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Analysis and testing of recovery of mechanical properties of metal gasket is
the aim of this research. Oxygen Free High Conductivity (OFHC) copper gasket is
the metallic alloy to be used in Conflat seals of ultra-high vacuum. The sealing ridges
on the flange are designed to bite on each side of the gasket, the dept of bite in to the
gasket is generally small plastic deformation or cold work. When cold work has
occurred, the changing of microstructure and mechanical properties of the metal can
recover by the process of heat treatment, which called “annealing”. The experimental
variables which concerned consist of annealing temperature, annealing time,
hardness and averaged of cold work index. Furthermore, computer simulations with
finite elements method by SolidWorks and COSMOS have been carried out to study
the profile of the dept and stress distribution in the gasket.

The results of this research showed that the most suitable condition for gasket
annealing was operated with 400 °C for 300 min. The experimental parameters of
gasket’s performance testing is performed with vacuum system in consideration of
under pressure of 107 Torr, sealing force is not exceed 110 kg-cm, leak rate is not

beyond 10 lusec or 10 Torr I/s-cm and the ion current of helium gas from the



residual gasses analyzer is also not over 107 ampere. Under that conditions, 20% of
the used copper gaskets before annealing is available but 87.5% of annealed copper
gaskets can be reused properly.

In case of the changing in comparison of thickness and surface roughness
both in before and after an annealing, the averaged gasket’s thickness is
approximately decrease to 1.328% from original thickness while surface roughness
of annealed gasket which cleaned with appropriate pickling solution has been
increased from 0.290 pm to 0.628 pm but still significantly below the surface finish
required for conflat seals. Additional results from the simulations showed that the
stress distribution in gasket had a highest concentrated on the area of impression

while the lateral expansion of gasket is very small.
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s ) 2 ] 1 v Aa 4 v X
99.95 % Nﬂ?ﬂ?il!T]lV\IﬂTﬂiwﬂm 95 % IACS %QlliJLL@ﬂG]TQQWﬂTIBQLLﬂQVIV\IW‘Wlﬁﬂﬂuﬂ N
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M13197 2.1 AaauANaveINeaAIn NIl AINeangiy

Properties Unit OFHC-Cu
Melting point °c 1083
Mass Density kg/m3 8960
Modulus of Elasticity GPa 125
Shear Modulus GPa 46
Electrical conductivity @20 °C MS/m 59
%IACS 101.7
Electrical resistivity @20 °C pOm 0.017
Thermal conductivity @20 °C W/m-K 393-460
Linear expansion coefficient @20-200 °C 1/K 2.40E-05
Specific Heat @20 °C J/kg-K 385
Yield Strength @p0.2% MPa 40-430
Tensile Strength MPa 150-450
Elongation % 5-40
Hardness (Vickers) N/mm’ 400-1000
Fatigue strength for 10° cycles N/mm’ <180

1 : Cahn, R. W., Haasen, P., and Kramer E. J.(1996).

A J { a
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a A o W a A A ] dy v 1 [ o 9y
FUA L‘Wﬂﬂ?%ﬂ’ﬂ@ﬂ‘m%u‘ﬂL%@ﬂu’ﬂQiu!uﬂﬂ@\‘illﬂ\‘icluﬁZﬁ’JNﬂﬁﬂa@NL‘Bu Woawosd i ln
a dy (= a A [l 1 ~ dyd a o Y A 1
‘vraeuﬂwuﬂu"luueaﬂ%%umaﬂuag ummmwauaﬂﬂuuﬂimmum ﬂuﬂﬂwwmmaaag
dy 1 a a’ 1 dyd d? "o a d‘ A
Tuitioneaasuiea v ﬂ’ﬂiJ‘Uﬁf;I‘ﬂ‘ﬁ"llﬁN‘Vl@\iLLﬂﬁﬂij‘iJ'L!i]\‘i"lluﬂgﬂﬂﬂiuWﬂﬂl@Q‘mﬁ]‘ﬂﬁa\imﬂﬂ
"o 1 1 dyo/ 1 I Aa Yo dy
DYUULD Iﬂﬂﬂi]llGUfJ\11/]’E)\1Llﬂ\1LWaTL!fNffﬁJﬁﬂLL‘iN’t’)’ﬂﬂL‘]_]l!Gb'uﬂﬂ@‘c’J 9 llﬂﬂ\iu
d‘d 1 ) . .. =
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msnﬁ .2 ﬂ”l'iLL‘]Jﬁ\mu’JEJﬂ’JHJLL‘]NﬂJ’ENTIi’NLMQ (Hardness Conversion Table)

ASTM E-140 Table IV

Vickers B Scale F-Scale 30-T Scale 45-T Scale
Hardness 100-kg 60-kg 30-kg 45-kg
Number 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball
(HV) (HRB) (HRF) (HR 30-T) (HR 45-T)
196 93.5 110 77.5 66
194 109.5 65.5
192 93 77 65
190 92.5 109 76.5 64.5
188 92 64
186 91.5 108.5 76 63.5
184 91 75.5 63
182 90.5 108 62.5
180 90 107.5 75 62
178 89 74.5 61.5
176 88.5 107 61
174 88 74 60.5
172 87.5 106.5 73.5 60
170 87 59.5
168 86 106 73 59
166 85.5 72.5 58.5
164 85 105.5 72 58
162 84 105 57.5
160 83.5 71.5 56.5
158 83 104.5 71 56
156 82 104 70.5 55.5
154 81.5 103.5 70 54.5
152 80.5 103 54
150 80 69.5 53.5
148 79 102.5 69 53
146 78 102 68.5 52.5

144 71.5 101.5 68 51.5
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Vickers B Scale F-Scale 30-T Scale 45-T Scale
Hardness 100-kg 60-kg 30-kg 45-kg
Number 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball
(HV) (HRB) (HRF) (HR 30-T) (HR 45-T)
142 77 101 67.5 51
140 76 100.5 67 50
138 75 100 66.5 49
136 74.5 99.5 66 48
134 73.5 99 65.5 47.5
132 73 98.5 65 46.5
130 72 98 64.5 455
128 71 97.5 63.5 45
126 70 97 63 44
124 69 96.5 62.5 43
122 68 96 62 42
120 67 95.5 61 41
118 66 95 60.5 40
116 65 94.5 60 39
114 64 94 59.5 38
112 63 93 58.5 37
110 62 92.6 58 35.5
108 61 92 57 345
106 59.5 91.2 56 33
104 58 90.5 55 32
102 57 89.8 54.5 30.5
100 56 89 53.5 29.5
98 54 88 52.5 28
96 53 87.2 51.5 26.5
94 51 86.3 50.5 24.5
92 49.5 85.4 49 23
90 47.5 84.4 48 21
88 46 83.5 47 19
86 44 82.3 45.5 17
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Vickers B Scale F-Scale 30-T Scale 45-T Scale
Hardness 100-kg 60-kg 30-kg 45-kg
Number 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball
(HV) (HRB) (HRF) (HR 30-T) (HR 45-T)
84 42 81.2 44 14.5
82 40 80 43 12.5
80 37.5 78.6 41 10
78 35 77.4 39.5 7.5
76 32.5 76 38 4.5
74 30 74.8 36 1
72 27.5 73.2 34
70 24.5 71.8 32
68 21.5 70 30
66 18.5 68.5 28
64 15.5 66.8 25.5
62 12.5 65 23
60 10 62.5
58 61 18
56 58.8 15
54 56.5 12
52 53.5
50 50.5
49 49
48 47
47 45
46 43
45 40
44 38.9
43 36.6
42 34.1
41 31.5
40 28.6

39 25.5
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Vickers F-Scale 30-T Scale 45-T Scale
Hardness 60-kg 30-kg 45-kg
Number 1/16-in.Ball 1/16-in.Ball 1/16-in.Ball
(HV) (HRF) (HR 30-T) (HR 45-T)
38 22
37 18.1
36 13.7
35 8.4
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20 W11894 Thread Angle

o MU1899 Lead Angle
Tagiianuduwus
dp =d,- 0.649519p g d.=dy- 1.226869p (Robert L. Norton, 1998)

V.4 maﬁﬂﬁm%’u%’uang (Torque for Screw Turning)

o Y v o 1 a v o d
T@ﬂm"lﬂ%zcl%mmauwuﬁizmwmwﬂmizam‘luumuﬂu MNANNTAUNUD

7=V [u-i—cos(l)tanoc}L Wd—° (3NF Bamnsal. 2544)
2 | cos®—ptana 2
dosmualy T f® Torque (N-m)
w Ao Load (N)
il f® Coefficient of friction
We f® Coefficient of friction in thrust bearing
20 f® Thread Angle
a A9 Lead Angle
d, A0 Pitch Diameter (m)
d. A® Mean diameter of thrust collar, 2r,(m)

E4 Y
WA W ez pe 1a1941u%29 0.08 0.2 IuNUTA1IZWUHITUAE (Robert C. Juvinall and

Kurt M. Marshek, 1991)
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DN70 CF114

ISO M6 x 1.00 6 Pcs
Collar washer OD. 12.8 mm.
Collar washer ID. 6.5 mm.
r=0.25x(OD.+ID.) 4.825 mm.
Friction(f) 0.15

Thread Angle 30 degree
L 1 mm.
p 1 mm
d,=d-0.649519p = 5.350 mm
d =d-1.226869p = 4.773 mm.
Dia. of ridge = 4.200 cm.
Circum. of ridge = 13.20 cm.

Torque(kgf-cm) Force per unit nut(kgf) Total Force(kgf) Sealing Force(kgf/cm)
50 369.620 2,217.718 168.009
55 406.582 2,439.489 184.810
60 443.544 2,661.261 201.611
65 480.506 2,883.033 218.412
70 517.467 3,104.805 235.212
75 554.429 3,326.577 252.013
80 591.391 3,548.348 268.814
85 628.353 3,770.120 285.615
90 665.315 3,991.892 302.416
95 702.277 4,213.664 319.217
100 739.239 4,435.435 336.018
105 776.201 4,657.207 352.819
110 813.163 4,878.979 369.620
115 850.125 5,100.751 386.421
120 887.087 5,322.523 403.221
125 924.049 5,544.294 420.022
130 961.011 5,766.066 436.823
135 997.973 5,987.838 453.624
140 1,034.935 6,209.610 470.425
145 1,071.897 6,431.381 487.226
150 1,108.859 6,653.153 504.027
155 1,145.821 6,874.925 520.828
160 1,182.783 7,096.697 537.629
165 1,219.745 7,318.468 554.429
170 1,256.707 7,540.240 571.230
175 1,293.669 7,762.012 588.031
180 1,330.631 7,983.784 604.832
185 1,367.593 8,205.556 621.633
190 1,404.555 8,427.327 638.434
195 1,441.517 8,649.099 655.235
200 1,478.478 8,870.871 672.036
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DN63 CF114

ISO M8 x1.25 8 Pcs
Collar washer OD. 17.8 mm.
Collar washer ID. 8.68 mm.
r=0.25x(OD.+ID.) 6.62 mm.
Friction(f) 0.15

Thread Angle 30 degree
L 1.25 mm.
p 1.25 mm.
d,=d-0.649519p = 7.188 mm.
d =d-1.226869p = 6.466 mm.
Dia. of ridge = 7.680 cm.
Circum. of ridge = 24.14 cm.

Torque(kg-cm.)  [Force per unit nut(kg) Total Force(kg) Sealing Force(kg/cm.)
50 274.364 2,194.912 90.935
55 301.800 2,414.403 100.029
60 329.237 2,633.894 109.122
65 356.673 2,853.385 118.216
70 384.110 3,072.876 127.309
75 411.546 3,292.367 136.403
80 438.982 3,511.859 145.496
85 466.419 3,731.350 154.590
90 493.855 3,950.841 163.683
95 521.292 4,170.332 172.777
100 548.728 4,389.823 181.870
105 576.164 4,609.314 190.964
110 603.601 4,828.805 200.057
115 631.037 5,048.297 209.151
120 658.473 5,267.788 218.244
125 685.910 5,487.279 227.338
130 713.346 5,706.770 236.431
135 740.783 5,926.261 245.525
140 768.219 6,145.752 254.618
145 795.655 6,365.244 263.712
150 823.092 6,584.735 272.805
155 850.528 6,804.226 281.899
160 877.965 7,023.717 290.992
165 905.401 7,243.208 300.086
170 932.837 7,462.699 309.179
175 960.274 7,682.191 318.273
180 987.710 7,901.682 327.366
185 1,015.147 8,121.173 336.460
190 1,042.583 8,340.664 345.553
195 1,070.019 8,560.155 354.647
200 1,097.456 8,779.646 363.740
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DN100 CF152

ISO M8«x1.25 16 Pcs
Collar washer OD. 17.8 mm.
Collar washer ID. 8.68 mm.
rc=0.25X(OD.+ID.) 6.62 mm.
Friction(f) 0.12
Thread Angle 30 degree
L 1.25 mm.
P 1.25 mm.
d =d-0.649519p = 7.188 mm.
d =d-1.226869p = 6.466 mm.
Dia. of ridge =11.520 cm.
Circum. of ridge =36.21 cm.

Torque(kg-cm.)  |Force per unit nut(kg) Total Force(kg) Sealing Force(kg/cm.)
50 334.065 5,345.036 147.630
55 367.471 5,879.540 162.393
60 400.878 6,414.043 177.156
65 434.284 6,948.547 191.919
70 467.691 7,483.051 206.681
75 501.097 8,017.554 221.444
80 534.504 8,552.058 236.207
85 567.910 9,086.562 250.970
90 601.317 9,621.065 265.733
95 634.723 10,155.569 280.496
100 668.130 10,690.072 295.259
105 701.536 11,224.576 310.022
110 734.942 11,759.080 324.785
115 768.349 12,293.583 339.548
120 801.755 12,328.087 354.311
125 835.162 13,362.590 369.074
130 868.568 13,397.094 383.837
135 901.975 14,431.598 398.600
140 935.381 14,966.101 413.363
145 968.788 15,500.605 428.126
150 1,002.194 16,035.109 442.889
155 1,035.601 16,569.612 457.652
160 1,069.007 17,104.116 472.415
165 1,102.414 17,638.619 487.178
170 1,135.820 18,173.123 501.941
175 1,169.227 18,707.627 516.704
180 1,202.633 19,242.130 531.467
185 1,236.040 19,776.634 546.230
190 1,269.446 20,311.138 560.993
195 1,302.853 20,345.641 575.756
200 1,336.259 21,380.145 590.519
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DN100 CF203

ISO M8«x1.25 20 Pcs.
Collar washer OD. 17.8 mm.
Collar washer ID. 8.68 mm.
rc=0.25x(OD.+ID.) 6.62 mm.
Friction(f) 0.12
Thread Angle 30 degree
L 1.25 mm.
P 1.25 mm.
dp =d-0.649519p = 7.188 mm.
d =d-1.226869p = 6.466 mm.
Dia. of ridge =16.580 cm.
Circum. of ridge =52.11 cm.

Torque(kg-cm.)  |Force per unit nut(kg) Total Force(kg) Sealing Force(kg/cm.)
50 334.065 6,681.295 128.219
55 367.471 7,349.425 141.041
60 400.878 8,017.554 153.862
65 434.284 8,685.684 166.684
70 467.691 9,353.813 179.506
75 501.097 10,021.943 192.328
80 534.504 10,690.072 205.150
85 567.910 11,358.202 217.972
90 601.317 12,026.331 230.794
95 634.723 12,694.461 243.616
100 668.130 13,362.590 256.437
105 701.536 14,030.720 269.259
110 734.942 14,698.850 282.081
115 768.349 15,366.979 294.903
120 801.755 16,035.109 307.725
125 835.162 16,703.238 320.547
130 868.568 17,371.368 333.369
135 901.975 18,039.497 346.191
140 935.381 18,707.627 359.012
145 968.788 19,375.756 371.834
150 1,002.194 20,043.886 384.656
155 1,035.601 20,712.015 397.478

160 1,069.007 21,380.145 410.300
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DN100 CF254
ISO M8x 1.25 24 Pcs
Collar washer OD. 17.8 mm.
Collar washer ID. 8.68 mm.
r.=0.25x(OD.+ID.) 6.62 mm.
Friction(f) 0.12
Thread Angle 30 degree
L 1.25 mm.
P 1.25 mm.
d,=d-0.649519p = 7.188 mm.
d =d-1.226869p = 6.466 mm.
Dia. of ridge =21.420 cm.
Circum. of ridge =67.32 cm.

Torque(kg-cm.)  |Force per unit nut(kg) Total Force(kg) Sealing Force(kg/cm.)
50 334.065 8,017.554 119.096
55 367.471 8,819.310 131.006
60 400.878 9,621.065 142915
65 434.284 10,422.821 154.825
70 467.691 11,224.576 166.735
75 501.097 12,026.331 178.644
80 534.504 12,828.087 190.554
85 567.910 13,629.842 202.463
90 601.317 14,431.598 214.373
95 634.723 15,233.353 226.283
100 668.130 16,035.109 238.192
105 701.536 16,836.864 250.102
110 734.942 17,638.619 262.012
115 768.349 18,440.375 273.921
120 801.755 19,242.130 285.831
125 835.162 20,043.886 297.740
130 868.568 20,345.641 309.650
135 901.975 21,647.397 321.560
140 935.381 22,449.152 333.469
145 968.788 23,250.907 345.379
150 1,002.194 24,052.663 357.289
155 1,035.601 24,354.418 369.198
160 1,069.007 25,656.174 381.108
165 1,102.414 26,457.929 393.017
170 1,135.820 27,259.685 404.927
175 1,169.227 28,061.440 416.837
180 1,202.633 28,863.195 428.746
185 1,236.040 29,664.951 440.656
190 1,269.446 30,466.706 452.565
195 1,302.853 31,268.462 464.475
200 1,336.259 32,070.217 476.385
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DN100 CF304
ISO M8x1.25 32 Pcs
Collar washer OD. 17.8.8 mm.
Collar washer ID. 8.68 mm.
rc=0.25X(OD.+ID.) 6.62 mm.
Friction(f) 0.12
Thread Angle 30 degree
L 1.25 mm.
P 1.25 mm.
d =d-0.649519p = 7.188 mm.
d =d-1.226869p = 6.466 mm.
Dia. of ridge =26.240 cm.
Circum. of ridge =82.47 cm.

Torque(kg-cm.)  |Force per unit nut(kg) Total Force(kg) Sealing Force(kg/cm.)
50 334.065 10,690.072 129.626
55 367.471 11,759.080 142.589
60 400.878 12,828.087 155.551
65 434.284 13,897.094 168.514
70 467.691 14,966.101 181.476
75 501.097 16,035.109 194.439
80 534.504 17,104.116 207.402
85 567.910 18,173.123 220.364
90 601.317 19,242.130 233.327
95 634.723 20,311.138 246.289
100 668.130 21,380.145 259.252
105 701.536 22,449.152 272.215
110 734.942 23,518.159 285.177
115 768.349 24,587.166 298.140
120 801.755 25,656.174 311.102
125 835.162 26,725.181 324.065
130 868.568 27,794.188 337.028
135 901.975 28,863.195 349.990
140 935.381 29,932.203 362.953
145 968.788 31,001.210 375.915
150 1,002.194 32,070.217 388.878
155 1,035.601 33,139.224 401.841
160 1,069.007 34,208.232 414.803
165 1,102.414 35,277.239 427.766
170 1,135.820 36,346.246 440.728
175 1,169.227 37,415.253 453.691
180 1,202.633 38,484.261 466.654
185 1,236.040 39,553.268 479.616
190 1,269.446 40,622.275 492.579
195 1,302.853 41,691.282 505.541
200 1,336.259 42,760.290 518.504
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Q. = 89513 TIFN (Torr /s)



91

<3 = 913 Ao
’Inﬂﬂ"ﬁ(ﬂﬂﬁf‘]‘]Jﬂzlﬂumﬂﬂllﬂ\i{luﬁgﬂﬂqmwﬂlﬂqﬁ“B\iolslf‘]_]ll‘ﬂll @]51ﬂ15qum@\31ﬂa
] 4 [ ! 3 z o o '
320 /s GIJUTQL&JHN”IUf‘fUEJﬂa”NsUﬂ\iﬁuﬁﬂﬂaﬁ‘uuﬂz!ﬂu 42 mMmM. DUUNINITATUIUINA

[ 1 [ o Y1 v o = 3 1 @ 9 @ A
ANUAUAN DU ‘Vlﬂﬁﬂ"li’)@]ﬁﬂ"lii’J%Nuu@nﬂﬂullﬂﬂflﬂ ANAT NN A.1

M15197 A.1 593 1MFITUVBWAANANUAUAI

Pressure, P Leak rate per unit length
mbar Torr (Torr-1/s)/cm. lusec/cm.

1.00%10™ 7.52X10" 5.73 5.73%10°
1.00X10™" 7.52X10" 5.73%10" 5.73%X10°
1.00X10™ 7.52X10" 5.73%10™ 5.73X10'
1.00X10™ 7.52X10" 5.73%10" 573

1.00X10™ 7.52X10™" 5.73%x10™ 5.73%10"
1.00X10™ 7.52%10" 5.73%10" 5.73%10™
5.00%10" 3.76X10" 2.87X10" 2.87X10”
1.00%10" 7.52X10™" 5.73%10" 5.73%10”
5.00%10" 3.76X10™" 2.87X10" 2.87X10"
1.00%10™" 7.52%10" 5.73%10" 5.73%10"
5.00%10" 3.76X10" 2.87%10" 2.87%10™
1.00X10" 7.52X10" 5.73%x10™ 573%10"
5.00X10™" 3.76X10™" 2.87%10™" 2.87X10™
1.00X10™"° 7.52X10" 5.73%10" 573X10™
5.00%10™" 3.76X10™" 2.87%10"” 2.87X10™
1.00X10" 7.52X10" 5.73%10" 5.73%10"

WHNBIMA: 1INWITTD VACUUM SEALING TECHNIQUES lafmuandasinissiduieoy

5118 d Ui uNeana 3X10° lusec/em. (A. Roth, 1994, p17)
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Aa a a o & QBJJ o a Qy
(Surface Finish) “lummmﬂiﬁumiﬂﬁzmuﬁmwmmmmu%mﬁqmmﬁﬂummawmm

a a d‘ a dg’ d! = a d’d

TagNITUIIN “ANUHETUAD” (Surface Roughness) MUNAVYU FIHWIIDITNTNAINUAIY

" dtﬂy A 1 1 < [ o
m;miz"luﬁmmua UAZUNUNUYBDITOIINLAN WU IUIUNIN

Aan U a
4.1 I5015IAANNHYIVUNI (Measurement of Surface Roughness)
(% [ 09/’ o 9 ax 9 [ L:'dy U =
Tumsiannurenvvesiaguiuamnsai ldnareisarenu Tagluniisznanieeuy
ax v A g AYey o M A am = = v A A @
FmsuanmiluniiniuTaena liae (1) FFmslSeuieunuinnasgiu (2) nsesinnny
a Y3 A o a P Aa
neuid lae 15U taz3) wieaiannureuAl laglunataniaues
1. 3EManlSeunaunuR 303§ 1Y (Standard Test Surfaces)
ad dyd = = v Aa ay v a
AwmstdumsnlTeuneuiuAIue 95U (Surface of Workpart) AUHY M1AT91U
Y v ] Y v
YIFUNUNIATFIUNTI011d7 (Standard Surface Finish Blocks) #41/5znov lAreFuaund
Aa 1 o 1 3| 9 = =} o
HIMIATTINAIE U 15 2, 4, 8, 16, 32, 64, 128 Um iTludu Taslumsnlseumenasziinms
I~ =1 aa.l‘ a 9 9 o . .
nFeumeunalusaesnms lsaemdmagoutaznisiiainaienaaoy (Fingernail Test) 1ng
Jq ¥ Y o 1% = o zﬂy a & 9 9 A o
lumsnagoullddoviatemeludnyaziertuinuiinasgugidesldnszuiumsini
Y a = [] 1 ] Qy A I ¥ A Y A [ Y A ] dy
TiiAnsoslav ued 1 INUUFUIY e 1H laanaaei IndiResiunualnaefieguuny
a A I an dyd a A o & 9y 9
HasgIunniiga naveIsmstaennuazainlumsdsaiuanmiiduia ldnanios
T Y =2 Aa Y Aa Qy v & A A o w Y
ligugeumnduiunienlFlunszuiumsnaaFuauaiag saliannureruainny 131y
Y Y
HUUNTHAATUIIUU U
d' U a Y I
2. 1A5093AANNHENVA A8 (Stylus Instruments)
an dyd [ a Qy ~ 9 = 1 o =
wmsilumsiaanureviIvesruIui IvrannImsiialnatenade a9
[~ AnA A 9 v 1 1 [ A A 9 d v
Wusndeulsiuesaunivals anyuzueunisslonadouziliznoualeglnialvdndes
1 A ) { a . . % < ) % 1
dauneginialnlFlun1sd1329WUA (Profiling Devices) B4 15111329 (Stylus) Fevz dau

{ g < 1 ' [ iAo @
Uarefanuazudusann daulvgez lodumys dlianvaggUnsalau Sadidszuna 0.005
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9 Y3 A A 491 Aa Qy l 9
mm. YNNI 90 B3I Iﬂﬂiumm$ﬂﬂﬂﬂﬂﬂ$1ﬁLmulﬂa@u%qﬂﬂuwUWUGKUQWH?)&WQ%T’] AU

9 3 A 1 X2 o A = o I Y I o
!Lu?ihlllﬂjElﬂ')n\l!ijﬂﬂﬂﬂflﬂﬂ”IWHQ @NE‘]J‘V] 3.1 ‘:INﬁ]gﬁn\ﬂﬁﬂm']Gl,ﬁ]’l,ﬂLWUﬁﬂHﬂlg‘U@Q

Traversing
direction

T T
alylus ricad 0

Stylus

Vertical motion
of stylus

Workpart

~ o A [ a Y I
?;]JVI 1.1 Mymnuveunsesiannure v lagluawy

Y 9 ] 9 v
amMWNUA WUFUOU Tasvzdedyana luaaswadediuiians uennniuaiuidods
o 9 A a l A A 9 [ 9 [ [ 1
At lumsdszlumanunerumii ldandiuusndie Tasszsudyaranindiuusn
Y o A VA Y A U Aa o v ~ = '
udaihmsmasai lameanasnnunlsdsiuvesmanuneuinui ligaundeiisan
~ Y] ~ R A [ dyl s A 1 . o Y
1987 (Ra) A31I9 9.2 2aTena1uiingnsalin@en (Average Devices) Iaanisfiudaioy 14
~ 1A 9 ~ qu o Y 1 o v
aunsi @-1) msdszmnaan ldonaunmsi @-1) du sz lndwaemsduiuuinni

Tagauman ldannmsdszanaaumsn (3-1) Aoaums@-2)

Ly y|
Ra= [-d, (1)
0 I‘m
y A
Vertical deviation () Actual surface
Nominal surface
Yi

11
hE

< ["I“

/
7
|

4 4 . -
7191 9.2 mamasmanuulslsivvesnnumeun
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o, ly|
Ra=) =" (3-2)
i1 N
k) Ra A0 Arithmetic mean value of roughness (m)
y A0 Vertical deviation from nominal surface (m)
L Ao Length of measurement (m)

d' v a Y a . .
3. miaa3ﬂﬂ31ummmim%mwammm (Optical Techniques)

A A Aqw o a A Y oo A oA A q ¥
uf]ﬂiﬂﬂlﬂﬁﬁ]\ﬁﬁ]‘]/l‘lﬂf‘luﬂ1§3ﬂﬂ’ﬂhﬂEJW“IJN’JTIﬂaTJiJ'ILLﬁ’J GPAULATOINDDUS) N LY

mananauaudrelumsdsziuaninig lasmaiaainanszoidernanmasiou
da' a 9 a d' = dd‘ d' (%
YOIAINNNUAIMATOD AN 1TNTzINvenasioonu1sw It una TuTadiinedny
dY a 9 ax dy 9 AAd o as A v ] A ~
resane Unauddsmstazl¥lunsainudisnannismsnudr iaunsanasunasly
= A 1 1 < a o Yo 1 o dy a [ ;’f 1 Y1 ax dald an
farserosnvannu i i winaensdrsranuri aaiue19nan 1an3smsiiluls
= ~ ° ° ~ A a Y P oAy Y KA
Rernamnsnimsdisnseazideavesdnmiiuin Idedeanyssinga uamn lduniugn
[ [ ] % Y] oA 9 A [ A Y 3 1 9 Aa A
a2 luassdusiusnuduaIn ldanmiosiannunerund Tas sy uaazldnalu@aine
S Y 1 1 <3 ad dyl 9 1 1 o Y " Yo a
maas lannnd o613 lsnamatmstineudsgenaenisnadouitla bildsuanuiien

a 1 a S A aw 1A 4
1¥lwsgaamnssunaldluismsinemaasinoideunnnasoun

Aad U a o W
3.2 'Jﬁﬂ’li?ﬂﬂ'ﬂllﬁﬂ'I']JW'J‘lu\ﬂ‘l—!'J"l]f]
Aav qu/ dy Jq 9 A o a Y I o [ Aa
Tumsivensail lalmasesiannuvenniiTaslsay Himsiannureurlvels
< o a ES [ dy
Ny Tagfruamiwesaefane 11
) 1 [ a I 1
1. fmualiuiasidau (Scale) ¥oayuuoimsverodd lusianie X u 50 ma lu
A A I 1 o Y A P v I o
vargNnan1e Y Wu 100 m1 s lvarwunnu Y ferulaivasiaiumdu 10 pmem. d9ve
(] g { A o o
Usingegneamunievesnngy (quwiu ldunanmsaunuamnuisenuiiilduia,
arununamamasu i)
o ] o { I 1
2. Smuarvesnnuanlumsia 13 8o um (lugihiluat Range)
o 3 4 { 2 o { I
3. Amuaanuir Tlumsimasuivesdud1329 137 0.1 mmys (lugahiluar Speed)
o [] 1 W I~ 1
4. MYUATIVOININATOD (L) 11100 0.8 mm. (lugiidluaiL)
o 4 o a 1 [ {1 I~ 1
5. SiualfinTesihmanadoudasonudyis (lugihiluai N)
Y A 1 A Aa A g A, o wa o =
gangAdAIRAsNAAYY (RA) $I9:9nAT09A I Taeon Tulia 910U nIso

wwan a1 anszimen)Seumeunasaluasei 1.1 ae'lil
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4.3 MIDYWINTIAANNHYIVNINOUNTOUDOU

U

_ﬁm.vN-O ey wmegZ "0 2 ,ﬁNmN.D wgee “C un
N - -

we -0 3 5 o N we - o we -0 3
[ e ] T TN IREIRTERETE
s/uuL O 033dS s/l O 03348 s/ L O 033dS sS/uUL O 033ds
wmoe _39NVY "oe EEY Bl 2N wos “Ohaw

3WIL

3iva

8Z:vZ:01 C Wit o : £5:22:01 IWIL BP:LL:01
01/20/50, 31v0 guAgERD: e 01/20/50, 31vo 01/20/50,

-

—
AN il
ok

U

a

1 4.3 AIDYWNAANUHITUNINOUNITOUDDU 0.245 UM

%

@
@

b
]
=1

71

P,
= ~
N 4.4 AIDYWAANUHUIUNINDOUNITOUDDU 0.283 um
1 4.5 #2080 NMANUHSIUAINOUNTOUDOU 0.292 pm

51

U

51

U

|11|{]l4l|!.ﬁ.: T T B I S T T T T T T T T T T
wa furg) wo/urgL wa/urg ) ws /wrio|

0sx 0sx 0gx 05X

23 _ X X M X
L wwg "g=1 8°0=1 0=1 Fa—— wwg "0="1

0ooL¥ 40Md=-T¥3AY 000LX Hd-Tv3H 0ooLx __ d=Tv3Y anot 40Hd-V3IH

a

1 4.6 709 9AINNUNRITVAINDUNITOUDOU 0.338 pm
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u
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WHINAINTIV VD UUASAINNIAINNATO N

U
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4.4 MIVYINFTINAINNTED

U

wLes “C
we "o

Lui=1=1-d«
t
we o

wawrt “C
L4
we "0

wmees "C
L
we "o

s/uuL -0
Enom

EE:0F:0L
0L/20/s0,

s/uuL -0
woe

gL:LE:0L
0L/20/S0,

s/uuL "0
woe

gl :8e:0L
0L/20/50.

woe

LE:8Y:0L

ey
N

]
IEERTTNET
033ds

39NVY

OHW3KH

AWIL

ENT 0L/20/50,

ey
N

o
RN
033ds

39NV

OW3H

IWIL

3LV0

ey
N 4
J q
TR e
s/l -0 033ds
o2
OW3W Hr
3HIL MWL
el ENT

-

%
%
Y

a

v
v

N 9.7 AIDYNAANUHITUNINANINITOUDDY 0.446 pm.

1 4.8 A28 AIANNHIIVRINAINITOUIDU 0.531 pm.
1 4.9 A98AANUHIIVHINAINTOUDDU 0.556 pm

il
il
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U

— T T T T

T T T T —_——— i e Fod —= -
wa gl wo gl wo furg| wo/urgl

ogx oax ogx o0gx

X ‘— X #x L
18°0=1 = g =1 wug ‘g=1 1wg 0=1

0ooLx 14d-¥3Y 000LX OMd-1¥3Y 0ooLx JHd-1v3H oooLx 108d-W3Y

1 4.10 ADINAANURIIVRINGINITOLOOU 0.583 pm.
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v
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{ Aa 3
m’inﬁ 3.1 ANUHAIUANIVIULNUNO LA

ANUMENUAIveIZIAY

a1l APUNITOU(Lm) HAINIOU(um)
1 0.245 0.556
2 0.283 0.446
3 0.292 0.531
4 0.338 0.583
5 0.255 0.549
6 0.275 0.535
7 0.300 0.615
8 0.280 0.680
9 0.250 0.717
10 0.350 0.757
11 0.304 0.775
12 0.310 0.786

méﬁl 0.290 0.628

WUeIMA: 91N111970 VACUUM SEALING TECHNIQUES laf1vuan1n21uve uiai
AoamIdmTuYLiNuNeaAVY Conflat Seal 131311132 princh ¥30 0.813 pm (A. Roth,

1994, p339)
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ilosnimsovsoulzinuiunszi luansuzdudanuemauazlasslmidudiag
' 9 2 o & Y Y ' ' 9y o & =2 o o R '
a1 1018 1ua Fedududecldnatedlumrouaoud ey duiudaiinisduding,
a dy v o d Y Y 3 1 9 Aa o [ av
gunginazanusuduinsuesomaneluiesvounion 1Aidua19198edmsuauive

N . y - .
aseilnaznseao 11 Tagldginsal lunsiuiindoya(Data logger) 10 Testo U Testo 175
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fvualdtufindeyanna 1wl asdlsinglugiaelalil

Actual size

Actual size

Temp. (C%)

04 23.05.04
i0:00 12:00:00

23,06,
op

3
e H

~ a Lﬂy [ v Y v A
Eﬂﬂ 9.2 ﬂ’]@‘ﬂlﬁQlllla3ﬂQTN%uﬁNWV]ﬁﬂTﬂﬁluﬁﬂﬂlﬁﬁlﬂﬂ Tuiui 22/09/2004.
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Actual size

Temp. (C*)

30 65
60
55
50
) 24.00.04 24.05.04 25.00.04 | %M

00:0D:00 12:00:00 00:0p:00

Actual size
3 80
Temp. (C*)

30
70

29
| 60

28
50

27
40
© 30.00.04 30.09.04 01.10.04 01.1p.04 01.10.04 o1.1pg *H

16:00:00 20:00:00 00:00:00 04:00:00 08:00:00 12 Dl'Jq

1.4 Mgamgiuazanuiuduininieluieunion Tuiui 30/09/2004.04 1/09/2004
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=
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1. !ﬂ%ﬂx‘i%ﬂﬂ?‘lﬂ?’iﬂ]ﬂﬁ??ﬁﬂ

o,

[

51U9 2.1 NMNOIATOIIANNUHII VAT

U Q

= =S [ dy
Taoiisoazioonnail

;jwﬁ d Mitutoyo / Surface Measuring Instrument
I SURFTEST SV-400

nUYUIH e 178-891E

ez sunses 7F0137

I9ANVANMNTIA(m) 600 80 8

ANNAZIDYA(um) 0.1  0.01 0.001

[

{ 1 [~ 4 @ a
zﬂﬁ 0.2 ﬂ'leI'IEll"lJﬂJﬁ'li’Ji]"l]'lﬂLﬂ?’éN’)ﬂﬂ’)']iJﬁEI'I‘]_IN’J')?fﬂ

q
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2. 159 3ANNUNT 130

Witsow /Rockwedl Hard

A U A 1Y <
?J‘]J‘Vl 7.3 NUDYATOIIAAITULUS

= = % dy
Tagils1eazeandil

I’a}waﬁ Wilson/Rockwell Hardness Tester
U Series500 B503-R 220V 50Hz
manelszsunso 97384401

MILNITUNAN 60 kg

NILNITUTOI 10 kg

VUIARINA 1/16 Inch.

nilenaenldia Hardness Rowell Scale F (HRF)



3. 1mMeudag

= = [ dy
Taoiisoazioonnail

v v
vaadalinnuiou

3

i

=
N

2.4 NNDADU

Carbolite : England
CWF

1100 °C

13L

LY 19y Y o g/l Y
FJQ?]QW]H‘UN“U@QWHQWHVN 2 91U
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4. Rotary Pump

3U7 9.5 MW Rotary Pump

= =S % dy
Iﬂﬂﬂi1ﬂﬁ$£ﬂﬂﬂﬂ\iu
Y a
Akl Alcatel : France

I PASCAL 2015

S. Turbomolecular Pump

3 1 2.6 MND1Y Turbomolecular Pump

Y
Taslis1eazioenndil

Anan SHIMAZZU : Japan
U 303M EZL 159
N3 IMI YU 320 L/sec

ANWSITOU 45,000 rpm
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d' a Jd o d' A .
6. !ﬂ'ﬁﬂﬁ')!ﬂi]gﬁ!!ﬂﬁﬂ!ﬁﬁ99%11«!531J1| (Residual Gasses Analyzer)

A~ 1 A a s & A A 1
sUn a7 ﬂW‘li‘l'lElmSE]\1’]Lﬂi'l%ﬂllﬂﬁﬂlﬂﬁﬂﬂgiuizﬂﬂ

U

9

Taeiiseazivenadil

9

Nan PFEIFFER : France

ol 2

u QMA 200

winomig Tumslsauzlsufaddouniufanaaeunisesia Tasussy 13 ludadagilii a8

A 1 @ O A A
gll‘l/l P8 NWDWIIUTIYUNT TN
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7. Unsaipuy

7.1 Uszuadsuvinansaiia

517 2.9 mnanedszudsuviausaa

u

aa ¢ ¢
7.2 A3 ALIDIIUYT

~ ' 9 SN Ju
g‘]J“VI 1.10 ﬂmmﬂmi"lﬂmmmmamum



7.3 MAINHSUNziu

~ 1 3 o ] <3
39 2.1 amaendadmsunaziny

7.4 gilnsallianuieuvaihnuazein

L o
517 2.12 gnsal ldanudeuvmziinnueazoin
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