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Front Matter

Failure to comply with the following could cause premature failure of your
turbopump or converter and void your warranty.
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® Don’t run the pump without the inlet screen installed in the high-vacuum flange.
The inlet screen prevents objects from falling into the pump and damaging the rotor.

®m Avoid contaminating the turbopump with oil vapors as follows:

If you rough the chamber through the turbopump, install an adsorption trap in the
fore-vacuum line. When pumping down large chambers, use the backing pump to
rough the chamber through a separate line before starting the turbopump.

Ensure that the backing pump or fore-vacuum line has a anti-suckback valve to
prevent oil from being drawn into the turbopump during shutdown.

Always vent the pump during shutdown as described in Section 3.5. Failure to vent
the pump can result in premature failure of its bearings or in oil backstreaming into
the turbopump from the backing pump.

m If you will be pumping corrosive or aggressive gases or gas containing abrasives or
dirt, you must purge and vent with inert gas through the turbopump’s purge port as
described in Section 3.7. Purging and venting prevents the grease from becoming

. contaminated and protects the bearings from premature failure.

m Ensure that air flow around the converter is unrestricted. The maximum ambient
temperature for the converter is 110°F (45°C).

m Ensure that the converter’s fuse and voltage are correct for your AC power source
as described in Section 2.2.1.

m Don’t expose the turbopump to external shocks or vibration while its rotor is
spinning. We recommend using bellows or flexible tubing for the fore-line to
prevent transmitting vibration from the backing pump.

m When installing the turbopump within a magnetic field, ensure that the magnetic
induction measured at the surface of the pump housing doesn’t exceed 50 gauss
[5 mT (millitesla)] in a radial ficld and 150 gauss (15 mT) in an axial field. If these
values are exceeded, the resulting eddy currents might overheat the rotor; therefore,
suitable magnetic shiclding of the turbopump will be necessary.

m The standard pump is radiation resistant up to 10S rad. If higher radiation resistance
is required, please contact Leybold.

m Ensure that the ambient and bakeout temperature are below the maximums listed in
Table 3-A.

()
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Table I — TMP1000 TURBOVAC® Specifications

Pumping Speed (Volume Flow Rate — liters/Second)

High-Vacuum Flange ~ 1601SO-K 160 CF CinchASA . 280150:K

For Nitrogen 850 850 1100 1150

For Helium 880 880 975 1000

For Hydrogen 800 900 970 1000
Ultimate Pressure <10 mbar <1071 mbar <1070 mbar <10 mbar

Compression Ratio:

PO NI O ON - s S B i A oS o e R S S T T e >109

FOr HEUM ..o oottt 5x10%

e | S e rm——, 2x10°

Starting Pressure (maximum fore-vacuum pressure)

.......

<1 x 10" mbar

Maximum Pressure at the High-Vacuum (HV) Flange ...... 1x 10" mbar

BOIIONBESPOOH . o 50 50060555 RS S SR S 36,000 rpm

SIEUD TING v i st s i i R e SR e A s 4 minutes with NT1000/1500 VH
9 minutes with NT20 converter

LUBCANON . s vsiiiasas v nnins i s ans el eecnasnse Life-long supply of grease

CoolingWater FlowRate . ..........covvvnnerennnnnns. 30 I/hr (8 gal/hr) at 15°C (60°F)

Cooling Water Temperature . ............covvninninnnnnn 60 to 75 °F (15 to 25 °C)

Maximum Cooling Water Pressure . .................... 80 psig

----------------

Cooling Water Connection, Hose Nozzle

7g inch (11 mm)

Fore-Vacuum Port Fitting

-----------------------------

40 KF or 63 ISO-K

Maximum Bakeout Temperature at High-Vacuum Flange . . ..

Bakeout Power Requirements

-------------------------

212°F (100°C)
See Section 3.8

Mounting Position

In Any Desired Position

<0.15 mm/sec

VIFEHON VOIOCHY oovivviivi s dss eniantiaes v
| A T P P S WY T LT T 1, 55 pounds. (25 kg)
B . See Table V
Recommended Backing PUMP: . .. ............c.vvenn.. TRIVAC® D40B (28.3 cfm).

NOTE:The recommended backing pump can vary widely
depending on the gas load, the required pumpdown time, & the
conductance of the foreline. Contact Leybold for
recommendations for your particular process.

TRIVAC D65BCS (45.9 cfm) if
operating with inert-gas purging
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Table II — Specifications of the NT1000/1500 VH Converter

PR VORAGeS (= 10%) ... cinviaiviideiaiidisviaai

100,115/120, 220/240 V AC
+10%, single phase, 50/60 Hz

MaxImum POWORINDWR . i S i S s o s i 0.9 KVA for TMP1000
(1.2 KVA for TMP1500)
Overload Current Limit
DD BMINEUID a5 e o B e A S R R S % 8.5 amps for TMP1000
(11.5 amps for TMP1500)
EXUNINE OB BRMNN. o575 5 i 556 B0 W B TR 3.5 amps for TMP 1000
(8.0 amps for TMP1500)
Input Fuses:
10D TASAZO N AG s nwiasvin soniomans som prass v in s s S win 10 amps
LADNVIAGS: i v i RN A e S S AT A AR 6.3 amps
Output Voltage (maximum) ............covivinvnnnnn. 42V AC, 3 phase
Rated Frequency (normal operation): .................. 595 Hz

(355 Hz for TMP1500)

Admissible Ambient Temperature

32-110°F (0-45°C)

Maximum Output Relay Load (resistive load) ........... <250V AC 1000W AC/4 amps
<130V DC 120W DC/1 amp

L1t R R R P Sy (S e e S g 55 pounds (25 kg)

Dimensions ................. e 445 x 138 x 372 mm
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Table III — Ordering Information for the Turbopump & Converter

Pump and Converter Part Numbers

Turbomolecular Pump Models:
TMP1000C with 6-inch ASA High-Vacuum Flange & 40KF Fore-Vacuum Port .... 89489
TMP1000C with 6-inch ASA High-Vacuum Flange & 63 ISO-K Fore-Vacuum Port 89499
TMP1000C with 250 ISO-K High-Vacuum Flange & 40KF Fore-Vacuum Port . . . .. 85536
TMP1000C with 250 ISO-K High-Vacuum Flange & 63 ISO-K Fore-Vacuum Port.. 85539
TMP1000C with 160 ISO-K High-Vacuum Flange & 40KF Fore-Vacuum Port . . . .. 85535
TMP1000C with 160 ISO-K High-Vacuum Flange & 63 ISO-K Fore-Vacuum Port 85538
TMP1000C with 160 CF High-Vacuum Flange & 40KF Fore-Vacuum Port ....... 899238
TMP1000C with 200 CF High-Vacuum Flange & 40KF Fore-Vacuum Port ....... 899239
NT1000 VH Frequency Converter

FOR D VA i an aaa v o B S R R DA MR S RS 85578-1

BOr 220 VAD it st i s s o s B o s Ao S S e W 0 85578
NT20 Frequency Converter (115VAC) ..........cciiiiiiiiiiiinnineanennn 85562-1

Pump/Converter Cable, 16feet (Smeters) ..............cooiiiiiiiiiiiiin., 200-17-045
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- Table IV — Ordering Information for Accessories
Accessories
Gaskets and Clamps for the High-VacuumFlange ....................... See Table 2-B
Fuses for Frequency Converter
Fuse F1 T 10 A, 250D (used with 100, 115/120 VAC line voltage) ............ 99-180-054
Fuse F1 T 6.3 A, 250D (used with 200-240 VAC line voltage) ............... 520-25-321
Fuse F2 16A, 250 G (on six-stepinverterboard) ...............ccvvnvunnn. 520-25-122
PUSB F3TEOB/250: .. vvowviis o v i e e e s e e s 520-25-312
Water Refrigeration Unit (see Appendix A1) . ... .oiiiiiiiiiiiiiiinnnnn. 89-239-003
Water-Flow Switch (see AppendixA.2) .........ciiiiiiiiiiernrnnennnnnns 99-287-022
CF Flange Heater (For pumps with CF high-vacuum flanges,see Appendix A.3):
160 CF
TIBV A e 85438
o R e P et B R R M A, 85437
200 CF
o S R A R R o SR e A B AP e e 85459
BOON IO 2 s R B R R R SR i SRR R R i 5 85458
Vibration Damping Bellows (see Appendix A.7)
For pumps with a 160 ISO-K high-vacuum flange ........................ 85344
For pumps with a 160 CF or 200 CF high-vacuum flange .......cccevevuen. On request
=
Flange Adapter (Adapts 250 ISO-K Flange to 10"ASA) .. ........cvvvinnnnn. 98-278-0703
Automatic KF10 Vent Valve (see Appendix A.4)
TS NAC NOMMAIN OB . vy vomimise sownn emovinisias wesmiese e sy Ba40s 899838
MISVAC, Normally Closed . . . . . . . o o v i i i i ettt e e e e e 899839
SAOVAC, NOMEIY OPBN & ¢ 2w siais sisin o pie sinie o4 0 sie e seis areie 899840
240-VAG: NOIMMaIV:CI0800 . 15 & &de elaiansiiia @ikds st gheiaie e $Uhy s tdiein 899841
Purge/Vent Valve for Corrosive Applications (see Appendix A.5)
LN O TR O AT s e S AT A e R R b A PP P 85528*
B N R D e e e A S R B R A R R TR S F T BRaR e 85529*%
Adsorption Trap (see Appendix A.6)
T 4 T — 85416
PE)IS ABSOTOGIN: MO CAIE «oxcrn oon asainsss s ase mst v s s Ao n R e e Y R a0 85410
Air Cooling Unit (see Appendix A.8)
T T m— 89445
T — 85498

* |f the pump's serial number is smaller than A9113 . . . ., use the 36 sccm purge/vent valve
(P/N 85548 for 115VAC, and P/N 85549 for 220 VAC).

-«
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Table V — Dimensions

TMP1000

6-inch ASA

~1
/"‘ b
\

Panel Mounting Dimensions of NT1000

PRI T— i — T
. F ——to] A /1//////////?
A ' :@T 2% / 5% %
fe—x——»] _ W & /) u:‘m
' =
H Y
——— \ H |
— R ; " ‘i/////b///////((/
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Dimensional Data Dimensions, Inches (mm)
TMP 1000 Flanges A B D 3 H* J K
160 ISO-K 14%/s 4%/ 9/a S 3% 512 1082
(371) (128) (238) (137) (20) (140) (258)
CF160 15%2 LR 93/ 54/ 39 Sz 10812
(383) (1286) (238) (137) (90) (140) (258)
CF200 1458 435 93z 53/ 3% 512 108/%
(371) (1286) (238) (137) (90) (140) (258)
250 ISO-K 1312 41y 93u 5132 3% LY F 1042
(343) (126) (238) (137) (90) (140) (258)
6°ASA 145/n 431fy 93/a 543w e 52 1052
(371) (126) (238) (137) (90) (140) (258)

* Dimenswon ksted s for 63 ISO-K Forelne Port . KF40 Foreline Port "B Dimension 15 5% .2 (134)
" Dimension bsied 1S for 63 ISO-K Forlne Porl - KF40 Foreline Port 'H° Dimension 15 3%/ (82)

f



'S 1 — Introduction
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This manual contains inslallation, operation, description, and service information for the
TMP1000 Turbomolecular Pump and the NT1000/1500 VH Frequency Converter. The
pump and converter function together to produce ultra-clean, hydrocarbon-free high

vacuum.

This manual doesn’t cover the model TMP600 or TMP 1500 turbopumps or the model
NT20 converter.

“WARNING" statements are used in this manual to prevent personal injury;
D “CAUTION" statements are used to prevent damage to equipment.
The “NT1000/1500 VH” converter is sometimes called the “NT1000 VH” converter in

this manual.

NOTE: ASA Flanges — We refer to one of our intake-flange options as 6-inch ASA.
The bolt pattern of this flange is compatible with a standard 150-pound 6-inch
ANSI (formally ASA) flange; however our flange doesn't meet ANSI standards
because it is designed for vacuum processes rather than for high-pressure

applications.




Brief Description of Turbopump and Converter Section 1.1

lll Brief Description of Turbopump and Converter | :

See the front of this manual for important precautions, specifications, and ordering infor-
mation. See Section 6 for detailed descriptions of the TMP 1000 and the NT1000 V/H.

The TMP1000 Turbomolecular Pump can produce an ultimate pressure of
<10719 mbar and can achieve a pumping speed of 1000 liters/second for air at molecular
flow. A turbopump must be backed by a rotary vane pump to avoid overloading the tur-

bopump at higher pressures and to evacuate hydrogen. Other features of the TMP1000
arc listed below:

® Grease-lubricated ceramic bearings — Ceramic bearings are reliable, quiet,
and maintenance-free. The bearings are grease lubricated for extended bearing
life and unrestricted operating positions. The complete drive assembly including
bearings and motor is located in the fore-vacuum space.

® Dynamic balancing of the turbopump’s rotor assembly — This produces
silent running with minimal vibration. Don't modify the rotor or it will affect its
precision balancing. Also avoid blows and isolate the pump from heavy vibration
which could result in accelerated bearing wear.

m Standard water cooling and optional air cooling — (Sce Appendix A8 fora
description of the optional air-cooling unit.)

m Thermal protection — The turbopump motor is protected from overheating by a
thermal switch which turns off the frequency converter if the water or optional air
cooling is inadequale.

m Purge and Vent ports (see Figure 2-5) — It is important to vent all turbopumps
during shutdown to prevent the backing-pump oil from contaminating the
turbopump and (o prevent premature bearing failure. For standard applications,

the purge port is sealed off and the pump is normally vented through the vent port
as described in Section 3.6.

If the pump will be exposed to corrosive or aggressive process gases or gases that
contain dirt or abrasives, you must scal off the vent port and use dry inert gas to
purge and vent the pump through its purge port as described in Section 3.7. The
inert gas forms a protective gas seal around the motor/bearing cavity, thus
protecting the bearings and grease from corrosive or abrasive attack. A larger

capacity backing pump is required to handle the increased gas load resulting from
the purging.

All current TMP1000 models include the purge port; however, older models
didn’t have this port.

m High-Vacuum Flange/Inlet screen — The top rotor blade of the turbine is
located just below the high-vacuum [lange to minimize the loss of conductance
due to the impedance of the intake port. A screen in the high-vacuum flange

protects the turbopump from foreign objects that could fall into the pump and
severely damage the rotor.

10



Section 1.2 Unpacking and Inspection

The NT1000/1500 VH Frequency Converter converts single-phase 50/60 Hz power to
the three-phase power pulses required by the turbopump’s motor for acceleration and
steady running at 36,000 rpm. The NT1000/1500 VH converter can drive the TMP1000,
the TMP600, or the TMP1500 turbomolecular pumps.

The pump is started and stopped by the converter’s START and STOP pushbuttons. A fre-
quency meter on the front panel indicates the motor’s drive frequency as a percentage of
its maximum value (100% corresponds to maximum pump speed). Front panel POWER,
ACCELERATION, NORMAL OPERATION, and FAILURE indicators show the status of the
converter. External control and monitoring devices can be connected to the converter’s
rear-panel terminal block (see Section 2.2.4).

IE Unpacking and Inspection

Proceed as follows to unpack and check the turbopump and frequency converter for ship-
ping damages as soon as you receive it.

1. Inspect the outside of each shipping container for visible damage. If you will be
making a damage claim, keep the shipping container and packing materials.

N e S A N o N DL B A e N b L O TR N BN

CAUTION: Don't remove the protective covers from the turbopump hlgh-
vacuum or fore-vacuum flanges until it is ready for connection
to the vacuum system. The pump is filled with dry nitrogen to
Brotect it from corrosion and contamination during shlppung

N S SRS R

2. Carefully unpack the turbopump and frequency converter and inspect it for damage.

3. If you find any evidence of damage, proceed as follows:

* Save the shipping container, packing material, and damaged part for inspection.

* Notify the carrier that made the delivery within 15 days of delivery in accordance
with Interstate Commerce Commission regulations.

* File a claim with the carrier for the damage. Any damage in transit is the
responsibility of the carrier because all equipment is transported from our factory
by privale carriers.

* Contact our Order Services Department in Export, PA or your nearest Leybold
representative to order replacement parts.

11
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4 2 — Installation

This section contains information on how to install the NT1000 VH Frequency Converter
and the TMP1000 Turbomolecular Pump. Also included is a procedure which checks the

turbopump’s direction of rotation (see Section 2.2.7). g
2
[
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Section 2.1 Utility and Site Requirements

) BRX utility and Site Requirements

-

m Ensure the correct AC power source is available for the converter and any
accessories. Avoid powering the converter from an AC line source that is noisy
from line-voltage drop outs and transient spikes. Also avoid mounting the
converter near electrostatic discharge devices which can cause the converter to
operate erratically.

m If the turbopump will be located more than 16 ft. (5 m) from the frequency
converter, a longer pump cable will be required.

e
o
=
S
]
[
®
£ =

m A vent valve (see Appendix A.4) is required for standard applications. A source
of dry inert gas and a Purge/Vent Valve (sce Appendix A.5) are required for the
turbopump if you will be pumping corrosive or aggressive gases or gas
containing abrasives or dirt.

m You will need a source of clean tap water, the optional water-flow switch (see
Appendix A.2), and %jg-inch hose and clamps for the standard water-cooled
turbopump. If tap water isn’t available, use the optional Water Refrigeration Unit
(see Appendix A.1) or Air Cooling Unit (see Appendix A.8).

® The turbopump requires a backing pump for proper operation. A TRIVAC D40B
is recommended for standard applications. A larger capacity backing pump
(TRIVAC D65BCS) is required if you will be purging the turbopump with inert
’ gas, or if the turbopump will be operated continuously between 1.3 x 10~ mbar
and its maximum rated pressure of 1 x 10°2 mbar. Otherwise, the foreline
pressure will exceed its maximum pressure of 1 x 10”1 mbar. Contact Leybold
for recommendations.

® The turbopump must be protected from external shocks or vibration while its
rotor is spinning. Bellows are recommended if the turbopump is connected to any
vibrating components. Use bellows (o connect the turbopump’s fore-vacuum port
to the backing pump. Refer to Appendix A.7 for information on bellows for the
high-vacuum flange.

m In addition to bellows, some mounting hardware is required for installing the
turbopump to the vacuum system. Sce Table 2-B for the P/N’s of flange gaskets
and clamps for the high-vacuum [lange; see our catalog or contact us if your
installation requires adapters.

m Ensure that the converter’s cooling fan isn’t obstrucled and that the ambient
temperature doesn’t exceed 113°F (45°C).

m When installing the turbopump within a magnetic field, ensure that the magnetic
induction measured at the surface ol the pump housing doesn’t exceed 50 gauss
[5 mT (millitesla)] in a radial field and 150 gauss (15 mT) in an axial field. If
these values are exceeded, the resulting eddy currents might overheat the rotor;
therefore, suitable magnetic shielding of the turbopump will be necessary.

. m The standard turbopump is radiation resistant up to 10° rad. If higher radiation
resistance is required, please contact Leybold.

15




Frequency Converter Installation Section 2.2

Refer to Table 2-A for
transformer T1 primary
connections.

(This photo shows primary
connected for 115 VAC.)

....mn

nll‘t“‘ "7,1”5':"?!' |I|1I

— F e S "vs-
c;\ﬁ

1TN-O7.22A

Figure 2-1. Power Transformer T1 Primary Connections

Table 2-A —Transformer Connections & Fuse Selection
for the Converter

AC Line Voltage 110 | 115/120 | 200/220 | 240
AC Line Connection to Terminals 2&3 1&3 2&6 1&6
J C ctions to Terminals 210 5; 110 4;

umper Lonnections 310 6 310 6 3t05 3t0 4
Fuse (F1) 10A 10A 6.3A 6.3A

Frequency Converter Installation
AC Voltage and Fuse Selection
@
- | WARNING — Electrical Shock |

DON"T plug the converter mto an AC service outlet dnng the
following procedure.

CAUTION: Failure to ensure that the converter's transformer sttings and
fuse match your AC power source could result in damage to

The NT1000 VH converter is supplied ready for connection to a 115 V AC, 50/60 Hz
power outlet. If your service is 100, 220, or 240 V AC, you must change the following:

16




Section 2.2

Frequency Converter Instaliation

1. Voltage Selection — Before plugging into the outlet, remove the NT1000 VH top
cover and change the connections to the primary-side terminals of transformer T1 as
listed in Table 2-A and shown in Figure 2-1. For additional wiring details, see the
electrical schematic (Figure 7-6).

2. Fuse —The NT1000 VH is shipped with the 10 amp fuses installed for 100 or 120 V
AC operation. If your service is 220 or 240 V 60-Hz, change the input fuse F1 in the
back panel fuse holder to 6.3 amps. We inlcude a 6.3 amp fuse in the bag of spare fuses
shipped with the converter.

3. Plug — If your AC service is 240V 60-Hz, remove the standard 120V plug from the
converter’s linecord and replace it with a 250V, 20A right-angle plug (P/N 99-122-049).

Converter Cooling

The converter is cooled by an internal fan mounted on the left side of the unit as seen
from the front. This fan maintains the converter at an acceptable operating temperature as
long as the fan’s intake isn’t obstructed and the ambient air temperature doesn’t exceed
113°F (45°C).

Excessive operating temperatures due to restricted air flow voids the warranty, may result
in premature failure of the converter, and definitely degrades the reliability of the con-
verter.

Converter Mounting

The converter is shipped with four rubber feet, allowing it to be placed on any hard sur-
face up to 16.4 feet (5 m) away from the pump. For greater distances, additional pump
cable must be ordered.

To mount the converter in a 19-inch rack, first remove the converter’s rubber feet, and
then install Extender Ears (supplied with the converter) behind its front-panel handles.
The Extender Ears consist of two rectangular metal plates, each having two slotted screw
holes and two round screw holes. To install the Extender Ears, proceed as follows:

1. Using a small flat-blade screwdriver, pry out the plastic cover located in the front of
each handle.

2. Loosen the two screws that secure the handles to the front panel; then remove the
spacer plate behind each handle.

3. Insert the Extender Ears in place of the spacer plates with their slotted screw holes posi-
tioned behind the handle screws; then tighten the handle screws.

4. Reinstall each handle’s front-plastic cover.

17
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Frequency Converter Installation

Section 2.2

11213 g
TANDARD WIRING
0|19
)
(a)
8 AUTO START
LII?
| W | -
e~
(b)
1123
=8
START/
STOP
(c) 18 VAC
24V (During Normal
8 [_‘\ sin. 3, Operation) r/.l
11213 45|86 718 12113 14115
lol¢ ° 2
C START | STOP .
v
(1000 ] (o007}
Hz Hr
T ——— S —— S — —— N —— S —r
(d) (e) () (9 (h)
(a) Standard front-panel START/STOP control of turbopump; no remote control.
(b) Automatic START of turbopump when AC power is applied to converter.
(c) Remote START/STOP using a single toggle switch.
(d) Remote START/STOP using two momentary pushbuttons.
(e) NORMAL operation relay outputs; Terminals 5 & 6 close and 4 & 5 open
when converter switches to NORMAL operation.
() Frequency Counter.
(g) Elapsed Time Meter; 18 VAC is applied to Terminals 12 & 13 when
converter switches to NORMAL operation.
(h) FAILURE relay output; Terminals 14 & 15 close when converter goes
into FAILURE.
‘_—/
Figure 2-2. NT1000/1500 VH Rear-Panel Wiring
_/
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Section 2.2 Frequency Converter Installation

Wiring the Converter’s Rear Panel Terminal Block (X1)

Figure 2-2 shows the various wiring configurations possible at the converter’s rear-panel
terminal strip. Detailed wiring information is included in Sections 2.2.4.1 thru 2.2.4.7

2241 Standard Wiring

We connected a jumper between terminals 2 and 3 as shown in Figure 2-2a to allow you
to control the converter using its front panel start/stop pushbuttons.

1~
o
-
=
o
-
()
E

2242 AutoStart

To automatically start the pump whenever AC power is applied to the converter, connect
Jjumpers to Terminals 1, 2, and 3 as shown in Figure 2-2(b).

T s Startinéand' Stopping

Terminals 1, 2, and 3 are inputs to be used for starting and stopping the pump from a
remote location. Two wiring methods for remotely controlling the converter are described
below:

m Figure 2-2(c) shows how a single toggle switch can be used to turn the pump on
and off. With this wiring configuration, the pump starts when the switch is
closed, and stops when the switch is opened. An advantage of this wiring method
is that the pump will automatically restart without operator intervention
following a short-term-AC-power failure.

m Figure 2-2(d) shows two momentary pushbutton switches that function the same
way as the converter’s front-panel START/STOP pushbuttons. This wiring
arrangement uses a momentary-switch closure to start the pump, and a
momentary-switch open to stop the pump. Note that a short-term-AC-power
failure will reset the converter and stop the pump.

224.4 Remote Normal-Operation Sensing

Relay contacts connected to Terminals 4 (N.C.), 5 (Common), and 6 (N.O.) indicate when
the converter achieves normal operation. These relay contacts are rated 4 A @ 250 VAC,
and 120 W @ 30 VDC. See Figure 2-2(e).

For example, an external lamp or control device can be activated when the converter’s
NORMAL OPERATION indicator lights by connecting the external device along with its
power source in series with Terminals 5 and 6.
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2245 External Converter Frequency Indication

A frequency counter connected to Terminals 7 & 8 will provide a quantitative indication
of the converter’s output frequency. See Figure 2-2(1).

The output signal at Terminals 7 & 8 is a +24V square wave. The following frequencies
represent the pump's maximum rotational speed:

+ TMP1000 turbopump model . . . . . . . 595 Hz — 35,700 rpm
* TMP1500 turbopump model . . . . . .. 355 Hz — 21,300 rpm

22.4.6 External Elapsed Time Meter
Terminals 12 & 13 provide an output of 18 VAC whenever the converter achieves normal

operation. An elapsed time meter can be connected to these terminals to indicate total nor-
mal operating time of the pump. See Figure 2-2(g).

2.24.7 Remote Failure Sensing

Relay contacts connected to Terminals 14 & 15 provide an indication of converter failure.
These relay contacts are rated 4A @ 250 VAC, and 120 W @ 30 VDC. See Figure 2-2(h).

For example: An external lamp or control device can be activated when the converter’s

FAILURE indicator lights by connecting the external device along with its power source
in series with Terminals 14 and 15.
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Section 2.2

Frequency Converter Installation

mGrounding

To reduce the possibility of electrical shock, and to prevent a malfunction of the converter
due to electrical noise, ground the converter chassis to the enclosure in which it is in-
stalled, or to a nearby earth ground. Use the grounding screw at the converter’s rear,
lower right-hand comer. This ground connection is in addition to the ground wire con-
tained in the converter's AC power cord.

Keep the inductance of the ground connection as low as practicable by using a short lead
made of copper braid or heavy wire.

m Pump and Converter Interconnection

The pump’s motor and the converter are interconnected by a standard 16.4 foot (5 m),
7-conductor pump cable that is supplied with the converter. Connect this pump cable be-
tween the pump’s octal socket and the converter’s rear-panel TURBOVAC connector.

Note that the pump cable is marked at both ends by heat-shrink tubing. If the older 6-con-
ductor unmarked pump cable is mistakenly used with the TMP1000, the pump will run at
the slower rotational speed of the TMP 1500 (21,300 rpm).

CAUTION: When pluggmg the octal pump-cable connector mto the pump 's
electrical connector, ensure that the key and keyway of these
connectors are properly mated. Otherwise, the converter may
be damaged due to nmpr& per connections.

R B R N B 7 S e NS I S 8
Important: If you use a pump cable that is longer than the standard cable,

you must readjust the Pump Cable Length Compensation con-
trol, R71, as described in Section 4.4.1.
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Frequency Converter Instaliation Section 2.2

Checking the Turbopump'’s Direction of Rotation

Before installing the pump, check the direction of rotation as follows:

! WARNING — Electrical Shock

EXSEEREE e e wmmmmwmm

—__® Thls equnpment employs voltages that are dangerous and
may be fatal if contacted. Use extreme caution when any of
its protective covers are removed. To prevent electrical shock,
always connect its chassis to a low-impedance ground.

Rt S SR S S B B e e R e A e
CAUTION: Before pluggmg the converter into an AC service outlet, ensure
that its power transformer, T1, is wired for the correct AC line
voltage, and that the correct chassis fuse, F1, is installed.
Refer to Section22.1. .

B e P e

LInstall the cable between the pump and converter as described in Section 2.2.6.

2. Plug the converter into an AC service outlet. Observe that the front panel POWER in-
dicator should light.

3. Press START; observe the direction of rotor rotation through the pump’s high-vacuum
inlet port; then press STOP.

4. The rotor should be turning clockwise (as sce through the high-vacuum flange).
If rotation is correct, unplug the converter and skip to Step 5;
if the rotor is turning counterclockwise, proceed as follows to correct the rotation:

a.Unplug the converter from the AC service outlet.

b.Remove the converter’s top cover.

c. See Figure 2-3, and interchange any two of the three-phase output wires connected
to Terminals X6 on the Six-Step Inverter board.

d.Replace the top cover; then redo Steps 2, 3, and 4 to ensure that the pump’s rotation
is correct.




Section 2.2

To reverse pump-motor rotation
direction, Interchange position of
any two of these three output
wires.

A2-Six Step Inverter Board

lc"ili

!Ilﬂ'

c..-laq

Figure 2-3. Changing the Wiring to Correct the Pump Rotation
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Turbopump Installation . Section 2.3

Bl Turbopump Installation

Figure 2-4 is a diagram of a typical pumping system containing a turbopump.
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1. TURBOMOLECULAR PUMP
<= 2. ELECTROMAGNETIC VENTING VALVE
3. FORE-VACUUM GAUGE
7 4. ELECTROMAGNETIC SHUT-OFF VALVE
5. BELLOWS
6. ADSORPTION TRAP
7. ROTARY VANE BACKING PUMP

— — —|TEMS REQUIRED FOR ROUGHING LINE
INSTALLATION, RECOMMENDED FOR
ATTAINING VERY SHORT PUMPING CYCLES.
EXHAUST ’

Figure 2-4. Typical Installation Schematic
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Section 2.3 Turbopump Installation

To install the turbopump, you must make connections to its high-vacuum flange, fore-
vacuum port, and water nozzles (water-cooled turbopumps only).

For standard applications, you should add a valve to the vent port as described in
Section 2.3.6.1.

For pumping process gas that are corrosive or aggressive or that contain abrasives
or dirt, you must connect a purge/vent valve and a source of inert gas to the purge port as
described in Section 2.3.6.2.
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m Turbopump Mounting Positions

The TMP1000 can be mounted and operated in any position.

High-Vacuum Flange Connection

). i WARNING! e
= Ensure that the turbopump S hlgh -vacuum ﬂange is bolted or

clamped securely to the vacuum system. If the turbopump
crashes and the flange isn’t bolted or clamped, rotor blades
could fly out and cause injury or damage.

The high-vacuum flange of the TURBOVAC is either ASA, ISO-K, or CF.

ASA-flanged pumps are supplied without mounting hardware. See Table 2-B for the part
number of the required sealing disc.

NOTE: The bolt pattern of our ASA flange is compatible with a standard
150-pound 6-inch ANSI (formally ASA) flange; however our flange doesn’t meet
ANSI standards because it is designed for vacuum processes rather than for high-

pressure applications.

ISO-K flanged turbopumps are supplicd with a centering ring, an O-ring, an outer ring,
and two of the four flange clamps (P/N 26701) required for the high-vacuum connection.
If not already done, fit the O-ring evenly over the centering ring without twisting the
O-ring; then add the outer ring. Insert the assembly between the pump’s high-vacuum
flange and your system’s flange. Use four clamps to secure the flange connection. Adap-
ters arc available to connect ISO-K flanges to ASA, ISO-F, or DIN type flanges. See our
catalog for more information.

CF-flanged pumps are required for ultra-high vacuum applications. Ensure that there
aren’t any fingerprints or other residue in the pump’s high-vacuum area that would
prolong pumpdown; wipe with reagent alcohol as necessary. To achieve the lowest pos-
sible ultimate pressure, CF flanges should be baked out (see Appendix A.3) and the cop-
per gaskets should be replaced each time you disconnect the flange. No mounting
hardware is supplied with the CF flanged pumps. See Table 2-B for the part number of the

required copper gaskel.
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Table 2-B — Part Numbers of Gaskets and Clamps for the High-Vacuum Flange

6-inch ASA
Sealing Discs

ISO-K Clamps
(set of 4)

CF 250 CF 200
Copper Gaskets | Copper Gaskets

CF 160
Copper Gasket

910-181-618

26701

83948-M 83947-1 83946-1

In many cases the turbopump is mounted directly by its high-vacuum flange to the
vacuum system.

Connecting vibration-damping bellows to the pump’s high-vacuum flange is necessary
only if this flange is connecled to a system that is vibrating heavily or to instruments that
are highly sensitive to vibration. Vibration-damping bellows are available for the pump
models with a 160 1SO-K or 160 CF high-vacuum flange (see Appendix A.7). If you use
the 160 CF bellows for connecting the high-vacuum flange, you don’t need to provide
structural support for the pump.

Before making the high-vacuum connection, remove the shipping cover and ensure that
the inlet screen is inserted into the turbopump’s high-vacuum flange. Also ensure that all
the sealing surfaces are clean.

m Fore-Vacuum Port Connection

If the turbopump has a 40 KF fore-vacuum port, a KF40 clamp and centering ring
with O-ring are included with the pump.

If the turbopump has a 63 ISO-K fore-vacuum port, a centering ring, an O-ring, an

outer ring, and two of the four flange clamps (P/N 26701) required for the fore-vacuum
connection are included with the pump. See the Leybold catalog for assembly informa-
tion for this and other types of vacuum fittings.

If you want to change the fore-vacuum port from 63 ISO-K to 40 KF, unscrew the 1SO-K
fore-vacuum port and replace it with a 40 KF port (P/N 200-170-655).

You must install an adequate backing pump at the turbopump’s fore-vacuum port to
achieve fast pump down times and low operating pressures. To achieve the turbopump’s
rated ultimate pressure, the backing pump must be capable of producing a pressure of
1x 103 mbar at the turbopump’s fore-vacuum port. A TRIVAC D40B is a suitable back:
ing pump for most applications.

If you will be purging the turbopump with inert gas, you will need a larger capacity back
ing pump to handle the increased gas load. We recommend the TRIVAC D65BCS. Itis
constructed to withstand corrosive gases and has an optional inert-gas purge system.

The recommended backing pump can vary widely depending on the gas load, the
required pumpdown time, and the conductance of the foreline. Contact Leybold for
recommendations for your particular process.
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Turbopump Installation

The recommended TRIVAC backing pumps have an internal anti-suckback device which
automatically closes the fore-vacuum line when the backing pump is switched off. This
device prevents oil from being sucked out of the backing pump and into the turbopump
during shutdown or during a power failure. If another type of backing pump is used, in-
stall a vent/isolation valve that seals off the backing pump’s inlet during shutdown or
during a power failure. We recommend using the Leybold SECUVAC® valve.

To ensure that the fore-vacuum space of the turbopump remains free from oil vapors
during operation, we recommend installing an adsorption trap in the fore-vacuum line.
Sce Appendix A.6 for information on the adsorption trap.
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To prevent vibrations from being transmitted from the backing pump to the turbopump,
use bellows or flexible tubing to connect these two pumps. Vibrations can result in prema-

ture failure of the turbopump’s bearings.

Turbopump Cooling

The turbopump is normally water cooled using a clean source of tap water connected to
its water nozzles (see Figure 2-5). Installation instructions for water cooling are given in

Section 2.3.4.1.

The optional Air Cooling Unit should be used when tap water isn’t available or if the
water is contaminated or the water temperature is above 75 °F. The maximum ambient
temperature for a pump being baked out with air cooling is 8°F (30°C) while the ambient
temperature for unheated air-cooled pumps at operating pressures lower than 10 mbar is

113°F (45°C).

The Water Refrigeration Unit should be used if tap-water cooling isn’t possible and the
ambient temperature exceeds limits for air cooling. Refer to Section 2.3.4.3 for installa-

tion instructions for the water refrigerator.

2.34.1  Water Cooling Connection

Connect a source of clean tap water to one of the turbopump’s water nozzles; it doesn’t
matter which one is used (see Figure 2-5). The minimum cooling water consumption is
about 30 I/hr (8 gal/hr). The tap water temperature should be about 60°F (15°C). The
higher the cooling-water temperature, the higher the required cooling-water flow. The
maximum water pressure is 80 psig. Use 7/16 inch (11 mm) ID hose to make the water
connection. Connect a second hose from the nearest water drain to the turbopump’s other
water nozzle. Use hose clamps to secure both hoses to the water nozzles.

To ensure that clean water is being fed through the turbopump, we recommend installing
a fine mesh strainer or automotive fuel filter in the cooling-water supply line. Check this

filter periodically to ensure it isn’t clogged.
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Section 2.3

We also recommend installing the optional Water-Flow Switch in the cooling-water
drain line as described in Section 2.3.5.

Note that the turbopump is protected by a thermal switch which automatically switches
off the NT1000 VH converter when the pump overheats because of a water failure.

If water cooling isn’t possible, use the Air Cooling Unit to cool the pump (see
Appendix A.8). This air cooler is mounted around the motor housing and is secured to the
pump base using three screws supplied with the unit.

When installing the air cooler, ensure that its intake air ports aren’t obstructed and aren’t
near the heated air flowing from the backing pump.

Connect the Air Cooler to a source of either 115 or 220 V AC (depending on the model or-
dered), single-phase power that is switched on and off simultaneously with the pump .

See the electrical specification label on the air cooler for the required voltage. It requires
24 watts.

Note that the maximum ambient temperature for a pump being baked out with air cooling

is 86°F (30°C) while the ambicnt temperature for unheated air-cooled pumps at operating
pressures lower than 104 mbar is 113°F (45°C).

Where tap water cooling isn’t possible, the Water Refrigeration Unit (see Appendix A.1)
can be used to cool the turbopump. Connect the water lines of the Water Refrigeration
Unit to the water nozzles of the turbopump using 7%j6-inch (11 mm) ID hose. Use hose
clamps to secure both hoses to the water nozzles. Detailed installation and operating in-
structions are supplied with the Water Refrigeration Unit.
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Section 2.3 Turbopump Installation

Installing the Water-Flow Switch

In addition to the installation instructions presented below, also refer to the instruction
sheet supplied with the Water-Flow Switch.

1. Install the Water-Flow Switch in the turbopump’s water-drain line using the switch’s
Low-Flow-Range “In" and “Out” connections. These connections are ¥4-inch NPT

female. The unused connections should be sealed using the plugs supplied with the
switch. Observe that the water-switch rotor should spin in a clockwise direction when

the water lines are correctly installed.
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2. Adjust the potentiometer inside the Water-Flow Switch to shutdown the turbopump at a
minimum water flow rate of 0.13 gal/min (0.5 I/min).
NOTE: There is hysteresis in the switching process causing the trip point to be slightly

different for rising and falling flow rates. For a precise measurement of the trip
point, make the measurement while reducing the flow rate so that it falls

through the trip point.

3. Electrically connect the Water-Flow Switch to the remote STOP terminals on the rear
panel of the converter as follows (see Figure 2-2):

* Ifa jumper is installed between remote STOP pins 2 and 3 of terminal X1,
remove this jumper and connect the normally open (N.O.) relay contacts of the
Water-Flow Switch between these two terminals.

* If a remote stop switch is connected to pins 2 and 3 of terminal X1, connect the
normally open (N.O.) relay contacts of the Water-Flow Switch in series with the

remote stop switch.

In operation, as long as there is sufficient water flowing through the turbopump, the
Water-Flow Switch will be closed and allow the turbopump to operate normally. How-
ever, if the water flow should fall below 0.13 gal/min (0.5 1/min), this switch opens and
causes the converter to shutdown the turbopump.
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High-Vacuum
Flange
(6-Inch ASA
Model)

Vent Port
(10KF)

Fore-Vacuum P

(4OKF Model)
Purge Port
(10KF)
Water
Nozzies

Electrical
Connector

TTNIT2A

Figure 2-5. TMP1000 Turbopump
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Turbopump Installation

m Installing Vent and Purge Devices

There are two 10KF ports on the turbopump. The upper 10KF port on the pump housing
is the vent port; the lower 10KF port on the base housing is the purge port (see

Figure 2-5).

If your pump will be used in standard applications, we recommend sealing the purge port
with a blank flange and installing a vent valve onto the vent port as described in
Section 2.3.6.1. Venting prevents oil from backstreaming from the foreline into the high-

vacuum sections of the system during shutdown.

If your pump will be exposed to corrosive or aggressive process gases or to process gases
containing abrasives or dirt, you must seal the vent port with a blank flange, and purge
and vent through the purge port as described in Section 2.3.6.2.

2.3.6.1 Installing a Vent Valve for Standard Applications
Install the optional vent valve as follows:

1. Ensure that the purge port is sealed with its blank flange (see Figure 2-5).

2. Ensure that the sintering nozzle is in place inside the vent port. The nozzle controls the
flow of venting gas in accordance with the pressure rise graph (Figure 3-3).

3. Use the 10KF centering ring and clamp ring to connect the vent valve to the
turbopump’s vent port (see Figure 2-5).

4. Either leave the vent valve’s other 10KF port open to the atmosphere, or preferably,
connect it to a bottled source of venting gas such as dry nitrogen. DO NOT exceed a
venting pressure of 7 psig when using a pressurized venting line. Ensure that the vent-
ing gas is dry to avoid condensation in the pump.

5. Wire the vent valve to appropriate AC power source such that the valve will close
when the turbopump is running. Then when the turbopump is shut down, the valve
automatically opens to allow the venting gas to enter the turbopump through its vent
port. Both normally-closed and normally-open valves are available (see Table IV in the

front of this manual.)
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Turbopump Installation

Section 2.3

2.3.62 Connecting Purge/Vent Gas for Corrosive Applications

If your pump will be exposed to corrosive, toxic, or aggressive gases or to gas containing
abrasives or dirt, then you must purge and vent with inert gas through the purge port.
Purging and venting with dry inert gas such as nitrogen protects the grease and the bear-
ing from harmful process gases.

_ WARNING!

T T o

It is essentual that the PurgeNent Valve is connected toa
source of inert gas or is sealed when pumping toxic or reac-
tive process gas. The Purge/Vent Valve isn't a shutoff device.
If its inlet port is left open, toxic process gas could escape
after shutdown or air could enter the pump and have a
dangerous reaction with aggressive process gas.

Install the optional Purge/Vent valve as follows (see Figures 2-5):
1. Ensure that the vent port is sealed with its blank flange (see Figure 2-5).

2. Ensure that the sintering nozzle is in place inside the purge port. The nozzle controls
the flow of venting gas in accordance with the pressure-rise graph (Figure 3-3).

3. Use the 10KF centering ring and clamp ring to connect the Purge/Vent Valve to the
turbopump’s purge port. Ensure that the Purge/Vent Valve is mounted so that the arrow
sticker on the valve housing points toward the turbopump.

4. Connect the solenoid of the Purge/Vent Valve through an on/off switch to the correct
power source. In operation, the valve’s solenoid should be energized when the tur-
bopump is running, and should be de-cnergized when the turbopump is shutdown.

5. Connect the input side of the Purge/Vent Valve through a regulator and valve to a bot-
tled source of dry inert gas. Ensure that the supply of inert gas is continuous to avoid
exposing the grease and bearings to harmful gas, and ensure that the purge gas is dry (0
avoid condensation in the pump. The absolute moisture content of the purge gas
shouldn’t exceed 10 ppm.

Note that the Purge/Vent Valve has been sized 1o allow an inert-gas flow rate of

24 standard cubic centimeters per minute (sccm) at atmospheric pressure. This flow
rate maintains the motor cavily at a pressure that is about ten times higher than the nor
mal foreline pressure. Other [iow rates at clevated purge-gas inlet pressures are listed
in Table 2-C. Be certain that the backing pump is capable of handling this purge gas
flow, in addition to the normal throughput of the turbopump and any expected process
gas inflow.

6. Disengage the locking pin on the Purge/Vent Valve body by turning it to the horizont!
position; when the locking pin is pressed in and turned to the vertical position, the venl
portion of the valve can’t open.
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Table 2-C — Purge Gas Pressures & Flow Rates for the TMP1000

Purge Gas Inlet Pressure (psig) Purge Gas Flow
0.0 psig 24.0 sccm
2.0 psig 27.3 sccm
5.0 psig 32.2 sccm
7.5 (max. recommended)* 36.2 sccm

*If the purge pressure is above 14.5 psig (2 bar), it could damage the filtering system of the
optional purge/vent valve in addition to causing high purge-gas flow.

Installing the CF Flange Heater

The CF flange heater is used only when operational pressures of 1078 mbar are required
(see Figure A-3). It can’t be used on pumps with ISO-K high-vacuum flanges because
their pump housings are made of aluminum; the pump housing on CF-flanged pumps are

stainless steel.

Position the flange heater around the pump’s CF high-vacuum flange and secure itin

place by tightening its clamp screw.

Connect the flange heater’s power cord to a source of either 115 or 220 VAC (depending
on model ordered), single-phase power. It has a thermal switch that keeps the CF flange

temperature within the acceptable range.

Power consumption for the flange heaters are listed below:

160CF Flange Heater ... .. 150 watts
200CF Flange Heater . . . .. 250 watts

B
o
S
S
©
-
®
=

e —



w




¢ 3 — Operation

s WARNING!

Death or serious injury can result from improper use or ap-
plication of this turbopump. Aggressive gases could have a
dangerous reaction with the hydrocarbon grease in the
TMP1000. If the pump will be exposed to toxic, explosive,
pyrophoric, highly corrosive, or other hazardous process
gases including greater than atmospheric concentrations of
oxygen, contact Leybold for safety precautions and specific
recommendations.

PSR

Operation

This section contains information on how to start, operate, and shutdown the
TMP1000 vacuum pumping system. Information on turbopump operating temperatures,
purging, venting, and bakeout is also included.
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EI Operating Temperature and Pressures .

Table 3-A summarizes the temperatures for the turbopump and converter. I

Table 3-A — Temperatures

Maximum Temperature at High-Vacuum Flange* ........... 212°F (100'¢)

Maximum Temperature at Rotor* . . . ...........covvvnnnn, 175°F (80°C)

Maximum Temperature at the Fore-vacuum Port . .......... 175°F (80'C)

Maximum Ambient Temperature for an air-cooled TMP1000

thatla-baliig baked ott ... s ensmimssne 95°F (35°C)

Maximum Ambient Temperature for an air-cooled TMP1000

that is continuously operating below 104 mbar . ............ 113°F (45°C)

Ambient Temperature Range for Frequency Converter ... ... 32°to 113°F
(0° to 45°C)

*Use shields to avoid heat radiation from the vacuum chamber if necessary.

There is a thermal switch inside the turbopump’s base housing near the motor coil that
shuts down the turbopump if the temperature exceeds 133°F (56°C).

To quickly reach pressures of 108, we recommend baking out the turbopump and the
vacuum chamber. The thermal switch on the optional CF flange heater maintains the
flange temperature within the acceptable range.




Operating Temperature and Pressures Section 3.1

Table 3-B summarizes the pressure characteristics of the TMP1000 pump model. To
achieve an inlet pressure of <1070 mbar, you must use the TMP1000 pump model that
has a CF high-vacuum flange and the backing pressure must be at least 1 x 10> mbar.

Table 3-B — Pressures

Ultimate Pressure for Turbopumps with a CF High-Vacuum Flange <1079 mbar

Ultimate Pressure for Turbopumps with an ASA or ISO-K
Hgh-VactumBlange i o i i s <109 mbar

Fore-Vacuum Pressure Needed to Achieve the Ultimate Pressure 1 x 1073 mbar
Starting Pressure (maximum pressure at the fore-vacuum port) <1x10" mbar
Maximum Pressure at the High-Vacuum Flange ............ 1x 102 mbar
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NT1000/1500 VH Front Panel Coritrols and Indicators

Section 3.2

NT1000/1500 VH Front Panel Controls and Indicators

The front panel controls and indicators are shown in Figure 3-1 and their functions are
listed in Table 3-C.

Frequency

Fallure

Normal
Operatlo

IT10.12

Figure 3-1. NT1000/1500 VH Converter Front Panel
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NT1000/1500 VH Front Panel Controls and Indicators Section 3.2

Table 3-C — Front Panel Control and Indicator Functions

Pushbutton
Controls Function
Press the START button to initiate acceleration of the turbopump. The converter
START may be started even if it is connected to a turbopump whose rotor is already
turning. .
Press the STOP button to turn off power to the turbopump and to reset the
STOP converter’s failure latch circuit. When a fault is detected, the converter remains '
latched in a nonfunctioning state until the STOP button is pressed. =
Indicators Function ;2
POWER Indicates the presence of power to the converter's electronics. If no other a '
LED (yellow) indicators are ON, then the converter is operating in its idle mode. o
Indicates that the turbopump is accelerating to rated speed. The pump motor
current level during acceleration must be about 30% higher than is normally
t\gg ELERATION permissible during normal operation. Acceleration time may vary anywhere from
(green) a few seconds to a maximum of 15 minutes depending on the initial rotational
speed and load of the turbopump.
NORMAL Indicates when the turbopump has attained the desired rotational speed.This
OPERATION indicator remains ON as long as the pump’s rotational speed doesn't drop below
LED (yellow) about 12,000 rpm.
Indicates that the pump has been stopped due to:
o The pump’s failure to accelerate to at least 14 of its rated rotational speed within
an acceleration time of 15 minutes,
FAILURE o An overload which caused the pump's rotational speed to drop below about
LED (Red 12,000 rpm (corresponds to a frequency meter indication of about 33%),
(Red) 0 A pump overtemperature condition,
o A defective or misadjusted converter.
The failure mode is a latched mode; after the fault condition is remedied, you
must reset the converter by pressing the STOP button.
FREQUENCY Indicates the motor’s drive frequency as a percentage of its maximum value
Meter (100% corresponds to the maximum pumping speed).

B e N ¥ NS
20 - g " e _ eVl o i s VRS Al ey L S



Section 3.3 Start-up

E!I Start-up ‘

Proceed as follows to start the vacuum pumping system:

1. Before start-up, ensure that the frequency converter and turbopump have been
correctly installed as described in Sections 2.2 and 2.3.

2. Plug the converter into an AC service outlet; its POWER LED will light.

3. Ensure that the optional venting valve is closed.
If the pump will be exposed to corrosive or aggressive process gases or gases that
contain dirt or abrasives, ensure that the optional purge/vent valve is connected to a

source of inert gas; open the purge-gas line, and ensure that the purge/vent valve is
encrgized.

4. Turn ON the turbopump’s cooling-water flow or optional Air-Cooling Unit.

5. Start the backing pump.

6. If the turbopump has been operated in the past two months, skip this step and
proceed to Step 7.

If the turbopump is new or hasn’t been operated in the past two months, jog it as
follows it to ensure that grease is properly distributed in the bearings:

a. Press the converter’s START button and allow the turbopump to accelerate until the
frequency meter indicates about 15%; then, press the converters STOP button and
wait for about 5 minutes before proceeding to Step b.

Note that the FREQUENCY meter indication should first swing to 100%, then drop
to about 5%, and then slowly rise as the pump accelerates.

b. Press the converter’s START button and allow the turbopump to accelerate until the
FREQUENCY melter indicates about 30%; then, press the converters STOP button
and wait for about 5 minutes before proceeding to Step c.

c. Press the converter’s START button and allow the turbopump to accelerate until the
frequency meter indicates about 40%; then, press the converters STOP button and
wait for about 5 minutes before proceeding to Step 7.




Start-up

Section 3.3

10°

mbar

10?

Turbopump Starting Pressure
(mbar)

S = Pumping Speed of Backing Pump

(m3/hr)

V = Volume of the Vacuum Chamber

m%)

Operation

SV (h'1)

25 50 75 100 125

Figure 3-2. Estimating Turbopump Starting Pressure

for Large Chambers

7. Determine when to start the turbopump as follows:

The turbopump can normally be started after the foreline pressure reaches

1 x 101 mbar. If the turbopump has been run within the past two months, it can be
switched ON at the same time as the backing pump provided that the chamber is small
enough to be evacuated to 1 x 10"1 mbar within 10 minutes.

If you know the backing pump speed S (m3/hr) and the chamber volume V (m3), you
can determine when to start the turbopump as follows:

If S/V >100/hr; then you can start the turbopump and the backing pump at the same

time.

If S/V < 100/hr, then you must start the backing pump or a roughing pump before

starling the turbopump; otherwise, the turbopump may not accelerate
fast enough to avoid an overload failure. Refer to the graph (Figure 3-2)
to estimalte the start-up pressure for the turbopump when evacuating
large volumes. Roughing can be accomplished either through the tur-
bopump while it is at a standstill, or through a separate roughing line.
However, if you rough the chamber through the turbopump, you must
install an adsorption trap in the foreline to prevent oil from contaminat-
ing the turbopump and vacuum chamber.

8. Start the turbopump by pressing the START button on the converter. The converter’s
ACCELERATION indicator should light and the FREQUENCY meter indication
should first swing to 100%, then drop to about 5%, and then slowly rise as the pump ac-
celerates. The turbopump can also be remotely started as described in Section 2.2.4.3.
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—————
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Operation and Failures

9. If operational pressures of 108 mbar are required, bakeout the vacuum chamber and
use the optional CF flange heater to bakeout the turbopump as described in Section 3.8, '

10. After the turbopump accelerates to the desired operating speed, the NORMAL
OPERATION indicator lights, and the ACCELERATION indicator turns off.

Operation and Failures

WARNINGS!

..... ADMIIANIANE 31 A A A A il

DON'T pump oxndnzers or hlgher than atmosphenc concentra-
tions of oxygen with the TMP1000. Oxygen can react with the
hydrocarbon bearing grease in the TMP1000 resulting in a
fire or an explosion.

Many process gases are toxic, corrosive, or explosive. Some
hazardous process gases have dangerous reactions with the
air or with the hydrocarbon grease in the pump. In addition,
some gases can react with air, moisture, or grease in the
pump to form damaging deposits, acids, or tar. The harmful ef-
fects of such process gases can be reduced by purging and
venting the pump with nonreactive gas such as dry nitrogen
(see Section 3.7).

L

SEA

CAUTION: Never operate the turbopump without the inlet screen mstélled
in its high-vacuum flange. This screen prevents small objects
from entering the pump and causing major damage to the
rotor. Any damages that result from foreign objects entering
the rotor region are excluded from the warranty.

Sudden, heavy external vibration and blows or shocks
dunng pump operatuon should be avouded

.................. N AR
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Operation and Failures

Section 3.4

KXWl Failures

If the turbopump is slowed down becuase of an overload, the NORMAL OPERATION
LED remains lit as long as the pump’s rotational speed doesn’t drop below about

12,000 rpm which is about 33% on the FREQUENCY meter. Any drop below 12,000 rpm
causes the converter to shutdown and the FAILURE indicator to light.

If the turbopump doesn’t reach 12,000 rpm after accelerating for 15 minutes, the con-
verter shuts down and lights its FAILURE LED. If this happens, reset the converter by
pressing the STOP button and then the START button. The START button may be pressed
before the rotor has coasted to a stop. If the system fails to accelerate again, or if it fails to
reach NORMAL OPERATION, press the STOP button and refer to the troubleshooting
section (Section 5).

The converter also enters the failure mode if the turbopumps motor temperature becomes
excessive as detected by the thermal switch mounted within the motor housing.

Restarting after an Interruption of Operation

If the turbopump is interrupted during operation by pressing the STOP button or by a
power failure, it can be restarted at any rotational speed by pressing the START button.
Automatic restart after a power failure is possible by connecting an external start switch
at the rear of the converter as described in Section 2.2.4.3,

Operation
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Section 3.5 Shutdown
m Shutdown
Proceed as follows to shutdown the turbopump: ‘

1. Stop the turbopump by pressing the converter’s STOP pushbutton.

2. Turn off the cooling-water flow as soon as possible to avoid condensation of vapors
within the turbopump.

3. Switch off the TRIVAC backing pump; its anti-suckback device automatically closes
the fore-vacuum line 1o prevent backstreaming of oil vapor into the turbopump.

If another type of backing pump is used, close the external airing/isolation valve before
switching off the backing pump.

If a Leybold SECUVAC valve is installed in the fore-vacuum line, this valve automat-
ically closes when the backing pump is switched off.
3 < REATREENNGR P e o S A o S b
CAUTION: Failure to vent the turbopump during shutdown can result in
premature failure of its bearings or in oil backstreaming from
the backing pump into the turbopump.

R SRR
4. Vent the turbopump immediately after shutting down the backing pump.
For standard processes, the pump is vented through its vent port. If you have the option- '

al Purge/Vent Valve, de-energize it to vent the pump through the pump’s purge port.
Refer to Section 3.6 for additional venting information.

5. If the pump was exposed lo corrosive or loxic gases, continue to purge the pump with
inert gas for as long as several hours after shutdown depending on the aggressiveness
of the process gas. Purging after shutdown protects the bearings from corrosive process
gases. Purging is required before opening a pump that has been exposed to toxic or haz-
ardous gases 1o dilute and/or force the toxic gases from the pump.

WARNINGS: ——

It is essential that the Purge/Vent Valve is connected to a
source of inert gas or sealed when pumping toxic or reactive
process gas. The Purge/Vent Valve isn't a shutoff device. Ifits
inlet port is left open, toxic process gas could escape after
shutdown or air could enter the pump and have a dangerous
reaction with aggressive process gas.

If the pump has been exposed to toxic or reactive process
gas, you must purge it with inert gas before opening the pump:
—




S.nutdOWﬂ Section 3.5

6. If the turbopump is removed from the vacuum system after venting with dry gas, seal
off its high-vacuum flange and its vent, purge, and fore-vacuum ports with blank flan-
ges to avoid contamination or corrosion. When storing the turbopump for prolonged
periods, also place the turbopump into its polyethylene shipping bag with moisture ad-
sorbent and store in a dry location.
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Section 3.6 Venting

EH Venting

Venting prevents the backstreaming
of the process gas and/or oil vapors
from the fore-vacuum area into the
high-vacuum side of the tur-
bopump. Venting also prevents the
rotor from spinning for long
periods after shutdown which could
cause premature bearing failure.

10°
mbar

102 /
o) /

10°
Although venting directly from the 107 /
atmosphere is possible, venting 04
form a bottled source of dry air or 0 5 10 15 20 25430
nitrogen is recommended because it
prevents condensation of water Venting Time (seconds)
vapor in the pumping system. The

Backing Pressure (mbar)

Figure 3-3. Recommended Venting

absolute moisture content of the .
Pressure Rise

venting gas should be less than

10 ppm. If a pressurized venting

line is used, DON'T exceed a vent-line
pressure of 7 psig.

Using inert gas for venting and purging is essential if the process gas could have a hazard-
ous or undesirable reaction with air, or il process gas is toxic.

For standard applications, the turbopump can be vented to atmospheric pressure
through its vent port or through its high-vacuum flange. The nozzle in the vent port regu-
lates the flow of venting gas in accordance with Figure 3-3. Shock venting should be
avoided, but it can be done in an emergency without damaging the turbopump.

When pumping corrosive or aggressive gases or gases containing dirt or abrasives,
the turbopump must be vented with dry inert gas through its purge port using the optional
Purge/Vent Valve (see Section 3.7). The purge port contains a nozzle that avoids shock
venting by regulating the flow of venting gas in accordance with Figure 3-3. Venting is ac-
complished by increasing the purge-gas flow rate through the Purge/Vent Valve to

4,800 sccm when the turbopump is switched off. Thus, the motor/bearing cavity is vented
before the rest of the turbopump to prevent any corrosive gases or abrasive reaction
products from being sucked into this cavity.

If you are also venting the vacuum chamber, ensure that the turbopump is vented before
the vacuum chamber or that both are vented simultancously. If the vacuum chamber is
venied before the pump, the turbopump’s bearing and grease could be exposed o harmful
process gases.




Purging Section 3.7

m Purging

When pumping corrosive or aggressive gases or gases containing dirt or abrasives, the
turbopump must be purged and vented through its purge port using the optional
Purge/Vent Valve. See Section 3.6 for information on venting.

The Purge/Vent valve allows a constant flow of inert gas into the motor/bearing cavity
which keeps the cavity pressure ten times higher than the normal foreline pressure (see
Table 2-C for purge gas inlet pressures and flow rates). This pressure difference prevents
harmful process gas from entering the motor/bearing cavity during operation. It also
prevents backstreaming oil vapors from contaminating the turbopump.

If the pressure in the motor/bearing cavity drops below the foreline pressure, then the
turbopump’s bearings and grease are exposed to the harmful process gases.

c
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We recommend the following to prevent contaminants from damaging the bearings:

m Ensure that you have a continuous supply of dry inert gas to the Purge/Vent
Valve.

m Check the Purge/Vent Valve periodically to ensure that its nozzle and filter aren’t
clogged. The filter element (P/N 200-17-876) should be replaced before the
purge-gas flow falls below 90% of its throughput.

m Ensure that the backing pressure is acceptable.

m If the process gas is corrosive or toxic, continue to purge the pump with inert gas
for as long as several hours after shutdown depending on the aggressiveness of
the process gas. Purging after shutdown protects the bearings from corrosive
process gases.

Purging is also required before opening a pump that has been exposed to toxic or hazard-
ous gases to dilute and/or force the toxic gases from the pump.

WARNING!

B e S R R e S A A SR S S R A S

It is essential that the Purge/Vent Valve is connected toa
source of inert gas or sealed when pumping toxic or reactive
process gas. The Purge/Vent Valve isn't a shutoff device. If its
inlet port is left open, toxic process gas could escape after
shutdown or air could enter the pump and have a dangerous
reaction with aggressive process gas.

If the pump has been exposed to toxic or reactive process
gas, you must purge it with inert gas before opening the pump.
e T T e R S e ]
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Section 3.8

Bakeout

EII Bakeout .

To attain operational pressures of 10" mbar, the turbopump flange and the connected
vacuum system should be baked out at the same time.

Only TURBOVAC models that have the CF flange can be baked out because they have a
stainless steel housing and use a copper flange gasket.

O
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CAUTION: ISO K ﬂanged turbopumps can't be baked out because thelr
housing is made of alummum

A R R S S L R R

Our optional flange heater is recommended for baking out the CF-flanged TURBOVAGs.
The flange heater’s thermal switch maintains the flange temperature within the acceptable

range. See Table IV in the front of this manual for the part numbers of the CF flange
heaters.

Don’t use a bakeout jacket; bakeout jackets can damage the pump by overheating the
heat-sensitive parts in the bearing.

Normally a bakeout time of 5-6 hours for the turbopump is sufficient. Longer baking
times won’t, as a rule, significantly improve the base pressure.

During bakeout, ensure that the components above the turbopump are baked at a slightly
higher temperature than the turbopump to avoid condensation in the system. The
turbopump’s high-vacuum flange temperature must not exceed 212°F (100°C)and its rotor
and fore-vacuum must not exceed 175°F (80°C). Take precautions to protect against
direct heat radiation from other heaters attached to the vacuum system. When baking out
components at the fore-vacuum side such as an adsorption trap, make sure that the
temperature of turbopump’s fore-vacuum port doesn’t exceed 175°F (80°C).

A water-cooled turbopump can be continuously baked out while running if its operating
pressure is less than 10 mbar and the ambient air temperature doesn’t exceed 113°F
(45°C). The ambient temperature for an air-cooled turbopump during bake-out must nol
exceed 95°F (35°C). If the ambient temperature is 95 to 104°F (35 to 40°C) with an air-
cooled pump, reduce the heating power of the bake-out jacket or flange heater.

Power consumption for the flange heaters are listed below:
160CF Flange Heater .. ... 150 watts
200CF Flange Heater .. ... 250 watls

A0



4 — Maintenance, Adjustments, & Repairs

This section contains information on cleaning and disassembly/reassembly of the
TMP1000 turbopump and adjustments of the NT1000/1500 VH converter.

Figure 4-2 shows an exploded view of the turbopump. Refer to this figure as necessary in
the following sections.

Contents
Section  Description Page
4.1 Preventive Maintenance . . . . . ... ... ...... 49
4.2 TMP1000 Turbopump Cleaning . . . . . ... ... .. 50
4.3 TMP1000 Turbopump Disassembly/Reassembly . . . . 53
4.4 NT1000/1500 VH Converter Adjustments . . . . . . . . 63
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Preventive Maintenance

The TMP1000 turbopump is maintenance free. It contains life-time lubricated bearings
which don’t require regreasing. Service is required only if the pump becomes con-
taminated, or if its replaceable rotor/spindle assembly becomes damaged.

The NT1000/1500 VH converter is also maintenance free. It is an all solid-state unit
which doesn’t require any further attention once it has been adjusted for proper operation.

/ol
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Poisonous or explosive gas can collect in filters and traps

when pumping hazardous process gases. Use proper precau-
tions to protect personnel when maintaining filters and traps.

Optional Adsorption Trap — If you have an adsorption trap in the foreline, replace the
activated alumina about every 3 months depending on operating conditions. If you
don’t replace the alumina periodically, it could become clogged resulling in oil vapors
backstreaming through the turbopump and reduced pumping speed. The part number of
a 2-liter can of activated alumina is 85410.

See Appendix A.6 for more information on the optional Al203 adsorption trap.
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TMP1000 Turbopump Cleaning Section 4.2

Optional Purge/Vent Valve — The optional purge/vent valve must be checked peri-
odically to ensure that its filter isn’t clogged. The filter element (P/N 200-17-876) on its
inlet port should be replaced before the purge-gas flow falls below 90% of its throughput.

See Appendix A.5 for more information on the optional Purge/Vent valve.

TMP1000 Turbopump Cleaning

If the turbopump contamination is minor (such as an oil film), you can clean it as
described in Steps 1 through 7 below without disassembly.

If the turbopump is heavily contaminated, you must first disassemble it as described in
Section 4.3.2 and then wipe the stator disk halves and stator rings with cleaning solvent.
To clean the rotor, hold the turbopump upside down and apply solvent to the rotor blades
with a brush. DON’T turn the turbopump upright until all the cleaning solvent has
evaporated. For CF-flanged pumps, wipe the top of the rotor and the upper portion of the
pump housing with reagent alcohol to remove any fingerprints or other residue that would

prolong pumpdown.

WARNING!

. e
If the pump has been exposed to toxic or hazardous gases, it
could be contaminated with dangerous chemicals. Use the
proper precautions to prevent inhaling or coming in contact
with these chemicals when disassembling the pump.

CAUTION: DON T apply cleanlng solvent to any of the O nngs Some sol-
vents dissolve or cause swelling and cracking of the
O-ring material. Also, DON'T allow the cleaning solvent to
enter the spindle assembly which contains the greased ball
DOAINgS. .

Proceed as follows to clean the pump without disassembly, :

1. Disconnect the turbopump {rom the system and then remove its inlet screen and inlet
O-ring or copper seal.

! WARNING: ! |

Many cleanlng solvents including acetone alcohol and
petroleum ether are a fire hazard. Others including triethane

are a health hazard.
—




TMP1000 Turbopump Cleaning
Maximum level of
cleaning solvent: ’
At edge of vent po i
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Figure 4-1. TMP1000 Cleaning without Disassembly
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CAUTION: In the following step, DO NOT allow the vent port to be sub-
merged in the cleaning solvent; the cleaning solvent level
must be below the rim of the vent port as shown in
Figure 4-1. This prevents cleaning solvent from entering into

the greased ball-bearing assembly.
B - Y 2 SO0 D o ot e O N R D R B o g A 00 R A A R R R e 2

2. Slowly lower the turbopump upside down into a container filled with cleaning solvent
such as acetone (see Figure 4-1). Freon TF works well but isn’t recommended because
of environmental concerns.

3. Allow the cleaning solvent (o react for 10 to 15 minutes. During this period, GENTLY
lift and lower the turbopump several times to flush the rotor & stator components.

4. Repeat steps 2 and 3 at least once using fresh solvent. If you use a solvent that leaves a
residue (such as petroleum ether) rinse with reagent-grade alcohol to remove the
residue.

R S S S S A R A S SR e i e AR
CAUTION: After cleaning, DON'T turn the pump nght -side up until all
cleaning solvent has been removed as described in
Step 5. This prevents cleaning solvent from entering into the
greased ball-bearing assembly. TR
N e e e S e S B B R R R R R R S R R R S
5. After cleaning, place the turbopump, with its high-vacuum {lange facing down, on a
piece of cardboard for at least 2 hours 10 allow the solvent to drain and completely
evaporate. During this period, place the turbopump on its side for a short time , and roll
it around its axis to allow the solvent (o drain from between the stator package and
pump housing.

6. When the turbopump is completely dry, replace the inlet screen and O-ring and
remount the pump onlto your sysiem.

51
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TMP1000 Turbopump Cleaning

Section 4.2,
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Figure 4-2. TMP1000 Exploded View
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Section 4.3 TMP 1000 Turbopump Disassembly/Reassembly

TMP 1000 Turbopump Disassembly/Reassembly

B

! WARNING — Hazgxrdous Gas !

If the pump has been exposed to toxic or hazardous gases, it
could be contaminated with dangerous chemicals. In such
cases, use the proper precautions to prevent inhaling or com-
ing in contact with these chemicals when disassembling the

pump.

=

Complete disassembly of the TMP1000 is necessary only if it is heavily contaminated
and requires cleaning.

Tools and Materials Required

The following tools and materials are required to disassemble/reassemble the TMP1000:

* 3-mm, 4-mm, and 5-mm Allen Wrenches
* Allen Torque Wrench, 1 to 15 Nm (0.7 to 11 ft-lb)
* Small Flat Blade Screwdriver

* Small Phillips Screwdriver

* Flat Pliers

* Feeler Gauges 0.1 to 1 mm (0.004 to 0.040 inch)
* Ohmmeter (ohm and megohm range)

* Felt-Tip Pen (erasable)

* Emery Cloth, 120 grain

EEXH Disassembling the Stator Package
1. Disconnect the pump from your vacuum system and remove its inlet screen.

2. If the turbopump uses the optional air-cooler assembly, remove the air cooler as fol-
lows; otherwise, proceed to Step 3.

a. Carefully set the turbopump upside down on its inlet flange.

b. Using a phillips screwdriver, remove the three screws which secure the air-cooler
assembly to the turbopump.

c. Pull the air-cooler assembly up from the pump base, it may be necessary to remove
the turbopump’s rubber feet.

d. Place the turbopump back on its support legs.

a




TMP 1000 Turbopump Disassembly/Reassembly
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Figure 4-3. Removing the Pump Housing

3. Remove the pump housing as follows (see Figure 4-3):

a. Using a 5-mm allen wrench, loosen the eight pump-housing screws from the pump
base (see Figure 4-3A).

b. Insert two of the pump-housing screws removed in Step 3a into the two jack-screw
holes (see Figure 4-3B). Tighten these two screws uniformly until the pump hous-

ing lifts off the pump base by approximately ¥ inch (5 mm). Then remove these
jack screws.

¢. Grasp the pump housing and pull it straight up from the pump base.

NOTE: Often the pump housing and pump base can be pulled apart by hand or
CAREFULLY pried apart using a flat blade screwdriver (see Figure 4-3B)-

4. Disassemble the stator as follows:

a. Using a felt-tip pen, number the stator rings from top to bottom (see Figure 4-4A).

b. Lift off the first stator ring (see Figure 4-4B) and place it upside down next 10 the
turbopump. If the stator rin

gs cling together, use a flat blade screwdriver and
CAREFULLY pry the rings apart.

ARt S A 0aas S ﬁﬁw”ﬁée.v“w?““i‘“"QWﬁNﬁmmmM
CAUTION: To avoid damaging the sk halves in the following Step:
compress the stator package with your fingers to allow

enough clearance so the stator disks can be easily removed-
DON'T remove any part by force. I

C. Carf:fully pull out the first two stator disk halves (see Figure 4-4C) and place thef?
upside down in the first stator ring.




Section 4.3

TMP 1000 Turbopump Disassembly/Reassembly
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Figure 4-4. Disassembling the Stator Package

NOTE: During disassembly of the stator package, check for damaged stator rings and
stator disk halves. Look for friction marks, cold welds, and deformed parts. In-
spect both ends on the straight edge of each stator disk to ensure they aren't
bent or elongated. If the end is flattened and elongated, file it square. If the
stator disk doesn’t lie flat, carefully straighten it. Also inspect the inside of the
stator rings. If there are grooves caused by the rotor rubbing against the stator
rings, the pump should be sent to Leybold for repair and rebalancing. Repair or
replace any damaged pari(s) before reassembling the pump.

d. Continue to lift off the stator rings and pull out the stator disk halves until the com-
plete stator package is stacked upside down next 1o the turbopump (see
Figure 4-4D). If you continue to stack them upside down on the previously
removed rings and disks as you remove them, they will be stacked in the correct
order for reassembly.

Proceed to Section 4.3.5 to reassemble the stator package, or to Section 4.3.3 if you need
to remove the motor housing or replace the rotor/spindle assembly.




TMP 1000 Turbopump Disassembly/Reassembly
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Figure 4-5. Removing the Motor Housing

EXE] Removing the Motor Housing & Checking the Motor Stator

This procedure describes how to remove the turbopump’s motor housing and check the

motor stator for signs of friction and overheating.

1. Place the pump housing upside down on its intake flange. If the pump assembly has
been removed from its housing as described in Section 4.3.2, CAREFULLY reinsert

the pump assembly into the pump housing (see Figure 4-5A).
2. Using a 4-mm Allen wrench, remove the three motor-housing screws from the pump

base (see Figure 4-5B).

3. Grasp the motor housing with both hands and pull it straight up from the pump base
(see Figure 4-5C). If necessary, CAREFULLY pry the motor housing up passed its

O-ring using a flat blade screwdriver.




Saction 4.3

TMP 1000 Turbopump Disassembly/Reassembly

4. Check the motor stator (see Figure 4-2) for any possible friction marks; remove any

marks by slightly polishing them with Emery cloth (120 grain). Marks indicate insuffi-
cient radial play.

5. Check for any indication that the motor stator has become too hot (such as discolora-
tion). Using an ohmmeter, check the stator’s inter-phase resistance at pump connector

terminals 647, 7+8, and 6+8 (sce Figure 4-5D). The resistance measured between any
two phases should be 0.62 £0.0S ohm.

MReplacing the Rotor/Spindle Assembly

Customers shouldn’t attempt to replace the rotor/spindle assembly because it requires spe-
cial training and equipment for dynamic balancing. A vibration velocity of
>0.15 mm/second results in premature bearing failure.
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TMP 1000 Turbopump Disassembly/Reassembly Section 4.3

Reassembling the Stator Package and Pump (

A new pump housing O-ring (P/N 239-50-735) should be installed whenever the pump
housing is removed.

The order in which the stator-disk halves and stator rings are installed is very important.
If the stator package was numbered and stacked upside down in sequence as it was disas-
sembled, there shouldn’t be a problem in reassembling the package in the correct order.

1. Apply a thin film of high-vacuum grease to the new pump housing O-ring and install
the O-ring on the pump base (see Figure 4-6A). Ensure that the O-ring isn’t twisted.

2. Install the stator disks and rings as follows:

a. Remove the top two stator-disk halves from the upside-down stacked stator pack-
age, and then reinsert them below the last rotor blade row. Ensure that the abut-
ting joints of the stator-disk halves DON’T overlap.

b. Remove the top stator ring from the upside-down stacked stator package and install
it over the rotor. Make sure that the gap between all the stator rings is uniform
over their entire outer circumference.

c. Using your fingers, compress the stator package and alternately place stator disk
halves and stator rings one above the other by repeating Steps 2a and 2b until the
entire stator package is reassembled onto the turbopump. You can use a small ( '
screwdriver to ensure that the stator disks don’t overlap as you lower the stator ring.
After you install the stator ring, check that the gap between it and the next lower
stator ring is the same all around the circumference of the ring. If the gap is bigger
on one side, it means that the tips of the stator disks are overlapping.

Its normal to hear blade contact and pinging when the rotor is slowly turned by
hand after the stator package is installed. This is because the stator rings aren’t yet
sufficiently compressed downward to form the correct clearances between the
stator and rotor blades. However, you shouldn’t hear any pinging after the pump
housing is installed and tightened down.

A R W}b i

CAUTION: To prevent the stator package from becoming di
DON'T invert or turn the turbopump on its side before the
pump housing is

O R

3. Install the pump housing as follows:

a. Slowly lower the pump housing directly over the stator package, being careful to
avoid bumping the stator rings and knocking them out of place. Ensure that the
lateral venting port is positioned directly above exhaust port and that the screw
holes in the pump housing and pump base are aligned. This hole alignment is essen-
tial since the pump housing O-ring prevents you from easily rotating the pump
housing once it has been seated.
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Figure 4-6. Reassembling the Stator Package & Pump Housing

b. Seat the pump housing by uniformly pressing down on the pump’s high-vacuum
flange.

c. Replace and hand tighten the eight pump housing screws. Using a S-mm Allen
torque wrench, uniformly cross tighten the pump housing screws to
6.6 ft-1b (9 Nm) (see Figure 4-6B). While tightening these screws, ensure that the
housing is straight relative to the stator stack. If the gap between the top row of
rotor blades and the inside of the top stator ring is larger on one side, straighten the
housing so that this gap is uniform (see Figure 4-6C).

d. Check the gap between the pump base and pump housing as follows:
* Using a fecler gauge, ensure that the gap between the pump base and pump
housing is uniform around the circumference of the pump base and that the gap
doesn’t vary by more than 0.02 inch (0.5 mm) (see Figure 4-6D).

« If the gap varies too much or isn’t uniform, loosen the pump housing screws and
retighten them again uniformly; then use the feeler gauge to recheck the gap. If
still unsuccessful, remove the pump housing and check whether any stator rings
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e

have slipped off from their position or whether any stator disk halves are
overlapped; then repeat steps 3b, 3¢ and 3d. f

4. After installing the pump housing, check for smooth running of the rotor by slightly
pushing at the rotor hub. There shouldn’t be any pinging noises or any perceptible resis.
tance in the rotor bearings.

5. Install the inlet screen into the high-vacuum flange.

Proceed to Section 4.3.6 to reinstall the motor housing.
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Figure 4-7. Remounting the Motor Housing

Reinstalling the Motor Housing

A new motor-housing O-ring (239-50-179) should be installed whenever the motor hous-
ing is removed. A new O-ring is supplied with each new rotor/spindle assembly.

1. Place the pump upside down on its intake flange.

2. Apply a thin film of high-vacuum grease to the new motor-housing O-ring and install
the O-ring on the pump base (sec Figure 4-7A). Ensure that the O-ring isn’t twisted.

3. Set the motor housing on the pump base such that the electrical connector is directly
above the exhaust port (see Figure 4-7B).

4. Replace and hand tighten the three motor housing screws.

3. Using a 4-mm Allen torque wrench, uniformly tighten the motor housing screws to
4 ft-1b (5.5 Nm) (see Figure 4-7B).

Proceed to Section 4.3.7 to ensure that the pump has been reassembled correctly.
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IEEXd Turbopump Running Tests

After reassembling the turbopump, perform the following Run-Up Test, Leak Test, and
Venting Test procedures.

Run-Up Test:

1. Install a blank flange on the high-vacuum flange.

2. Connect a suitable backing pump to the fore-vacuum port.

3. Connect the turbopump to its frequency converter and start the turbopump.
4. Observe that within 5 minutes, the converter should switch from acceleration

(ACCEL) to normal operation (NORM). A longer run-up time indicates improper as-
sembly or a leak.

Leak Test:

1. Install a blank flange on the high-vacuum flange.

2. Connect the turbopump to an ULTRATEST Leak Detector.

If a helium leak detector isn’t available, the working pressure of the turbopump can be
measured as an indication of any leaks. A blank-flanged turbopump should attain a
working pressure of <1 x 106 mbar.

3. Start the leak detector and turbopump.

4. Leak check the turbopump; the leak rate should be <1 x 10-8 mbar-ltr/sec.

Venting Test:
1. Switch off the turbopump.

S > SRR
CAUTION: Use extreme care to avoid scratchmg the turbopump s flange

SRRV AR R

2. Vent the turbopump by removing the blank flange from its venting port. While detach-
ing the blank flange, listen for any pinging noises.

If you don’t hear pinging noises, the pump is ready for operation.
If you hear any pinging noises, disassemble the turbopump and check for proper as-

sembly of the stator rings and stator disk halves. After reassembling the turbopump,
repeat all of the running tests described in this section.
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w"’,moooﬁsoo VH Adjustments

| _! WARNING — Electrical Shopk !

et S G OSRGOS I 040 SR

the unit to a low impedance ground.

This equipment employs voltages which are dangerous and
may be fatal if contacted. Use extreme caution when any of
the converter’s protective covers are removed. To reduce the

possibility of electrical shock, always connect the chassis of

This section contains information of how to adjust the following five controls located in-

side the NT1000/1500 Frequency Converter (See Figure 4-8):
* R71 Pump Cable Length Compensation
* R69 VCO Frequency
* R43 NT-1500 VCO Frequency Trimmer
* R22 Frequency Meter Calibration

R43 NT1500 VCO R69 VCO R71 Pump (?able-Length
Frequency Trimmer Frequency Compensation

Frequency Meter
Calibration

1TN-27.14A

Figure 4-8. NT1000/1500 VH Internal Controls

Adjustments
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NT1000/1500 VH Adjustments Section 4.4

R71 - Pump Cable Length Compensation Adjustment

Pump Cable Length Compensation control R71 compensates for the voltage drop in the
pump cable (voltage at the turbopump will be less than the converter’s output voltage),

If this control is misadjusted, the voltage/frequency ratio for start-up at the turbopump
will be incorrect. A good indication that this control needs readjustment is when the
FAILURE indicator turns ON shortly after the turbopump is started.

To adjust potentiometer R71, proceed as follows:
1. Disconnect the turbopump from the vacuum system.

2. Connect the turbopump to its frequency converter. A backing pump and water cooling
connections aren’t needed.

3. Using your hand, prevent the turbopump from rotating by blocking its rotor through
the high vacuum inlet port; then, press the converter’s START pushbutton. In a few
seconds after start-up, you should feel the motor torque increasing as the drive frequen-
cy decreases.

4. With the rotor blocked, turn potentiometer R71 (see Figure 4-8) counterclockwise
(CCW) until the FAILURE indicator turns on; then, turn R71 clockwise (CW) until the
FAILURE indicator just turns off.

5. Observe that the FREQUENCY meter should indicate approximately 5% (corresponds
to a start-up frequency of between 15 to 20 Hz for the TMP1000).

6. Press STOP.

7. This completes the pump cable length compensation adjustment procedure.
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R69 VCO Frequency Adjustment and
R43 NT1500 VCO Frequency Trimmer Adjustment

The VCO Frequency control, R69, and the NT1500 VCO Frequency Trimmer control,
R43, are adjusted to produce maximum converter output frequencies of 595 Hz for the
TMP1000 and 355 Hz for the TMP1500. Adjustment of a third potentiometer (R45) isn’t
described in this manual since it’s included in the converter for a potential future use.

Proceed as follows to adjust R69 and R43:

1. Connect a frequency counter to the rear of the converter at terminals X1-7 and -8 as
described in Section 2.2.4.5.

2. Disconnect the turbopump from the converter and connect a jumper to converter out-
put connector terminals X0-4b and -5b, located at the converter’s rear panel (this
jumper simulates the connection of a TMP1000). Also connect a jumper to terminals
X0-5a and -5b (this jumper closes the overtemperature circuit).

3. With power applied to the converter and with the pump stopped, the frequency counter
should indicate 595 +10 Hz. Remove the jumper connected at terminals X0-4b and -5b
(leave X0-5a and -5b connected) and observe that the frequency counter should now in-

dicate 355 +5 Hz. If either frequency indication was out of tolerance, perform steps 4
and 5; otherwise, proceed to step 6.

4. Reconnect the jumper to terminals X0-4b and -5b, then adjust potentiometer R69 (see
Figure 4-8) for a frequency counter indication of 595 Hz.

5. Remove the jumper connected in step 4 and adjust potentiometer R43 (see Figure 4-8)
for a frequency counter indication of 355 Hz.

6. This completes the VCO frequency and NT1500 VCO frequency trimmer adjustment
procedure.

NOTE: Adjusting R45 has no effect since it’s the frequency adjustment for the
oil-lubricated TMP1000 VH pump model which was never sold in the U.S.A.
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EXE] R22 - Frequency Meter Calibration

Frequency Meter Calibration control R22 is adjusted to make the FREQUENCY meter in-
dicate 100% when the turbopump is running at its rated rotational speed. To adjust this
control, proceed as follows:

1. Connect a frequency counter to the rear of the converter at terminals X1-7 and -8 as
described in Section 2.2.4.5.

2. Start the pumping system and allow the turbopump to reach its rated rotational speed.
Observe that the frequency counter should indicate 595 +10 Hz for the TMP1000
(355 +5 Hz for the TMP-1500).

3. The front panel FREQUENCY meter should now be indicating 100%. If not, perform
step 4; otherwise, proceed to step 5.

4. With the turbopump operating at its rated rotational speed, adjust potentiometer R22
(Sce Figure 4-8) fora FREQUENCY meter indication of 100%.

5. This completes the frequency meter calibration procedure.




5 — Troubleshooting

Contents
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m Scction 5.1 is a brief checklist to help locate and eliminate any simple problems

m Table 5-A is a detailed troubleshooting chart; the chart refers to Sections in this
manual that have information related to the problem or solution.

m See Section 4.3.7 for tests that you can perform if the pumping speed or ultimate
pressure of your turbopump is deteriorating.

m Sce Section 7 for the parts lists for the turbopump and frequency converter, and for the
converter's electrical schematic.
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The Frequency Converter contains potentlally Iethal voltages
and should only be serviced by qualified technicians.

’L 'S |f the pumping system has been exposed to corrosive, toxic,

i A
~i reactive, or hazardous gases, take proper safety precautions
to protect personnel before removing the pump from the sys-

205
€5

tem or before disassembling the pump. Proper precautions

1 could include inert gas purging; gloves or protective clothing
to avoid skin contact with toxic or highly corrosive substan-
ces; specially ventilated work areas; fume hoods; safety
masks; breathing apparatus; etc.

CAUTION: Don't remove the rotor/spindle assembly u
training and equipment to dynamic balance it after reassemb-
ly. A vibration velocity of >0.15 mm/second results in prema-
ture bearing failure.

PRI SR SR B B R R o SRS B NGRS 305558
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EI Checklist of Simple Problems

When you have a problem with the turbopump/converter, we recommend that you first g
through the following checklist of simple problems before assuming that source of the
problem is a turbopump or converter failure. See Table 5-A for a detailed troubleshooting
chart and Section 4.3.7 for test that you can perform if the pumping speed or ultimate
pressure of your turbopump is deteriorating..

O Is the turbopump receiving power?
* Ensure that the converter linecord is plugged in correctly.
* Ensure that your AC power source is OK.
+ Ensure that the converter's voltage setting and fuse match your AC power source
(see Section 2.2.1).

* Ensure that the cable connecting the turbopump to the converter is plugged in
securely.

O Did you jog the turbopump before start-up if it has been idle for more that 2 months
(see Section 3.3, Step 6)?

O Are the turbopump and converter being properly cooled?

* Ensure that the air flow isn’t restricted and that the ambient temperature for the
converter doesn't exceed 113°F (45°C).

* Ensure that the cooling-water temperature doesn’t exceed 75°F (25°C), that the
cooling water flow is at least 3 gal/hr (30 I/hr), that the water-flow lines aren’t
clogged, and that the water-flow monitor is functioning properly. You can
temporarily bypass the water-flow monitor to check if it’s the source of the
problem.

* Ensure that the temperature doesn't exceed 212°F (100°C) at the turbopump's
high-vacuum flange, or 175°F (80°C) at the rotor or fore-vacuum port.

* If the turbopump is air cooled, ensure that the ambient temperature doesn’t
exceed 95°F (35°C) when it is being baked out and doesn’t exceed 113°F (45°C)
when it is continuously operating below 10~ mbar.
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A7 Board Test Points

Is the vacuum system leak tight?
Is your vacuum gauge operating properly?

Is the backing pump adequate?

The backing pressure should be lower than 1 x 10" mbar. A backing pump pressure
of about 1 x 10 mbar is required to attain the turbopump’s ultimate pressure. If you
are purging the turbopump, have a high gas load, or have poor conductance in the
foreline, a larger capacity backing pump is required.

Are there any restrictions in the foreline?

Is the turbopump contaminated?

Ensure that you vent the turbopump during shutdown and that the backing pump has
an anti-suckback valve.

Is the turbopump’s rotor rotating smoothly?

Turn the turbopump rotor by hand; if it rotates smoothly, the frequency converter is
probably the source of the problem.
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Section 5 Troubleshooting

Contents of Troubleshooting Chart
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EI TMP1000 Turbomolecular Pumps

The TURBOVAC is a turbomolecular pump used to evacuate a chamber or system to the
high vacuum region. Its pumping speed is very high for heavy molecules while it is con-
siderably lower for light molecules such as hydrogen. Its pumping speed also decreases at
pressures above 102 mbar. Thus, a backing pump is required to shorten the pumpdown
time and avoid overloading the pump at higher pressures, and to evacuate the hydrogen.
The ultimate total pressure is mainly determined by the amount of hydrogen present. At
very low pressures, most of the hydrogen originates from the metal walls of the vacuum
chamber.

To obtain pressures below 10-8 mbar, the backing pressure must be at least 1 x 10~ mbar,
and the vacuum chamber and the turbopump must be baked out. Refer to Section 3.8 for

information on bakeout.

Description

The TURBOVAC pump consists of a multi-stage rotor/stator assembly and a drive as-
sembly (see Figure 6-1). An inlet screen fits into the turbopump’s high-vacuum flange to
prevent foreign objects larger than 1.5 mm from [alling into the pump and causing serious
damage to the rotor.

The upper high-vacuum stages capture the process gas and the lower stages compress it.
The drive motor and grease-lubricated ball bearings are located in the fore-vacuum area
of the pump thus keeping the high-vacuum space free of grease contaminants (see
Figure 6-1).

The rotor is made of aluminum and is dynamically balanced to produce a total vibration

velocity of not more than 0.15 mm/second. Thus the rotor should never be altered except
at the factory or at one of our service centers. However, customers that have been trained
by Leybold can remove the stators and clean the rotor and stator if necessary (see Scction

4.3 for this procedure).
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Section 6.1

TMP1000 Turbomolecular Pumps

The rotor shaft is supported by two ceramic ball-bearing assemblies lubricated with a spe-
cial grease. The bearings are lifetime lubricated within the sealed spindle assembly. This
unique lubricating system allows the pump to be mounted in any desired angular position.

The rotor is directly driven by a 3-phase, AC induction motor (see Figure 6-1). The motor
is normally water cooled; however, an air cooling option is also available (see

Appendix A.8).

A bi-metal thermal switch shuts down the pump if the temperature near the motor coil ex-
ceeds 133°F (56°C). This switch opens and causes the Frequency Converter to shutdown
the turbopump if the cooling water or air is inadequate. The turbopump can’t be restarted

until the thermal switch closes and the converter is reset by pressing the STOP pushbutton.

All TMP1000 turbopumps have a vent and a purge port (see Figure 6-1). The vent port is
the upper 10KF port in the side of the pump housing; the purge port is the lower

10KF port on the pump’s base housing. It is important to vent turbopumps during shut-
down to prevent oil vapors from backstreaming from the backing pump into the high
vacuum portion of the turbopump and to prevent the bearing from being damaged by a
rotor spinning at low speeds for long periods.

For standard application, seal the purge port and vent the pump through the vent port.

However, if the pump is exposed to corrosive or aggressive process gases or gases that
contain or abrasives or metallic dust, venting through the vent port would result in harm-
ful process gases entering the bearing cavity and causing damage. Harmful process gas
can also be drawn into the bearing area if the inlet pressure becomes higher than the
original foreline pressure. Particles as small as 5 microns can cause damage.

Thus for harmful process gases, you must seal the vent port and use dry inert gas to purge
and vent the pump through its purge port. A special Purge/Vent Valve is required which al-
lows a constant flow (minimum 24 sccm at 0 psig) during operation for purging and
which automatically increases the flow to 4800 sccm to vent the pump during shutdown
(see Appendix A.5).

This purge and venting gas keeps the motor/bearing cavity at higher pressure than the
foreline, thus preventing the bearing and grease from being exposed to harmful process

gas.

Even though inert-gas purging allows you to pump many corrosive and aggressive gases,
we don’t recommend pumping oxidizers or higher than atmospheric concentrations of
oxygen with any pump which uses hydrocarbon grease.
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Functional Description of the Frequency Converter Section 6.2
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Figure 6-1. TMP1000 Cutaway View

Functional Description of the Frequency Converter

The primary function of the NT1000/1500 VH Frequency Converter is to convert single-
phase, 50/60 Hz power into three-phase, high-frequency power as required by the
three-phase induction motors of the TMP1000, TMP600, and the TMP1500 Tur-
bomolecular Pumps. Besides its primary function of frequency conversion, the converter
also contains circuits that vary the pump motor’s drive frequency and drive voltage to
operate the pump at maximum efficiency. The NT1000/1500 VH Frequency Converter is
designed to function in the following manner.

Induction motors require that their drive frequency be closely related to their rotational
speed. To achieve maximum rotational speed, the TMP1000 and TMP600 require a drive
frequency of 595 Hz; the TMP1500 requires a drive frequency of 355 Hz. The first func-
tion of the frequency converter, therefore, is lo generate the high-drive frequency required
to drive the pump at its rated rotational speed.
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Functional Description of the Frequency Converter
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Figure 6-2. Typical Turbopump Start-Up Profile

To achieve minimum pump-acceleration time, the pump motor should be operated at max- ‘
imum torque. Torque is a function of the motor’s “slip” frequency, which is defined as the
difference between the motor’s drive frequency and its actual rotational frequency. Upto

a point, induction-motor torque increases as the slip frequency increases; however, as the

slip frequency continues to increase, torque ceases to increase, and for a “low slip”, high-
cfficiency motor, torque actually begins to decrease. Consequently, the second function of

the frequency converter is (o start the pump from rest with a low-drive frequency, and

then slowly increase the drive frequency during start-up to keep the pump operating at
maximum torque during acceleration.

|

Induction motors also require that their drive voltage be proportional to, and closely re-
lated to, their drive frequency. A drive voltage that is too high or too low with respect
the drive frequency results in reduced torque, and increased motor heating. Therefore, a
third function of the frequency converter is to maintain the proper relationship between
drive voltage and drive frequency referred to as the pump'’s hertz-per-volt ratio.

The torque required o accelerate the pump is generally higher than the torque required 10
maintain the pump’s normal operating speed. Thus, the fourth and final function of the
frequency converler is to lower the pump motor’s operating current level once the pump
achieves normal operating speed. The lower current level during normal operation resulls
in lower operating temperatures.

To aid in the understanding of the frequency converter’s operating principles, a typical
start-up profile of a turbomolecular pump is shown in Figure 6-2. This figure illustrates
the relationship between rotational speed, drive frequency, motor current, and drive volt-
age of a turbomolecular pump as it accelerates [rom rest.
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NT1000/1500 VH Block Diagram Section 6.3

EI NT1000/1500 VH Block Diagram

A block diagram of the NT1000/1500 VH Frequency Converter is shown in Figure 6-3.
Figure 7-6 is the electrical schematic of the converter.

The NT1000/1500 VH frequency converter can be used to drive the TMP1000, TMP600,
or TMP1500 turbomolecular pumps. It also has the capacity to drive an oil-lubricated
TMP1000 VH; however, these circuits and adjustments aren’t described in this manual
since we aren’t currently selling the oil-lubricated TMP1000 VH.

The converter uses the variable-frequency, variable-voltage technique to control the induc-
tion motor of a turbomolecular pump. This technique is based on the principle that the
speed of an induction motor is determined by the synchronous speed and slip of the
motor’s rotor. Synchronous speed is related to the motor’s drive frequency while slip is
proportional to the load or torque demand on the motor.

The frequency converter uses the DC link method to convert the 110-240 VAC, 50/60 Hz
power line into a variable-[{requency, variable-voltage controlled three-phase AC power
source. The DC link method converts AC into a variable DC voltage, and then inverts the
DC voltage between the converter’s three output lines in a sequence that synthesizes a
three-phase AC output voltage. This type of converter is called a DC-Link converter be-
cause of the DC link between the input and output of the power inverter.

The turbopump is started by pressing the converter’s START button. When START is
pressed, the Start/Stop circuit removes an inhibit signal from the SCR Triggering circuit
which, in turn, allows the SCR Bridge Rectifier to begin converting AC to DC. The level
of the resultant DC voltage (hereafter called ELINK) is varied by controlling the ratio of
each SCR’s “on-time” to its “off-time" during each rectified AC half cycle. The SCRs are
turned ON by the application of a positive trigger pulse to their gate inputs from the SCR
Triggering circuit. The timing of these trigger pulses is controlled by a DC control volt-
age produced by the Voltage and Current Limiters.
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ELINK is applied to the converter's three output lines by the Six-Step Inverter in a man-
ner that synthesizes a three-phase AC output voltage. The sequence, polarity, and speed
by which the transistors of the Six-Step Inverter switch ELINK onlo the converter’s out-
put lines is determined by turn-on pulses from the Three-Phase Logic circuit. The
frequency of the turn-on pulses is delermined by the VCO (Voltage Controlled Oscillator)
circuit.

The drive frequency of the converter is made proportional to ELINK by having ELINK
control the VCO circuit; thereby, maintaining the optimum hertz-per-volt ratio required to
run the pump’s induction motor al maximum lorque.

The VCO frequency is displayed on the front panel FREQUENCY meler as a percentage
of the pump’s maximum drive [requency (100% corresponds to maximum pump speed).
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Figure 6-3. NT1000/1500 VH Block Diagram

ELINK is regulated by the Voltage and Current Limiters so as to keep the converter in
either voltage or current limiting. When the pump is started from rest, the converter imme-
diately goes into current limiting (due to the motor’s low rotor impedance) and applies a
very low drive voltage to the motor. As the pump accelerates, its motor current (IPUMP)
starts to drop because of the motor’s back emf; however, the converler senses this drop
IPUMP and increases ELINK by an amount necessary to keep itself in current limiting.
Once ELINK reaches a preset maximum level (corresponds to maximum pump speed),
the converter goes into voltage limiting and allows IpUMP to decrease and seek its nor-
mal operating level (dependent upon pump loading).

When the pump is starled, the Start/Stop circuit also starts an Acceleration Timer circuil
which, in turn, causes the Status and Control circuit to light the ACCELERATION in-
dicator. As the pump accelerates, the Voltage and Current Limiter circuit allows the pump
motor to operate for 15 minutes at a 30%-higher current level than is normally permis-
sible; thereby, reducing the pump’s acceleration time. But, as soon as the pump reaches it
maximum rotational speed (as indicated by the level of ELINK applied to the Acceleration
Timer circuit) during the allolted scceleration-time period, the Status and Control circuil
turns off the ACCELERATION indicator, turns ON the NORMAL OPERATION in-
dicator, and reduces the current-limit level.




/T1000/1500 VH Block Diagram Section 6.3

The Acceleration Timer allots the turbopump 15 minutes to reach a rotational speed that
is at least 80% of its maximum speed. If the turbopump fails to reach its minimum speed
level at the end of the acceleration-time period, the Failure Detector causes the Status and
Control circuit to stop the pump and turn ON the FAILURE indicator. However, if the
pump is above its minimum speed level when the acceleration-time period expires, the
Status and Control circuit turns ON the NORMAL OPERATION indicator, and allows
the pump to continue to operate at a reduced current-limit level.

In the event of a pump overload (i.e., heavy process gas load) IPUMP will increase due to
the higher torque demand of the pump. However, if the increasing IPUMP level causes the
converter to go back into current limiting, ELINK and the drive frequency are reduced to
increase motor torque. If ELINK drops to a level that causes the pump to slow down to
about one-third of its rated rotational speed, the Failure Detector stops the pump and turns
ON the FAILURE indicator.

The Pump-Select circuit determines whether a TMP-1000, TMP-1000 V/H, or TMP-1500
turbopump is connected to the converter by measuring the resistance of a pump-select
resistor mounted in the turbopump. Once the Pump-Select circuit determines which pump
is connected, it sets up the circuits of the VCO, and the Voltage and Current Limiters to
correspond to the requirements of the pump in use.

The TMP1000 VH option was added in case there is ever a need for an oil-lubricated ver-
sions of the TMP1000. The Oil-Pump Control circuit would be activated by the
Pump-Select circuit only if a TMP1000 H pump is connected to the converter. The Oil-
Pump Control circuit would cycle the electrical oil-pump motor of this turbopump ON for
1 minute and OFF for 6 minutes, rather than allowing it to run continuously. If the oil
pump should fail, the Oil-Pump Control circuit would sense a rise in oil temperature via a
thermistor (PT100) mounted in the turbopump, and then signal the Failure Detector to
stop the turbopump and turn ON the FAILURE indicator.
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If a short circuit occurs at the output of the converter, ILINK increases and causes the
Short Circuit Protection circuit to immediately disable the Three-Phase Logic circuit, thus
protecting the transistors in the Six-Step Inverter. Note that this protection circuit acts in-
dependently of the Current Limiter circuil.

The pump motor is overtemperature protected by a bi-metal thermal switch contained in
the motor housing. This normally closed switch opens if the motor temperature exceeds
its safe operating limit [133°F (56°C)], in turn, causing the Failure Detector to stop the
pump and turn ON the FAILURE indicator.

Pressing the STOP button turns off the converter by sending an inhibit signal to the SCR
Firing Control circuit which, in turn, removes ELINK by turning off the SCR Bridge Rec-
tifier. Note that pressing the STOP button will also clear the failure detector circuit and

turn off the FAILURE indicator.
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I!’ NT1000/1500 VH Circuit Description :

See Figure 7-6 for the clectrical schematic of the NT1000/1500 VH frequency converter,
To ease the job of understanding and fault isolation, the circuits descriptions are divided
into the following functional blocks:

Section  Description Page

6.4.1 Low Voltage Power Supply ..... 92

6.4.2 Start/Stop Control ............ 92

6.4.3 Acceleration Timer ........... 94

6.4.4 Status and Control ........... 95

6.4.5 DC Link Power Supply ........ 96 l
6.4.6 SCR Triggering Control .. ...... 96

6.4.7 Six-Step Inverter ............. 98

6.4.8 Three-Phase Logic ........... 98

6.4.9 Voltage Controlled Oscillator . . .. 100

6.4.10 Short Circuit Protection . . ...... 101

6.4.11 Failure Detector ............. 102

6.4.12 Failure Detector Latch . ........ 103

6.4.13 Voltage and Current Limiters ... 103 d

m Low Voltage Power Supply (see Figure 7-6)

The low voltage power supply provides an unregulated voltage of +24 and regulated vol- .
tages of +15, +5, and -15. Also two AC reference signals are supplied to the zero crossing
reference input of SCR triggering control IC D3.

The center-tapped secondary of transformer T1 supplies 18 V AC (reference to ground),
which is then rectified by diode bridge V1, regulated by a Zener diode V10 and three-ter-
minal regulators N2 and N5, and filtered by capacitors C1, C2, C13, C17, and C19; the
remaining capacitors C41, C42, C43, C44, and C45 are for spike suppression and noise
filtering.

Start/Stop Control (See Figure 7-6)

NAND gates D1A and D1C are cross connected to form a set-reset flip-flop which per-
forms the converter’s start/stop function.

When power is first applied, components R9 and C9 ensure that the flip-flop comes up in
its reset state (P4 low, PS5 high), causing the pump to be turned off. The converter is then
prepared to be started as follows:

1) The flip-flop’s low set output (P4) performs the following:

92 | | //,\



NT1000/1500 VH Circuit Description Section 6.4

® Inhibits the operation of SCR triggering control IC D3.
® Turns off N3 through DSC which disables the front panel FREQUENCY meter.
m Disables fault detector circuit IC N4B.

2) The flip-flop’s high reset output (P5) performs the following:

m Applies a positive voltage to the non-inverting input of IC N9A in the VCO
control circuit, causing the VCO to be at its maximum frequency when the
START button is pressed. This allows the converter to restart a pump which is
already spinning, thus preventing the inverter transistors from being short
circuited and possibly destroyed.

m Resets acceleration timer D4, causing its output (P9) to go low.

m Applies a positive voltage to the non-inverting input of IC N4D through V32 in
the current limiter circuit, causing the converter to be in current limiting when the

START button is pressed.

m Disables motor-speed sense [C N4A of the acceleration timer circuit, causing the
output of N4A (P10) to be low when the pump is started.

Pressing the START bulton starts the converter by applying a low to NAND gate D1A
pin 1, which causes the flip-flop to set (P4 high, P3 low). The high and low outputs of the
flip-flop then start the converter as follows:

1) The flip-flop’s high set output (P4) performs the following:

m Enables SCR triggering control IC D3, allowing it to start triggering the SCRs in
the DC link power supply.

m Turns ON the front panel FREQUENCY meter.

m Enables fault detector circuit IC N4B through D5B and D5C, allowing it to turn
off the converter in the event of a failure.

m Lights the front panel ACCELERATION indicator.
2) The flip-flop’s low reset output (P3) performs the following:

m Allows acceleration timer D4 to start timing.

m Enables motor-speed sense 1C N4A, allowing its outpul (P10) to go high when
the pump molor reaches its maximum rotational speed.

Pressing the STOP button stops the converler by causing NAND gate D1B to reset the
flip-flop (P4 low, P3 high) by applying a low to NAND gate D1C pin 8. The outputs of
the flip-flop then stop the converter and prepare it 1o be reslarted as previously described.,

Description
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NT1000/1500 VH Circuit Description
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In the event of a failure, the failure detector circuit turns off the converter by applying a
low signal to NAND gate D1C pin 8 from inverter D10A of the status and control circuit,
The failure detector is then latched in its failure state by the conduction of transistor V5.
The failure detector is reset by pressing the STOP button, which causes the output of
NAND gate D1B to go low and remove the emitter voltage from transistor V5.

Acceleration Timer (See Figure 7-6)

During acceleration, acceleration timer D4 allows the pump motor to operate for up to
15 minutes at a 30%-higher current level than is normally permissible. This is ac-
complished by the current limiter circuit, thereby increasing the current limiting of the
status and control circuit.

The acceleration timer also prevents the fault detector circuit from faulting during start
up, when the DC link voltage (from R35) is low, by allowing a negative voltage to be ap-
plied through resistor R37 to the inverting input of fault detector circuit IC N4B.

When the START button is pressed, a low is applied to acceleration timer reset input D4
pin 2, causing the timer to start timing. The acceleration timer’s output (Test Point P9) is
low during this time period, causing a (+24) which is inputted into the Input Resistance
Network (R31, R32, R33) of current Control Circuit, thus allowing more current to flow
to the pump during acceleration.

At the end of the 15 minute acceleration time period, the acceleration timer's output (P9)
goes high, making the output of inverter D10B go low and perform the following:
1) lights the NORMAL OPERATION indicator;
2) energizes normal operation relay K1;
3) turns off ACCELERATION indicator by causing the output of inverter D10C to go
high;
4) lowers pump motor current limit level by removing the +24 Volt from input resis
tance network R37, R32, and R33 of the current limit circuit N4D.

The high output of the acceleration timer also cancels the negative voltage applied
through resistor R37 to the fault detector circuit, thereby allowing the fault detector to
turn off the converter if the DC link voltage drops to a level that slows the pump down to
about one-third of its rated rotational speed.

If the pump motor reaches its maximum rotational speed before the end of the 15-minute
acceleration period, motor-speed sense circuit [C N4A allows a high to be applied to ac-
celeration timer D4 pin 1, causing its output (P9) to go high and initiate a normal
operation state. Note that IC N4A monitors the output of the current limiter circuit (P8),
which goes negative shortly after the converter goes into voltage limiting.
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11000/1500 VH Circuit Description Section 6.4

m Status and Control (See Figure 7-6)

Status of the frequency converter is displayed by a series of LEDs (POWER, AC-
CELERATION, NORMAL OPERATION, FAILURE) which are turned on and off by the
status and control circuit. This circuit also generates signals which control the operation
of the converter.

The POWER indicator is turned on by the +24 volt output of the low-voltage power supp-
ly whenever the converter is plugged into an AC outlet.

The ACCELERATION indicator lights as soon as the output of inverter D10C goes low
when the START button is pressed.

Normal operation begins whenever the output of acceleration timer IC D4 (Test Point P9)
goes high which, in turn, makes the output of inverter D10B go low and perform the
following:
1) lights the NORMAL OPERATION indicator;
2) energizes normal operation relayK1;
3) turns off ACCELERATION indicator by causing the output of inverter D10C to go
high;
4) lowers pump motor current limit level to 3.5 amperes for the TMP1000
(8 amperes for the TMP1500) by switching the input to decoder IC D2 inturn
changing the input resistance to current limit circuit.

When normal operation relay K1 is energized, it starts the optional external hours meter
connected to rear pancl terminals X1-12 and -13. This relay also has a set of N.O. and

N.C. contacts available at rear pancl terminals X1-4, -5, -6 which can be connected to an
external monitor or control device. These contacts are rated 4 Aat 250 V AC and 120 W

at 30 VDC.
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When a failure occurs, the failure detector causes the output of inverter D10A to go low
and perform the following: 1) lights the FAILURE indicator; 2) turns off the converter by
causing the start/stop flip-flop to reset (P4 low, P3 high); 3) latches ON the failure detec-
tor by turning ON transistor V5.

The output of inverter V10D goes low and lights the FAILURE indicator if cable compen-
sation control R71 of the VCO circuil is misadjusted.

The output of inverter D10E goes low if the SCR controlled bridge rectifier heatsink be-
comes 100 hot during acceleration. This low signal lowers the voltage input to the current
limit circuit which, in turn, lowers the converter’s current limit level to 3.5 amperes for
the TMP1000 (8 amperes for the TMP-1500). This circuit action is similar to current
reduction when the converter goes into normal operation, but doesn’t cause the converter

to switch from acceleration to normal operation.
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Section 6.4

NT1000/1500 VH Circuit Description

m DC Link Power Supply (See Figure 7-6)

The DC link power supply provides a variable DC output (Ejink) of up to -56 volts to the
six-step inverter circuit, where Elink is inverted between the converter’s three output lines

in a sequence which synthesizes an 3-phase AC output signal.

Control of Ejink is accomplished by means of the gate inputs to the SCR controlled bridge
rectifier. Positive trigger pulses at the gate inputs turn ON the SCRs sometime in each
half cycle of the AC line voltage (see Figure 6-4). The SCRs then turn themselves off at
the end of each half cycle. Ejink is increased by turning ON the SCRs early during each
half cycle, while Ejink is lowered by turning ON the SCRs late in each half cycle.

Resistor R4 on the six-step inverter board is the link current (Ilink) sense resistor, provid-
ing a voltage of +20 mV per ampere of link current. This Ijink voltage is used by the short
circuit protection circuit.

m SCR Triggering Control (See Figure 7-6)

The SCR controlled bridge rectifier is turned ON by positive trigger pulses from IC D3
pins 14 and 15. The timing of these trigger pulses is determined by a DC control voltage
applied to IC D3 pin 11 (P31) from the voltage and current limiter circuits. A zero control
voltage causes the SCRs to be turned ON all the time, while a control voltage of +8 keeps
them turned off. The conduction of the SCRs can thus be changed by varying the DC con-
trol voltage between 0 and +8 volts,

The SCR triggering control circuit consists of IC D3, which is a general purpose trigger
device composed of a zero-crossing detector, a comparator, a sawtooth generator, and an
output stage.

The zero-crossing detector produces a negative-going output pulse at IC D3 pin 10 (P32)
whenever the AC power line voltage is crossing through zero. This pulse is used to dis-
charge capacitor C8 at the beginning of each AC half cycle, thus synchronizing the timing
of the SCR trigger pulses with the beginning of each half cycle of the AC line voltage.
AC input signals to the zero-crossing detector come from the low-voltage power supply
and are applied to IC D3 pin 5 (P30).

The Triggering Control Circuit provides positive SCR trigger pulses at IC D3
pins 14 and 15 when its inhibiting input (pin 6) is high and its control input (pin 11) is be-
tween 0-7 VDC.

The SCRs are turned off when the STOP button is pressed by a low signal applied to
IC D3 pin 6 from the star/stop circuit.
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Figure 6-4. Output Voltage Control through SCR Timing
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NT1000/1500 VH Circuit Description j

m Six-Step Inverter (See Figure 7-6) ‘

The DC link voltage is switched onto the converter’s output lines by the six-step inverter
circuit in a sequence which synthesizes a three-phase AC output. The inverter’s six pairs
of output transistors are switched ON and off at the desired frequency and in the correct

sequence by the three-phase logic circuit.

Figure 6-5 shows a simplified schematic of a variable frequency, variable voltage six-step |
induction motor drive, along with its output voltage and current waveforms for a resistive
load (connected in place of a motor). Note that the resultant current waveform of each out-
put line resembles an AC signal, with each cycle consisting of six discrete steps - hence,

the name six-step.

Pump motor current is measured by current transformer T2, rectifier bridge V17, and load
resistor RS. These components produce a negative voltage that is proportional to pump
current. This negative voltage is used by the current limiter circuit.

CX'®:4 Three-Phase Logic (See Figure 7-6)

The three-phase logic circuit consists of divide-by-six counter IC D7, six-step sequencer
IC D8, and drive transistors V17 thru V22. This circuit is driven by the output of the
VCO and is responsible for the proper sequencing of the transistors in the six-step

inverler. 4
The output of the VCO IC D6 (Test Point P29) is applied to divide-by-12 counter IC D7
which produces a three-bit binary output (pins 8, 9, 11) that drives six-step sequencer
IC D8 at one-sixth the VCO frequency. (Note each output is 1/2 a wake signal; it takes 2
outputs from P8 to make one phase of the pump drive signal.)

The outputs of IC D8 (pins 1 thru 6) go low and turn ON their associated drive transistors
(V17 thru V22) in a sequence determined by IC D7’s internal logic arrangement.

IC D7 thus establishes the turn-on sequence of the Six-Step Inverter Board'’s source and
sink transistor pairs.

IC D8 pin 7 provides an output that corresponds to the pump drive frequency. This output
is buffered by inverter D10F, which produces at rear-panel terminals X-1, 7, & 8 a square-
wave output at an amplitude of +24 volts. A frequency counter can be connected lo lhese
terminals for a quantitative readout of the pump drive frequency.
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NT1000/1500 VH Circuit Description
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Section 6.4

NT1000/1500 VH Circuit Description

m VCO (Voitage Controlled Oscillator) (See Figure 7-6)

The switching frequency of the six-step inverter is determined by the VCO (voltage con-
trolled oscillator) circuit consisting of VCO IC D6 switch N6A.

VCO IC D5 operates at a maximum frequency of 3D730 Hz for the TMP1000 and
2130 Hz for the TMP1500. This frequency can be varied from about 5 to 100% of its
maximum value by changing the positive control voltage applied to IC D6 pin 7.

The VCO control voltage (Test Point P26) is generaled by comparator N9A and voltage
follower N9B. This circuit monitors the DC link voltage and then produces a control volt-
age that causes the VCO frequency to track any changes in link voltage, so as to maintain
a constant voltage-to-frequency ratio.

When the converter is stopped, a positive voltage from the start/stop circuit charges
capacitor C34 through resistor R83 and diode V23B. The voltage across C34 makes the
output of comparator N9A go to its maximum positive level which, in turn, causes the
VCO to run at its maximum frequency. Then when the converter is started, capacitor C34
discharges through resistor R87, causing the VCO frequency to slowly decrease until it
reaches the correct voltage-to-frequency ratio, at which time the frequency starts to in-
crease with increasing link voltage. This design feature of starting the converter at its
maximum frequency allows the pump to be restarted from any rotational speed.

If during start-up the output of comparator N9A goes negative, the output of comparator
N9D will go positive and light the FAILURE indicator. This condition indicates that cable
length compensation control R71 is misadjusted and should be readjusted as described in
Section 4.4.1.

Analog switches D3C and N6A set up the VCO circuit to automatically operate with
either the TMP1000 or TMP 1500, and are controlled by the pump select circuit. These
switches are N.O. devices that close with the application of a positive voltage to their con-
trol inputs (pins 6 and 12). Both switches are open when the converter is connected to a
TMP-1000 and are closed for a TMP1500.

The front pancl FREQUENCY meler indicates converter frequency as a percentage of the
maximum drive frequency at the pump’s rated rotational speed. Note that analog switch
N3 enables the FREQUENCY meter when the pump is started by the application of 2
positive voltage from the start/stop circuit.
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NT1000/1500 VH Circuit Description Section 6.4
e

EXALA Short Circuit Protection (See Figure 7-6)

The short circuit protection circuit provides a fast response time to link-current overloads
greater than 25 amperes by immediately turning off the converter’s output transistors.

In operation, link-current-sense resistor R4 applies a positive voltage of 20 mV per
ampere of link current to the inverting input (Test Point P27) of comparator N8A. At cur-
rent levels greater than 25 amperes, this positive voltage becomes greater than the
reference voltage applied to the comparator’s non-inverting input, causing the
comparator’s output (P22) to go low and trigger pulse stretcher IC D9. Once pulse
stretcher IC D9 is triggered, it’s output (P26) goes high for about 25 mS and disables
three-phase logic IC D8. During this time period, drive is removed from transistors V17
to V21.

As soon as the output of pulse stretcher IC D9 (P26) returns low, drive is reapplied to the
inverter transistors; however, if the short circuit is still present, drive is again removed for
25 mS. This process continues until either the short circuit is removed, or the converter
goes into its failure mode.
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Section 6.4

NT1000/1500 VH Circuit Description

m Failure Detector (See Figure 7-6)

The failure detector circuit consists of comparator N4B and NAND gate DSA. The output
of failure detector circuit IC N4B (Test Point P7) is high (+14V) during both acceleration
and normal operation, but goes low (-13V) if a fault occurs which causes the converter to

turn itself off.

The failure detector’s output is high when the sum of all negative and positive voltages
applied to its inverting input is negative enough to turn ON diode V12C, which clamps
the comparator’s inverting input one diode drop (6.7V) below ground. This negative volt-
age causes the comparator’s output (P7) to be high, the output NAND gate D5A to be
low, and the output of inverter D10A of the status and control circuit to be high which, in

turn, causes the FAILURE indicator to be off.

In the event of a failure, the output of the failure detector is made to go low by having its
inverting input go positive as follows:

m If the pump motor overheats, its thermal switch will open and cause the output of
programmable decoder IC D2 output 9 of the pump select/overtemperature
circuit to go high and apply a positive voltage to FET V9, which causes the

inverting input of comparator N4B to go positive.

m If the pump motor slows down to about one-third of its rated rotational speed
(e.g., leak in vacuum system causing intake side pressure to rise), the negative
DC link voltage applied to resistor R35 will have decreased to a level that causes
the inverting input of comparator N4B to go positive. Note that the fault detector
circuit is inhibited from activating during acceleration, when the DC link voltage
is low, by acceleration timer D4 (refer to Section 6.4.3).

When the sum of all negative and positive voltages at the inverting input of comparator
N4B is positive, diode V12B turns ON and clamps the comparator’s inverting input one
diode drop (~0.7V) above ground. This positive voltage causes the comparator’s output to
go low, the output of NAND gate D5A to go high, and the output of inverter D10A to go
low which, in turn, causes the following to occur:

1) Diode V24A conducts and lights the FAILURE indicator.

2) Diode V24B conducts and causes the output of inverter D10C to go high during ac-
celeration, which turns off the ACCELERATION indicator.

3) Diode V24C conducts and causes transistor V5 of the fault detector latch circuit to
turn ON and latch the detector in its failure mode.

4) Diode V24C by conducting also causes the converter to be turned off by applying a
low to start/stop circuit IC D1C pin 8, which causes the start/stop circuit’s flip-flop to
reset (P4 low, P3 high).
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X R Fy Failure Detector Latch (See Figure 7-6)

The failure detector latch circuit consists of transistor V5. This transistor is turned off
during acceleration and normal operation, but is turned ON in the event of a failure by the
status and control circuit.

As soon as a fault is detected, transistor V5 is turned ON by a low signal applied to its
base from inverter D10A of the status and control circuit. A positive voltage from the col-
lector of V5 is then applied to resistor R15C of the failure detector circuit, causing the
detector to latch in its failure mode.

Transistor V5 also turns ON if fuse F2, on the six-step inverter board, has blown. In this
situation, V5 causes the failure detector circuit to turn off the converter.

The failure detector latch circuit is reset by pressing the STOP button, which causes the
output of NAND gate D1B to go low and remove the emitter voltage from transistor V5.

m Voltage and Current Limiters (See Figure 7-6)

The voltage and current limiter circuits regulate the DC link voltage so as to keep the con-
verter in either current or voltage limiting. At start up the converter immediately goes into
current limiting due to the motor’s low rotor impedance, thus causing the converter to
apply both a very low drive voltage and drive frequency to the motor. As the motor ac-
celerates, however, its back e.m.f. causes the rotor impedance to increase which, in turn,
causes the converter to increase both drive voltage and drive frequency by an amount
necessary to keep itself in acceleration current limiling. Once the DC link voltage reaches
a preset level (corresponds to the desired pump speed), the converter then goes into volt-
age limiting and allows the motor current to decrease 1o its normal operating level

(dependent upon pump loading).

The output of the voltage and current limiter circuits (Test Point P31) regulates the DC
link voltage by applying a DC control signal of between 0 and +7 volts to SCR triggering
control IC D3 pin 11 which, in turn, controls the conduction of the SCR bridge rectifier
(refer to section 6.4.6). Note that 0 volts causes maximum link voltage while +7 volts

causes minimum link voltage.

The current limiter circuit consists of high-gain amplifier N4D, which amplifies the dif-
ference between a negative feedback voltage that is proportional to pump current (P14)
and a positive reference voltage R developed across R39 and R38C. The feedback is
loaded differently for different pumps as delecled by pump select circuit. The loading
takes place by switching different combinations of resistors of the resistors network R31,
R32, and R33 via analog switch N3 as instructed by decoder chip D2.
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Section 6.4

NT1000/1500 VH Circuit Description

The current limiter circuit then outputs an SCR DC control signal (P8) which varies the
DC link voltage as necessary to limit the motor current of a TMP-1000 pump at 8.5
amperes during acceleration, and 3.5 amperes during normal operation (11.5 and 8
amperes, respectively for the TMP-1500). For example, during start-up the current level
begins to decrease as the pump motor accelerates, causing the negative feedback voltage
applied to the current limiter to decrease (go less negative). This positive going voltage at
the inverting input of amplifier N4D causes its output to decrease, thereby raising the DC
link voltage by causing the SCR triggering circuit o increase the conduction time of the
SCRs in the DC link power supply.

Analog switch N3 is used to raise the current limit level during acceleration by switching
resistors R31, R32, and R33 thus changing the load on the feedback voltage applied to
amplifier N4D pin 13.

Then after either the acceleration time period has expired, or after the pump reaches its
rated rotational speed, analog switch N3 switches as instructed by [C D2. N3 opens and
causes the current limit level to be reduced to its normal operating value. Analog swilch
N3 is controlled by the output of decoder IC D2 (outputs 4, 5, and 6).

The voltage limiter circuit consists of amplifier N4C. The operation of this circuit is
similar to the current limiter, in that it amplifies the difference between the negative link
voltage (P16) and reference potential sample developed across R48 and R49. N4C's out-
put (P12) is summed with N4D’s output; the sum is applied to D3 Pin 11. D3 varies the
DC link voltage as necessary to limit the converter’s output at its maximum level of

42 volts. For example, if the DC link voltage increases (becomes more negative) due 1o
AC line fluctuations, this negative going voltage at the inverting input of amplifier N4C
causes its output to increase, and thus lowers the DC link voltage by causing the SCR trig-
gering circuit to reduce the conduction time of the SCRs in the DC link power supply.
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7 — Parts Lists and Diagrams
= e S O S

This section includes part numbers for replacement parts for the TMP1000 turbopump

and the NT1000 VH converter. An electrical schematic for the NT1000 VH converter is

also included. The part numbers for ordering the turbopump, the converter, and acces-
sories are listed in Tables I1I and IV in the front of this manual.

Use the Figures to help identify the parts you need. The numbers called out on the
TURBOVAC drawings correspond to the item numbers listed for each part in the first
column of the corresponding parts table. For example, the first column on Page 107
lists “1” for the “Half stator disk™. On Figure 7-1, the number “1” is pointing to a
drawing of this half stalor disk.

The second series of five columns indicates which pump model uses the part and how
many each pump requires. For example, on page 107, the “16” in the 160 ISO-K
column for Item No. 1 indicates that 16 half stator disks (P/N 221 02 261) are required
for the TMP1000 model that has the 160 ISO-K high-vacuum flange.
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Table 7-A

TMP1000 Housing/Stator Parts

Figure 7-1. Drawing of the TMP1000 Housing and Stator
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TMP1000 Housing/Stator Parts
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TMP1000 Rotor/Base Parts
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Table 7.0
— 70

NT1000/1500 VH Parts S : o ol
~L0 1Y 2%

H1
H2
H3
H4 T TN109
s1 s2
— e s @ re—

u_;pg-'/-.-——_ e

wi  FI/ X0 X1 Grounding Screw

A0l R [T
ULLITIATANT
\ - .

Figure 7-3. NT1000/1500 Chassis Part Location=
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Table 7-C

NT1000/1500 VH Parts

Table 7-C — NT1000/1500 VH Converter Parts List

Installation

N‘lf:,’ger Description Nf;g or Remarks
Al Control & Regulator Board, Complete | 200 18 194 | See Table 8-D for individual parts.
A2 Six-Step Inverter Board, Complete 200 17 044 | See Table 8-E for individual parts.
C1 Capacitor, 1 uF, 250 V —
c2 Cépaéifor, 0.01 pF, 32V e
C3 Capacitor, 0.01 uF, 32V —
C4 Capacitor 10,000 uF, 63 V —
' C5 | Capacitor 10,000 uF, 63 V =
E1 Cooling Fan, 24 VDC, 33" diameter 721 14 002
E1 Fuse, T 10A/250 D, 110-120 VAC 99 180 054 | Used with 115/120 line voltage
Fuse, T 6.3/250 D, 200-220 V AC 520 25 321 | Used with 200-240 line voltage
F2 Fuse, 16A, 250 G 520 25 122 | On six-step inverter board
F3 Fuse, T 0.5/250 520 25 312
H1 LED, Red 510 43 128
H2 & H4 | LED, Yellow 510 43 239
L1 Choke —
Pt Meter, Frequency, 1 mA -
R1 Thermistor, 60°C —
S1 Switch, START —
S2 Switch, STOP —
T1 Transformer =
V1 SCR Controller Bridge Rectifier 723 03 002
WO Pump Cable assembly, 7 conductor, 5m | 200 17 045 (‘{§7 g ,} 20
Wi AC Power Cord Assembly - I(g;lt;c;%s g;g)v ACplug
W4 16 Conductor Cable Assembly —
X0 Connector, Pump —
X1 g;’{;’:ﬁ;‘fgpu bkl s 72331008 | P/N is for one individual terminal
XF1 Fuse holder, Socket, F1 528 28 103
Fuse holder, Cap, F1 528 28 104
— Power Cord Plug, 250 V AC 99 122 048 | Straight blade
— NT 1000 V/H Handles 33122280 | Two required
- Extender Ears for 19" Rack-Mount 72175000 | Two required
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A1 Control & Regulator Board Parts Table 7-D
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Table 7-D

A1 Control & Regulator Board Parts

Table 7-D — A1 Control and Regulator Board Parts List

Ng::gar Description Nf:,’g oF Remarks
D1, D5 |IC, MC14011BCL, Quad Nand Gate 722-39-151
D2,D8 | IC, TBP 18S030 N, 32 x 8 Bit PROM 722-39-814

D4 IC, CD45368, Programmable Timer 722-39-812
D6 &c?l\;?grm , Voltage Controlled 702.39-813
D7 IC, DM74LS92N, Divider 722-39-810
D9 IC, ICM7555, Timer 722-39-704
D12 | IC, Hex Inv, MC14049 722-39-143
N2 IC, LM 340 K-15, 15 V Regulator 722-39-566
N8 IC, TAA 762, Op Amp, High Current 227-39-285
V1 IC, 880C800GlI, Rectifier 722-39-811
Vo Transistor - FET, VN 1304 N3 l 723-35-282
V26 Diode, 1N4007 | 510-43-329

* See the NT1000/1500 VH electrical schematic (Figure 7-6) for component type numbers not listed in this table.

Parts
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A2 Six-Step Inverter Board Parts Table 7-E
2 OO
g |2 ® S
o] L
| . = ﬁl
dilllNoNe
H g ) @
> —_—
O\O)
] S S
——
' INGONO
S S
H @\
2 S D
8O0
o ®
Figure 7-5. NT 1000/1500 VH Six-Step Inverter Board —
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Table 7-E A2 Six-Step Inverter Board Parts
Table 7-E — A2 Six-Step Inverter Board Parts List+
item peos Part
Number Description Number Remarks
F2 Fuse, F 16A/250 G 520-25-122
V2
thru Diode, 1N4007 510-43-329
V4
V5
thru Transistor, MJ 11014 723-35-004
Vié
V17 Diode Bridge Rectifier, B8O C 800 Gl 722-39-811

* See the NT1000/1500 VH electrical schematic (Figure 7-6) for component type numbers not listed in this table.
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Figure 7-6. NT1000/1500 VH Electrical Schematic
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A — Turbopum

Accessories

The following are accessory items available for the turbopump. Catalog numbers for
these items are listed in Table IV (Ordering Information) located at the front of this

manual.
Contents
Section Description Page
A Water RefrigerationUnit . . . . . ... ... ...... 122
A2 Water-FlowSwitch . . . . .. ... ... ........ 122
A3 CFFlangeHeater . .. ... .............. 123
A4 AutomaticVentValve . . .. .. ............ 123
A5 PNV .. v v sromn monsds womus m svmm s 124
A6 ARSI o aox moess momm wiwer o v 3 seevw e 125
A7 Vibration Damping Bellows . . . . ... ........ 126
A8 ANCOOINGURR: « v s o v s i o moww smviey s 126
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Water Refrigeration Unit

Appendix A.1

!!I Water Refrigeration Unit

The optional Water Refrigeration Unit (see
Figure A-1) is used where the ambient
temperature is too high for air cooling,
where normal tap water isn’t available for
water-cooling, or where the water supply
would deposit calcium or dirt in the
turbopump’s cooling line. The water in this
device is contained in a separate reservoir,

2 ol @ @
®
i!

WATER CHILLER

- v"‘v-v‘-

i ; S

where it is kept at the required temperature SIS

. . . . e e o e o ]

by refrigeration. The cooling water is circu- ..:25:::5:5:5:::.

SSesassea=eas

lated through the turbopump by the Water eSS

Refrigeration Unit’s internal water pumping E:E:E::E:E:E:EE

system. S
- ' N2

See Section 2.3.4.3 for installation informa-

tion for the Water Refrigeration Unit. See : : :
-1. Wa ration

Appendix A.8 for information on the optional Figure A-1 Lt,?";tnef"dge

Air Cooler.

za Water-Flow Switch

The optional Water-Flow Switch (see
Figure A-2) is used to check that the re-
quired quantity of cooling water is flowing
through the turbopump. This switch’s nor-
mally-open contacts are connected to the
remote STOP input of the frequency con-
verter. As long as there is sufficient water
flowing through the turbopump, these con-
tacts will close and allow the turbopump to
operate normally. However, if the water
flow should decrease to an insufficient level,
these contacts open and turn off the tur-
bopump. See Section 2.3.5 for installation
and adjustment information for the Water-
Flow Switch.

1TN-203

Figure A-2. Water Flow Switch

122



set0X AY Fiange Heater
_—

ﬁﬂ Flange Heater

) The optional CF flange heater (see
Figure A-3) allows automatically control-
led bakeout of the turbopump’s CF flange
and your system’s mating flange. It has a

thermal switch which keeps the CF flange > Bl
temperature within the acceptable tempera- >
ture range. Either 115 VAC or 220 VAC I
models can be ordered. ’3}:, g

¢

Power consumption is as follows: .o
160CF flange heater ...... 150watts
200CF flange heater ...... 250 watts

Bakeout of the turbopump and vacuum
chamber is only necessary when operation-
al pressures of ); 108 mbrayr are rqu?red. Figure A-3. CF Flange Heater
Normally a bake-out time of 5-6 hours is

sufficient for the turbopump. Longer

baking times won’t, as a rule, significantly

improve the ultimate pressure.

1TN-204

. !!I Automatic Vent Valve

An automatic vent valve (sce
Figure A-4) is used in standard applica- >
tions to vent the pump during shutdown.
See Appendix A.5 for information on vent-
ing and purging for process gases that are
corrosive, aggressive, or that contain
abrasives.

The valve is wired to the pumping system
so that it opens immediately after the pump
is shutdown allowing gas to enter the
pump while it is still rotating rapidly. This
prevent backstreaming of oil from the
foreline into the pumping system'’s high- oA
vacuum space.

Figure A-4. Automatic Venting
Valve

The vent valve mounts on the turbopump’s
KF10 vent port and is electromagnetically-
actuated. Normally-open and normally-closed valves are available. See Section 2.3.6.1
for information on vent-valve installation and Section 3.6 for information on operation.

(o



Purge/Vent Valve

Appendix A.5

Purge/Vent Valve

The optional Purge/Vent Valve
(Figure A-5) is required when
pumping corrosive or aggressive
gases or when pumping gases
containing dirt or abrasive sub-
stances.

The Purge/Vent Valve is con-
nected to the turbopump’s purge
port. Its nozzle is always open al-
lowing a constant flow (24 sccm
at 0 psig) of purge gas into the
pump. The flow rate can be in-
creased by increasing the pres-
sure up to a maximum of

7.5 psig as shown in Table 2-C.

The Purge/Vent Valve must be
checked periedically to ensure
that its filter isn't clogged. The

It is essential that the Purge/Vent Valve is connected to a
source of inert gas or is sealed when pumping toxic or reac-
tive process gas. The Purge/Vent Valve isn't a shutoff device.
If its inlet port is left open, toxic process gas could escape
after shutdown or air could enter the pump and have a
dangerous reaction with aggressive process gas.

e e e e S S SRR S S e S S S S el i e s

WARNING!

ESI I T 4

10379

Figure A-5. Purge/Vent Valve

filter element (P/N 200 17-876) should be replaced before the purge-gas flow drops
below 9% of its throughput. If you have an older model without the filter, order the
retrofit kit (P/N 200-17-980) to install the filter assembly.

When the power is switched off, a bypass valve opens that increases the flow to

4800 sccm to vent the pump.

If you plan to use your own valve for purging and venting, ensure that it has the correct
capacity (minimum 24 sccm purge/4800 scem vent) and that it can perform both purging

and venting al the pump’s purge port.

The Purge/Vent Valve isn’t a shutoff device; thus, you will need an isolation valve if you

want to shutoff the purge-gas flow.

See Section 2.3.6.2 for installation information for the Purge/Vent Valve.
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Appendix A.6 Adsorption Trap

‘ !H Adsorption Trap

Oil can’t backstream through an operating
turbopump; however, oil can backstream
from the backing pump into the foreline
during operation and it can backstream
through the turbopump when its rotation
begins to slow during shutdown. Purging
and venting the turbopump greatly reduces
this backstreaming.

An adsorption trap (see Figure A-6) should
be installed on the backing pump’s inlet
port to provide an additional degree of
protection against backstreaming oil con-
taminating the turbopump. The activated
alumina (Al203) adsorbs oil vapors and Figure A-6. Adsorption Trap
must be replaced about every 3 months

depending on operating conditions. If there

is any dust in the new Al203, use dry air or nitrogen to blow it away. The part number of
a 2-liter can of Al203 is 85410.

When you must achieve very low pressures, ensure that the Al203 doesn’t become

‘ saturated with water vapor from the vacuum chamber or from the venting air. To prevent
the Al203 from becoming saturated with water, use a roughing line to pump down the
chamber to approximately 1 mbar before pumping through the adsorption trap. In these
applications, the Al203 should be replaced or regenerated when you observe a noticeable
pressure rise from the adsorbed water vapor.

Although the conductance of the adsorption trap is very good, it does results in some
decrease in the pumping speed. See the manual (GA 04.197) that comes with the adsorp-

tion trap for more information.
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Vibration Damping Bellows Appendix A.7

!ﬂ Vibration Damping Bellows

The optional Vibration Damping Bel-
lows assembly (Figure A-7) is a
flexible duct which is connected be- )
tween the turbopump’s high-vacuum
flange and the outlet of the system’s
vacuum chamber. It is only available
for the turbopump models with the

160 ISO-K or 160 CF high-vacuum
flange. See Table IV in the front of this
manual for the part numbers.

Vibration Damping Bellows should be
used whenever the turbopump is con-
nected to instruments highly sensitive ITN-7.6
to vibration, or to prevent external
vibrations from being transmitted to
the turbopump.

Figure A-7. Vibration Damping
Bellows

In addition to absorbing vibration, the 160 CF bellows is strong enough to support the
weight of the pump. If the 160 ISO-K bellows or a standard bellows are used, you must
provide support for the turbopump.

!!! Air-Cooling Unit

The optional Air Cooling Unit

(see Figure A-8) consists of two fans
mounted on vibration dampers. This
unit is mounted around the motor hous-
ing, and is secured in place from below
the pump using the supplied hardware.
Either a 115 or 220 VAC model can be
ordered.

The maximum ambient temperature
for a TMP1000 during bakeout with
air-cooling is 95°F (35°C), while the
ambient temperature for an unheated
TMP1000 turbopump at operating pres-
sures lower than 10°% mbar is 113°F

(45°C).

1TN-7

Figure A-8. Air Cooler Mounted on
the TMP1000 Base

See Section 2.3.4.2 for the Air Cooling
Unit’s installation procedure.
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Acceleration indicator, 39, 71
Acceleration timer, 94
Accessonies, 7, 121

Activated alumina, 125
Adsorption trap, 3, 49, 125
Air cooling unit, 28, 126
ANSI Nlanges, 9, 25
Anti-suckback valve, 27, 81
ASA flanges, 9, 25

Auto start, 19

Backing pressure, 81, 85
Backing pump, 4, 15, 26 - 27, 40, 69
Backstreaming, 125
Bakeout, 43, 123
Balancing, 10, 55, 57
Bearing
failure, 77
Bearings
ceramic, 10
exposure 10 harmful gas, 47
lubrication, 86
venling, 46
Bellows, 26 - 27

C

Cable, 21, 72
Cable length compensation, 64
CF Nange, 25, 48, 50
Check-out, 68
Checklist of simple problems, 68
CQleaning, 50 - 52
Compression ratio, 4
Condensation, 44, 46
Contamination, S0
and purging, 47
and venting, 44
ail, 3,81, 125
troubleshooting, 69, 81
Controls, 38 - 39
Converter
adjustments, 63 - 66
block diagram, 89 - 91
brief description, 11
circuit description, 92 - 104
controls, 38 - 39
controls & indicalors, 38
cooling, 17
detailed description, 87 - 88
clectrical schematic, 119
failure, 75
mounling, 17
ordering information, 6
parts list, 113
pholo of internal controls, 63
specifications, 5
wiring, 19

Converter adjustments, 63 - 66
Cooling, 27, 68

optional coolers, 126
Cooling water specifications, 4
Copper gaskets, 26
Corrosive gases, 32, 47, 67
Crash, 25
Current, §

D

Damage claim, 11
DC link power supply, 76, 89, 96
Description, 85

brief, 10

delailed, 85
Dimensions, 8
Direction of rotation, 22
Disassembly

turbopump, 53 - 62
Drive frequency, 87
Dust, 86

E

Electrical schematic, 119
Electrical shock, 16
Electrostatic discharge, 15
Explosive gases, 32, 42, 49

F

Failure detector, 102
Failure detector latch, 103
Failure indicator, 72 - 73,75
Failures, 39, 43
Filters, 50

see also Adsorption trap
Flange Heater, 33, 48, 123
Fore-vacuum port connections, 26
Fore-vacuum pressure, 4, 81 - 82
Freon TF, 51
Frequency, 5, 20, 74
Frequency adjusiments, 65
Frequency meter, 80
Frequency meter calibration, 66
Fuse

fuse F1,76

fuse F3,77

part numbers, 7

sclection, 16 - 17

specifications, §

G

Grease, 40, 86
Grounding, 21 - 22

H

Hazardous gases, 1, 32, 67

Heat, 36

Heatsink, 73

Helium, 4

High-vacuum lange connection, 25

Housing/base gap, 59
Hydrogen, 4, 85

Important, 3

Indicators, 38 - 39

Inert gas, 32, 46

Inlet screen, 42, 85

Inspecting the stator, 55

Installation, 13
diagram, 24
frequency converter, 16 - 23
turbopump, 24 - 33

Introduction, 9

ISO-K flange, 25, 48

J

Jogging the pump, 40

L

Leak test, 62

LED's, 39

Line noise, 15

Low voltage power supply, 92

Magnetic induction, 3, 15
Maintenance, 49
Moisture

see condensation
Motor housing installation, 61
Motor housing removal, 56
Motor stator failure, 77
Motor stator resistance, 57
Motor lorque, 88
Mounting positions, 25

Nitrogen, 4
Noise, 80, 84
Normal operation indicator, 39, 73 - 74
Nozzle, 31 - 32
NT1000 converter
see converler
NT150/360
see Converter
NT20 converter, 9
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Index

0]
Oil

backstreaming, 125
Oil backstreaming, 3, 81
Operating Pressure, 37
Operating temperature, 36 - 37
Operation, 35
Ordering information

accessories, 7

see also Parts list

pump and converter, 6
Outgassing, 83
Overload current limit, §
Overtemperature, 83
Overtemperature switch, 72, 75
Oxygen, 86

P

Part numbers
accessories, 7
converters, 6
list of replacement parts, 105
turbopumps, 4
Panticles, 86
Parts list, 105
Pinging, 58, 62, 84
Plug, 17
Polentiometers, 63
Power, §, 15, 68
Power failure, 43
Power indicator, 71
Pressure, 36 - 37
maximum inlet, 4
starting, 4
ultimate, 4, 83
Pump housing, 58
Pump housing removal, 54
Pumping speed, 4, 82, 85
Purge gas, 32
Purge gas flow rates, 33
Purge pon, 86
Purge/vent valve, 32, 46 - 47, 124
Purging, 44, 47
Pyrophoric gases, 32, 42

R

Radiation resistance, 15
Receiving, 11

Regreasing, 49

Relay load, §

Remote, 19 - 20
Replacement pants, 105
Rotation direction, 22
Rolational speed, 4, 78 - 79
Rotor, 57

Rotor damage, 42
Roughing, 41

Roughing pump

see also backing pump

Run-up test, 62

S

SCR triggering control, 96
Shipping damage, 11
Shock, 22
Short circuit, 72 - 73,76 - 77
Short circuit protection, 101
Shutdown, 44 - 45
Sintering nozzle, 31 - 32
Site requirements, 15
Six-step inverter, 98
Solvents, SO
Specifications
converter, 5
TMP1000, 4
Start-up, 19, 40 - 41
Start-up profile, 88
Start-up time, 4
Startstop conlrol, 92
Starting pressure, 41
Stator
disassembly, 53 - 54
inspection, 55
reassembly, 58
Status and control, 95
Storage, 45
System diagram, 24

T

Technical data
converter, 5
TMP1000, 4
Temperature, 36
converter ambient, 5
optional coolers, 126
troubleshooting, 83
Tests, 62
Thermal switch, 36, 72, 75, 86
Three-phase logic, 98
TMP1000
see turbopump
TMP1500,9, 11,89
TMP600, 9, 11, 89
Torque
motor housing screws, 61
pump-housing screws, S9
Toxic, 49, 67
Toxic gases, 32, 124
Transformer, 71
Transformer conneclions, 16
Traps
see also Adsorption trap
Troubleshooting, 67
Troubleshooting chart, 70
Turbopump
balancing, 10
description, 85 - 86
disassembly/assembly, 53 - 62
photograph, 30

U

Ultimate pressure, 4, 83, 85, 123
Unpacking, 11
Utility requirements, 15

\'/

Vent port, 86

Vent test, 62

Vent valve, 31

Ventilation, 17

Venting, 44, 46

Vibration, 3, 27, 80, 85
Vibration damping bellows, 126
Vibration velocity, 4

Voltage, 5

Voltage and current limiters, 103
Voltage control oscillator (VCO), 100
Vollage selection, 17

Voltages, 5, 16

W

Warnings, 1
Warranty

see also sce the inside back cover
Water cooling, 27
Water refrigeration unit, 27, 122
Water-flow switch, 29, 75, 122
Weight

NT1000 VH, §

TMP1000, 4
Wiring the converter, 19
Working pressure, 37
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LEYBOLD

LIMITED WARRANTY

Seller warrants to the original purchaser that the equipment to be delivered pursuant to this Agreement will be as described herein and will be
{ree from delects in material or workmanship. Minor deviations which do not alfect the performance of the equipment shall not be deemed 10 constitute
elther a lailure to conform to the specificalians or a delect in material or workmanship.

This warranty shall extend for a pericd of twelve (12) months lrom the initial date of shipment. Should any failure of conformity to this warranty
appear within twelve (12) months from the initial date of shipment, Seller shall, upen immediate nolification of such alleged failure and substantiation
that the cquipment has been operated and maintained in accordance with Seller’s recommendations and standard industry praclices, correct such
defects by suilable repair or replacement al its own expense.

Seller's liability under this warranty shall cease If any major repairs 10 or any replacement or modification of the equipment is made by any person
other than Seller's personnel or persons working under the supervision of Seller's personnel, unless authorized by Seller in writing. Further, the warranty
shall cease unless the Buyer has operated the equipment in strict compliance with operating instructions and manuals, il any, provided for the
equipment, and unless Buyer operates the equipment in normal use and with proper maintenance.

If the equipment contains components from another manufacturer and are subject to the manufacturer's warranty, then Seller's liability shall be
limited to the extent of the warranty which Seller received from the manufacturer or supplier of the equipment conponent parts. Seller's liability shall
be no greater than the liability of the manufacturer or supplier as determined by a final judgment by the Buyer against the manufactuerer or supplier
of such compenents, Seller will cooperate with Buyer in such legal action but at Buyer's expense.

THIS WARRANTY IS EXPRESSLY IN LIEU OF ANY AND ALL REPRESENTATIONS AND WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY
WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR OTHER WARRANTY OF QUALITY, EXCEPT THE WARRANTY OF
TITLE. THIS WARRANTY CONSTITUTES THE EXCLUSIVE REMEDY, and shall not be deemed 10 have failed of its essential purpose so long as Seller
is willing and able to correct defects covered by the warranty in the manner prescridbed. The sole purpose of the exclusive remedy shall be 10 provide
Buyer with free repair and/or replacement in the manner and for the time pericd provided herein.

The entire agreement between the parties is embodied in this writing, which constitutes the final expression of the parties, and it is the complete
and exclusive statement of the terms of the agreemenl. No other warranties are given beyond those set oul in this writing.

LIMITATION OF LIABILITY. SELLER SHALL NOT, UNDER ANY CIRCUMSTANCES, BE LIABLE FOR DIRECT OR INDIRECT, SPECIAL DAMAGES,
INCIDENTAL OR CONSEQUENTIAL, such as but nct limited 1o, 10ss of prolits, damage 10 or loss of other property, downtime costs of Ihe equipment,
delay expenses, overhead or capital costs, claims of Buyer's customers or activities dependent upon the equipment.

Excep! to the extent provided in the LIMITED WARRANTY, Seller shall not be liable for any claim or 10ss arising out of or related 1o this agreement
or the equipment provided pursuant thereto, whether such claim allegedly arises or is based on conltracl, warranty, torl (including negligence), strict
liability in tort or otherwise. Liability shall not in any event exceed the cos! of the equipment upen which such liability is based,

SEVERABILITY. If any portion or clause of this agreement is held invalid or unenforceabdle as 10 any person or under any circumstances, the invalidity
or lack of application shall nct impair or affect the other provisions and the application of these provisions which can be given effect without the invalid
or unenforceable provision or application. With this intention, the provisions of this agreement are declared 1o be severable.

LEYBOLD
vacwm Tacmoioy | | Enanemag e | | Anerace tecnnoogs LELD VACUUM PRODUCTS INC

5700 Melion Road * Export, PA 15632 - Telephone 412-327-5700 - Telefax 412 733-5960 * TRT Telex 19-9138
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FRANCE

Liyboki 5 A

BP. 42

LA do Courtaboaul
F-a1942 Los Ulis Codex
Phona: 1-63076400
Faoc 1-6507 5736

GERMANY

Leybold AG

Service Depl VS4
Banner Strasse 498
D-5000 Koeln 51
Fhone: (0221) 3471607 g-_J W

U
Feoe (0221) 47194 % .-1:;;'ﬁ

=

GAREAT BRITAIN
Levybeaid Lid

Sarvice Dept VWalemssd
Plough Lane, SW1T TAL
Phone: 01-0479744
Faxc 01-8470210

GREECE

Cao. for Repre. & Trade of Sc
PO Box 10041

GR-546 22 Thassakoniki
Phone: 2TBET3

Tebax: 412130 asai g

HOHG KONG
Leybodd Lid.

20th Fioor

B Slusesler Hoad

Hang Kon
Fhaone: :a?z:szﬂ-mw
Fan: (BSZMBG65 6283

HUNGARY

Muasa Service

Sasadi U 72

H-1118 Budipas!

Phone: 1-667T55/66T7225
Fax: 166-7TT35/166-2463

INDIA

Indo Burma Petrobeum Co. Lid,
Engineering Devision 5,

J. M. Heredia Marg Ballard Estate
Bombay 400 038

Phone: 263127268301

Faoe: Qi -22260558

-~

>
A i"-'l'* QLANDS
( oags

JAPAM

Loyboid Components Go. LTI
Teukuba Minami-Dai-lchi

Hogyo Danchi, 21 Kasumi-Ho-Sato
Ami-Cho, Inashiki-Gun Ibaraki-Ken
Phone: 0041-258-892841

Faoe 0081-258- 8520838

HOREA [South)

Ly ek *

1-42, Hannam-gong
Yongsan-hu, Seoul

140-210, Korea

Tel: 790-1426/7; Fax: F90-1475

MEXICO
‘onlajes Electromocanicos a
vunori.u S A daCV

., Monlovideo 458 Col. Lindavista
W Masico, DUF,

T SEEAIH55863851

ThABEGA

B\
'LI.I!.Hl
oerden
‘ﬂ'?

wnilific: Equipmant Co.
Caun
i Clifton

‘o2

<Pk

~«AMND
Zaklad Obslugi Techniczne] Zo1 Pan
LI, Meveitisha &
FL-01447 Warschau
Phone: 354346, Tekex: 813019

PORTUGAL

Socwdade Sckermann S AR L
Apartado 2115

P-1103 Lisboa Codex

Phone: J53066/269069

Fane 369129

SOUTH AFRICA
EV.J. Krisch Enginearng (PTY). LTD

. PO Box S0206/50489

ISRAEL

N. Waeisselbarg & Sons Engnesrs
Ramai Gan 52117, Bealsk Sir. 127
Ramat Gan 52523

Phana: 03-75 162056705

Froc 57237520182

ITALY
Leybald S P.A

Wia P, Tosell, 11

120127 Milana

Phone: 2-2871521; Fue 2:2 871426

287 Samantha Stroet
Strpdom Pask Ext. 16
RSA Randburg 2125
Phone: T93-6831/22/4/5
Fax: 793-7172

SPAIN

Loybold 5 A,

Cale Motores, 310-312

E-Q08508 L'Hospaakl de Liobragat,
Barcelona

Phona: J43-262 0515

Faxc 343-263-1470

Central Service Facilities — International

SWEDEN

Layboki AR

Froegatan & F

£-42122 Vaastia Froalunda
Phona: 31-684200; Fax: 31683539

SWITZERLAND

Lirgbsald AG
Leutschanbachsirassa 55
CH-8057 Fuerich

Fhona: 01-30223606

Faoc 01-3024373

SYRIA

Marmiosa

18 oad Building Kasse Al Dyala Place
Damascus

Phona: 233276

Tedeo! alsyr 411057 syd

TAMNM AN

Schmidt Scientilic Tawan Branch
Sty Flood

Cathay Min-Sheng Commarcial Bldg.
M4 min-Sheng East Road

ROC-104 Taipei

Phome: 501-3468; Faoc 250206452

TURKEY

Teksar

Bagdad CAD, No. 300/2 Erankoey
TR-Istanbul

Phone: 561986/, Faoc 1-256867T

LS A, Central Reglon Service
2104 Hutton Drrve, Suite 116
Carroliton, Texas T50046
Phone: 214-247-1811

Fae 214-247-£419

U5 A Eastern Reglon Service
ML Ebo Corporato Conler
Foule 22

Brgwrstier, NY, 10509

Phong: 914 279-4469

Fasc 914-279.2889

US.A Western Regicn Service
1884 Harog Dieve

San Josae, A S5131

Phone: 404-436-2028

Fa: 404-435-2849

VEMNEZUELA

Reprasentackhngs H Lusdsmann, Sl
Apamado 61,587

1060 Caracas

[Prscser: 2061 3600, 261 9052

Fac: 2-2614625

YUGOSLAVIA
Paternakyva 21
WU-61230 Domzaba
Phone: DE1/7 13060
Faoc D617 13060

—_—

Printed in U.S.A.

LEYBOLD VACUUM PRODUCTS INC.

5700 Mellon Road
Export, PA 15632-8900

Telephone: 412 327-5700

Telefax: 412 733-5960
TAT Telex: 19-9138




	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



