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ABSTRACT

The carbondioxide (CO,) laser is a gas laser which emits electromagnetic wave
at the wavelength of 10.6 [lm. In the past decade , CO, lasers have been widely used in
various applications , particulary in industry and medicine. Until recently, applications of
CO,, laser in industry have primarily used high power CO, laser systems for cutting and
welding . However , the number of high power CO, lasers in use is not increasing
rapidly. Today the most rapid growth rate-is occuring in applications of sealed tube CO,
laser system . In the industrial area , low and medium power sealed tube CO, lasers
system are used for material processing , including microsoldering or welding , cutting
or sealing of plastics and cloth , marking or engraving of a variety of materials . In the
medical area thousands of sealed tube CO, laser are being used for surgery . The sealed
tube CO, laser requires no gas system and vacuum pump and hence it is compact , light
-weight , low cost and comvenient to move.

In this thesis work , sealed tube CO, lasers of diameter 8 , 10 and 12 mm with
discharge length 45 cm have been designed and constructed . The output power of the
laser were measured by varying following parameters ; active bore diameter , gas mixing
ratio , discharge current density , total gas pressure and percent of O, catalyst.

The results show that , for the laser tube of diameter 10 mm , optimum laser
power was measured to be 34.2 watt/m ; gas mixing ratio of COy: Ny :He=1:4:5
total gas pressure 36 mbar ; discharge current density of 44.6 mA/ cm2 and 0.4 % of 6))

catalyst.
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durgudnarvesduiidiuneniniitou s Tadwas

weasanspessaans —

— : CO, LASER DATA
VARIED PRESSURE
Date 2/3/95 | Front mirror type ZnSe | rfront 85 % Rfront &L M
Page 1 of 3 Back mirror type Si Thack 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °C 14 °c
rectified
COg:Ng:He 1:4:5 Active bore diameter 8 mm
Discharge -length 450 mm Tube current -density
44,6 mA/cm2
Total gas pressure | Tube voltage Laser power per length ( Po/L)
( mBar ) (kVv) ( watt/m )
22 ; 3.9 22.4
24 4.1 25.8
26 4 4.3 28.7
28 4.5 31.8
30 DT 34.7
32 4.9 36.9
34 5.2 39.3
36 5.4 41.1
38 5.6 38.4
40 5.8 36.0
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CO, LASER DATA

H

i

VARIED PRESSURE

Date unknown | Front mirror type ZnSe | rg.ont 85 % Rfront & m
Page 2 of 3 Back mirror type Si Iback 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room -temp | Coolant temp
172 Hr type DC Aluminum 24 °C 14 °c
rectified
COg9:NoHe 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Tube current density
44.6 mA/cm?2
Total gas pressure Tube voltage Laser power per length ( Po/L)
( mBar ) (kv) ( watt/m )
22 3.8 31.8
24 4.0 37.1
26 4.2 39.8
28 4.5 42.7
30 4.7 45.1
32 4.9 47.6
34 5.1 49.8
36 5.3 51.3
38 5.5 49.8
40 5.7 47.8
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A13197 5.3 AimdevslaERIABIuLAA TVt UANNAUT YRR VA

durguinaevesduiidiuneaiinifou 12 fadmas

CO, LASER DATA |
VARIED PRESSURE
Date 2/3/95 | Front mirror type ZnSe | rgont 85 % Rfront & m
Page 3 of 3 Back mirror type Si Iback 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum | 94 °c 14 °¢
rectified
COg:Ng:He 1:4:5 Active bore diameter 12 mm
Discharge length 450 mm Tube current density
44.6 mA/cm?2
Total gas pressure | Tube voltage Laser power per length ( Po/L)
( mBar ) (kv) ( watt/m )
22 3.7 29.3
24 4.0 34.7
26 4.3 38.0
28 4.5 41.6
30 4.7 43.8
32 4.9 46.2
34 5.1 49.1
36 5.3 50.4
38 5.5 48.9
40 5.6 46.9
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5.8 muFuNusIEnIImMdsvedaireinessavATv IO USATITIMNaNYRIAT ( gas

mixing ratio )
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Wli'Nﬁ 54 mn1awmmwa§ﬂaszumwﬁﬂ AUAATNTUNTUMUUATEUTATEITO

NBATIEIUNAUYOIMRA COp : Ny :He (U 1:1:8

i

CO, LASER DATA

VARIED CURRENT DENSITY

Date 2/2/95 | Front mirror type ZnSe | rfront 85 % Rfront & m
Page 1 of 3 Back mirror type Si | rpacx 100 % Rpack 5 m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °¢C 14 °C

rectified
COg9:Ngo'He 1:1:8 Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 36 mBar
Tube current Tube voltage Laser power per length ( Po/L )
density (kvV) ( watt/m )
( mA/cm? )
24.2 5.0 27.8
26.7 4.9 29.1
29.3 4.8 30.7
31.8 4.7 31.6
34.4 4.6 32.0
36.9 4.5 32.9
39.5 4.4 33.6
42.0 4.3 34.0
44.6 4.2 34.7
47.1 4.1 33.6
49.7 4.0 32.0
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ﬂ‘li‘Nﬁ 5.5 mn1awmxm¢m§mszumﬁms’n AUMANUHUWUUATEUTATYII0

NSnT 1 IUHTUYORE COy : Ny : He iU 1:4: 5

COy LASER DATA

VARIED CURRENT DENSITY

Date 2/2/95

Front mirror type ZnSe | rfront 85 % Rfront & m
Page 2 of 3 Back mirror type Si | rpack 100 % Rpack 5 m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °c 14 °C
rectified
COg9:NgHe 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 36 mBar
Tube current Tube voltage Laser power per length ( Po/L )
density (kV) ( watt/m )

( mA/cm?2 )

24.2 6.0 40.7

26.7 5.9 42.0

29.3 5.8 42.7

31.8 5.7 43.6

34.4 5.6 44.9

36.9 5.5 47.3

39.5 5.4 48.7

42.0 5.3 49.8

44.6 5.2 50.9

47.1 5.1 49.3

49.7 5.0 46.9
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ﬂ'lﬁ"Nﬁ 5.6 ﬂ'lﬂ'l?N‘UBQlﬁl‘“ﬂ‘;ﬂﬂizﬂzﬂ’d‘lﬂ{ﬁ AUAMNNINAUMUUATSUTATEIT

0TI IUHANYOWAT COp : Nyt He i 2:5: 3

l CO, LASER DATA

VARIED CURRENT DENSITY

Date 2/2/95 | Front mirror type ZnSe | rgront 85 % Rfront & m

Page 3 of 3 Back mirror type Si | rpack 100 % Rpack & m

Lasing time | Power supply | Electrode type | Room temp | Coolant temp

1/2 Hr type DC Aluminum 24 °cC 14 °c
rectified
CO9:Ng:He 2:5:3 Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 36 mBar
Tube current Tube voltage Laser power per length ( Po/L )
density (kV) ( watt/m )
( mA/cm?2)
24.2 6.5 19.1
26.7 6.3 16.4
29.3 6.1 12.9
31.8 6.0 9.1
34.4 5.9 6.4
36.9 5.8 2.9
39.5 5.7 0.9
42.0 5.6 0.0
44.6 5.5 0.0
47.1 5.4 0.0
49.7 5.3 0.0
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HHUATZUAAAMISY 14 mA/cm2

|

[ CO, LASER DATA |
VARIED PRESSURE

Date unknown | Front mirror type ZnSe | rgpont 85 % Rfront & m
Page 1 of 3 Back mirror type Si Iback 100 % Rpack & m

Lasing time | Power supply | Electrode type | Room temp | Coolant temp

1/2 Hr type DC Aluminum 24 °C 14 °C
rectified
COg:NgHe 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Tube current density 14 mA/cm2
Total gas pressure | Tube voltage Laser power per length (Po/L )
( mBar ) (kv) ( watt/m )
20 3.8 7.6
22 4.2 10.0
24 ' 4.5 12.4
26 4.9 14.0
28 5.3 15.1
30 5.7 16.2
32 6.1 17.6
34 6.5 16.2
36 6.9 15.3
38 7.2 14.4
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4 o w v a o 1 [y 24 i
ﬂ’li'lslﬁ 58 ﬂ"mmwmzmma%haszuzﬂmm'ﬂ AUMAANUAUITINYDIUND ﬁmmwm

WHUNTTUARTNTY 21.6 mA/em2

——

—

CO,_LASER DATA

VARIED PRESSURE

Date unknown | Front mirror type ZnSe | rpont 85 % Rfront & m
Page 2 of 3 Back mirror type Si rback 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °C 14 °C

rectified

COg:Ng:He 1:4:5 Active bore diameter 10 mm

Discharge length 450 mm Tube current density 21.6
mA/cm2
Total gas pressure | Tube voltage Laser power per length (Po/L )

( mBar ) (kv) ( watt/m )

20 3.6 16.2

22 4.0 18.2

24 4.3 20.7

26 4.7 23.3

28 5.0 26.4

30 5.3 27.6

32 5.7 28.7

34 6.0 29.8

36 6.3 28.7

38 6.7 27.3
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MINN 5.9 MAITBIATETABTL UL AMINT IAUMANNAUIMYBWS Fa M

HUHUATSUTAATTD 44.6 mA /cm

| CO, LASER DATA l

VARIED PRESSURE
Date unknown | Front mirror type ZnSe | rront 85 % Reront & m

Page 3 of 3 Back mirror type Si | rpack 100 % | Rpgck 5.m

Lasing time | Power supply | Electrode type | Room temp | Coolant temp

1/2 Hr type DC Aluminum 24 °C 14 °C
rectified
COg9:Ng:He 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Tube current density 44.6
mA/cm2
Total gas pressure | Tube voltage Laser power per length ( Po/L )
( mBar ) (kv) / ( watt/m )
22 ' 3.8 31.8
24 4.0 37.1
26 4.2 39.8
28 4.5 42.7
30 4.7 45.1
32 4.9 47.6
34 5.1 49.8
36 5.3 51.3
38 5.5 49.8
40 5.7 47.8
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CO, LASER DATA |
VARIED CURRENT DENSITY
Date 2/4/95 | Front mirror type ZnSe | rfront 85 % Rfront & m
Page 1 of 3 Back mirror type Si Iback 100 % Rpack 5 m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °C 14 °C
rectified
CO9:No:.He 1_._4_,_5_ Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 25 mBar
Tube current Tube voltage Laser power per length ( Po/L )
density (kV) ( watt/m )
( mA/cm?2 )
6.4 ) 4.9 11.6
8.9 4.8 12.7
11.5 4.7 13.1
14.0 4.6 13.3
16.6 4.5 12.4
19.1 4.4 11.3
21.6 4.3 9.6
24.2 4.2 6.0
26.7 4.1 4.0
29.3 4.0 3.1
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A [y 24
mammﬂumwaquﬂmi‘lu 34 mbar

C02 LASER DATA
VARIED CURRENT DENSITY
Date 2/4/95 | Front mirror type ZnSe | rfront 85 % Rfront & m
Page 2 of 3 Back mirror type Si Thack 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °C 14 °C
rectified '
COg9:NoHe 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 34 mBar
Tube current ‘Tube voltage Laser power per length ( Po/L )
density (kv) ( watt/m )
( mA/cm?2 )
6.4 6.6 18.4
8.9 6.5 21.3
11.5 6.4 23.1
14.0 6.3 24.9
16.6 6.2 26.4
19.1 6.1 27.8
21.6 6.0 29.1
24.2 5.9 24.9
26.7 5.8 19.8
29.3 5.7 14.7
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eanudusauvedaiiy 36 mbar

CO72 LASER DATA
VARIED CURRENT DENSITY
Date 2/4/95 | Front mirror type ZnSe | rgront 85 % Rfront & m
Page 3 of 3 Back mirror type Si rhack 100 % Rpack & m
Lasing time | Power supply | Electrode type [ Room temp | Coolant temp
1/2 Hr type DC Aluminum 24 °C 14 °C
| rectified
COg:NgoHe 1:4:5 Active bore diameter 10 mm
Discharge length 450 mm Total gas pressure 36 mBar
Tube current Tube voltage Laser power per length ( Po/L )
density (kvV) ( watt/m )
( mA/cm?2 )
24.2 5.9 207
26.7 5.8 25.1
29.3 5.7 30.4
31.8 5.6 36.0
34.4 5.5 40.2
36.9 5.4 43.3
39.5 5.3 46.4
42.0 5.2 49.6
44.6 5.1 51.6
47.1 5.0 47.3
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COy L;SER DATA
VARIED CATALYST ( % OF TOTAL GAS PRESSURE )

Date 2/9/95 | Front mirror type ZnSe | rgont 85 % Rfront & m
Page 2 of 2 Back mirror type Si Ihack 100 % Rpack & m
Lasing time | Power supply | Electrode type | Room temp Coolant temp
1/2 HBr type DC Aluminum 24 °C 14 °C

rectified
Catalyst type COg9:No:He Active bore Discharge current
Oy 1:4:5 diameter 10 mm density 44.6
mA/cm?
Discharge length 450 mm Total gas pressure 36 mBar
% of catalyst Tube voltage Laser power per length ( Po/L )
( by total gas (kv) ( watt/m )
pressure )
0.1 59 - 22.4
0.2 6.1 26.0
0.3 6.4 29.3
0.4 6.6 34.2
0.5 6.8 32.2
0.6 7.1 29.8
0.7 7.3 27.8
0.8 7.5 24.0
0.9 7.8 19.3
1.0 8.0 14.7
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MINA 5.14 naasnnuduiuivewsiduiianasounasaduliaununresiogly

AMNFAUVVHIATT ( Temporary ) iasuyuos ( Permanent )

flum
Tube Voltage Time Sealed Type
(kV) ( minute )

6.6 0" Temporary
6.6 10 Temporary
6.6 20 Temporary
6.6 30 | Permanent
6.7 40 Permanent
6.7 50 Permanent
6.8 60 Permanent
6.7 70 Permanent
6.7 80 Permanent
6.6 90 Permanent
6.6 100 Permanent
6.7 110 Permanent
6.7 120 Permaneﬁt
6.8 130 Permanent
6.7 140 Permanent
6.7 150 Permanent
6.8 160 Permanent
6.7 170 Permanent
6.7 180 Permanent
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THE MODEL 201 POWER METER

1.0 EQUIPMENT SPECIFICATIONS

Sensing Head

Sensor Type: Thermal Disc(l)

Spectral Sensitivity: 300 nm to 30um

Calibrated Qutput: 0.4 mV of incident radiation
Entrance Aperture: 2.3 cm

Sensor Diameter: 1.9 cm

Active Sensor Area: 2.8 cm2

Maximum Power Dissipation: 100 watts continuous(z)
Maximum Power Density 2

_at Sensor: . 200 watts/cm

Cooling: Convection

Meter Display

Meter Range Switch: 1, 3, 10, 30, 100 watts

Power Requirements: 105-130 or 210-260 volts AC

. . 50-60 Hz or internal hatteries,
2 each Mallory 304116, 12.6 Volts
Battery Life: 150 hours, approx.

Recorder Qutput: 0 to 1 volt, with panel meter
at full scale - 10K internal
resistance.

System

Response Time: 0.9 second

Overall Accuracy: +5% at 10.6 microns with beam
centered on sensor.

Accessories

Model 201-01 Range Extender

(1) U.S. Patent No. 3,596,514

(2) Extendable to 300-watts intermittently, with optional M201-01 rénge extender
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

-1-



7.0

STANDARD POWER METERS AVAILABLE FROM COHERENT

You have chosen a CoherentTM 201 Power Meter. Coherent also offers
a wide range of accurate laser power measurement instruments.

These meters cover the spectral range from 300 nanometers to 30
micrometers (ultraviolet to infrared) and a power range from 0.1
microwatt to 1 kilowatt. This broad range capability makes this
line of instruments uniquely suitable for a variety of laboratory,
commercial, and industrial laser power measurement applications.

Should you wish to add further capability to meet your laser mea-
surement needs, call your nearest Coherent office listed on Page 7.

SPECIFICATIONS

Notes: 'U.S. Patent No. 3,596,514
‘Heat dissipating light shield Model 210-01

Specification 201 205 210 212 213
Sensor Type Thermal Disct®  Thermal Disc’™  Thermal Disc'”  Silicon Cell Thermal Disct
Spectral Sensilivity 300 nmto 30 pm 300 nmto 30 um 300nmto 30 um 440 nmto 300 nmto 30 um

. 1.1pgm
Meter Ranges 1,3.10,30 & 1,3,10,30& 0.3,1.0,3.0& 0.1,1.0.10& 100, 300. 1000
100 walts 100 watls 10.0 watts 100 pwatts'™ walts
1.0,10.0&
100 m watts!®
Recorder Output Oto 1 voit Oto1 voll - 0 to 1 voit 0to 1 volt
0 to 3 volits!
Response Time < 1 second < 1second <1 second 20 us min. <1 second
Accuracy +*5% +5% +5% +5% +5%
Aperture Diameter 1.90cm 1.90cm 1.81 cm@2 0.79cm 3.71¢cm
Head Diameter 15.24 cm 6.04cm 6.30cm 4.45cm 7.62cm
Active Sensor Area 2.54 cm? 2.54 cm? 2.54 cm? 0.50 cm? 9.61 cm?
Maximum Power Dissipation 100 watts'® 20 watts 310 watts'®! 0.5/10 watts® 1000 watts
Maximum CW Power 200 Wicm? 200 Wicm? 200 Wicm? 1 Wicm? 200 Wicm?
Density at Sensor
Output Signal from Head 0.4 mVIW 0.4 mvVIW 1 mVIW N/A 1.5uVIW
Battery Operation (2) Mallory (2) Mallory {4y MN1604 (2) Mmaliory N/A
304116, 126V 304116, 126V 9V 304116, 12.6V
AC Operation 115 VAC/ 115 VAC/ N/A N/A 115 VAC/
230 VAC 230 VAC 230 VAC
{Switchable) (Switchable) {Switchable)

2Variable aperture Model 210-02 3Range extender Model 201-01
SSwitchable times 1 to times 3 range  SAlttenuator Model 212-01



Vacuum Process

Vacuum Technology Engineering

Measuring and
Analytical Technology

SO 178.01.02
Edition 06/93

Turbomolecular pump systems are used in
all cases where a high vacuum or an uitra-
high vacuum is required which must be free
of hydrocarbons:

Spectroscopy

Tube manufacturing

Beam guidance systems

Micro balances

Sputtering and evaporation systems
Surface physiscs

Lab pump systems

Sealed-off gas laser production

These turn-key turbomolecular pump sys-
tems are able to produce a high vacuum

and an ultra-high vacuum which is free of
hydrocarbons.

The special features of these pump systems
are:

® Low ultimate pressure - free of
hydrocarbons
(< 10 mbar)
® High effective pumping speed
® Compact unit
® Simple to operate

® Very reliable

® Service-friendly design

LEYBOLD AG

A Degussa Company

Turbomolecular

Pump Systems
for Sealed-Off Gas Laser

Production

Key to figure:

1 Two-stage rotary vane
vacuum pump
TRIVACD 168

2 Turbomolecutar pump
TURBOVAC 50

3 Flange heater

4 Adsorption trap

Built-in

~— — Accessory (option)

Vacuum diagram of the turbomolecular pump system PT 50




Turbomolecular pump system PT 50

Features:

@ Components are base-plate mounted,
forming a complete turn-key pump system
ready for immediate operation

@ Component controling via a multi-function

'| -260

switch [::] 1
® Pump systems are subjected to a o 1 {
functional test and a leak test ‘ 1
* ‘-/‘
® Reliable protection against all commonly D i
occuring faults such as cooling water - 1 -445 325 4.
failure, power failure, etc. E 290
i S 1)
® The TURBOVAC 50 can easily be
vertically adjusted or removed from the ‘ . o~
pump system if required
! . J
Turbomolecular pump systems featuring
other pumping speeds or versions for opera- LL] LU .
tion in radiation hazard areas or for different 7= P
mains voltages and frequencies are avail-
able upon request. Dimensional drawing of the turbomalecu ar pump system PT 50 (in mm)
Ordering Information Technical Data
Cat.-No. Turbomolecular pump TURBOVAC 50
High vacuum connection DN 40 KF 63 1SO-K/63 CF
Turbomolecular pump system Pumping speed for N, ) Ix s’ 33 55
PT 50 DN 40 KF 012 31 Compression for N/H, 2 1071Q@?
Rotational speed of the pump min-! 72.000
Turbomolecular pump system
PT 50 DN 63 1SO-K 012 30 Rotary vane vacuum pump TRIVACD 1,6 B
Nominal pumping speed acc. to PNEUROP ~ m*x h! 1.75
Turbomolecular pump system Exhaust connection DN 16 KF
PT 50 ON 63 CF 012 32
Flange heater Attainable ultimate pressure
DN 63 CF, 220V 854 04 with FPM gasket mbar < 1x 108
with atuminiurn or CF gasket mbar < 1x10%
Air cooling unit for
TURBOVAC 50, 220 V 854 05 Mains connection. 50/60 Hz \ 220/240
Power consumption, approx. KVA 0.5
LEYBOTRONIK | 013 10 Dimensions (W x H x D) mm 260 x 445 x 325
Power unit for 013 10 on request Weight, approx. kg 17
Additional accessories on request

LEYBOLD AG

Vacuum Technology

Bonner Strasse 498

D-50 963 Cologne (Bayenthal)
Tel: + 49 (221) 347-0
Fax: + 49 (221) 347-1250
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Wailey: FORGED BODY REGULATING & SHUT-OFF VALVES

FOUR ORIFICE SIZES

ORIFICE
0.172" (4.4mm)

ORIFICE
0.250” (6.4mm)

ORIFICE

PURPOSE

With a wide range of patterns, sizes, end connec-
tions and stem types available, WHITEY Forged
Body Valves provide complete flexibifity in any lay-
out from miniaturized tubing to piping systems up
to 1/2” (12mm). All can be supplied with SWAGELOK
Tube Fitting connections as well as male and
female pipe connections.

Interchangeable stems offer fine flow control
combined with shut-off, and metal-to-metal or soft
seat shut-off. Kel-F tip stems are recommended for
positive, repetitive shut-off with thin gases and
non-lubricating fluids, where operating conditions
will permit.

Rugged, compact WHITEY Forged Body Valves
afford exceptional versatility for ease of installation
and exacting service.

OPERATION

All 0.375” (3.5mm) orifice valves open to full flow
with 4 turns of the bar handle. All others use a phe-
nolic knob and open to maximum flow with approxi-
mately 3 turns for Kel-F and vee stems.and 8 to 9
turns for regulating stems.

APPLICATIONS

General purpose valves for regulating and shut-off
of many gases and liquids ¢ Non-critical vacuum to
high pressure e Air lines ¢ Test benches ¢ Mani-
folds  Flow meters » Natural gas lines ¢ Sampling
lines » Control panels * Machine coolants ® Drains
* Vents » Pressure gauges * Chemical processing ¢
Laboratory and research applications.

SPECIAL FEATURES

Integral bonnet construction » Machined, pure TFE
cylinder packing, fully contained by metal ¢ Adjust-
able packing that can be replaced without removing
valve from system e Stainless steel stems in all
valves except Monel ¢ Rugged compact forged
body e Straight, angle and cross patierns « Low
operating torque ¢ Color coded handles ¢ Universal
mounting nut standard ¢ 100% factory tested e
SWAGELOK or pipe end connections.

0.375" (3.5mm)

THREE STEM TYPES

REGULATING

KEL-F TIP STEM

'VEE STEM

8S-0RS2 B-18KM8 SS-1vs4
TECHNICAL DATA
ORIFICE PRESSURE
RATING @ TEMPERATURE
in. | mm | Cy | 100°F (38°C) RATING
0.080 1 2.0 | 0.09 200°F (93°C) with Kel-F

tip stem
A721 4.4 .37
e 2 3000 PSi

450°F (232°C) with Reg.

(20600 kPa) | & Vee stems, TFE packing

0.250| 6.4 | 0.73

(400°F [2045C] with brass

0.375| 9.5 | 1.80 or aluminum bodies)

MATERIALS

Body—Brass and carbon steel in 0.375” (9.5mm)
orifice valves; brass, 316 stainless steel, alumi-
num, carbon steel and Monel in all others.

Stems—Type 316 stainless steel except Monel
- valves use Monel stems.

NOTE: A Kel-F tip stem is recommended for posi-
tive, repetitive shut-off where operating con-
ditions will permit.

Handles—Black anodized aluminum bar handie on
0.375" (9.5mm) orifice valves; black molded phe-
nolic knobs with cadmium plated hardened steel
set screws on all others.*

NOTE: Bar handles and stem extensions can be
supplied for all valves on special request.

Packing—Pure high density TFE éylinder machined
from extruded solid rod.

Bottom Gland—302 stainless steel on 0.375"
(9.5mm) orifice valves; type 316 stainless steel
on all others except Monel valves use Monei.

All Wetted Parts—Same material as body.
“For color coded panels or systems, phenolic knobs are

available in optional colors of red, orange, yellow, green,
blue, maroon, brown and gray.

WHITEY CO. . 318 Bishop Road « Highland Heights, Ohio 44143



Wniley. FORGED BODY REGULATING & SHUT-OFF VALVES
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TABLE OF DIMENSIONS

FORGED BODY VALVES CONNECTION SIZE DIMENSIONS @
CATALOG | STEM ORIFICE A H H
NUMBER®| TYPE in. mm INLET OQUTLET A B B, ] D E | F G OPEN | CLOSED
-0KF2 Kel-F
83;5 Seg. 0.080 2.0 ' Female NPT % Female NPT {17 We | ‘e | 1he The %2 e | e 2% 2
- ee
-0KM2 Kel-F 3
gsmg \F}eg. 0.080 2.0 % Male NPT % Male NPT 1% % % 1% The 2 e | % 2% 2
- ee
-0KM2-S2 Kel-F
83“5%% \l;eg. 0.080 2.0 h Male NPT h SWAGELOK | 1% % 1 1%, e %2 Yo | % 2% 2
- - ee
-0KS2 Kel-F
832% \F}eg. 0.080 2.0 % SWAGELOK % SWAGELOK |2 1 1 1% e | % e | e 2Y, 2
- ee
-1KF2 Kel-F
}\F}E% \F}eg. 0.172 4.4 ' Female NPT | Y% Female NPT {1% Wl he | Vhe | % o1 1% s 2% 2%
- ce
-1KM4 Kel-F
}\Fm: \F}eg. 0.172 4.4 Y. Male NPT % Male NPT Pha [ e | Yo | 1% | %he % 1% Ve 2% 2%
- ee
-1KM4-54 Kel-F
wmggj \F}eg. 0.172 4.4 % Male NPT % SWAGELOK {2%, |1 Wha | %% | Y *h 1% s 2% 2
- - ee
-1KS4 Kel-F
}sgg Seg. 0.172 4.4 Y, SWAGELOK h SWAGELOK 1 2% | 1% | U2 | V%% | % h 1% %4 2% 2!,
- ee [
-1KF4 Kel-F
}C;: \F}eg. 0.250 | 6.4 Y Female NPT | ¥ Female NPT [2% | 1%s | 1%e 1 1% | % % ot 1% ¥, | 3 2%
- e
-1KM4-S6 Kel-F '
wm:gg \F}eg. 0.250 6.4 Y, Male NPT % SWAGELOK | 2%¢ | 1% e | 1he { % % 1% 2 3 2%
- - ee .
-1KM§ Kel-F
wmg \F}eg. 0.250 6.4 % Male NPT % Male NPT 2% 1% 1% 1% " % % % 3 2%
- ee
-1KS6 Kel-F b
}sgg \F}eg. 0.250 6.4 % SWAGELOK % SWAGELOK | 2% We | 1%e [ V% | % % 1% . 3 A
- (-
-1KS8 Kel-F
}sgg \F/{eg. 0.250 6.4 Y, SWAGELOK % SWAGELOK | 2%s | 1'%z | 1'%2 | 1%%: | %e % 1% e 3 2%
- ee
oiEs | WeF ) oars | o5 | wremale NPT | wFemae NPT {3 |t 1% (2% % | 3 1% | 3w | o
e welF loars | 95 | wmaewet | wmaener (3 |1n |1n 2% [% | % |3 | the | 3% 3,
1SKSE | KeF L oars | 95 | uSWAGELOK | % SWAGELOK |3 | 1. |1, (24 | % | % |3 [tm | 3. | 3
IBKSIZ | KO loars | 95 | WSWAGELOK | % SWAGELOK |3%. | % |tk (2% % | e |3 [T | 3% | 3
[} ig; a :nmplete :lfd:nnq mllmbetrl. add'a'vl:r ES' ISS éosr 3{1‘2 ;tag::e;;ssteﬁl. A stor ;Iumisnum. S for carbon stee! or M for Monel as a pretix to the catalog number.
-A 3s a sutlix for angle pattern valves. Example: SS- \ . M-1VS4, B 1VS4-A,
@ Dimensions shown with SWAGELOK nuts finger-tight, when applicable.
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Wailey: FORGED BODY REGULATING & SHUT-OFF VALVES

FLOW CAPACITY CURVES
MAXIMUM FLOW FOR Cy = 0.09 MAXIMUM FLOW FOR Cy = 0.37
PRESSURE DROP PRESSURE DROP * -
TOATMOSPHERE | ooy AR WATER TOATMOSPHERE |  sorm o Toof P SR,
(AP PSI . @ 70°F (21°C) GPM @ 70°F (21°C) (aF) P @ 70°F (21°C) a7 (21°C)
10 128 029 10 514 117
50 34 064 0 1401 262
100 604 0%0 100 484 170
] )
o . lonbice| |
7 0.172 in. (4.4 mm)
ORIFICE 7
¢ [~ T0.080 in. (2.0 mm) L~
Z /1 )
5 § . //
£ ¢ S // g °§P
£ Ry - &
= 3 o = I /
2 o« ER Y B
, % : / Vi
e // 21—
1 KELF & VEE STEM —F—1—— 1 / KELF & ¥ £ STEM ]
| L L AN
0 001 002" 003 004 005 006 007 008 009 0 005 0.10 015 020 025 030 038
FLOW COEFFICIENT (C.) @ TURNS OPEN FLOW COEFFICIENT (Cs) @ TURNS OPEN
MAXIMUM FLOW FOR Cv = 0.73 MAXIMUM FLQW FORCy = 1.8
PRESSURE DROP PRESSURE DROP
AIR WATER AIR WATER
TO ATMOSPHERE S o TO ATMOSPHERE
(aP) PSI SCFM @ 70°F (21°C) GPM @ 70°F (21°C) (AP) PSt SCFM o 70°F (21°C) GPM @ 70°F (21°C)
10 1011 231 10 25.04 569
50 2764 516 50 6816 1273
100 43,00 730 100 12083 18.00
3
7 / 4 //
ORIFICE | ORIFICE A
6 T0.250 in 64 mm) 0.375 in. (9.5 mm) /
z ’ ’ | g3 /
&5 & 7
° I 2 /]
g S, & d
ER ) 2 3 /
@ @G & 2 4\‘&
g K3 H &
33 & 3 x*
2 o b *E-"/
2 = 1 1
1 KELF & VEE STEM —— - ] L
=" T | _//
0 ol 02 03 04 [.X] 06 07 o 05 1o 15
FLOW COEFFICIENT (C.) @ TURNS OPEN FLOW COEFFICIENT (C4) @ TURNS OPEN
ﬁ" ’1 . ANGLE l CROSS STRAIGHT STRAIGHT
VARIETY OF ¢y PATTERN PATTERN"® PATTERN PATTERN
PATTERNS, END Frst _ J
CONNECTIONS | 3
AND MATERIALS | v e i
£ E .
£ 3
s F . M-QVvM2
A-1VM6-S6-A SS1VS4-X | ——
*NOTE: Uninterrupted flow between side ports at ail times. On-off or metered flow thru botiom pbrl. S-18VM&8-F8
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DIAMOND™ FACETS

Thin Metal Cutting

DIAMOND Laser
Shines when
Cutting Intricate
Patterns

Coherent’s new, compact,
sealed DIAMOND CO, laser
defines a new standard in
precision cutting of thin
metals, such as steel, inconel
and titanium.

The DIAMOND's superior
capabilities for intricate cut-
ting result from an integrated
set of features termed Bril-
liance™. Specifically, Brilliance
results from three factors:

¢ small spot size
¢ high peak power
* square-wave pulse shape.

Brilliance—The Key to
DIAMOND-Sharp Cutting

The new DIAMOND laser
utilizes slab discharge geom-
etry, together with proprietary
coupling optics to deliver

9
N
— !
¢

] S O RN Y
Figure 1. Brilliance leads to cuts with a finer
kerf width and a smaller HAZ, as seen in this
photograph of 0.025-inch thick mild steel

processed with a 150W DIAMOND laser (the
scale on the right is in hundredths of an inch).

output mode quality (M?<1.5)
unparalleled by other indus-
trial CO, lasers. The resulting
small focused spot yields the
narrow kerfs necessary when
cutting intricate patterns.

The DIAMOND's ability to
supply high peak power with
a controllable pulse shape
further enables production of
parts with fine detail. Specifi-
cally, these characteristics
ailow the DIAMOND to cut a
piece with sharp points or fine
detail, without melting those
points or details.

Conventional Laser  DIAMOND Laser

Figure 2. Brilliance combines small spot size

and intense, high-frequency square pulses to
enable intricate cutting.

The DIAMOND's high
peak power and pulsing
characteristics also eliminate
undesirable thermal effects
present when using other
CO, lasers. Because the
DIAMOND delivers most of
its power above the material
cutting threshold in a small
spot, the heat affected zone

(HAZ) is minimized. A small
HAZ reduces the occurrence
of recast layers—resolidified
metal which isn’t structurally
as strony as the original. All
this results in a finished piece
which is less susceptible to
cracks and microfractures,
even under extreme tempera-
ture cycle conditions.

The DIAMOND—
Positioned for Accuracy
and Economy

The compact design of the
DIAMOND laser toolpiece
allows it to be mounted di-
rectly above the work. This
means greater positional
accuracy because the beam
isn’t traveling over a large
distance, through complex or
expensive opties. The rugged,
hard-sealed laser maintains
alignment, and therefore
output power and beam
quality, even when subject to
motion and vibration.

DIAMOND's design also
leads to remarkably low
operating costs, due to its
reliability and the elimination
of gas bottles and pumps.

If you need to cut fine
details, use a laser which
eliminates the rough edges.
For detailed information on
the DIAMOND, please call
1-800-527-3786, or fax
1-800-362-1170.

Phone: Benelux (079) 621313  France (01) 69855145 ¢ Germany (06074) 9140 « United Kingdom (0223) 424065 Japan (03) 3639 9811
Other countries—Phone: (408) 764-4323 « Fax: (408) 988-6838 * Write: Coherent Laser Group, 5100 Patrick Henry Dr., Santa Clara, CA 95054

€3 coHERENT.

" ©1992, Coherent, Inc. ECAA



CO2 Lasers
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G()2 Lasers Take the Low-Power Route

Small, user-friendly carbon dioxide lasers
are finding a diverse range of new applications.

by Peter Gwynne
Editor

he carbon dioxide laser in-
dustry has entered a pe-
= riod of change. In the past,
the typical CO, laser was a high-
power piece of equipment used for
industrial operations such as cut-
ting and welding metals and pro-
cessing ceramics. Now, low-power
sealed-tube CO, lasers are reaching
the market. They don't compete with
the industrial behemoths. Rather,
they are seeking, and finding, a wide
variety of new applications.
Besides low-power, sealed CO,
lasers have small footprints and an
abundance of user-friendliness. They
are emerging in
marking, cutting on
the small scale, en-
graving and similar
light industrial ap-
plications.
Industrial CO,
lasers in the kilowatt
power range and up
remain in demand,
particularly in Eur-
ope. Another rela-
tively new type of
CO, laser, the trans-
versely excited at-
mosphere (TEA) la-
ser, is finding in-
dustrial applications
and scientific uses
(see opposite). But
the greatest promise
of new applications
comes from sealed-
tube CO, devices.
According to mar-
ket-research com-
pany Frost & Sul-
livan, these configu-
rations are only just
beginning to reach
their market poten-

S Above, controlled via desktop personal computers and software
l such as AutoCAD and CorelDRAW!, Synrad sealed carbon

2 L)
P s |
17 vy ey o 2 e

dioxide lasers process a wide variety of parts.

At left, a Coherent Diamond CO, iaser in action.

tial, even though
the overall Cco,
laser market is
one of the most
mature in the
laser industry.
The need to
find new uses for
CO, lasers stems
from the current
state of the in-
dustry. “It's very
much a price-dri-
ven market,” ex-
plained Terry
Vanderwert, mar-
keting manager of
Lumonics Corp.'s
Laserdyne Div. in
Eden  Prairie,
Minn. “Cutting
prices is a prob-
lem, owing to the
small quantities
involved. The so-

lution is to seek new uses.”

Beyond price, a significant factor
In ensuring the success of any new
application of CO, lasers is ease of
operation. “User-friendliness is cer-
tainly one of the keys," declared Van-
derwert.

Removing complexity

That's particularly true in small,
self-contained CO, lasers, a market
in which the Coherent Inc. Laser
Group (Santa Clara, Calif.}) and
Synrad (Bothell, Wash.) are the major
US players. “Both Coherent and
Synrad are removing the complexity
of laser processing,” explained Paul
Crosby, director of the CO, business
unit at Coherent. “The complexity for
the manufacturer moves back to the
software. The laser becomes a ‘user-
transparent tool." " That's important,
because buyers of the devices are
often nontechnical and generally un-
trained in using lasers.

104 PHOTONICS SPECTRA
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CO, Laser
- Surgical System
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Serving the medical community with
innovative and dependable laser technology

Jor more than a decade.




The first portable Sealed-off CO, Laser
that brings the quality of a hospital laser
into your office featuring:

* 15 watts to tissue '

* TEMgo * NIIC super pulse

» 7-knuckle articulated arm

+ Compact, with its own carrying case

HANDPIECE
Variable Spot Size
0.1 mm-2.0 mm

MICROMANIPULATOR
Variable Spot Size

i Variable Focal Distance

200 mm-450 mm

Adapts to all major

microscopes and

colposopgs.

RIGID WAVEGUIDE *
for arthroscopy,
laparoscopy

SPECIFICATIONS

Laser Type CO, Laser

Wavelength 10.6 microns

Output Power Continuously variable 1-15 watts at tissue

Oscillation Mode TEM 00

Exposure Mode Single pulse, Repeat pulse,
Continuous, Super pulse

Exposure Time 0.1-9.9 seconds and continuous

Beam Delivery System Seven-knuckle articulated arm

Aiming Beam He-Ne Laser 0.8 mW

Cooling System Forced air cooling

Electrical Input 100-120 VoIt 4 Amp maximum
50-60 Hz Single phase

Safety System Self-monitoring system

Dimensions 180(w) X 130(h) X 550() (mm)
74(w) x 5"(h) x 23.6"(1) (inch)

Weight 33 Ibs. (15.0 kg)

“Luxar Endoguide™ pictured

N n“C NIPPON INFRARED INDUSTRIES CO., LTD.
JAPAN(head office)
232 SAKADO, TAKATSU-KU, KAWASAKI-SHI, KANAGAWA-KEN, JAPAN 213
® Tel:(044)811-6321 ®Fax:(044)822-0020 ® Telex:3842202 NIIC J

NIC U.S.A. 460 SEAPORT COURT REDWOOD CITY CA94063
» Tel.(415)368-2225 ® Fax.{415)368-2358
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