65.0 | -65.0 | -40.0 | -40.0 | -40.0 | -20.0 | -20.0 | -20.0 | -7.0 -7.0 -7.0 0.0 0.0 0.0 0.0 | 0.0 0.0 3.0 4.5 65 | 1056 | 80 | 11.0 | 150 [ 140 | 17.0 | 21.0 | 28.0 | 35.0 | 41.0 | 48.0 . 54.0 | 67.0
-212.0|-162.0| -98.0 | -117.0| -61.0 | -730 | -93.0 | -33.0 | -41.0 | -53.0 | -13.0 | -16.0 | -20.0 | -6.0 -9.0 | -13.0 | -21.0 -33.0|-520| -80 | 45 | -65 | -105| 20 2.0 2.0 8.0 8.0 8.0 | 16.0 | 220 | 28.0 | 35.0 . 41.0 | 54.0
. o0 -160.0 | -110.0 | -65.0 | -65.0 | -40.0 | -40.0 | -40.0 | -20.0 | -20.0 | -20.0 | -7.0 -7.0 -7.0 0.0 0.0 0.0 0.0 o | @ 0.0 0.0 3.0 4.5 6.5 105 | 8.0 11.0 | 160 | 140 | 17.0 | 21.0 | 28.0 | 356.0 | 41.0 | 48.0 | 54.0 | 61.0 [ 77.0
-212.0|-162.0 | -98.0 | -117.0| -61.0 | -73.0 | -93.0 | -33.0 | -41.0 | -563.0 | -13.0 | -16.0 | -20.0 | -6.0 9.0 | -18.0 | -21.0 -33.0 | -520(| -3.0 | 45 | -65 |-105| 2.0 2.0 2.0 8.0 8.0 8.0 15.0 | 22.0 | 28.0 | 35.0 | 41.0 | 48.0 | 64.0
-170.0 | -120.0 | -80.0 | -80.0 | -50.0 | -60.0 | -50.0 | -256.0 | -25.0 | -256.0 | -9.0 -9.0 -9.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 5.5 8.0 125 | 9.0 13.0 | 180 | 16.0 | 20.0 | 25.0 | 33.0 | 42.0 | 50.0 | 59.0 | 64.0 | 75.0 .
%0 40 -232.0 | -182.0 | -119.0 | -142.0 | -756.0 | -89.0 | -112.0 | -41.0 | -50.0 | -64.0 | -16.0 | -20.0 | -25.0 | -7.0 | -11.0 | -16.0 | -25.0 30 | 40 -39.0 | -620(| -35 | -55 | -80 |-125 (| 2.0 2.0 2.0 9.0 9.0 9.0 17.0 | 26.0 | 34.0 | 43.0 | 48.0 | 60.0 o
-180.0 | -130.0 | -80.0 | -80.0 | -50.0 | -50.0 | -50.0 | -25.0 | -25.0 | -25.0 | -9.0 -9.0 -9.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 B3 8.0 125 | 9.0 13.0 | 180 | 16.0 | 20.0 | 25.0 | 33.0 | 42.0 | 50.0 | 59.0 | 70.0 | 86.0 o
40 %0 -242.0|-192.0 | -119.0 | -142.0 | -75.0 | -89.0 | -112.0| -41.0 | -50.0 | -64.0 | -16.0 | -20.0 | -25.0 | -7.0 | -11.0 | -16.0 | -25.0 40| %0 -39.0 | -620| -85 | -55 | -80 | -125| 20 2.0 2.0 9.0 9.0 9.0 17.0 | 26.0 | 34.0 | 43.0 | 54.0 | 70.0 .
-190.0 | -140.0 | -100.0 | -100.0 | -60.0 | -60.0 | -60.0 | -30.0 | -30.0 | -30.0 | -10.0 | -10.0 | -10.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.5 9.5 150 | 10.0 | 16.0 | 21.0 | 19.0 | 24.0 | 30.0 | 39.0 | 51.0 | 60.0 | 72.0 | 85.0 | 106.0 .
50 89 -264.0 | -214.0 | -146.0 | -174.0 | -90.0 | -106.0 | -134.0 | -49.0 | -60.0 | -76.0 | -18.0 | -23.0 | -29.0 | -8.0 | -13.0 | -19.0 | -30.0 %0 | 6 -46.0 | -740| 40 | 65 | -95 | -160( 2.0 2.0 2.0 11.0 | 11.0 | 11.0 | 20.0 | 32.0 | 41.0 | 53.0 | 66.0 | 87.0 o
-200.0 | -150.0 | -100.0 | -100.0 | -60.0 | -60.0 | -60.0 | -30.0 | -30.0 | -30.0 | -10.0 | -10.0 | -10.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.5 9.5 150 | 10.0 | 156.0 | 21.0 | 19.0 | 24.0 | 30.0 | 39.0 | 51.0 | 62.0 | 78.0 | 94.0 | 121.0 .
65 80 -274.0 | -224.0 | -146.0 | -174.0 | -90.0 | -106.0 | -134.0 | -49.0 | -60.0 | -76.0 | -18.0 | -23.0 | -29.0 | -80 | -13.0 | -19.0 | -30.0 6 | 80 -46.0 | -740| 40 | 65 | -95 | -1560( 2.0 2.0 2.0 11.0 | 11.0 | 11.0 | 20.0 | 32.0 | 43.0 | 59.0 | 75.0 | 102.0 .
-220.0 | -170.0 | -120.0 | -120.0 | -72.0 | -72.0 | -72.0 | -36.0 | -36.0 | -36.0 | -12.0 | -12.0 | -12.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 7.5 11.0 | 175 [ 13.0 | 180 | 25.0 | 23.0 | 28.0 | 35.0 | 45.0 | 9.0 | 73.0 | 93.0 | 113.0 | 146.0 o
80 100 -307.0 | -257.0 | -174.0 | -207.0 | -107.0 | -126.0 | -1569.0 | -58.0 | -71.0 | -90.0 | -22.0 | -27.0 | -34.0 | -10.0 | -156.0 | -22.0 | -35.0 80 1100 -540|-870| 50 | -75 | -11.0| -17.5| 3.0 3.0 3.0 13.0 | 13.0 | 13.0 | 23.0 | 37.0 | 51.0 | 71.0 | 91.0 [ 124.0 .
- -240.0 | -180.0 | -120.0 | -120.0 | -72.0 | -72.0 | -72.0 | -36.0 | -36.0 | -36.0 | -12.0 | -12.0 | -12.0 0.0 0.0 0.0 0.0 - 0.0 0.0 5.0 75 | 11.0 | 175 | 13.0 | 180 | 25.0 | 23.0 | 28.0 | 35.0 | 45.0 | 59.0 | 76.0 | 101.0| 126.0 | 166.0 .
-327.0 | -267.0 | -174.0 | -207.0 | -107.0 | -126.0 | -159.0 | -58.0 | -71.0 | -90.0 | -22.0 | -27.0 | -34.0 | -10.0 | -15.0 | -22.0 | -35.0 -54.0 | -87.0| -5.0 | -75 | -11.0 | -175| 80 | 3.0 | 3.0 | 130 | 130 | 130 | 23.0 | 37.0 | 54.0 | 79.0 [ 104.0 | 144.0| e
-260.0 | -200.0 | -145.0 | -1456.0 | -85.0 | -85.0 | -85.0 | -43.0 | -43.0 | -43.0 | -14.0 | -14.0 | -14.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 9.0 125 | 200 | 156.0 | 21.0 | 28.0 | 27.0 | 33.0 | 40.0 | 52.0 | 68.0 | 88.0 [117.0|147.0 . .
120 140 -360.0 | -300.0 | -208.0 | -245.0 | -125.0 | -148.0 | -185.0 | -68.0 | -83.0 | -106.0 | -26.0 | -32.0 | -39.0 | -12.0 | -18.0 | -25.0 | -40.0 120/ 140 -63.0 |-100.0f -6.0 | -9.0 | -12.5 | -20.0 [ 3.0 3.0 3.0 15.0 | 156.0 | 156.0 | 27.0 | 43.0 | 63.0 | 92.0 | 122.0 . .
T . -280.0 | -210.0 | -145.0 | -145.0 | -85.0 | -85.0 | -85.0 | -43.0 | -43.0 | -43.0 | -14.0 | -14.0 | -14.0 0.0 0.0 0.0 0.0 s 0.0 0.0 6.0 9.0 125 | 200 | 16.0 | 21.0 | 28.0 | 27.0 | 33.0 | 40.0 | 52.0 | 68.0 | 90.0 [125.0 [ 159.0 o .
-380.0 | -310.0 | -208.0 | -245.0 | -125.0 | -148.0 | -185.0 | -68.0 | -83.0 | -106.0 | -26.0 | -32.0 | -39.0 | -12.0 | -18.0 | -25.0 | -40.0 -63.0 |-100.0f -6.0 | -9.0 | -12.5 | -20.0 | 3.0 3.0 3.0 15.0 | 156.0 | 156.0 | 27.0 | 43.0 | 65.0 [ 100.0 [ 134.0 o o
-310.0 | -230.0 | -145.0 | -145.0 | -85.0 | -85.0 | -85.0 | -43.0 | -43.0 | -43.0 | -14.0 | -14.0 | -14.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 9.0 | 125 | 200 | 15.0 | 21.0 | 28.0 | 27.0 | 33.0 | 40.0 | 52.0 | 68.0 | 93.0 | 133.0|171.0| .
160 | 180 -410.0 | -330.0 | -208.0 | -245.0 | -125.0 | -148.0 | -185.0 | -68.0 | -83.0 | -106.0 | -26.0 | -32.0 | -39.0 | -12.0 | -18.0 | -25.0 | -40.0 160\ 180 -63.0 |-100.0| -6.0 | -9.0 | -12.5| -20.0 | 3.0 3.0 30 | 1560 | 150 | 15.0 | 27.0 | 43.0 | 68.0 [108.0 [ 146.0| .
-340.0 | -240.0 | -170.0 | -170.0 | -100.0 | -100.0 | -100.0 | -50.0 | -50.0 | -60.0 | -15.0 | -156.0 | -15.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 100 | 145 | 23.0 | 180 | 24.0 | 330 | 31.0 | 37.0 | 46.0 | 60.0 | 79.0 [ 106.0 | 1561.0 o . .
180 200 -455.0 | -355.0 | -242.0 | -285.0 | -146.0 | -172.0 | -216.0 | -79.0 | -96.0 | -122.0 | -29.0 | -35.0 | -44.0 | -14.0 | -20.0 | -29.0 | -46.0 180 | 200 -72.0 |-116.0f -7.0 | -10.0 | -14.5 | -23.0 | 4.0 4.0 4.0 17.0 | 17.0 | 17.0 | 31.0 | 50.0 | 77.0 [122.0 o . o
-380.0 | -260.0 | -170.0 | -170.0 | -100.0 | -100.0 | -100.0 | -50.0 | -50.0 | -50.0 | -15.0 | -15.0 | -15.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 100 | 145 | 23.0 | 180 | 24.0 | 330 | 31.0 | 37.0 | 46.0 | 60.0 | 79.0 [ 109.0 | 1569.0 o o .
200 228 -495.0 | -375.0 | -242.0 | -285.0 | -146.0 | -172.0 | -2156.0 | -79.0 | -96.0 | -122.0 | -29.0 | -35.0 | -44.0 | -14.0 | -20.0 | -29.0 | -46.0 200 | 225 -72.0 |-1156.0f -7.0 | -10.0 | -14.5 | -23.0 | 4.0 4.0 4.0 17.0 | 17.0 | 17.0 | 31.0 | 50.0 | 80.0 | 130.0 o o o
-440.0 | -280.0 | -170.0 | -170.0 | -100.0 | -100.0 | -100.0 | -50.0 | -50.0 | -560.0 | -15.0 | -156.0 | -15.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 100 | 145 | 23.0 | 180 | 24.0 | 330 | 31.0 | 37.0 | 46.0 | 60.0 | 79.0 [ 113.0 | 169.0 o . .
225 250 -535.0 | -395.0 | -242.0 | -285.0 | -146.0 | -172.0 | -2156.0 | -79.0 | -96.0 | -122.0| -29.0 | -35.0 | -44.0 | -14.0 | -20.0 | -29.0 | -46.0 225 | 250 -72.0 |-1156.0| -7.0 | -10.0 | -14.5 | -23.0 | 4.0 4.0 4.0 17.0 | 17.0 | 17.0 | 31.0 | 50.0 | 84.0 | 140.0 ] . .
-480.0 | -300.0 | -190.0 | -190.0 | -110.0 | -110.0 | -110.0 | -66.0 | -66.0 | -66.0 | -17.0 | -17.0 | -17.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 11.5 | 16.0 | 26.0 | 20.0 | 27.0 | 36.0 | 36.0 | 43.0 | 52.0 | 66.0 | 88.0 [ 125.0 . ] . .
250 280 -610.0 | -430.0 | -271.0 | -320.0 | -162.0 | -191.0 | -240.0 | -88.0 | -108.0 | -132.0 | -33.0 | -40.0 | -49.0 | -16.0 | -23.0 | -32.0 | -52.0 250 | 280 -81.0 |-130.0f -8.0 | -11.5 | -16.0 | -26.0 [ 4.0 4.0 4.0 | 20.0 | 20.0 | 20.0 | 34.0 | 56.0 | 94.0 o o . .
-5640.0 | -330.0 | -190.0 | -190.0 | -110.0 | -110.0 | -110.0 | -56.0 | -56.0 | -56.0 | -17.0 | -17.0 | -17.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 11.5 | 16.0 | 26.0 | 20.0 | 27.0 | 36.0 | 36.0 | 43.0 | 52.0 | 66.0 | 88.0 [ 130.0 o . o o
280 | 315 -670.0 | -460.0 | -271.0 | -320.0 | -162.0 | -191.0 | -240.0 | -88.0 | -108.0 | -132.0 | -33.0 | -40.0 | -49.0 | -16.0 | -23.0 | -32.0 | -52.0 280 | 315 -81.0 |-130.0f -8.0 | -11.5 | -16.0 | -26.0 [ 4.0 4.0 4.0 | 20.0 | 20.0 | 20.0 | 34.0 | 56.0 | 98.0 o o o .
-600.0 | -360.0 | -210.0 | -210.0 | -125.0 | -125.0 | -125.0 | -62.0 | -62.0 | -62.0 | -18.0 | -18.0 | -18.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 125 | 18.0 | 285 | 22.0 | 29.0 | 40.0 | 39.0 | 46.0 | 57.0 | 73.0 | 98.0 [ 144.0 o o . o
315 | 8% -740.0 | -500.0 | -299.0 | -850.0 | -182.0 | -214.0 | -265.0 | -98.0 | -119.0 | -151.0 | -36.0 | -43.0 | -54.0 | -18.0 | -25.0 | -36.0 | -57.0 315 355 -89.0 |-140.0| 9.0 | -125 | -18.0 | -285 | 4.0 4.0 40 [ 21.0 | 21.0 | 21.0 | 37.0 | 62.0 | 108.0 . . . .
-680.0 | -400.0 | -210.0 | -210.0 | -125.0 | -125.0 | -125.0 | -62.0 | -62.0 | -62.0 | -18.0 | -18.0 | -18.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 | 125 | 180 | 285 | 22.0 | 29.0 | 40.0 | 39.0 | 46.0 | 57.0 | 73.0 | 98.0 | 150.0 . . . .
355 | 400 -820.0 | -540.0 | -299.0 | -350.0 | -182.0 | -214.0 | -265.0 | -98.0 | -119.0 | -1561.0 | -36.0 | -43.0 | -54.0 | -18.0 | -256.0 | -36.0 | -567.0 355 | 400 -89.0 |-140.0( 9.0 | -12.5 | -18.0 | -28.5 | 4.0 4.0 40 | 21.0 | 21.0 | 21.0 | 37.0 | 62.0 [ 114.0 o o . .
-760.0 | -440.0 | -230.0 | -230.0 | -135.0 | -135.0 | -135.0 | -68.0 | -68.0 | -68.0 | -20.0 | -20.0 | -20.0 0.0 0.0 0.0 0.0 0.0 0.0 100 | 135 | 20.0 | 31.5 | 25.0 | 32.0 | 45.0 | 43.0 | 50.0 | 63.0 | 80.0 [ 108.0 | 166.0 o o o .
400 | 450 -915.0 | -595.0 | -327.0 | -385.0 | -198.0 | -232.0 | -290.0 | -108.0 | -131.0 | -165.0 | -40.0 | -47.0 | -60.0 | -20.0 | -27.0 | -40.0 | -63.0 400 1 450 -97.0 |-1656.0( -10.0 | -13.5 | -20.0 | -31.5 | 5.0 5.0 5.0 | 23.0 | 23.0 | 23.0 | 40.0 | 68.0 [126.0 o o . .
-840.0 | -480.0 | -230.0 | -230.0 | -135.0 | -135.0 | -135.0 | -68.0 | -68.0 | -68.0 | -20.0 | -20.0 | -20.0 0.0 0.0 0.0 0.0 0.0 0.0 100 | 135 | 20.0 | 31.5 | 25.0 | 32.0 | 45.0 | 43.0 | 50.0 | 63.0 | 80.0 [108.0 | 172.0 o o . .
480 500 -995.0 | -635.0 | -327.0 | -385.0 | -198.0 | -232.0 | -290.0 | -108.0 | -131.0 | -165.0 | -40.0 | -47.0 | -60.0 | -20.0 | -27.0 | -40.0 | -63.0 450 | 500 -97.0 |-1565.0( -10.0 | -13.5 | -20.0 | -31.5 | 5.0 5.0 5.0 | 23.0 | 23.0 | 23.0 | 40.0 | 68.0 [ 132.0 o o o o
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