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STP pump consists of the three-volumed Instruction Manuals.

Instruction Manual (A):

STP pump generic Instruction Manual

Instruction Manual (B):

STP pump specific information

[> Instruction Manual (C):
(This Instruction Manual)
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The description of this product consists of the three-volumed Instruction Manuals. Read through each
Instruction Manual before operation.
The separate volume contents of each description are as follows:

Instruction Manual (A)

STP pump generic Instruction Manual:
e Introduction

¢ |nstallation of the STP pump

e Installation of the STP control unit

e Operation

o Safety functions

¢ Maintenance and inspection

e Storage and disposal

e Service, Spares and accessories

Instruction Manual (B)

STP pump specific information:
e Technical data
e How to Secure the STP pump

e Temperature Management System (TMS)
Instruction Manual (C)

STP control unit Instruction Manual:

e Introduction

e Technical data

e Installation

e Operation

e Serial communication protocol

e STP-Link

e Maintenance

e Storage, transportation and disposal

e Service, spares, and accessories

Keep the manuals in an easily accessible location.
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Declaration of Conformity

We,
Manufacture: Edwards Japan Limited

1078-1, Yoshihashi, Yachiyo-shi, Chiba, 276-8523, Japan
EU Representative: Edwards Limited

Manor Royal, Crawley, West Sussex, RH10 9LW, UK

declare under our sole responsibility, as manufacturer and person within the EU authorised to
assemble the technical file, that the product(s)

Product Name: Control unit for turbomolecular pump
Model Number: SCU-800
Accessories Covered: TMS Unit, LonWorks Communication Unit

to which this declaration relates is in conformity with the following standard(s) or other normative
document(s)

EN61010-1:2010 Safety Requirements for Electrical Equipment for Measurement,
Control and Laboratory Use. General Requirements
EN61326-1:2006 Electrical equipment for measurement, control and laboratory Use.

EMC requirements. General requirements
(Immunity: Industrial locations, Emission: Class A)

EN61000-6-2:2005 Electromagnetic compatibility (EMC). Generic standards.
Immunity for industrial environments

EN61000-6-4:2007, A1:2011 Electromagnetic compatibility (EMC). Generic standards.
Emission standard for industrial environments

EN55011:2009, A1:2010 Industrial, scientific and medical equipment - Radio-frequency
disturbance characteristics (Group1, Class A)

EN50581:2012 Technical Documentation for the Assessment of Electrical and Electronic
Products with respect to the Restriction of Hazardous Substances

and fulfils all the relevant provisions of

2006/95/EC Low Voltage Directive
2004/108/EC Electromagnetic Compatibility (EMC) Directive
2011/65/EU* Restriction of Certain Hazardous Substances (RoHS) Directive

*i.e. The product(s) contain less than - 0.1wt% for hexavalent chromium, lead, mercury, PBB and PBDE; 0.01wt% for
cadmium - in homogeneous materials (subject to the exemptions allowed by the Directive). The RoHS Directive does not
legally apply to industrial vacuum equipment until July 2019 (July 2017 for instruments).

Note: This declaration covers all product serial numbers from the date this Declaration was
signed onwards.

, .
Manufacture: >/Mv/ / /< al‘ 0 2" September. 2013, Yachiyo
Yuji Kato, TMP Technical Senior Manager, Edwards Japan Limited Date and Place

EU representative: —— = 2" September. 2013, Burgess Hill
lan Stones, Director of Technology, Edwards Limited Date and Place

This product has been manufactured under a quality system registered to 1SO9001

VI-DOC-49-006
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1 INTRODUCTION

1.1 Scope and definitions

This manual provides installation, operation and maintenance instructions for the Edwards SCU-800
control unit (abbreviated to "SCU-800" throughout this manual) for the Turbomolecular pump (STP).
You must use the SCU-800 as specified in this manual otherwise the protection provided by the
equipment may be impaired.

Important safety information is highlighted as WARNING and CAUTION instructions; these instructions
are mandatory. The use of WARNINGS and CAUTIONS is defined below:

WARNING

Warnings are given where failure to observe the instruction could result in serious injury
or death to people.

CAUTION

Cautions are given where failure to observe the instruction could result minor personal injury in
damage to the equipment, associated equipment and/or process.

Note: Items you must follow during operation and maintenance.
Throughout this manual, page, figure and table numbers are sequential.

The units used throughout this manual conform to the Sl international system of units of measurement;
US equivalent units of measurement are also given.

The following IEC warning labels/symbols appear on the SCU-800 and the STP control unit Instruction
Manual:

Warning - This symbol denotes general warning
Refer to accompanying documentation and instruction manual.

Warning - Hot surface
This symbol denotes the risk of burns.

Warning - Hazardous Voltage
This symbol denotes the risk of electrical shock.

Protective earth (ground).
Connect the ground wire to this terminal to prevent electric shock.

OB P
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Note: An alarm function is incorporated into this STP series. Alarm and cautionary messages are
displayed on the LCD of the SCU-800. Note that the words "WARNING" and "CAUTION"
displayed on the LCD indicate the need for overhaul of the pump or precautions during the
operation. They do not have the same meaning as the much more serious symbols for
"WARNING" and "CAUTION" used in the instruction manual.

1.2 Applied standards
The SCU-800 conforms to the following directives and standards:

1. Applied Directives

e EC Low Voltage Directive

¢ EC Electromagnetic Compatibility Directive
2. Applied Standards

e EN61010-1/1EC61010-1

e EN55011(class A)

e EN61000-6-2

e UL61010-1 (Electrical Equipment for Measurement, Control, and Laboratory Use)

3. Information about electromagnetic compatibility

e This product is a class A product according to EN61326, and a group 1, class A product
according to EN55011.
This means that this product does not generate and/or use intentionally radio-frequency energy,
in the form of electromagnetic radiation, inductive and/or capacitive coupling, for the treatment of
material or inspection / analysis purpose and that it is suitable for use in all establishments other
than domestic and those directly connected to a low voltage power supply network which
supplies buildings used for domestic purposes.

e This product may have potential difficulties in ensuring electromagnetic compatibility in other
than industrial environments, due to conducted as well as radiated disturbances.

¢ This product must not be used in residential areas because it may cause interference if used in
residential areas.

1.3 Limited warranty

This WARRANTY applies to the customer to whom Edwards has delivered this product.

1.3.1  Warranty period

Edwards warrants this product against defects for a period of two (2) years from the date of delivery or
during the period specified in the agreement made by and between the customer and Edwards.

MT-49E-101-E
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1.3.2 Item warranted

1. This warranty applies only to the product delivered from Edwards to the customer.

2. If any defect is found during this period, Edwards will, at its option, repair or recondition the product
free of charge. The costs for repair or replacement of the product after the warranty period has
passed will be at your own charge.

1.3.3 Disclaimer

Edwards makes no warranty with respect to any damage occurred due to any of the following during
the warranty period:

Z
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1. Handling, operation or maintenance other than that specified herein.

2. Failure to follow any of the warnings or cautions enumerated in this manual.

3. Installation, operation or maintenance using parts which are not specified by Edwards.
4

Maintenance personnel other than those authorized by Edwards or Service office have
disassembled, reconditioned, or tampered the product.

o

Defect resulting from the not-specified use of the product.

6. When the product is used under special conditions without obtaining the written consent of
Edwards (strong magnetic field and the radiation are added to the product).

7. Defect resulting from the installation of the product (exclude the installation by authorized
personnel).

8. Deterioration in the external because of use (discoloration, scratches and so forth).

9. Product damage occurred during transport or other factors not attributable to Edwards.

10. Product breakage or damage due to natural disasters, fire or other external factors.

11. Deterioration in the basic performance due to the use of the product beyond limits of the use.
12. Any direct, incidental or consequential damage resulting from the use of the product.

13. When continuously operated without overhaul after the WARNING indication ("WARNING"
message) on the LCD.

14. Overhaul and replacement of maintenance parts.

1.3.4 Spare parts

¢ Air-cooling fan for SCU-800. (When exchanging, contact Service office).

MT-49E-101-E
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1.4 Labels

The following labels are affixed or printed to the SCU-800. Read the contents of the labels before

operation.

(Eé;iDIAL‘\F?EDES

SCU-800 Control Unit for Turbomolecular Pump

1. High voltage device caution label

The SCU-800 is equipped with a high voltage device. This label warns operators to pay attention

to the high voltage device at the maintenance and inspection.

X
AFEE
SEEIE

BE-HEOEBINFHY)
%)

SEEDB = AL
BIBE/NZIVERIBZE

A CAUTION

Hazardous Voltage
Contact may cause electric
shock or failure.

This unit is to be serviced
and be opened by trained

PTEET, personnel only.
RSP AARATCLTEIR Disconnect power before
B TR, servicing or maintenance.

P004-019B003 Rev.-

Figure 1 - High voltage device caution label

2. Voltage caution label

This label describes precautions for operating the TMS unit.
Use the specified heater and valve when connecting the TMS unit to the STP pump.

AFEE A CAUTION

OTMS2=yMERB IEE—%- /37 | OBefore using the TMS unit, always
NBERTERIEL.RFRICE /|  check the voltage specified on its
ANBETHEAL TS, heater and valve. The specified input
EL3BETHALLES. E—2- | voltage should be used. If not, the
BTN EETRNANFHNET, heater and valve may be damaged.

- NIWTRR| AHBE Mark on heater and valve | Input Voltage

220V AC200V-240V~ 220V AC200V-240V~
110V AC100V-120V~ 110V AC100V-120V~
P004-019B004 Rev.A

Figure 2 - Voltage caution label

MT-49E-101-E
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3. Safety instruction label

This label describes instructions before operating the SCU-800.

Z& EDIEREE
{FARTICEIREEBAZE % | Read instruction manual

SAFETY INSTRUCTIONS

BFEALEZ W, before operation.

Figure 3 - Safety instruction label

Z
-
A
©)
)
c
)
=
©)
Z

4. Connector caution label

This label describes lock of the connector.
The label instructs operators to prevent the connectors from being disconnected while the STP
pump is in operation.

AFE Lock |[AACAUTION
BEHEEDFEIC Improper connection may
BIEY, 5 cause electric shock or
Ogi%?ﬁfﬁ\%“-u/ -5 failure.

i R AON DR <Lock connector securely.
OZ. I; 2 2 22’(@ Eﬂ;\ ':l N O m <>Do not remove connector
TLEEL, while breaker is ON.

P004-019B005 Rev.-

Figure 4 - Connector caution label

5. Voltage rating label

This label describes the rated voltage of the SCU-800. Use voltage specified in this label.
Some pumps can be operated in the input voltage between 100 - 120V inclusive. Confirm the
specific pumps in Section 2, "TECHNICAL DATA".

AT

AC100-120V /200-240V ~

1200VA MAX | 8OOVA MAX

5-a 5-b

Figure 5 - Voltage rating label

MT-49E-101-E
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1.5 Label affixing positions

Refer to Section 1.4 for the details of the labels 1 to 5.

b

Figure 6 - Label affixing positions

High voltage device caution label
Voltage caution label

Safety instruction label
Connector caution label

5-a Voltage rating label

5-b Voltage rating label

6 Name plate

7  Parts number

A WON -

MT-49E-101-E
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1.6 General description

The SCU-800 is the control unit required to drive the STP series of turbomolecular pumps. The
SCU-800 converts the single-phase line supply voltage into a 3-phase d.c. voltage to drive the pump
motor. It also evaluates measured signals and performs the following functions:

Z
e |t provides logic to control the pump functions. -]
A
o |t operates the magnetic bearing system. (@]
=)
e |t operates the optional Temperature Management System (TMS). CcC
(@)
=
O O o
pa
-~
(EbwarmpDs
STP CONTROL UNIT () power  ( Jraiure [ Jremorte
[j TEMP CTRL RESET up SELE(_T‘
X8 STP-LINK () NORMAL
(O/ACCEL] [BRAKE\O)
< ‘ START ‘ ‘ SToP ‘ DOWN| | ENTER
2 O O

Figure 7 - SCU-800 control unit

The following series of turbomolecular pumps can be used in conjunction with the SCU-800.

Model Name Specification
STP-603/1003 series Ultra-high vacuum type
STP-H301/H451 series High-throughput type
STP-H803/H1303 series High-throughput type
STP-A803/A1303 series Advanced high-throughput type
STP-A1603 series Advanced high-throughput type

Table 1 - Turbomolecular pumps

MT-49E-101-E
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1.6.1 Cable sets
The following cable sets (optional accessories) are used with the SCU-800 and STP pump:

e STP connection cable - STP pump to SCU-800.
e TMS cable - STP pump to built-in TMS unit in the SCU-800.

e Power cable - SCU-800 to power supply.

Note: Figure 8 shows a typical TMS system installation. System connections and cables differ
according to the type of pump connected to the SCU-800. Refer to the STP pump Instruction
Manual (A) and (B) for full details of connection cables and system connections.

1 SCU-800 control unit 5 TMS valve cable

2  STP connection cable 6 TMS connection cable
3 TMS sensor cable 7 Power cable

4  TMS heater cable

Figure 8 - Configuration of the STP pump with the TMS

MT-49E-101-E
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2 TECHNICAL DATA

21 SCU-800 specifications

Applicable pump STP-603/1003 series
STP-H301/H451 series
STP-H803/H1303 series
STP-A803/A1303 series
STP-A1603 series

Input voltage: For STP-603/1003 series 100 to 120 Va.c. £ 10%,
200 to 240 Va.c. £ 10%
For STP-H301/H451 series 100 to 120 Va.c. = 10%,
200 to 240 Va.c. £ 10% (with TMS unit)
For STP-H803/H1303 series 200 to 240 Va.c. = 10%
For STP-A803/A1303 series 200 to 240 Va.c. £ 10%

—|
m
3
T
<
o
>
r
O
L
>

For STP-A1603 series 200 to 240 Va.c. £ 10%
Input power: Without TMS unit 850 VA maximum
With TMS unit 1200 VA maximum
Input frequency 50/60 + 2 Hz
Leakage current 3.5 mA maximum
Input phase Single phase
Main breaker specification = Rated current 15A
Ampere Interrupting Capacity 1000 A (240 Va.c., 50/60 Hz)
(AIC)
Motor driving system 3-phase d.c. brushless motor driver
Output voltage under normal operation 92 Va.c. maximum
Output frequency under normal operation 800 Hz maximum
Allowable ambient temperature 0t040°C (32to 104 °F)
Storage temperature -25t0 55 °C (-13to 131 °F)
Mass (except the optional accessory) 9 kg (26.4 Ib)
Dimensions Refer to Figure 9
TMS control unit Built in
Battery for clock function Specification Lithium battery, 3 V, 130 mAhr
Model DS9034PCX
Maker MAXIM
Serial communication function RS232/RS485

MT-49E-101-E
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Operation switch

Panel indication LED

Panel display

Input/Output terminal

Safety function

MT-49E-101-E
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START

STOP

RESET

SELECT

upP

DOWN

ENTER

MANUAL/REMOTE changeover

ACCEL.
NORMAL
BRAKE
TEMP CTRL
POWER
FAILURE
REMOTE

LCD

AC POWER X2
P.CONNECTOR X1
TMS X5

REMOTE X7
COM1 X3A/X3B
COM2 X6
STP-LINK X8

SCU-800 Control Unit for Turbomolecular Pump

(Push-button switch+Green)
(Push-button switcheDark Grey)
(Push-button switch-Grey)
(Push-button switch-Grey)
(Push-button switch-Grey)
(Push-button switch-Grey)
(Push-button switch-Grey)
(Slide switchWhite)

(Green LED)
(Green LED)
(Green LED)
(Green LED)
(Green LED)
(Red LED)

(Green LED)

(2 lines of 20 characters)

(3 pins)
(60 pins)
(26 pins)
(37 pins)
(9 pins x 2)
(9 pins)

(8 pins)

Electromagnetic bearing failure detection

STP pump overheat detection
Motor driver overload detection
Power failure detection

STP pump overspeed detection

STP control unit overheat detection

TMS unit failure detection
Air-cooling fan failure detection
Other failure detection
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Figure 9 - SCU-800 dimensions (mm)
* Screw stopper
Note: The size of the attached screws for the rubber feet is M3x12.
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3  INSTALLATION

31 Unpacking

Check outer package for damage and that the delivery note corresponds to the purchase order. If the

STP control unit is damaged, contact Edwards or their distributor. %
Note: It is recommended to keep the packaging materials, such as the corrugated fibreboard ;
container and cushioning material for possible re-use. II:
3.2 Front panel J_>|
2 3 4 5 o
/ pa
O / O 6
(= /
EDWARDS i
7
17 JWE} POWER éFAI%JRE E{REM/A
/—E] TEMP CTRL
16 P— RESET up SELECT
X8 STP-LINK NORMAL
(©/ACCEL| [ BRAKE\Q)
15 ——= ‘ START ‘ ISTOP \1 DOWN | | ENTER
3 O [ O 8
14 = / \
13 12 11 10 9
1 LCD panel 10 BRAKE LED
2 FAILURE LED 11 STOP switch
3 RESET switch 12 START switch
4 REMOTE LED 13 ACCEL. LED
5 UP switch 14 NORMAL LED
6 MANUAL/REMOTE changeover switch 15 STP-LINK X8
7 SELECT switch 16 TEMP CTRL LED
8 ENTER switch 17 POWER LED
9 DOWN switch
Figure 10 - SCU-800 front panel
Note: Refer to Table 2 for front panel functions.
MT-49E-101-E
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Item Description Function
1 |LCD panel Displays the STP pump’s operational status, speed, error
messages, and other.

E 2 |FAILURE LED (Red LED) llluminates when an abnormality/error occurs on the
w STP pump or SCU-800. LCD panel simultaneously displays an
; error message.
II: 3 | RESET switch (Flat panel switch, grey. Valid in MANUAL only.)
> Alarm reset function. Tuning function.
_|
6 4 |REMOTE LED (Green LED) llluminates when in the REMOTE mode.
< 5 |UP switch (Flat panel switch, grey. Valid in MANUAL and REMOTE.)

Abnormality/error display change function.
Setting content confirmation function.
Setting content change function.

6 |MANUAL/REMOTE (Slide switch, white) Manual/Remote mode changeover.
changeover switch

7 | SELECT switch (Flat panel switch, grey. Valid in MANUAL and REMOTE.)
LCD display function (Confirmation mode change and
parameter set mode change). Press SELECT and UP switches
simultaneously to enter the setting mode.

8 |ENTER switch (Flat panel switch, grey. Valid in MANUAL and REMOTE.)
Setting content determination function.
Warning message display function.

9 |DOWN switch (Flat panel switch, grey. Valid in MANUAL and REMOTE.)
Abnormality/error display change function.

Setting content confirmation function.

Setting content change function.

10 |BRAKE LED (Green LED) llluminates during STP pump deceleration
(BRAKE state).

11 |STOP switch (Flat panel switch, dark grey. Valid in MANUAL only.)
Stops the STP pump.

12 | START switch (Flat panel switch, green. Valid in MANUAL only.)
Starts the STP pump.

13 |ACCEL. LED (Green LED) llluminates during STP pump acceleration
(ACCELERATION state).

14 |NORMAL LED (Green LED) llluminates during STP pump rated speed

operational (NORMAL OPERATION state).

Table 2 - SCU-800 front panel functions

MT-49E-101-E
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Item Description Function
15 |STP-LINK X8 Connector for the dedicated cable (optional accessory)
connection to do serial communication with the PC. Monitors
the operating condition of the STP pump with the dedicated
monitor software "STP-Link" (optional accessory) on the PC
screen.
16 |TEMP CTRL LED (Green LED) illuminates when the TMS unit is (optional

accessory) operational.

17

POWER LED

backup power is being supplied.

(Green LED) llluminates when power is on. Extinguishes when

Table 3 - SCU-800 front panel functions (continued)

MT-49E-101-E
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3.3 Rear panel

/
/
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1 AC POWER X2 6 P.CONNECTOR X1

2 MAIN POWER breaker 7 Serial port COM1 X3A, X3B
3 Ground terminal 8 TMS X5

4  Serial port COM2 X6 9 FuseF1,F2

5

REMOTE X7

Figure 11 - SCU-800 rear panel

WARNING

A hazardous live voltage may exist at the connectors that are marked with the

warning sign A . DO NOT touch the terminal. Doing so may result in electric shock.

When connecting/disconnecting the connecter, always power off the SCU-800 (turn

the MAIN POWER "OFF") and isolate (Lockout/Tagout) the electrical energy source,
water and gas, and other energy sources on the vacuum equipment.

Item Description Function
1 AC POWER X2 Main power connection (240 Va.c. maximum)
2 MAIN POWER breaker Main power circuit breaker
3 | Ground terminal Ground (Earth) connection terminal
4 | Serial Port COM2 X6 Serial communication connection RS485
5 |REMOTE X7 Remote connection (125 Va.c. maximum)
6 |P.CONNECTOR X1 STP pump connection (92 Va.c. maximum)
7 | Serial Port COM1 X3A/X3B | Serial communication connection RS232/RS485 (shard use)
8 |TMS X5 TMS unit connection (240 Va.c. maximum)
9 |FuseF1,F2 Fuses for TMS unit (optional accessory)

Table 4 - SCU-800 rear panel connection

MT-49E-101-E
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34 Precautions before installation

CAUTION

DO NOT move the STP pump and the STP control unit while the STP pump is in operation.
Doing so may result in product damage.

CAUTION

Fasten the STP control unit to a rack to prevent a falling accident caused by earthquake.
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3.41 Operating environment

The SCU-800 should be installed in an area which meets the following requirements.
Be sure the ambient temperature of the control unit during STP pump operation:

Ambient temperature 0 to 40 °C (32 to 104 °F)

Ambient relative humidity 30 to 95 % (non condensing)

Environment An area free of exposure to direct sunlight, high humidity, dust, salty
air, dripping water, explosive or flammable gas, corrosive gas,
radiation, strong magnetic and electric fields, excessive vibration
and sources of electric noise

Installation condition Install and anchor the SCU-800 horizontally (within £10 degrees)

3.4.2 Insulation test

CAUTION

The varistor for the power supply line protection is installed in the SCU-800. DO NOT perform the
insulation test with the varistor installed. Doing so may result in product damage.

DO NOT perform an insulation test on the SCU-800. When performing the insulation test on your
equipment, ensure that you disconnect the SCU-800 from the equipment that is to be insulation tested,
so that the test voltage is not applied to the SCU-800.

MT-49E-101-E
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3.4.3 Installation area

CAUTION

The minimum bending radius of the STP connection cable is 200 mm (8").
DO NOT bend the cables excessively and beware of any obstacles when installing the SCU-800.
In addition, leave enough space to install other cables without bending them excessively.

When installing the SCU-800, leave enough space for the following (refer to Figure 12):

e Space for maintenance and inspection.

e Space for inlet and outlet cooling air:
Top and side: 50 mm (1.97") or more.
Bottom: 14.5 mm (0.57") or more (height of the rubber feet).

e Space for connecting the cables:
Rear: 350 mm (14") or more.

Il

[:ﬁDDD
(Moe
oo-
- OO0
o]

=

A A A C

A. 50 mm (1.97") or more B. 14.5 mm (0.57") or more C. 350 mm (14") or more

Figure 12 - Installing the SCU-800

MT-49E-101-E
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3.5 Attaching the SCU-800 to a rack

CAUTION

The SCU-800 cannot be supported with only the 4 screws on the front panel. Always support it from
the bottom using a support angle. When installing the SCU-800, DO NOT block the ventilation port of
the SCU-800 by the support angle or other things. It will cause the SCU-800 to overheat.

The dimensions of the SCU-800 front panel conform to EIA standards. Therefore, this panel can be
attached to any type of commercially available rack. Attach the SCU-800 as follows:

Note: For the dimensions of the front panel and positions of the screw holes for the rubber feet, refer
to Figure 10 and Figure 13.
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¢ Attach the front panel to the rack using the 4 screws Figure 13 (1).
e Support the SCU-800 from the bottom using a support angle Figure 13 (2) or a similar tool.

e When attaching the SCU-800 to a movable rack, to protect the SCU-800 during transport,
remove the rubber feet from the bottom and attach the SCU-800 to the rack using the screw
holes for the rubber feet.

T
[ ]
&858
1 Front panel 4 securing screws 2 Mounting support

Figure 13 - Example of securing the SCU-800

MT-49E-101-E
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3.6 Cable connection

WARNING

When connecting/disconnecting cables, always power off the STP pump (switch the
SCU-800 MAIN POWER to "OFF") and isolate (Lockout/Tagout) the electrical energy
source, water and gas, and other energy sources on the vacuum equipment. Failure to
do so may result in the inadvertent rotation of the STP pump which may result in an
accident, an electric shock or damage to equipment. An accident caused by water leaks
or gas leak may occur.

WARNING

DO NOT remove the connecter while the pump is rotating. The voltage might be output to
connector according to the rotational speed, and it causes the electric shock or the
failure.

CAUTION

Use the STP connection cable and the power cable that Edwards has specified. The use of other
cables may result in product damage. Align the position of the guide key of the connectors and insert
vertically so as not to bend the pins. If a pin is bent, not only may the connector not function normally,
but it may make the pins contact, resulting in a malfunction. Lock and securely tighten each connector

and screw.

CAUTION

Connect each cable securely with caution, avoiding any obstacles. DO NOT place heavy objects on
the cables or bend them excessively. Support each cable so as not to apply direct force to the
connectors or terminals. If any problem occurs in cables, connectors or terminals, the STP pump may
not function normally. DO NOT apply voltage to each connector pin and DO NOT cause any
short-circuiting between pins. Install cables so that personnel are not exposed to risk of tripping or
falling.

MT-49E-101-E
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3.6.1 STP connection cable

Connect the receptacle (socket) side of the STP connection cable to the STP connector on the STP
pump and connect the plug (pin) side to "P.CONNECTOR X1" on the SCU-800.

2

\
[ o5

54

4

SCU-800 side STP pump side
1 60 pin (pin) 2 Blue label 3 60 pin (socket) 4 60 pin (socket, L-Type connector)

Figure 14 - STP pump connection cable

CAUTION

The STP connection cable has the different specification according to the presence of a blue label.
When operating the STP-A1603 series with the TMS unit using the STP connection cable without a
blue label, the TMS unit does not operate (see Table 5).

STP connection cable TMS unit Available STP pump
With blue label Not use STP-603/1003 series
Use STP-H301/H451 series

STP-H803/H1303 series
STP-A803/A1303 series
Without blue label Not use STP-A1603 series

Use STP-603/1003 series
STP-H301/H451 series
STP-H803/H1303 series
STP-A803/A1303 series

Table 5 - STP connection cable specification

MT-49E-101-E
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3.6.2 TMS connection cable

Connect the plug (pin) side of the TMS connection cable to the "TMS X5" of the TMS control unit.

The SCU-800 TMS unit is used with specified STP pumps. Refer to the STP pump Instruction Manual

E (B) for the cable connection method.
4]
- Note: Figure 15 shows a typical TMS cable. For details of the TMS cable used with the connected
IE pump module, refer to the STP Pump Instruction Manual (B).
-
> 2
—| 98
o
Z = °
231 5D =
@I
4
1
—
[
91.5
SCU-800 side STP pump side
1 SCU-800 connection 3 TMS heater cable connection

2 TMS valve cable connection 4 TMS sensor cable connection

Figure 15 - TMS connection cable (standard)

9%

i D =
g +{ I =11 g
° 51
3
SCU-800 side STP pump side
1 SCU-800 connection 3 TMS valve cable connection

2 TMS heater cable connection

Figure 16 - TMS connection cable (STP-A1603 series)
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3.6.3 Power cable

WARNING

Ensure that the SCU-800 and the electrical supply cable are suitably protected against
earth (ground) faults and that the earth (ground) of the SCU-800 and "AC POWER X2"
are correctly connected.

CAUTION

The power cable is designed specifically for the STP pump. DO NOT use the power cable with other
products.
Connect the power cable securely to prevent any poor or cross connections. DO NOT apply voltages
exceeding 1 kV to the input line.
Ensure that the supply voltage is as indicated on the SCU-800 information label. Connect the power
cable to the "AC POWER X2" connector on the SCU-800.

Connect the power cable for the SCU-800 side to the "AC POWER X2" on the SCU-800 rear panel as
shown in Table 6.
Connect the suitable connector to the power supply as shown in Table 6.

Connect the power cable to the main power of the vacuum equipment via a circuit breaker.

Connect the primary power to the UL-recognized terminal block of the vacuum equipment. Secure the
terminals with M4-bolts as the other side of the terminals, and cover the terminal block with an
appropriate cover. (refer to Figure 18)

Note: The STP connection cable and primary power cable are not included. Contact the distributor to

purchase.
L PE(@) 01.3) Ln'5oe
41.3) _
=]
(7> W = ]
@!’)) . FE ] )
NS A o
1 2 3
SCU-800 side Power side (Primary)

1 4pin(socket) 2 2.5 mm? x3 cores 3 Crimp-type terminal (M4)

Figure 17 - Power cable

MT-49E-101-E
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JUL

CON1 pin | Cable Colour Remarks
L Black 1 Single-phase 200 to 240 Va.c. (200 V specification),
50/60 Hz, 6 A maximum, or
— N Black 2 Single-phase 100 to 120 Va.c. (100 V specification),
pa 50/60 Hz, 12 A maximum
S @
PE Yellow/Green Earth (ground
|:E ( ) (9 )
- N.C Unused
>
:| Table 6 - Power cable
@)
P
1
4
2 7]
5 !
[= =
i) N
N §
5 ]
6
SN
7 #L\// i
8
SCU-800 side Power side (Primary)
1 Black1 5 M4-bolt (fixing screw)
2 Black2 6 Crimp-type terminal (M4)
3 Yellow/Green 7 Cover’
4 Clearance min. 1.5 mm 8 Terminal block

" Use material flammability: UL 94V-0

2 Use the UL-recognized terminal block satisfying with the following conditions;
a) Clearance (between each terminal): 1.5 mm or more
b) Material flammability: UL 94V-0

c) The installation category II.

Figure 18 - Connecting method of the power cable without plug

MT-49E-101-E
Page 24




@D WARDS

SCU-800 Control Unit for Turbomolecular Pump

3.7 Connecting to semiconductor equipment

The STP pump is a component system when installing to the semiconductor equipment. Consider the
following when designing the semiconductor equipment.

3.71 Connecting to power

The SCU-800 receives its power from the semiconductor equipment electrical distribution system via a
circuit breaker.

Electrical energy isolation (Lockout/Tagout) is achieved by opening the main disconnect device or
circuit breaker of the semiconductor equipment, thereby removing power from the STP pump.

Provide the equipment with the main disconnect or circuit breaker devices rated for at least 10,000 A s
symmetrical amperes interrupting capacity (AIC).

3.7.2 Emergency off circuit (EMO circuit)
Activation of EMO circuit of the equipment will interrupt electrical power from the SCU-800.

When the power is shut off, the STP pump performs the same as a power failure. (After backup
operation of a power failure, the rotor lands on the touch down bearing)

Consider the following when establishing the EMO circuit.

CAUTION

Unite the exhaust gas system to prevent atmosphere from being introduced into the STP pump when
the EMO circuit operates (example: shut the valve). When atmosphere is introduced into the STP
pump, the touch down bearing may not operate normally.

CAUTION

The STP pump rotates for a while after the EMO circuit shuts off the power. Perform a recovery
operation after the STP pump has stopped completely.

CAUTION

Before performing the operation check of the EMO circuit with regular maintenance, stop the STP
pump to prevent damage to the touch down bearing.

Note: Procure the main disconnect device and the EMO circuit at your company.
Use the main disconnect device which is lockable only in the de-energised position.
Locate the main disconnect device and the EMO button in the place where personnel are
readily accessible and are not exposed to any hazards during operation.

MT-49E-101-E
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3.8 Remote communication

3.8.1 Parallel communication

The SCU-800 is fitted with a remote communication port, "REMOTE X7" (refer to Figure 19) to allow
remote input and output signal control via input and output remote signals. This connector is a D-Sub
type (37-pins, socket) that conforms to MIL-C-24308. The screw for connector is M2.6.

Note: This D-Sub type connector is not supplied. Procure the connector for remote connection at
your company.

bOOOOOOOOOOOOOOOOOOJ
/@OOOOOOOOOOOOOOOOOQ

o/

Figure 19 - REMOTE X7 connector

AS/0393/A

3.8.2 Serial communication

The SCU-800 is fitted with a remote communication port, "Connector X3A, X3B, X6" (refer to Figure
20) to allow remote input and output signal control by serial protocol. This connector is a D-Sub type
(9-pins, socket) that conforms to MIL-C-24308. The screw for connector is M2.6.

Note: This D-Sub type connector is not supplied. Procure the connector for remote connection at

your company.
05 O4 03 02 O1
O O
O O O O <
9 8 7 6 g
2
Figure 20 - Connector X3A, X3B, X6 (D-sub 9)
MT-49E-101-E
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3.9 Adjustment methods
3.9.1 Tuning

Tuning is required to align the position of levitation in the STP pump axial direction with the centre of

the rotor's movable range. Tuning can be performed by pressing the "RESET" switch on the front panel.

(refer to Figure 10)

Tuning is required in the following cases in which the position of levitation may deviate from the centre
of the rotor's movable range:

¢ When purchasing only the SCU-800 and connecting to the STP pump for the first time.

e When changing the length of the STP connection cable (not when changing the length of the
power cable).

e Connecting the same model but a different serial number of the STP pump to the SCU-800 after
the tuning is performed. The error message "CAUTION : Coupling is Changed" is displayed upon
performing the self test.

e Connecting a different model of the STP pump to the SCU-800 after the tuning is performed. The
error message "CAUTION : Pump Type is Changed" is displayed upon performing the self test.

3.9.2 Tuning method
Refer to Figure 21.

1. Ensure all cables are connected.
2. Turn "ON" the MAIN POWER on the SCU-800 rear panel.

3. After the STP pump completes the self test and "Levitation" is displayed, set the
MANUAL/REMOTE changeover switch to the MANUAL and press the "RESET" switch on the front
panel for approximately 3 seconds.

4. See Section 4.2.2, "Tuning Method when "CAUTION" Message is Displayed after the Self Test"
when a "CAUTION" message is displayed during the autotest.

5. When the LCD displays "Tuning", release the "RESET" switch. The tuning is performed
automatically.

6. Approximately 1 minute later the LCD displays "Tuning Complete", and then displays "Levitation".
This completes the tuning.

Note: Tuning can be performed only while the STP pump is in the LEVITATION state. (It cannot be
performed while the STP pump is in the ACCELERATION, NORMAL OPERATION, or BRAKE
state)

When performing the tuning during remote operation, press the "RESET" switch on the front
panel after switching the "REMOTE" switch to MANUAL. (The remote signal cannot be used
for tuning)

MT-49E-101-E
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Note: Once tuning is completed, re-tuning is not required unless the configuration (the STP pump
serial number, the SCU-800 serial number, and the STP connection cable length) is changed.

Although the STP pump produces an abnormal noise during tuning, this is not an indication of

abnormality.
pa
2] Software Version
=i 49 A*. ¥
>
= v
; Autotest
= 2002/MAY/20 15:40
o
- v J
Autotest complete CAUTION CAUTION
Coupling is Changed Pump Type is Changed
A ; |
N STP-603/1003
DATA COPY? No
| = J— >
Levitation STP-603/1003
DATA COPY? Yes
C ..................... >
Press RESET 3sec
to Update Data

Updating Data
from Pump to PCB

Tuning
STP-603/1003

Tuning

Tuning complete

Press "RESET" switch

Press "UP" or "DOWN" switch

Press "ENTER" switch

Press "RESET" switch for approximately 3 seconds

o w>»

Figure 21 - Tuning procedures
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3.9.3 Change of data after tuning

The user setting may be changed because of the change of the configuration of the STP pump and
STP control unit after "CAUTION" message is displayed.

Confirm the setting shown in Table 7 after tuning, and reconfigure the setting when the user setting has E
changed. (7))
-
For the setting confirmation, see Section 3.10, "Confirmation mode", for the setting method, see |E
Section 3.11, "Parameter set mode". ;
=
Items Factory setting Remarks CZ>
(reference)
Remote mode I/O Remote
Rotational speed Rated speed Varies according to STP pump
type.
TMS function DISABLE IgIE’IABLE (in the case of the TMS
specification).
Inhibit function DISABLE
Emergency vent valve DISABLE
Second damage limit ENABLE
Pump air-cooling fan DISABLE
Warning function | Damage point ENABLE
Imbalance ENABLE
Pump run time DISABLE
Pump overload DISABLE
Serial port Baud rate 9600 bps
COM1, COM2 Bit length 8
Stop bit 1
Parity None
Serial port COM1 driver type RS232
Serial port COM2 driver type RS485 Single
Date/Time Japan Standard
Time
Table 7 - User setting data list
MT-49E-101-E
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3.10 Confirmation mode

Confirmation mode is used to check the status of the STP pump and SCU-800. The following items can
be checked in Confirmation mode:

Version information.

Individual information (serial number, total hours of running, number of starts and damage of the
bearing).

Current settings (rotational speed, TMS temperature setting, actual pump temperature and actual
motor current).

Current function settings (remote mode, TMS function, inhibit function, emergency vent valve, air
cooling fan, rotational operation inhibit command, imbalance warning function, pump runtime
warning function, and pump overload warning function).

Error record (The control unit can store information about up to 10 of the most recent errors. "1/n"
denotes the most recent error. While pressing "ENTER" switch, the time of errors occurrence is
displayed.)

3.10.1 Confirmation method

Refer to Figure 22.

1. Press the "SELECT" switch to enter the Confirmation mode.
The available menu groups (Section 3.10 steps (1) through (5)) are displayed in order.

2. Press the "UP" switch to display the next menu item. Press the "DOWN" switch to display the
previous menu item.

3. Press the "SELECT" switch to display the next menu group.

4. Press the "UP" and "DOWN" switch to confirm the status of the items of the currently selected
menu group.

5. Press the "SELECT" switch to return to Operation mode when viewing the Error Record.
If no switch is pressed for approximately 1 minute, the display will automatically revert to Operation
mode.

MT-49E-101-E
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3.11 Parameter set mode

Parameter set mode is used to set the different parameters of the STP pump and SCU-800.

3.11.1 Remote operation setting

The remote parallel port (/O REMOTE), serial port COM1, serial port COM2, and STP-Link are fitted
on the SCU-800 as standard connectors for the remote operation. The hardware is selected for the
remote operation setting of the start, stop and reset. Refer to Section 4.5, Section 5 and Section 6 for
the remote operating methods. The remote output monitoring the operating state can be output with
any hardware.

3.11.2 Rotational speed setting

The rotational speed can be changed in units of 500 rpm in the NORMAL state. The variable range is
from half of the rated speed to the rated speed. The rated speed is different according to the connected

pump.

3.11.3 TMS setting

Enable/Disable the TMS control function.
When the TMS control function is set to enable, the setting of the pump air-cooling fan output is
disabled automatically.

3.11.4 Rotational inhibit signal setting

Enable/Disable the rotation inhibit signal.

3.11.5 Emergency vent valve setting

Enable/Disable the emergency vent valve function. When a failure of the magnetic bearing is detected,
in the state of effective, 24 DCV is output between the TMS connector X5-19 pin and 20 pin. Disable
the function when the emergency vent valve is not fitted on the STP pump connected to the SCU-800.

MT-49E-101-E
Page 32




@D WARDS

SCU-800 Control Unit for Turbomolecular Pump

3.11.6 Second Damage Limit setting

Enable/Disable the rotational operation after "Second Damage Limit" occurs. When setting to
"ENABLE", "START NOT ALLOWED" is displayed and the rotational operation cannot be performed.
When setting to "DISABLE", "Second Damage Limit" is displayed, though the rotational operation can
be performed.

3.11.7 Pump air-cooling fan output setting

When the output voltage of the air-cooling fan of the STP pump is set to "ENABLE", the input power
supply voltage is output to the output terminal of the TMS connector X5 in the "ACCEL" state or
"NORMAL" state. The air-cooling fan can be used as a replacement of the TMS heater.

When the air-cooling fan of the pump is set to "ENABLE", the TMS function is set to "DISABLE"
automatically.
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3.11.8 Warning function setting

Refer to Section 7.2, "WARNING Message Function" for the detail of the "WARNING" function.

1. Warning Damage Point

Enable/Disable Damage limit of the bearing warning function.
When setting to "ENABLE" and the Damage limit of the bearing exceeds the setting value, a warning
message is displayed.

2. Warning Imbalance

Enable/Disable Imbalance warning function.
When setting to "ENABLE" and the Imbalance of the rotor exceeds the setting value, a warning
message is displayed.

3. Warning Pump Runtime

Enable/Disable warning function of the pump operation hours.
When setting to "ENABLE" and the operating hours exceeds the setting value, the warning message is
displayed.

4. Pump Runtime Set Point

Enable/Disable warning function of the pump operating hours in units of 100 hours. (up to 30 million
hours)

5. Warning Pump Overload

Enable/Disable overload warning function of the pump.
When setting "ENABLE" and the state for the motor current of the STP pump continues exceeding or
dropping below the setting value, the warning message is displayed.

6. Current Ceiling Rate

Sets the motor current of the overload warning function of the pump.

The rated speed (max. current) is as 100%. It can be set from 0 to 100 %. The smaller current setting
value is given "WARNING" because the warning occurs when the pump overloads and the motor
current exceeds the setting value.

7. Speed Floor Rate

Sets the rotational speed of the overload warning function of the pump.

The rated speed is as 100%. It can be set from 0 to 100 %. The bigger rated rotational speed setting
value is given "WARNING" because the warning occurs when the pump overloads and the rated speed
drops below the setting value in NORMAL state.
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3.11.9 Serial port COM1 setting

1.

Baud rate
Set the communication speed. Maximum 56,000 bps can be set.

Bit length
Set the bit number of the communication data to 7 or 8.

Stop bit
Set the stop bits number to 1 or 2.

Parity
Presence or absence of parity check. In the case of presence, select even number or odd number.

Driver type
Set to either the RS232, RS485 (Single) or RS485 (Multi).

RS485ID
Set the identification number in the RS485 (Multi). (1 to 127).

3.11.10 Serial port COM2 setting

Refer to 1 to 4, and 6.

5.

Driver type

Set the one of the RS485 (Single) or RS485 (Multi).

3.11.11 Serial port COM3 setting

An optionally available serial port.

3.11.12 Date/Time setting

Set the present date/time in the built-in clock.

3.11.13 Factory setting

The set value of the factory setting is shown in Table 7.
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3.11.14 Parameter setting procedure

Refer to Figure 23 to Figure 26.

1.

10.

1.

12.

Press the "UP" and "SELECT" switches simultaneously to enter the Parameter Set Mode.
The setting options detailed from Section 3.11.1 to 3.11.12 is each displayed in order.

Press the "UP" switch to go to the next parameter, and press the "DOWN" switch to display the
previous parameter.

Press the "ENTER" switch to set the new parameter and to enter the next menu. However, note
that the new parameter is not accepted until it is stored (refer to step 6 below).

When the parameter is not required to be set, press the "SELECT" switch and go to the next menu.
Use the same procedure 1 to 4 above to set the remaining parameters.

"STORAGE NQO" is displayed on the preservation menu. Select "YES" with the "UP" or "DOWN"
switches and press "ENTER" to store the parameter.

The message on the LCD displays "STORAGE IN PROGRESS" shown the storage state. Then
the storage succeeds, "STORAGE OK" is displayed. However the storage fails, "STORAGE NOT
OK" is displayed.

When pressing the "SELECT" switch in the state of "STORAGE NOT OK" displayed, the
preservation is displayed. In this case, try to store it again.

Press the "SELECT" switch when the state "STORAGE OK" is displayed to enter the date/time
setting menu. It is displayed as "2002/AUG/08 11 : 08 ENTER to adjust" on the LCD. Press

"ENTER" switch to enter to the year setting menu. If you do not want to set the date, press the
"SERECT" switch, and return to the operation mode.

The year can be changed with "UP" or "DOWN" switch. Press the "SELECT" or "ENTER" switch to
enter the month setting menu. However, note that the change of year is not accepted yet.

Display the date, hour and the minute with the "SELECT" or "ENTER" switch. Set them with "UP"
or "DOWN" switch.

The date/time and "ENTER to Cancel" are displayed on the confirmation menu. If you have made
an error when setting, press the "ENTER" switch to return to the date/time setting menu in 8).

After confirming the date/time on the confirmation menu, select the "apply" and then press the
"ENTER" switch.

Note: If no switch is pressed for approximately 1 minute, the display will automatically revert to

Operation mode. In this case, unsaved settings are not changed.
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H

’ Levitation ‘ ’ NORM:*****rpm ‘
""" ENTER SELECT (............
oS!
)
A
Remote Mode = Remote Mode £ S Remote Mode 2
’ 1/0 Remote ‘ ’ COM1 ‘ ’ COM2 ‘
Remote Mode Remote Mode
L————> com3rs4ss/iLonD-Net [€=>| STP-Link <
,
v
Speed Set Point e s Speed Set Point
XXXX rpm ‘ XXXX rpm ‘
[]
]
:
v
TMS Function TMS Function
P ’ DISABLE ‘é 5’ ENABLE ‘
i
:
1
\2
Inhibit Command Inhibit Command
DISABLE ‘é >| ENABLE ‘
i
i
1
v
F LEAK VALVE Option LEAK VALVE Option
DISABLE <> ENABLE
i
!
v
Second Damage Limit Second Damage Limit
DISABLE <>| ENABLE
i
i
1
v
Cooling Fan Option Cooling Fan Option
’ DISABLE ‘é 9’ ENABLE ‘
!
@
Figure 23 - Parameter setting method
Operation mode F. Emergency vent valve setting
Select remote mode G. Second Damage Limit setting
Rated speed setting H. Cooling fan setting
TMS function setting I.  To Warning function setting
INHIBIT function setting
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Warning Function
ENTER to modify

A ENTER
SELECT

Warming Damage point
DISABLE

Warning Damage point
ENABLE

<__--.

Warning Imbalance Warning Imbalance
DISABLE ENABLE
H
i
v
Waming Pump Runtime Warning Pump Runtime
DISABLE ENABLE
:
i
v
PumpRuntime Setpoint PumpRuntime Setpoint
XXXXXXX H XXXXXXX H
i
i
v
Warning PumpOverload Warning PumpOverload
DISABLE ENABLE
i
v
Current Ceiling Rate Current Ceiling Rate
XXX % XXX %
[
i
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Speed Floor Rate P Speed Floor Rate

XXX %

XXX %

(_-_-_.___-__-_-_-____-_-__-_-___-_____-_____-__-________-_____-_-___-_-_--______.

I

Figure 24 - Parameter setting method (continued)

J.  From Cooling fan setting
K. Warning function setting
L. To Serial port COM1 setting
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ENTER to modify

A4 1
Serial Port COM1 Set COM1:Baud Rate COM1:Baud Rate
’ ENTER to modify [ —— Hohokdok ‘ sk |S 2T
: i :
1 1
1 : :
: - v
! :
! i COM1:Bit Length COM1:Bit Length
o E ek |
: i .
: | :
1 1 '
. ¢
1
i : ’ 1C0M1:Sto|o bit ‘ s ’ gOM‘I:Stop bit ‘
! i .
1 ! ]
1 ! '
] ! '
1 : \:,
; :
1 ! COM1:Parity = COM1:Parity
: i ’ None ‘ ’ Even ‘
' ! N (I)
' 1
1
E : COM Parity
! i >| 0dd
! i
i ! .
1 ! 1
] ! '
] ! '
1 : \'J
: !
i ! COM1:Driver Type COM1 :Drjiver Type
' ! RS232 < RS485 Single
: !
H 1
1
E : COM1:Driver Type
! : RS485 Multi
i : :
] ! '
) : 1
o :
1 1
' H COM1:RS485 ID COM1:RS485 ID
i | PN P
1 I
; A
)
)
)
)
)
)
[)
)
v
’ Serial Port COM2set | _____ >E'";'"""""""""i

SELECT

v

Serial Port COM3 set
ENTER to modify

)
1
)
SELECT :
)
1

\4

)

Figure 25 - Parameter setting method (continued)
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" Available "Baud Rate" are 110, 300, 600, 1200, 2400, 4800, 9600, 14400, 19200, 28800, 38400, and 56000 bps. Available
"RS485ID" is between 1and 127.

2 The Serial Port COM2 setting menu composition is the same as the Serial Port COM1 setting. Only "RS485 (Single)" and

"RS485 (Multi)" are selectable to Driver Type.

The Serial Port COM3 setting menu composition is the same as the Serial Port COM1 setting. "Lon" and "D-Net" are added to

Driver Type. The Serial Port COM3 cannot be set without the option board.

From Warning function setting
Serial port COM1 setting
Serial port COM2 setting
Serial port COMS setting

To Storing display
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Figure 26 - Parameter setting method (continued)

From Serial port COMS setting
Storing display

Date/Time setting display

Press "UP/DOWN" to change Year
Press "UP/DOWN" to change Month

W. Press "UP/DOWN" to change Day

X. Press "UP/DOWN" to change Hour

Y. Press "UP/DOWN" to change Minute

Z. Press "ENTER" to set Date/Time setting
AA. To Operation mode display
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3.12 Manual operation mode

The operation of the TMS heater, TMS water valve, pump air-cooling fan, and the emergency vent
valve can be inspected in manual operation mode. However, the manual operation cannot be
performed in the remote operation or using different TMS voltage.

1. Press the "DOWN" and "SELECT" switches simultaneously to enter Manual Mode, then "Manual
Operation TMS Heater OFF" is displayed.

2. Press "UP" switch to display "TMS Heater ON", and the TMS Heater output turns "ON".
Press "DOWN?" switch to display "TMS Heater OFF", and the TMS Heater output turns "OFF".

3. Press "SELECT" switch to display "TMS Water Valve Close", and the TMS water valve can be
operated manually with "UP" and "DOWN" switches.
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4. Press "SELECT" switch to display "Cooling Fan OFF", "Leak Valve Close".

5. Press "SELECT" switch in the Emergency vent valve operation to return to the Operation Mode.

A Levitaion NORM:******rpm P
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TMS Heater OFF D D TMS Heater ON
upP DOWN
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| [seeeeT
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c Manual Operation Manual Operation
TMS Water Valve Close TMS Water Valve Open
UP DOWN
D Manual Operation Manual Operation

Cooling Fan OFF D [:] Cooling Fan ON
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Leak Valve Close D D Leak Valve Open
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Figure 27 - Manual operation method

A. Operation mode D. Air-cooling fan
B. TMS heater E. Emergency vent valve
C. TMS water valve
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4 OPERATION

4.1 Before starting the STP pump

CAUTION

NEVER connect or disconnect any cables while the power is ON. NEVER turn the primary power OFF
(turn the MAIN POWER "OFF") while the STP pump is in rotation. DO NOT release the inlet port

flange or outlet port flange into the atmosphere while the STP pump is rotating

411 Confirmation before starting

After completing the installation of the STP pump and the SCU-800, carry out the following checks
before starting:

1. Ensure the STP pump and the SCU-800 are installed correctly (refer to Section 3).

2. Ensure the correct supply voltage is applied.

3. Ensure all cables are securely connected and locked.

4. Ensure the length of the STP connection cable. If it is changed, perform the tuning according to
Section 3.9.1, "Tuning".

41.2 Confirmation of vacuum system
1. Starting backing-pump

Start the backing-pump before or simultaneously with the start of the STP pump. Open the vacuum
valve located at the outlet port flange side after starting the backing-pump.

Note: DO NOT open the vacuum valve without operating the backing-pump. Depending upon the
type of the backing-pump, doing so may cause a reverse flow of oil, which could contaminate
the inside of the STP pump.

2. Stop backing-pump

CAUTION

DO NOT stop the backing-pump without closing the vacuum valve. Depending upon the type of the
backing-pump, doing so could cause a reverse flow of atmospheric air into the STP pump, which may
result in a malfunction.

Close the vacuum valve located at the outlet port flange side just before or after stopping the STP
pump. After closing the valve, stop the backing-pump.

Note: DO NOT stop the backing-pump without closing the vacuum valve. Depending upon the type
of the backing-pump, doing so could cause a reverse flow of oil, which could contaminate the
inside of the pump.
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42 Powering ON

421 Self test
Refer to Figure 28.

1. Switch the MAIN POWER to "ON", located on the SCU-800 rear panel, refer to Figure 10. (To
prevent incorrect operation, a metal fitting is attached to the breaker. Loosen the screw, lift the
metal fitting and secure it.) The SCU-800 performs a self test and "Autotest" is displayed on the
LCD.

2. Ifnoerroris found, the LCD displays "Autotest complete" and the magnetic bearing is turned "ON".
When the rotor levitates normally, the LCD displays "Levitation" and the STP pump can be
operated.

4.2.2 "CAUTION" message in the self test state

When the configuration (the STP pump serial number or the SCU-800) is changed, a "CAUTION"
message is displayed on the LCD during the self test. Refer to Table 33 when "CAUTION" is other than
those in Table 8.

CAUTION message Causes

Coupling is Changed Connecting the same model but the different serial number of
the STP pump to the SCU-800 after the tuning is performed.

Pump Type is Changed Connecting the different model of the STP pump to the
SCU-800 after the tuning is performed.

Pump Type is Mismatch Using the different series of the STP pump with the SCU-800.
Use the specific control unit.

Table 8 - Causes of "CAUTION" at the self test state

Perform as follows when "CAUTION : Coupling is Changed" or "CAUTION : Pump Type is Changed" is
displayed.

1. When pressing the "RESET" switch, the LCD displays the model name of the STP pump currently
connected and the confirmation message to copy the data of the STP pump onto the SCU-800.

Example: "STP-A803/A1303", "DATA COPY? No"

2. When the exact model name is displayed, press the "UP" or "DOWN" switch. "DATA COPY? Yes"
is displayed on the LCD. In the case of the LCD displays an unexpected model name of the STP
pump, turn the breaker "OFF." After checking the configuration, re-start the STP pump.

3. Press the "ENTER" switch in the state of "DATA COPY? Yes" on the LCD. "Press RESET 3 sec to
Update Data" is displayed on the LCD.

4. Press the "RESET" switch 3 sec. or more. "Updating data from Pump to PCB" is displayed for a
few second, and then "Tuning" is displayed, the tuning is performed automatically.
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5. After completing the tuning, "Levitation" is displayed on the LCD and the rotating operation of the
STP pump can be started.

See Section 7, "MAINTENANCE", when an abnormality/error occurs other than above during the
tuning.

4.3 How to start/stop the STP pump

There are two methods of operating the STP pump; MANUAL and REMOTE. Select one which suits
your vacuum equipment.
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44 Manual start/stop the STP pump

To manually start/stop the STP pump, slide the "MANUAL/REMOTE" changeover switch on the
SCU-800 front panel from the "ON" position, refer to Figure 9. The "REMOTE" LED will extinguish.

441 Starting the STP pump

1. Press the "START" switch on the front panel to start, refer to Figure 9 and accelerate the STP
pump. The "ACCEL." LED illuminates. The LCD displays the current rotational speed in "ACCEL:
***00rpm" in 500 rpm intervals (ACCELERATION state).

2. When the STP pump attains the rated speed of rotation, the "ACCEL." LED extinguishes, and the
"NORMAL" LED illuminates. The LCD displays "NORM: ***00rpm". (NORMAL OPERATION state)

4.4.2 Stopping the STP pump

1. Press the "STOP" switch on the front panel to stop the STP pump.

2. The "NORMAL" LED or "ACCEL." LED extinguishes, and the "BRAKE" LED illuminates (BRAKE
state).

3. When the rotational speed decreases to 500 rpm or less, the "BRAKE" LED extinguishes.

4.4.3 Starting the STP pump after stopping

1. Press the "START" switch on the front panel to accelerate the STP pump.

2. The STP pump can be accelerated even while it is stopping.

Note: Avoid frequent start/stop operations as this may cause the STP pump to overheat.
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A
B Software Version
49 A **
\
Cc Autotest

2002/MAY/20 15:40

\

D Autotest
STP-603/1003
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\
E Autotest complete

\

F Levitation
TMS TEMP : **°C

!

G ACCEL : ***00rpm
TMS TEMP :** °C

\

H NORM : ***00rpm
TMS TEMP :** °C

«—— K

\

| BRAKE : ***00rpm
TMS TEMP :** °C

Figure 28 - Operational procedures

A. MAIN POWER "ON" E. Self test completed H. Normal Operation State
(upper only) Upper: Normal operation state
B. Version Lower: TMS actual temp
(for only with TMS unit)
C. Selftest F. Levitation State I. Break State
Upper: Autotest Upper: Levitation state Upper: Brake state
Lower: Date Lower: TMS actual temp Lower: TMS actual temp
(for only with TMS unit) (for only with TMS unit)
D. Self test G. Acceleration State J. Start operation of the STP pump
Upper: Autotest Upper: Acceleration state
Lower: Model of Lowe: TMS actual temp .
connected pump (for only with TMS unit) K. Stop operation of the STP pump
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4.5 Remote operation

To select remote operation, slide the "MANUAL/REMOTE" changeover switch on the SCU-800 front
panel to "ON", refer to Figure 9. The "REMOTE" LED illuminates.

4.5.1 Input signal pins

Use input signal pins according to Table 9 and Figure 29. Remote input signals are set to the parallel
port in the remote setting and function during REMOTE operation only, except pins for inputting the
ROTATION INHIBIT.

Two abbreviations are used in Table 9 and Figure 29:

COM: Common Pin
IN: Input Pin
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Description

(M

3)

COM

STARTIN

Pins for inputting the START signal. The following two methods
are available:

1) Short the circuits between (1)-(21). Then, short the circuits
between (3)-(21) for 0.3 seconds or more. However, when
inputting this START signal simultaneously with switching "ON"
the breaker on the rear panel, continue to short these pins for
10 seconds or more.

2) Short the circuits between (1)-(3). In this case, (21) is not
used.

STOPIN

Pins for inputting the STOP signal.

1) When 1) above is used to start the STP pump, open the
circuits between (1)-(21) to stop the STP pump.

2) When 2) above is used to start the STP pump, open the
circuits between (1)-(3) to stop the STP pump.

M

(22)

COM

RESET IN

Pins for inputting the abnormality RESET signal.

When a safety function operates, remove the cause of the
abnormality/error after confirming the STP pump has stopped.
When the cause of the abnormality/error is removed, short the
circuits between (1)-(22) for 0.3 seconds or more to extinguish
the "FAILURE" LED.

5)

COM

INHIBIT IN

Pins for inputting the rotation INHIBIT signal (valid in both
MANUAL and REMOTE operations).

When pins (1)-(5) are set to open, the STP pump does not
rotate even by performing the start operation. (The pump does
not rotate even by manually starting the pump) When these
pins are set to open while the pump is in rotation, the pump will
stop.

When the INHIBIT signal is release, the pump restarts.

When not using this function, set the rotation INHIBIT signal
function to the "DISABLE" (see Section 3.11, "Parameter set
mode").

(2). (19), (20), (31), (34)

These pins are not used.

CAUTION
DO NOT connect anything to these pins. Doing so may damage
the SCU-800 or the vacuum equipment.
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B
A
T COM (OV)
a
/11
2.2kQ
EEZ i START IN
®
2.2kQ ]
) & STOP IN
1 (21)
2.%kQ
0
«Y) & RESET IN ¢ {
] (22)
2.2kQ
D
YY) & INHIBIT IN
— (5)
2.%kQ
Y ) AR
P (b RENCIN.OPTT  E
2.%kQ
NY) R
e (o3 REN_IN.OPT2 F
@
(o
(20)
(31)
(34)
A. Incase of Start 1) D. Rotation INHIBIT signal G. Unused pins
B. In case of Start 2) E. Option signal input pins (unused)
C. RESET signal F. Option signal input pins (unused)

Figure 29 - REMOTE X7 input signal pins
Note: 1 pin (0V) is insulated from the frame ground.

Note: The input current of remote input signal is approximately 5 mA. Make sure the minimum
applicable load of the relay contact when the remote operation with the relay.

Note: It is recommended to use a remote cable with shield type, and connect both terminals to the
ground.

4.5.2 Output signal pins

Use output signal pins according to Table 10 and Figure 30. Remote output signals function during
MANUAL and REMOTE operations. Three abbreviations are used in Table 10 and Figure 30.

N.O OUT: Normal Open Output Pin
N.C OUT: Normal Close Output Pin
COM: Common Pin
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Pin Description

' i ELECTION stat
(8) REMOTE 27) SPigr?affr outputting the STP pump REMOTE S CTION state

| N.O OUT When the MANUAL/REMOTE changeover switch on the front

% panel is set to ON (remote side), these pins are closed

% ("REMOTE" operation).

J—>| ) (28) Pins for outputting the POWER ON state signal.

C_) POWER These pins are closed when magnetic bearing functions and
Z | N.OOUT the rotor levitates. This output is opened at a power failure.

Pins for outputting the ACCELERATION state signal.
(1|0) ACCELERATION (29) | These pins are closed when the STP pump is in acceleration.
N.O OUT

NORMAL ouT | Pins for outputting the NORMAL OPERATION state signal.

@ 1)N_o When the STP pump is in rated operation, the pins between
l_| (11)-(30) are closed, and the pins between (12)-(30) are
(12) (30)
N.C com | opened.

Pins for outputting the BRAKE state signal.

(13) BRAKE 32) | These pins are closed when the STP pump is in brake.

| N.O OUT

Pins for outputting the ALARM signal.
ALARM OUT
(14)N.O When an abnormality/error is detected under the POWER ON
|—| state, the pins between (14)-(33) are closed, and the pins
(15) (33)
N.C COM between (15)-(33) are opened.

ATTEMP OUT Pins for the TMS unit rated state signal output.

(16)N.O When the actual temperature of the TMS unit is within the
I_| (17) setting temperature range +10°C, the pins between (16)-(17)
(35) N.C COM are closed and the pins between (35)-(17) are opened.
WARNING OUT Pins for the WARNING signal output. When the WARNING
29 N0 message is displayed on the LCD, the pins between (24)-(6)
|—| are closed and the pins between (25)-(6) are opened.
(25) (6)
N.C COM
@) (26) Pins for the emergency vent valve operation signal
L.VALVE (optional accessory). These pins are closed while this valve
| N.O OUT functions.

Table 10 - REMOTE X7 output signal pins
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o O (8) — REMOTE
A CR2 |
(27)— N.oouT
o o (9) — POWER
B CR3 | (@)
— (28)— N.O OUT <
0 (10)— ACCELERTION m
C CR4 \ A
(29)) NO ouT >
0 © (111)— N.O OUT :|
CR5 | CZ>
D (30)— NORMAL COM
CR5 |
(12)— N.C oUT
o © (1‘3)— BRAKE
E i
CR6 |
(32)— No ouT
o © (1‘4)— N.O OUT
CR7 i
F (33)— ALARM COM
CR7 i
(15)— N.C OUT
o © (1‘6)— N.O OUT
CR8 |
G (17)—{ AT TEMP. COM
CRS |
0 o (35)— N.C OUT
O © (2[4)— N.O OUT
CR9 %
H (6) — WARNING COM
CR9 |
olile! (25)— N.C OUT
o o (‘7)— L.VALVE
CR1 {
(26)— N.O ouT
|
o 0 (36)— N.O OUT
CR10 |
J (18)— oPT.1 cOM
CR10 i
o o (37)- N.C OUT
REMOTE selection state E. BRAKE state H. WARNING state
signal output pins signal output pins signal output pins
POWER ON state F. ALARM state I.  Emergency vent valve open
signal output pins signal output pins signal output pins
ACCELERATION state G. TMS unit rated state J.  OPTION signal output pin
signal output pins signal output pins (unused)

NORMAL OPERATION state
signal output pins

Figure 30 - REMOTE X7 output signal pins
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Table 11 shows the rated contacts for relays CR1 to CR10 in Figure 30.

Resistance Load (COS @=1)

Rated Load 125 VAC,05A
24VDC, 1A

@)
3 Rated Current 2A
§ Maximum Contact Point Current |1 A
= Maximum Open/Close Capacity |AC: 62.5 VA
@) DC: 30 W
P

Minimum Applicable Load 5VDC, 1 mA

Table 11 - Rated contacts for relays CR1 to CR10

4.5.3 Remote setting

The parallel port (REMOTE X7) and serial port COM1 (REMOTE X3A/X3B), serial port COM2
(REMOTE X6) and STP-Link (X8) are fitted as standard. The network terminal such as the Lon or the
Devicenet is available as options.

It is necessary to set the hardware for the remote operation first. See Section 3.11, "Setting Mode" for
information and methods.

This section details the operating method using the parallel port (REMOTE X7), refer to Figure 20, "X7
REMOTE connector" for details of pin location. For the operating method using the serial port, refer to
Section 5 and Section 7.

4.5.4 Starting/Stopping the STP pump

There are two methods for the starting/stopping operation with the parallel port (REMOTE X7). Use

one of them.
Method Starting the pump Stopping the pump
1 1) Short the circuit between (1)-(21). Open the circuit between (1)-(21).

2) Short the circuit between (3)-(21) for 0.3
seconds or more. However, when inputting this
signal simultaneously with switching "ON" the
breaker on the rear panel, short the circuit
between (3)-(21) for 10 seconds or more.

2 Short the circuit between (1)-(3). Open the circuit between (1)-(3).
In this case, (21) is not used.

Table 12 - Starting/Stopping the STP pump during remote operation (REMOTE X7)
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4.6 Rotation INHIBIT signal

When using rotation INHIBIT signal, set the rotation INHIBIT function to the "ENALBE" according to
Section 3.11, "Parameter set mode". Relations between rotation INHIBIT signal input and pump

operation state are shown in Table 13.

Signal input

Pump operation

After short-circuit of rotation INHIBIT input
signal (A), the START operation is
performed (B). A

INHIBIT IN 1
Close

SR S

Open —

START .operation

<MANUAL/REMOTE operation mode>
e The pump accelerates when the START
operation is performed (B).

After the START operation (A), the rotation
INHIBIT input signal is short-circuited (B).

< MANUAL operation mode >
e The pump does not accelerate.

A B
INHIBIT IN ! ! < REMOTE operation mode >
Close ! — e The pump does not accelerate when the
. START operation is performed (A).
Open : e The pump accelerates when the rotation
' ' INHIBIT input signal is short-circuited (B).
START operation

The rotation INHIBIT input signal is opened
(A) during acceleration or normal
operation.

< MANUAL/REMOTE operation mode >
e The pump decelerates and stops when the
rotation INHIBIT input signal is opened (A).

INHIBIT IN ':A B: e After the operation (A), the pump continues
Close  ——1 C deceleration and stops even by
short-circuiting the rotation INHIBIT input
Open signal (B). However, when the START signal
: : is input, the pump will accelerate.
START operation

Table 13 - Rotation INHIBIT signal input
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4.6.1 Starting the STP pump after stopping

Perform the start operation to accelerate the STP pump. Refer to Section 4.5.4. The STP pump can be
accelerated even while it is stopping.

4.6.2 Starting the STP pump after a safety function operates

A safety function operates when an abnormality/error occurs in the STP pump or peripheral equipment.
To restart the STP pump, remove the cause of the abnormality/error after the "BRAKE" LED
extinguishes and perform the operation shown in Table 14. The "FAILURE" LED extinguishes and the
safety function is released (RESET operation). Restart the STP pump. For the safety functions and
troubleshooting, refer to Section 6.

Method Reset Operation

1 Short the circuit between (1)-(22) for 0.3 seconds or more.

Table 14 - Reset operation during remote operation (REMOTE X7)

4.7 Powering OFF

Turn the MAIN POWER "OFF" on the SCU-800 rear panel when all three LEDs "ACCEL.", "NORMAL"
and "BRAKE" extinguish. The magnetic bearing stops, the rotor stops, and the "POWER" LED
extinguishes. (POWER OFF state)

MT-49E-101-E
Page 54




@D WARDS

SCU-800 Control Unit for Turbomolecular Pump
4.8 Operating the TMS unit (for use with the TMS unit)

4.8.1 Before starting
Check the following items before starting:

1. Check that the TMS connection cable is securely connected to the SCU-800.

2. Check that the TMS heater, the TMS valve, the cooling water pipe and the TMS sensor cable are
securely connected.

Note: The TMS sensor cable is not required depend on the type of the STP pump.

4.8.2 Starting/Stopping

Power on the STP pump to automatically start the TMS unit.

Power off the STP pump to automatically stop the TMS unit.

While the TMS unit is in operation, the "TEMP CTRL" LED illuminates on the SCU-800.

When STP pump is in the power ON state, the TMS unit operates regardless of the status of the
SCU-800. When the STP pump is the cause of the malfunction, the TMS unit is stopped.

4.8.3 Setting the TMS unit function

When the "TEMP CTRL" LED does not illuminate on the SCU-800, after switching MAIN POWER "ON",
the TMS function may be set to "DISABLE". Confirm and reset the TMS function according to Section
3.11.

4.8.4 Temperature control

When the temperature of the STP pump base is lower than the setting value, the TMS heater is turned
"ON", and the TMS valve is turned "OFF" to heat the STP pump. When the temperature of the STP
pump base is higher than the setting value, the TMS heater is turned "OFF", and the TMS valve is
turned "ON" to cool the STP pump. The LCD displays the actual temperature of the STP pump base as
"TMS TEMP: ** °C".
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5 SERIAL COMMUNICATION PROTOCOL

5.1 Introduction

The SCU-800 is provided with compliant serial interface. Prepare the user application software
according to this instruction manual. Operation instructions and information, such as the running state
and setting values of the STP pump (information which appears on the LCD of the SCU-800) can be
obtained with the software.

The serial ports located on the SCU-800 rear panel are called Serial Interface Module (SIM). Refer to
Figure 31.

I
(
l

AS/0417/A

PC

Figure 31 - Serial communication
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5.2 Connection and setting up

5.2.1 Signal connection

The STP control unit is equipped with 3 serial ports COM1, COM2 and STP-Link as a standard.
Details of the serial ports COM1 and COM2 are as follows:

1. Serial Port COM1 (shared use by the RS232/485)

Connect the PC serial port to connectors X3A or X3B (a D-Sub9-pin, socket) on the rear panel.
Connect TxD/RxD/GND in the RS232 and D+/D- in the RS485 in accordance with Table 15 (refer to
Figure 32). DO NOT connect other pins which are reserved as optional use. DO NOT use a
commercially available straight cable which all lines are connected.

X3A X3B
(D-Sub9 pin, socket) | (D-Sub9 pin, socket)
RS232 2 (TxD) -
3 (RxD) -
5 (GND) -
RS485 7 (D-) 7(D-)
8 (D+) 8 (D+)
Reserved 1,4,6,9 1,2,3,4,5,6,9

Table 15 - X3A/X3B pin position
35

0 0 O O O |
O 5 4 T3 T2 1 O
&og o, O, Oj @ @

Figure 32 - Connector X3A/X3B (D-sub 9)

AS/0430/A

Note: The connectors X3A and X3B are fitted using M2.6 screws.

RS232 and RS485 cannot be used at the same time. The factory setting is RS232. When connecting
RS485, the change of communication parameter setting is required, refer to Section 3.11.

When connecting RS232, the length of the communication cable should be 15 m or less. When
connecting RS485, refer to Section 5.2.2.
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2. Serial Port COM2 (exclusively used in the RS485)

Connect D+/D- to connector X6 on the rear panel (D-Sub 9 pin, socket) according to Table 16. Other
pins are reserved for Input/Output remote function, accordingly, there is no connection to these pins.

Refer to Section 5.2.2.

X6
(D-Sub 9 pin, socket)
RS485 7(D-)
8 (D+)
Unused 1,2,3,4,5,6,9

Table 16 - X6 pin position

Figure 33 - Connector X6 (D-sub 9)
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Note: The connector X6 is fitted using M2.6 screws.

3. Serial Port STP-Link (exclusively used in the RS232)

Connect signal transmitted from the PC to connector X8 on the front panel. Connect the optional
STP-Link communication cable to the PC.
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5.2.2 Connecting the RS485

Make sure the followings when using the serial port COM1 with RS485 or COM2.

® A connection condition is 1 on 1 (single point connection) or 1 on N (multi-point connection).
A maximum number of 32 SIMs are connectable in the multi-point connection.

®  After receiving commands, SIM will return a response approximately 5 msec later '. Use the PC
of which transmit/receive switch time is 5 msec or less.

® Use twisted-pair wire in communication cable. The extended communication cables should be
1.2 km or less.

® Connect the terminator to the communication devises at both ends of the transmission line. The
terminator (120 Q, 0.25 W) is required for connection.
(SCU-800 does not have terminator setting function)
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SIM
-------- 7(D-)
PC % 120Q ><>< ________ ><>< 120Q % 8 (D+) (co)lan)ector X3
or
a) RS485 single point connection
________ 7 (09 SIM 1
PC 120Q B (connector X3
% ><>< -------- ><>< 1 8 (D+) or X6)
7(D-) SIM 2
8 (D+) (connector X3
or X6)
7 (D-) SIM N
1209 % (connector X3
8% or X6)

b) RS485 multi-point connection

Figure 34 - RS485 connections

" Software version 63_A 1.2 or later.
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Because the device driving a communication bus does not exist in the state of no communication,
a noise may lead unstable signal which causes communication failure such as a flaming error.
When the communication failure is occurred, connect one external pull up and pull down
resistance to the PC side to provide a FAIL-SAFE bias. (refer to Figure 35)

The FAILSAFE bias (Vfsb) must be greater than 200 mV to be in a guaranteed state.
The pull up resistance (Ra) and the pull down resistance (Rd) should be of equal value.

o vl 2R XX XX Rf [ Sm

1

Rd
GND

Figure 35 - FAILSAFE bias resistance

[Example computation]
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The FAIL-SAFE bias can be expressed with the pull up resistance (Ra), the pull down
resistance (Rd), and the equivalent resistance of termination (Rb//Rc) on the simply voltage
divider as below.

Vfsb = Vce x (Rb//Rc/ (Ra + Rb//Rc + Rd))

When the impedance characteristic of a cable (Zo) is 120 ohm and the termination resistor Rb
and Rc match to Zo 120 ohm as well, the equivalent resistance of the termination resistor
becomes 60 ohm (= 120 ohm // 120 ohm).

In case of Vcc = 5V and FAILSAFE bias Vfsb > 0.2V,
Ra+Rd < (Rb//Rc x Vcc / Vfsb) - Rb//Rc = (60Q x 5V / 0.2V) - 60Q = 1440Q

The pull up resistance (Ra) and the pull down resistance (Rd) are the same values, it is
calculated as follows.

Ra = Rd < 14400Q/2 = 720 ohm
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5.2.3 Communication parameter setting

The factory setting of the communication parameter is shown in Table 17. When changing the
communication parameter, refer to Section 3.11, "Parameter set mode".

To use the operational commands of the SCU-800 (START, STOP, RESET), set the
MANUAL/REMOTE changeover switch on the SCU-800 to "ON", and set a port to use the Remote
mode, refer to Figure 9.

When the MANUAL/REMOTE changeover switch is "OFF" or a port which is not set as Remote mode,
commands other than the operation commands can be used.

Communication SCU-800 PC setting example
parameter

Remote mode I/O Remote I/O Remote, COM1, COM2, STP-Link
Baud rate 9,600 bps 110 to 19,200 bps

Bit length 8 bit 7, 8 bit

Stop bit 1 bit 1, 2 bit

Parity None None, Even, Odd

Driver type RS232 RS232, RS485(Single), RS485(Multi)
RS485ID 1 1to0 127

" This value is used with "RS485 (Multi)".

Table 17 - Communication parameters
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5.2.4 Recommended items about communication cable installation

Noise generated by many factors such as the type or length of cable, communication speed, and
different communication devices may cause the communication failure with a serial port. It is very
difficult to prevent a communication failure completely. The followings are valid methods to
countermeasure against a noise for the communication cable.

® Use a shield type product for communication cable, and an EMI countermeasure product for the
communication connector hood. Choose the suitable grounding method according to the
operating environment.

[Both ends grounding (Electromagnetic shielding)]

The grounding method for reducing the inducted voltage produced in the communication line by
the magnetic field emitted from a power supply line. Shield both ends are grounded by all the
cables of connected communication device. Clamp the STP pump side shield on a connector
hood. A ground loop will be made up through both ends grounding. Connect between GND of a
STP pump and PC with low impedance to prevent ground potential difference.

PC Shield siM

Signal Signal
line line

GND _J |—_ GND
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P ~
Yo Low impedance connection to /)
GND prevent ground potential difference GND

Figure 36 - Grounding example (Both ends grounding)

[Single point grounding (Electrostatic shield)]

This is the grounding method for reducing the electrostatic induction produced in the
communication line by the exogenous noise caused by electrostatic induction or unnecessary
radiation. Ground the communication cable shield by single point to the PC side. DO NOT ground
on STP pump side. When ground potential difference is high, the single point grounding may be
more effective than both ends grounding against a noise.

PC Shield Sim
Signal Signal
line line
GND _J

VA
GND

Figure 37 - Grounding example (single point grounding)
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® DO NOT bundle a communication line with a protective earth conductor or a power line.
Moreover, keep away a communication line from the apparatus used as a noise source as much
as possible.

® As radio frequency noise measure, place a ferrite core on both ends of the communication cable.
When electromagnetic interference caused by radio frequency noise in frequency band (150 kHz
to 1 GHz) affects communication, attaching ring ferrite cores to the cable is effective to reduce
communication failure.

Figure 38 - Example of ring ferrite core installation

® |ocate and secure the cables.
It may be difficult to measure the reproducibility of the communication failure without securing the
cables.
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® Avoid installing a power line and a communication line in the same metallic duct.
When unavoidable, separate a line with a metal separator certainly, and connect the duct
containing a metal separator certainly to GND, or installing a communication line put into
conductive pipes, such as metal.

J Metallic separator

Metallic duct

Power line /
OO 1O

Communication line

77 7 GND

Figure 39 - Example of cable installation in metallic duct
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DO NOT insert or remove a communication cable while a communication device and a STP
pump are turned ON the power.

Communication interface circuit may break down if surge voltage caused by such as potential
difference of communication interfaces or static electricity is applied to communication line.

Communication failure occurs frequently by broken communication interface circuit.

RS485 is available with communication interface circuit according to the environment, but it gets
failure easily. Check the waveform of the differential signal is normal with measuring instruments,
such as an oscilloscope.

a) Normal b) Abnormal
(abnormal voltage amplitude)
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Figure 40 - Example of differential signal waveform
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5.3 Protocol specifications

5.3.1 General description

The STP serial communication protocol enables the SIM to receive the communication command
(Figure 41, item 1), transmitted from the PC and send a response (Figure 41, item 2), following the
communication command. Each communication command from the PC transmits a text message
(ASCII text) assigned to each function. Communication commands include control commands (STP
pump operation commands, and so forth) and query commands (read-out of STP pump operation
mode, and so forth).

® -~ o

O
(@]

AS/0417/A

1. Communication command 2. Response

Figure 41 - PC to SIM communication

Table 18 shows ASCII characters being used in the transmission control, error control and handshake
in the application layer. Note that the transmission frame form differs depending upon the
RS232/RS485 single point connection and RS485 multi-point connection. (refer to Section 5.3.8)
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ASCII HEX .
character code Function
Transmission layer Stx 02 Transmission block start character
Etx 03 Transmission frame end character
Etb 17 Transmission block end character
Ack 06 Acknowledgment response
Nak 15 Non-acknowledgment response
40 Network frame ID character
Application layer # 23 Acknowledgment response
! 21 Non-acknowledgment response

Table 18 - Transmission control characters
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5.3.2 Standard transmission frame (in the RS232/RS485 single point connection)

The transmission frame used in the RS232/RS485 single point connection has a single block or
multiple transmission blocks. The transmission block consists of a start control character, data block
No. (3 digits), a message (up to 255 characters), an end control character and a checksum
(Longitudinal Redundancy Check (LRC)). The following table shows the transmission frame where the
message transmission character string is C,.

Transmission frame when a message is below 255 characters (n<=255):

1 2 3 4 5 5+n | 5+n+1 | 5+n+2

ASCIl | Stx | O 0 1 C, Cn Etx LRC

"Stx" and "Etx" are used as a start and an end character of the transmission frame, respectively.

Transmission frame when a message exceeds 255 characters (n = 255, m<=255, k = the number of
transmission blocks):

First 1 2 3 4 5 5+n | 5+n+1 | 5+n+2
Block ASCIl | Stx 0 0 1 C1,4 C1, Etb LRC
Second 1 2 3 4 5 5+n | 5+n+1 | 5+n+2
Block ASCIl | Stx 0 0 2 C2, C2, Etb LRC
Final 1 2 3 4 5 5+m |5+m+1|5+m+2
Block ASCIlI | Stx k Ckq4 Ckn Etx LRC

"Stx" is used as a start character of each transmission block; "Etb" is used as an end character of the
transmission block with a message of 255 characters; "Etx" is used as an end character of the final
transmission block (the end character of the transmission frame).
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5.3.3 Control command (in the RS232/RS485 single point connection)

A control command is used when transmitting a pump operation command and a setting change
command to the SIM. The first character of the control command in the RS232/RS485 single point
connection is "Bsp" (a space character, HEX code "20") and succeeding characters are ASCII
characters corresponding to the respective function code and parameter.

BSp CHR C1 C2 Cn

CHR: Function code character, C, to C,: Parameter.

Parameter (from C; to C,) serves as 16 bits signed hexadecimal value coded ASCII text. When a
message (a space character, a function code, and parameter) exceeds 255 characters, input "Bsp"
and CHR to the top transmission block only (the first transmission block of the transmission frame). It
is not necessary to input them to the second and succeeding transmission blocks.

The SIM returns the acknowledgment response character "#" when the control command is
processed normally. If not, the SIM returns the non-acknowledgment response character "!" and 3
characters of the non-acknowledgment code are added to "!".

Transmission frame when data is transmitted to one block (a message is less than 256 characters):

Designate the control command on the PC.

<- Less than 256 chr. ->

PC->SIM |Stx| 0 | 0 | 1 Bsp|CHR| C4 C, |Etx |[LRC

SIM->PC Ack or Nak

Always assign less than 254 characters (n< 254) to the parameter so that the message is less than
256 characters.

Then the preceding SIM->PC character is "Ack", the instructed control command is executed and the
SIM returns the following response.

PC->SIM Ack or Nak

SIM->PC |Stx| 0 | O | 1 #or! |Etx LRC

The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.

Transmission frame when data is transmitted to two blocks (message is more than 256 characters
and less than 512 characters):

Designate the control command (the 1st block) on the PC

PC->SIM |Stx| 0 | 0 | 1 |Bsp|CHR| C; Cos3 | Etb |[LRC
SIM->PC Ack or Nak
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Next, the preceding SIM->PC character is "Ack", the PC continues instructing the control command
(the 2nd block).

PC->SIM [Stx| 0 | 0 | 2 |Cyss C, |Etx|LRC
SIM->PC Ack or Nak

Always assign less than 510 characters (n< 510) to the parameter so that the message is less than
512 characters.

Then the preceding SIM->PC character is "Ack", the instructed control command is executed and the
SIM returns the following response.

PC->SIM Ack or Nak

SIM->PC |Stx| 0 | O | 1 #or! |Etx LRC

The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.

5.3.4 Query command (in the RS232/RS485 single point connection)

A query command is used to read the pump operation state and setting values. The first character of
the query command in the RS232/RS485 single point connection is "?" (HEX code "3F"), and
succeeding characters are ASCIl characters corresponding to the respective function code and
parameter.

? |CHR| C4 C, Cn

CHR: Function code character, C, to C,: Parameter

Parameter (from C; to C,) serves as 16 bits signed hexadecimal value coded ASCII text. When a
message (a space character, a function code, and parameter) exceeds 255 characters, input "?" and
CHR to the top transmission block only (the first transmission block of the transmission frame). It is not
necessary to input them to the 2nd and succeeding transmission blocks.

The SIM returns the acknowledgment response character "#" when the query command is processed
normally. If not, the SIM returns the non-acknowledgment response character "!" and 3 characters of
the non-acknowledgment code are added to "I".

Transmission frame when data is transmitted at one block and returned at two blocks:

Designate a query command on the PC

<- Less than 256 chr. ->
PC->SIM [Stx| 0 | O | 1 ? |CHR| C; C, Etx|LRC
SIM->PC Ack or Nak
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Always assign less than 254 characters (n< 254) to the parameter so that the message is less than
256 characters.

Next, the preceding SIM->PC character is "Ack", the instructed query command is executed and the
SIM returns the following response (1st block).

PC->SIM Ack or Nak

SIM->PC |Stx| 0 | 0 | 1 |Bsp|CHR| Cq4 Cas3 | Etb |[LRC

Then "Ack" is sent by the PC->SIM character in reaction to the response (1st block) from the SIM, the
SIM returns the following response (2nd block).

PC->SIM Ack or Nak

SIM->PC |Stx| 0 | 0 | 2 |Cyus C, |Etx |[LRC

The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.

5.3.5 Transmission data format
Data value is always 16 bits signed hexadecimal value coded ASCII text.

Example: 12090 on a decimal basis equals to 2F3A on a hexadecimal basis.

5.3.6 Frame control (checksum)

The transmission frame is controlled by the odd number parity check. First initialize LRC as FFhex.
Next calculate LRC by EXCLUSIVE-OR (XOR) of all the frame bytes containing "Stx", "Etb", "Etx" and
LRC and transmit the result as LRC.

Examples:

Character string for calculation before calculating LRC.

ASCIl | Stx | O 0 1 # | Etx | LRC
HEX 02 | 30 | 30 | 31 | 23 | 03 | FF

Calculation of LRC:
02hex XOR 30pex XOR 304ex XOR 3116x XOR 23465 XOR 03},6x XOR FFex = EChex

Character string for transmission after calculating LRC.
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ASCIl | Stx | O 0 1 # | Etx | LRC
HEX | 02 | 30 | 30 | 31 | 23 | 03 | EC

However, when the MSB (most significant bit) is always 0 when data length is 7 bits, LRC is set to
6Chex-

5.3.7 Error control

1. Transmit the transmission frame repeatedly from the PC when the SIM transmits "Nak" (parity
check error). When the SIM receives "Nak" from the PC, the transmission frame is transmitted
again. This operation is repeated up to 5 times.

2. The SIM transmits "Ack" or "Nak" to the PC after the completion of communication command
reception. When the PC cannot receive "Ack" or "NaK" after 2 second, retransmit the
transmission frame from the PC.

When these communication statuses occur repeatedly, display to an error message or start the error
routine on the PC.
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5.3.8 Transmission frame in the RS485 multi-point connection

To identify a network frame and ensure the compatibility with a standard transmission frame, add a
network frame ID character "@" and a title of 3 characters of network frame number to the
transmission frame in the RS485 multi-point connection.

The network frame number is specified by any 16 bits signed hexadecimal value coded ASCII text of 1
to 127, to identify the SIM.

Examples: Network frame ID character and number in the multi-point connection

ASCIl | @ 0 1 Network frame No "1"
HEX | 40 | 30 | 31

ASCIl | @ 6 4 Network frame No "100"
HEX | 40 | 36 | 34

ASCIl | @ 7 F Network frame No "127"
HEX | 40 | 37 | 46

The transmission frame has a single block or multiple transmission blocks. Each transmission block
consists of a network frame ID character, a network frame number, a start control character, data
block number (3 digits), a message (up to 255 characters), an end control character and a checksum
(LRC). The following shows the transmission frame when the message transmission character string
is C,,.

Transmission frame when a message is below 255 characters (n<=255):

1123|456 |78 8+n | 8+n+1 | 8+n+2

ASCIl | @ | Fi |F2 |Stx] O | O | 1 | Cq4 Cn Etx LRC

"@" is used as a network frame ID character.
"Stx" and "Etx" are used as a start and an end character of the transmission frame, respectively.

Transmission frame when a message exceeds 255 characters (n = 255, m<=255, k = the number of
transmission blocks)

First 1 2 3 4 5 6 7 8 8+n | 8+n+1 | 8+n+2
Block ASCII @ | Fi | F, |[Stx| O 0 1 | C14 C1, Etb LRC
Second 1 2 3 4 5 6 7 8 8+n 8+n+1 | 8+n+2
Block ASCII @ | Fi | F, |[Stx| O 0 2 | C24 C2, Etb LRC
Final 1 2 3 4 5 6 7 8 8+m | 8+m+1 | 8+m+2
Block ASCII @ | Fi | F, | Stx k Ck4 Ckm Etx LRC
MT-49E-101-E
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"@" is used as a network frame ID character.

"Stx" is a start character of each transmission block, and "Etb" is an end character of the transmission
block of a message of 255 characters.

"Etx" is used as an end character of the final transmission block (end character of the transmission
frame).

5.3.9 Control command in the RS485 multi-point connection

The control command to be used when a pump operation instruction or a setting change instruction is
transmitted to the SIM and is arranged in the order specified below. The top is "Bsp" (space character,
HEX code "20") and ASCII characters corresponding to the respective function code and parameter
follow.

e [orR[ i e | | Y

CHR: Function code character, C, to C,: Parameter

Parameter (from C; to C,) serves as 16 bits signed hexadecimal value coded ASCII text. When a
message (a space character, a function code, and parameter) exceeds 255 characters, input "Bsp"
and CHR to the top transmission block only (the first transmission block of the transmission frame).
It is not necessary to input them to the second and succeeding transmission blocks.

The SIM returns the acknowledgment response character "#" when the control command is
processed normally. If not, the SIM returns the non-acknowledgment response character "!" and 3
characters of the non-acknowledgment code are added to "!".

Transmission frame when data is transmitted to one block (a message is less than 256 characters):

Designate the control command on the PC.

<- Less than 256 chr.->

PC->SIM |\ @ |F4|F,|Stx| 0 | 0| 1 |Bsp|CHR|Cy4 C, | Etx |[LRC

SIM->PC Ack or Nak |Fq|F,

Always assign less than 254 characters (n< 254) to the parameter so that the message is less than
256 characters.

Next, the preceding SIM->PC character is "Ack", the instructed control command is executed and the
SIM returns the following response.

PC->SIM Ack or Nak |F4|F;
SIM->PC @ |F{|F,|Stx| 0|0 |1 | #or! |Etx|LRC

The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.
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Transmission frame when data is transmitted to two blocks (message is more than 256 characters
and less than 512 characters):

Designate the control command (the 1st block) on the PC.

PC->SIM @ |F4|F2|Stx| 0 | 0 | 1 |Bsp|CHR| C, Cas3 | Etb |[LRC

SIM->PC Ack or Nak |Fq|F,

Next, the preceding SIM->PC character is "Ack", the PC continues instructing the control command
(the 2nd block).

PC->SIM @ F1 F2 Stx| 0|0 2 0254 Cn Etx |[LRC
SIM->PC Ack or Nak |Fq|F,

Always assign less than 510 characters (n< 510) to the parameter so that the message is less than
512 characters.

Then the preceding SIM->PC character is "Ack", the instructed control command is executed and the
SIM returns the following response.

PC->SIM Ack or Nak |Fq|F,
SIM->PC | @ |F4|F,|[Stx| 0 |0 | 1| #or! |Etx|LRC
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The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.
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5.3.10 Query command in the RS485 multi-point connection

The query command to be used when a pump operation instruction or a setting change instruction is
transmitted from the SIM and is arranged in the order specified below. The top is "?" (HEX code "3F")
and ASCII characters corresponding to the respective function code and parameter follow.

? |CHR| C, C, Cy

CHR: Function code character, C, to C,: Parameter.

Parameter (from C; to C,) serves as 16 bits signed hexadecimal value coded ASCII text. When a
message (a space character, a function code, and parameter) exceeds 255 characters, input "?" and
CHR to the top transmission block only (the first transmission block of the transmission frame). It is not
necessary to input them to the second and succeeding transmission blocks.

The SIM returns the acknowledgment response character "#" when the query command is processed
normally. If not, the SIM returns the non-acknowledgment response character "I" and 3 characters of
the non-acknowledgment code are added to "I".

Transmission frame when data is transmitted from one block and returned to two blocks.

Designate a query command on the PC.

<- Less than 256 chr.->

PC->SIM @ |F4|F2|Stx| 0| 0| 1| ? | CHR|C4 C, |Etx |[LRC

SIM->PC Ack or Nak |Fq|F,

Always assign less than 254 characters (n< 254) to the parameter so that the message is less than
256 characters.

Next, the preceding SIM->PC character is "Ack", the instructed query command is executed and the
SIM returns the following response (1st block).

PC->SIM Ack or Nak |F¢|F;

SIM->PC @ Fy|Fs Stx| 0|0 | 1 BSp CHR C1 0253 Etb |LRC

Then "Ack" is sent by the PC->SIM character in reaction to the response (1st block) from the SIM, the
SIM returns the following response (2nd block).

PC->SIM Ack or Nak |Fq|F,
[

SIM->PC | @ |F1|F2|Stx| 0 | 0| 2 | Cys4 ‘ C, | Etx |[LRC

The PC transmits "Ack" or "Nak"; then transmits the next command if necessary.
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5.3.11 Broadcasting command in the RS485 multi-point connection
The START or STOP of STP pump operation command can be concurrently instructed to all the

multi-connected SIMs. Always assign 0 (HEX code "30", "30") to network frame number. Note that
there is no response from the respective SIM.

PC->SIM @| 0|0 |Stx 0|0 |1 |Bsp| E| Parameter1 |Etx |LRC

SIM->PC No response
Parameter Item Data Format Remark
1 Pump operation command | 8-bits hexadecimal Refer to Table 19
coded ASCII
Pump operation command Value
START 1
STOP 2

Table 19 - Pump operation commands
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5.3.12 Application note

Noise generated by many factors such as the type or length of cable, communication speed, and
different communication devices may cause the communication failure with a serial port. It is very
difficult to prevent a communication failure completely. The followings are the methods to create the
tool application with redundancy to a noise etc.

® Be sure to communicate according to the protocol. If it communicates by a different method from
the procedure described by this manual, communication failure might cause.
Figure 42 shows the block diagram of the valid communication process from command sending to
answer data receiving.
Moreover, the example of a communication procedure is shown in Figure 46, Figure 47, and
Figure 48.

PC Command ACK Command ACK

Send (A) Send (A) /|Send (B) Send (B)

SIM ACK Answer ACK Answer
Reply (A) /|Reply (A) Reply (B) /|Reply (B)

Figure 42 - Block diagram of communication process example

® The SIM will reply "ACK" or "NAK" within approximately 2 seconds after receiving command.
When there is no reply, the SIM may not have received the command. In this case, resend the
command from the tool application before recognizing the process of the communication failure. If
the problem cannot solve after resending several times, make the process of the communication
failure on tool application.
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® A finishing of data received process should monitor with received character "Etx".
Receiving process is completed by receiving the "LRC" (checksum) data after getting "Etx".
This process can reduce the task of modifying the tool application when commands with different
answer data size according to the pump model are received.

However, when the completion of the answer receiving process is determined by the number of
received characters, check that "Etx" has been received and LRC checksum is correct.

® After sending the command, release the elapsed time process due to communication timeout
each time when receiving answer data. When a large number of answer data is received, the
answer receiving process of the tool application is timed out, and all data may not be able to
obtain.
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® Always check the LRC checksum of answer data. When LRC checksum is incorrect, do not use
the data. When the incorrect data caused by noise is accepted, parameters might be set
unexpected values. In this case, the processing of the tool application may determine to be a
communication failure. When LRC checksum is incorrect, receive the answer data again
according to the following methods.

- Send "NAK" within 1500 msec after receiving the answer data, and then receive the answer
data again from SIM. However, when using RS485, send "NAK" at least 1 msec has passed
after receiving the answer data.

- Stop once the communication process, and try the communication process again.

PC

SIM

Command
Send (A)

ACK
Reply (A)

Answer
Reply (A)

NAK
Send (A)

Answer

NCK
Send (A)

Answer

ACK
Send (A)

Reply (A) Reply (A)

The answer resending process by NAK sent
when LRC is incorrect value.

Figure 43 - Example of answer resending process

® \When sending the following command before receiving the answer data from the SIM, the
contents of the answer data and sent command from the SIM will not match.
In this case, stop the communication about approximately 5 seconds to clear all the receiving
buffer of the tool application, and then start the communication again.

PC Command Command ACK
Send (A) Send (B) Send (B)
SIM ACK ACK Answer Answer
Reply (A) Reply (B) /|Reply (A) Reply (B)
— v
~—
It seems that different answer data from
sending command is responded.

Figure 44 - Example of response when the command is sent continuously

In addition, when using RS485, do not send commands while the answer data is sent from the
SIM. The crosstalk of sending data and receiving data will occur, and it causes communication
failure such as a flaming error.

PC

Command Command
Send (A) Send (B
crosstalk
SiM ACK Answer
Reply (A) /|Reply (A)

When using RS485, the crosstalk is happened if the
next command is sent during an answer data reply.

Figure 45 - Example of command sending during answer data reply
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| . .
it ' 1 This procedure is not necessary
< Communication cycle start > \___ 1 if TMP connection number = 1.

.<-~" " Rs485 multipoint ~~<
“~~.._ connection? PPt

No

Address selection: |
FirstTMP |

| Decode process | | Error process |

.-~~~ Rs485 multipoint ~~~~.__NO

[ —
~~<__ connection? __--

g

1
Address selection:

' I - -
1 r
U NextTMP ves,
4 X
1 - -
'L_______[\l?__:—"'— Address check: =~~~

Tseo._ LlastTMP? .-~
YesT
1

&

< Communication cycle end >

Figure 46 - Example of communication cycle process
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1=~ This procedure is not necessary

O _
CSend command (N blocks)> iftotal block N = 1.

*1  When using RS485 to communicate,
switch the PC side from sending state to
A 4 receiving state within 5 sec.
| Block number: k = 1 | *2 When using RS485 multipoint connection,
also an address is incorrect.

"

Acknowledge No (Timeout 2sec)

received?

*2
N
jmmmmmd e ACK received? o >
i
bok=k+1
------ ¢ No
______ No _-="Block check: -, Yes
Tl k=N?2 T
Yes|[

<Command sending success> < Command sending failure >

Figure 47 - Example of command sending process

100010¥d NOILVIINNININOD TVI™IIS

:____: This procedure is not necessary if N = 1.

C Receive answer (N bIOCkS)> *1 When using RS485 multipoint connection,
also an address is incorrect.

*2 When using RS485 to communicate, send after 1
A 4 msec or more progress from block data received.
| Block number: k = 1 | *3  When using RS485 multipoint connection,

send with address data.

mmmmmmmmmmme
i No (Timeout 2sec)
i
i Correct LRC
: 4
i
: Yes
! v Y
R R Send ACK Send NAK
Iok=k+1 *2.23
lmmmee A
1 _"\
1 No  __.---""" teeel
[P -l ETX received? I
ie;l' ’
v

< Answer receiving success > < Answer receiving failure >

Figure 48 - Example of answer receiving process

MT-49E-101-E
Page 80




@D WARDS

SCU-800 Control Unit for Turbomolecular Pump

54 Command specifications
541 Command list
Function Command/Query Name Function
code y
? D |ReadMeas Reads the measured rotational speed.
Bsp | E |Command Sends commands START, STOP, RESET (valid
when MANUAL/REMOTE switch is selected ON.)
? F |ReadFailMess Reads the errors being detected.
? M |ReadModFonct Reads the pump operation mode and the errors
being detected.
? V |ReadVersion Reads the software version of the SCU-800.
? ¢ |ReadCounters Reads serial number, hour counter and start
counter.
? d |ReadSetPoint Reads the setting values of the speed set point
and the TMS temperature.
? e |ReadMotorTemp Reads the measured motor temperature.
? f |ReadStatus Reads the various settings.
(Remote mode, TMS function, INHIBIT and
emergency vent valve).
? g |ReadEvents Reads the error record.
Bsp | h |SetSpeedSetPoint Changes the speed set point.
? h |ReadSpeedSetPoint Reads the speed set point.
? m |ReadModFonctWithWarning |Reads the pump operation mode, the errors and
the warnings being detected
? [ |ReadMeasValue Reads the TMS temperature, motor temperature
and measured rotational speed.

Table 20 - Command list
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5.4.2 ReadMeas

Function: Reads the measured rotational speed.

Transmission frame:

PC->SIM |Stx| 0 | 0 | 1 | ? | D |Etx|LRC
SIM->PC Ack

PC->SIM Ack

SIM->PC |Stx| 0 | O | 1 |Bsp| D |Parameter 1to2 |Etx|LRC

Parameter Item Data format Remarks
1 [System reservation] 56-bits hexadecimal
coded ASCII
2 Measured rotational speed 16-bits hexadecimal
(Unit: Hz) coded ASCII
Example:

Measured rotational speed: 02DC, = 732 Hz = 43,920 rpm
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Parameter 1 2
ASC“ *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 0 2 D C
HEX 30(32|44 |43

" System reservation

5.4.3 Command

Function: Sends the pump operation commands START, STOP and RESET. These commands
function in the same way as when each switch of the SCU-800 is pressed. They are valid when
MANUAL/REMOTE changeover switch on the SCU-800 is "ON". Refer to Section 3.11, "Parameter
set mode".

Transmission frame:

PC->SIM |Stx| 0 | O | 1 |Bsp| E | Parameter 1 | Etx |LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC|Stx| 0 | O | 1 | # |Etx|LRC
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Parameter Item Data format Remark
1 Pump operation command |8-bits hexadecimal coded|Refer to Table 21
ASCII
Pump operation command Value
START 1
STOP 2
RESET 4

Table 21 - Pump operation commands
Example:

Pump operation command : RESET operation = 4 = 04,

Parameter 1

ASCII 0|4
HEX 30| 34
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5.4.4 ReadFailMess

Function: Reads the errors being detected. This data is the same data as that of "ReadModFonct"
parameter 2 to 79 or "ReadModFonctWithWarning" parameter 3 to 80.

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | F |Etx|LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC |Stx| 0 | 0 | 1 |Bsp| F | Parameter1to 78" | Etx LRC
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Parameter Item Data format Remarks
1 The number of error 8-bits hexadecimal coded | Up to 77 errors "
ASCII
2t078 " Error 1 8-bits hexadecimal coded 2
ASCII
Error 77 8-bits hexadecimal coded
ASCII

The maximum number of errors may differ depending upon the software version of SCU-800. It is recommended that an
application be designed as variable-length data.

Value corresponding to the error message is transmitted, (refer to Table 22 and Table 23). The most recent error has the
largest parameter number. When the number of errors being detected is under the maximum number, the value of

parameter that is larger than the number of errors being detected is set to 0.
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Example:
The number of error 1 021ex = 2 errors
Error 1 : ODpex = 13 = Disturbance Xh
Error 2 : OFex = 15 = Disturbance Xb
Error 3to 77 : 001ex = No error detected
Parameter 1 2 3 4 5 6 7 8 9 10

AsCcll |0/2|/0/D|O|F/O|O|O|O|O|O|O|O|O|O|O]O|0O)O
HEX 30|32|30|44 30 46|30/30/30(30|30|30|30|30|30|30|30/30(30|30

Parameter 11 12 13 68 69 70 71 72 73

ASCII 0j0ojo0o 0|00
HEX 30|30|30|30|30|30

[PeniwQ]
o
o
o
o
o
o
o
o
o
o
o
o

30|30{30|30|30|30|30{30|30|30|30/|30

Parameter 74 75 76 77 78

AsClIll |0j0|O0Oj0O|O0O|O0O/0O]|0O]0O]O
HEX 30|30(30|30|30|30|30/30|30|30
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Error message Value Error message Value
Ram error 0 DSP->PCB Com Fail 33
Eeprom Error 1 PCB->DSP Com Fail 34
TMS Higher Temp 2 TMS Sensor Lost 35 wn
TMS Breaker Trip 3 Tuning Error 1 36 g
TMS Overheat 4 Tuning Error 2 37 IE
Mains Failure 5 Tuning Error 3 38 (@)
Power Supply Failure 6 Tuning Error 4 39 ®)
Overspeed 1 7 Tuning Error 5 40 §
Driver Overvoltage 8 ATMP Failure 41 %
CAUTION: CNT heat 1 9" RTMP Failure 42 o
CNT Overheat 1 10 Imbalance X_H 43" J_>|
Driver Overcurrent 11 Imbalance X_B 44" 6
Driver Overload 12 Imbalance Z 45" <
Disturbance X_H 13 Tuning Error 6 46 3
Disturbance Y_H 14 Tuning Error 7 47 9|
Disturbance X_B 15 Tuning Error 8 48 8
Disturbance Y_B 16 Tuning Error 9 49 @)
Disturbance Z 17 Driver Failure 50 a
Motor Overheat 18 R-Unit Failure 51
CAUTION: CNT Heat 2 19" Motor Resistor Lost 52
CNT Overheat 2 20 Driver PWM Trouble 53
T.Cable Disconnected 21 Driver FAN Failure 54
P.Cable Disconnected 22 Driver CPU Error 55
E.Valve Disconnect 23 R-Unit Com. Failure 56
Driver Com. Failure 24 Amp Overcurrent 57
First Damage Limit 25" DSP Initialize Fail 58
Second Damage Limit 26 Accel Malfunction 59
START NOT ALLOWED 27 Pump Record Failure 60
Speed Pulse Lost 28 PCB Record Failure 61
Overspeed 2 29 Tuning Error 10 62
Overspeed 3 30 Tuning Error 11 63
M_Temp Sensor Lost 31 Tuning Error 12 64
TMS Lower temp 32 Tuning Error 13 65

Table 22 - Error message values
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Error message Value Error message Value
Tuning Error 14 66 Aberrant Brake 72
Tuning Error 15 67 Aberrant Accel 73
Tuning Error 16 68 TMS Voltage Mismatch 74
Tuning Error 17 69 Insufficient Supply 75
Tuning Error 18 70 Inordinate Current 76
Tuning Error 19 71

Table 23 - Error message values (continued)

" CAUTION or WARNING message. It is not a state of failure. Refer to Section 7 for details. The STP pump will continue to
operate after one of these messages is displayed. It is recommended that an application be designed with this in
consideration.

5.4.5 ReadModFonct

Function: Reads the pump operation mode and the errors being detected. The data of errors being
detected reads the same data as that of "ReadFailMess".

Transmission frame:
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PC->SIM|Stx| 0 | 0 | 1 | ? | M |Etx|LRC
SIM->PC Ack

PC->SIM Ack
SIM->PC |Stx| 0 | 0 | 1 |Bsp| M | Parameter1t0 79" | Etx LRC

Parameter Item Data format Remarks

1 Pump operation mode 8-bits hexadecimal coded | Refer to Table 24
ASCII

2 The number of error 8-bits hexadecimal coded | Up to 77 errors 1
ASCII

3t0 79" Error 1 8-bits hexadecimal coded “
ASCII
Error 77" 8-bits hexadecimal coded

ASCII

The maximum number of errors may differ depending upon the software version of SCU-800. It is recommended that an
application be designed as variable-length data.

Value corresponding to the error message is transmitted (refer to Table 22 and Table 23). The most recent error has the
largest parameter number. When the number of errors being detected is under the maximum number, the value of

parameter that is larger than the number of errors being detected is set to 0.
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Pump operation mode Value

Levitation 1

No Levitation

Acceleration

Normal

Deceleration (Brake)

Autotest

Tuning

Tuning Complete

© | 0| N | o o~ DN

(Updating control loop S/W)

(Waiting to Update Driver S/W)

—_
o

—_
—_

(Updating Driver S/W)

Table 24 - Pump operation mode
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Example:
Pump operation mode : 01pex = 1 = Levitation
The number of error : 0246 = 2 errors
Error 1 : ODpex = 13 = Disturbance Xh
Error 2 : OFhex = 15 = Disturbance Xb
Error 3to 77 : 00, = No error detected
Parameter 1 2 3 4 5 6 7 8 9 10 11

ASCII 0,102

o
O
o
-
o
o
o
o
o
o
o
o
o
o
o
o
o
o

HEX 30(31|30|32(30|44|30|46|30(30/30/30|30|30|30/30|30|30{30|30|30|30

Parameter | 12 13 68 69 70 71 72 73 74 75

ASCII 00|00

[penmwQ]
o
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o
o
o
o
o
o
o
o
o

HEX 30(30(30|30 30|30/30|30|30(30{30|30{30|30/30{30|30|30|30/|30

Parameter 76 77

~

8 79

ASCII 0/0j0]|O0

o
o
o
o

HEX 30/30(30|30|30|30(30|30
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5.4.6 ReadVersion

Function: Read the software version of the SCU-800.

Transmission frame:

PC->SIM|Stx| 0 | O | 1 | ? | V |Etx|LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC|Stx| 0 | O | 1 |Bsp| V | Parameter 1to24 |Etx|LRC

Parameter Item Data format Remarks
1to 16 Control unit software version | 8-bits hexadecimal coded
ASCII
17 to 20 Motor driver software version 4-bits ASCII character Ver.1.2=0120
211024 AMB parameter version 4-bits ASCII character Ver.33.1.0 =3310
(Digital control loop)

" SCU-800 uses a digital control loop.
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Example:

Control unit software version  : 34395F4120312E302020202020202020hex = 49_A 1.0

Motor driver software version  :0120,ex = 1.2

AMB parameter version :3310hex = 33.1.0
Parameter 1 2 3 4 5 6 7 8 9 10
II4II "9" n n lIAll nn II1 n "." IIOII nn nn

AsCll |3/4|3/9|/5|F/4/1/2|0|3/1]2|E|3]0|2|/0]2 0

HEX 33134|33|39|35/46 |34 |31/32|30|33|31|32|45|33|30/32|30|32 |30

Parameter | 11 12 13 14 15 16 |17118|19/20|21 22|23 |24

Ascll |2,0/2/042/042/042/042/0/01 1203310

HEX 32(30(32|30(32|30(32|30|32|30(32|30(30|31|32|30(33|33|31|30
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5.4.7 ReadCounters

Function: Reads serial number, hour counter and start counter.

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | ¢ |E&|LRC
SIM->PC Ack
PC->SIM Ack
SIM->PC|Stx| 0 | O | 1 |[Bsp| ¢ Parameter 1 to 23 | Etx |LRC
Parameter Item Data format Remarks
1to 10 Control unit serial number 4-bits ASCII character
11 t0 20 Pump serial number 4-bits ASCII character
21 Pump hour counter 32-bits hexadecimal coded
(Unit: minute) ASCII
22 Control unit hour counter 32-bits hexadecimal coded
(Unit: minute) ASCII
23 Start counter 32-bits hexadecimal coded
ASCII
Example:

Control unit serial number
Pump serial number
Pump hour counter
Control unit hour counter

Start counter

112345

1 6789A

: 0000003Cpex = 60 minutes = 1 hour

: 0000028Chex = 652 minutes =10 hours and 52 minutes

: 00000064« = 100 times

Parameter |12 |3 /4 |/ 5|6 |7 (89 |10{11({12/13|14|15/16/17|18|19|20
ASCII 11213415 6|78 9A
HEX 31/32(33|34/35(20(20/20(20|20|36(37|38/3941|20/20/20/20|20
Parameter 21 22 23
AsSCIl |jojo|0flO|OflO|3|/C/O|O0O|O|O|O|28|C|0O|0O|O0O|0O|O|O|6 |4
HEX 30/30/30/30(30/30(33{43|30|30/30|30|30(32|38(43]30/30|30/30(30/30|36|34
MT-49E-101-E
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5.4.8 ReadSetPoint

Function: Reads the setting value of the "Speed Set Point" and TMS temperature. The "Speed Set
Point" data is the same data as that of "ReadSpeedSetPoint".

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | d |Etx|LRC

SIM->PC Ack

PC->SIM Ack
SIM->PC‘Stx‘ 0 ‘ 0 ‘ 1 ‘Bsp‘ d ' Parameter 1to 2 | Etx |[LRC
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Parameter Item Data format Remarks
1 Speed Set Point 16-bits hexadecimal coded
(Unit: Hz) ASCII
2 TMS temperature setting 16-bits hexadecimal coded
(Unit: °C) ASCII
Example:
Speed Set Point : 01F 4, = 500 Hz = 30,000 rpm

TMS temperature setting : 003Chex= 60 °C (140 °F)

Parameter 1 2

AsCll |O|1|/F|4]0/0|3|C
HEX 3031|4634 |30|30|33 |43

549 ReadMotorTemp
Function: Reads the measured motor temperature.

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | e |Etx|LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC|Stx| 0 | O | 1 |[Bsp| e Parameter 1 Etx [LRC
MT-49E-101-E
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Parameter Item Data format Remark
1 Motor temperature 16-bits hexadecimal coded
(Unit: °C) ASCII
Example:
Motor temperature : 00144ex = 20 °C (68 °F)
Parameter 1

ASCII 0014

HEX 3030 31|34

5.410 ReadStatus
Function: Reads various settings (Remote mode, TMS function, INHIBIT, Emergency vent valve).

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | f |Etx|LRC
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SIM->PC Ack
PC->SIM Ack
SIM->PC |Stx| 0 | O | 1 |Bsp| f Parameter 1to 4 | Etx |LRC
Parameter Item Data format Remarks
1 Remote mode setting 8-bits hexadecimal Refer to Table 25
coded ASCII
2 TMS function setting 8-bits hexadecimal 001ex: ENABLE
coded ASCII Excluding 00y,: DISABLE
3 INHIBIT setting 8-bits hexadecimal 00hex: ENABLE
coded ASCII Excluding 00y,: DISABLE
4 Emergency vent valve setting| 8-bits hexadecimal 00nhex: ENABLE
coded ASCII Excluding 00;,.: DISABLE
MT-49E-101-E
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Remote mode Value
I/0 Remote 1
COM1 2
COM2 5
STP-Link 6
[System reservation] 3,4,7
Table 25 - Remote mode
Example:
Remote mode setting : 01 = I/O Remote
TMS function setting : 00hex = ENABLE
INHIBIT setting : FFhex = DISABLE
Emergency vent valve setting : FF,ex = DISABLE
Parameter 1 2 3 4

AsSCIl |0 1|00 |F|F|F|F
HEX 30 (31|30 |30 |46 |46 |46 |46

5.4.11 ReadEvents

Function: Reads the "Error Record". It has the most recent 10 errors that have been detected.

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | g |Etx|LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC|Stx| 0 | O | 1 [Bsp| g Parameter 1 to 11 | Etx |LRC
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Parameter Item Data format Remarks
1 The number of 8-bits hexadecimal coded | Up to 10 errors
"Error Record" ASCII
2to 11 Error Record 1 to 8-bits hexadecimal coded 1
Error Record 10 ASCII

" Value corresponding to the error message is transmitted (refer to Table 22 and Table 23). The most recent error has the
smallest parameter number. When the number of errors being detected is under the maximum number, the value of
parameter that is larger than the number of errors has been detected is set to 0.

Example:

When 3 errors have been detected in the past;

(2]
m
D
>
r
0
o
=
=
Cc
=
0
>
d
o
Z
U
A
o
-
o
0
o
r

The number of "Error Record" 1 031ex = 3 errors
Error Record 1 : OFhex = 15 = Disturbance Xb
Error Record 2 : ODpex = 13 = Disturbance Xh
Error Record 3 1 154ex = 21 = T.Cable Disconnected
Error Record 4 to 10 : 00 = No error recorded
Parameter 1 2 3 4 5 6 7 8 9 10 11

AsCll |0|3|/0 F|O/D/1|5/ 0 0/0/0/0]|0O O0/0|O0|O0O|0]0 /00
HEX 30|3330|46|30|44|31|35|30|30{30|30|30|30|30|30{30{30|30|30|30|30

5.4.12 SetSpeedSetPoint

Function: Changes the "Speed Set Point" value. This value can be changed in the range from half of
the rated rotational speed to the rated rotational speed.

Transmission frame:

PC->SIM |Stx| 0 | O | 1 |[Bsp| h Parameter 1 Etx |[LRC
SIM->PC Ack
PC->SIM Ack

SIM->PC |Stx| 0 | 0 | 1 | # |Etx|LRC
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Parameter Items Data format Remark
1 Speed Set Point 16-bits hexadecimal coded h
(Unit: Hz) ASCII

" When the parameter value is larger than the rated rotational speed, it is automatically set to the rated rotational speed.
When the parameter value is smaller than half of rated rotational speed, it is automatically set to half of rated rotational
speed. The value of "Speed Set Point" displayed in LCD of SCU-800 is in increments of 500 rpm.

Example:

Speed Set Point : 01F4,.x = 500 Hz = 30,000 rpm

Parameter 1

ASCII 01 F |4
HEX 303146 |34

5.4.13 ReadSpeedSetPoint

Function: Reads the "Speed Set Point" value. This value is the same as "ReadSetPoint" parameter 1
(Speed Set Point).

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | h |Etx|LRC

SIM->PC Ack

PC->SIM Ack

SIM->PC |Stx| 0 | 0 | 1 [Bsp| h Parameter 1 Etx |[LRC

Parameter Item Data format Remark

1 Speed Set Point 16-bits hexadecimal coded
(Unit: Hz) ASCII

Example:
Speed Set Point : 0320pex = 800 Hz = 48,000 rpm

Parameter 1

ASCII 03,20
HEX 301333230
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5.4.14 ReadModFonctWithWarning

Function: Reads the pump operation mode, errors and warnings being detected. The data of errors
being detected data is the same data as that of "ReadFailMess".

Transmission Frame:

PC—SIM |Stx| 0 | O | 1 | ? | m |Etx|LRC

SIM—PC Ack

PC—SIM Ack

SIM—PC |Stx| 0 | 0 | 1 |Bsp| m | Parameter 1to 80" | Etx |LRC
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Parameter Item Data format Remark
1 Pump operation mode 8-bits hexadecimal coded See Table 23
ASCII
> WARNING being detected 16-bits hexadecimal coded| See Table 26
ASCII
3 The number of errors detected 8-bits hexadecimal coded | Up to 77 errors 1
ASCII
Error 1 8-bits hexadecimal coded
ASCII
4t080 " 2
Error 77 8-bits hexadecimal coded
ASCII

The maximum number of errors may differ depending upon the software version of the SCU-800. It is recommended that an
application be designed as variable-length data.

2 Value corresponding to the error message is transmitted. (see Table 22 and Table 23)

The recent error has the largest parameter number. When the number of errors being detected is under the maximum

number, the value of parameter that is larger than the number of errors being detected is set to 0.
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Bit Warning message 16-bits hex value
0 |WARNING: Bad Pump Transmit 0001
1 |WARNING: Second Damage Limit 0002
I(',ﬂ, 2 |WARNING: First Damage Limit 0004
% 3 |WARNING: Imbalance X_H 0008
CI; 4 |WARNING: Imbalance X_B 0010
g 5 |WARNING: Imbalance Z 0020
= 6 |WARNING: Pump Run Time Over 0040
2 7 |WARNING: Pump Overload 0080
C; 8 |WARNING: Pump record bungle 0100
g 9 |WARNING: PCB record bungle 0200
Z 10 |WARNING: Low RTC Battery 0400
; 11 |WARNING: Clock Data is Lost 0800
3 12 |WARNING: Recover by AUX Data 1000
8 13 |[System reservation] 2000
2 14 |[System reservation] 4000
15 |[System reservation] 8000

Table 26 - Warning value bit assign
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Example:

Pump operation mode : 01hex = 1 = Levitation

WARNING being detected  : 0098,cx = 0008},cx OR 0010,6x OR 0080y =
3 warnings of "WARNING: Imbalance X_H", "WARNING:
Imbalance X_B" and "WARNING: Pump Overload"

The number of error 1 0216 = 2 errors
Error 1 : ODpex = 13 = Disturbance Xh
Error 2 : OFex = 15 = Disturbance Xb
Error 3to 77 : 001ex = No error detected
Parameter 1 2 3 4 5 6 7 8 9 10

AsCcll |0{1/0|0|9;8/0|2|0/D/O/F/OJ0O]|O0O/0|0|0O|O0O|0|0]O

HEX 30(31{30|30|39|38|30|32|30|44 30 /46|30|30|30/30|30|30{30|30|30|30

Parameter 11 12 13 68 69 70 71 72 73 74

ASCII |0|0|0|0|0|O0

[PeniwQ]
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HEX 30/30(30|30|30|30 30/30/30|30|30|30|30{30|30{30{30/30|30|30

Parameter 75 76 77

~
oo

79 80

ASClIl |0|O0O|O|0O|O|OjO|O|O|O|O|O

HEX 30/30(30|30|30|30|30{30/30(30|30|30
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5.4.15 ReadMeasValue
Function: Reads the TMS temperature, motor temperature and measured rotational speed. The motor

temperature value is the same temperature as "ReadMotorTemp". The measured rotational speed
value is the same as "ReadMeas" parameter 2 (Measured rotational speed).

Transmission frame:

PC->SIM|Stx| 0 | 0 | 1 | ? | [ |Etx|LRC

SIM->PC Ack

PC->SIM B Ack
SIM->PC|Stx| 0 | 0 | 1 |Bsp| | Parameter 1to 6 | Etx |LRC

" The HEX code of ASCII character [’ is "5B".
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Parameter Item Data format Remark
1 [System reservation] 120-bits hexadecimal
coded ASCII

2 TMS temperature (Unit °C) 16-bits hexadecimal coded
ASCII

3 Motor temperature (Unit °C) 16-bits hexadecimal coded
ASCII

4 [System reservation] 40-bits hexadecimal coded
ASCII

5 Measured rotational speed (Unit: Hz) | 16-bits hexadecimal coded
ASCII

6 [System reservation] 64-bits hexadecimal coded
ASCII
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TMS temperature:
Motor temperature:
Measured rotational speed:
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003Chex = 60 °C (140°F)
001446 = 20 °C (68°F)

02DCrex = 732 Hz = 43,920 rpm

Parameter

ASCII

HEX

Parameter

ASCII

HEX

30

30

33

43

Parameter

ASCII

HEX

30

30

31

34

30

32

44

43

Parameter

ASCII

HEX

" System reservation
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6 STP-Link

The "STP-Link" is a Windows application for operating the STP pump, confirming the pump status or
setting various settings. Table 27 shows the principal functions.

v
See the Instruction Manual of the "STP-Link" for the detailed specification and operating method. -]
o
1
Item Functions r
pra
Confirmation function Software version A

Pump serial No.

Control unit serial No.

STP pump model

Communication specification setting Remote operation mode setting
function

Each serial port setting

Option setting function Rotational speed setting

TMS setting

Rotation inhibit signal setting

Emergency vent valve setting

Pump air-cooling fan setting

Warning function setting

History confirmation function Confirmation of pump operation hours

Confirmation of control unit operation hours

Confirmation of damage integrated value

Confirmation of error history

Record function Record of setting

Table 27 - Functions of STP-Link
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7  MAINTENANCE

The SCU-800 is provided with safety functions for various abnormalities/errors. If an abnormality/error
is found when using the STP pump, check it and take measures in accordance with the following
procedures. If you cannot trace it or if the STP pump does not function normally after the
troubleshooting, fill in the necessary information in the "Return Declaration" and fax it to Service office.

71 Safety functions

7.1.1 Power failure

When the power voltage drops below 160 V in 200 V specification or drops below 80 V in 100 V
specification due to a power failure or another fault, the normal operation of the magnetic bearing is
maintained at the high rotational speed using the regenerative energy of the rotating rotor (backup
operation during a power failure).

The lowest rotational speed to which the magnetic bearing can operate at a power failure is called a
backup rotational speed. The lowest backup rotational speeds vary according to the model of STP
pump used, refer to Table 28.

1. When the rotational speed is at backup rotational speed or more at a power failure:
The SCU-800 detects any power failure of 2 seconds or more and the STP pump decelerates.
At this time, the "POWER" LED extinguishes and the "FAILURE" LED illuminates.
The LCD displays "Mains Failure". An alarm signal is output from REMOTE X7 pins (14)-(33) and
(15)-(33). When the rotational speed reaches the backup rotational speed, the rotor lands on the
touch down bearing and stops. The "FAILURE" LED extinguishes and the LCD is turned off.
The alarm signal output is reset.
The SCU-800 does not detect a power failure of less than 2 seconds and the STP pump will
continue to rotate.

2.  When the rotational speed is less than backup rotational speed at a power failure:
The SCU-800 does not detect the power failure. The rotor lands on the touch down bearing and

stops.
Connected pump Backup rotational speed
STP-603/1003 series Approximately 8,000 rpm
STP-H301/H451 series Approximately 15,000 rpm
STP-H803/H1303 series Approximately 8,000 rpm
STP-A803/A1303 series Approximately 8,000 rpm
STP-A1603 series Approximately 8,500 rpm

Table 28 - Backup rotational speed
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Table 29 shows the status of LCD, LEDs, and REMOTE output signals at a power failure.

REMOTE output signal
. . LCD LEDs (REMOTE X7)
Rotational Duration of
Speed power failure Error POWER FAILURE POWER ALARM
messages LED LED NO. | N.C.
Approx. 2 sec. Mains A .
Backup or more Failure Extinguish | llluminate Open | Close | Open
rotational speed

or more Less than

Continues as before
approx. 2 sec.

Less than
Backup OFF Extinguish | Extinguish Open | Open | Close
rotational speed

Table 29 - States of LCD, LEDs and REMOTE output signals at a power failure

7.1.2 Operation after a power recovery
1. The STP pump continues decelerating, and power failure detection is reset automatically.

At this time, the "POWER" LED illuminates and the "FAILURE" LED extinguishes. Also, POWER
OUT pins (9)-(28) is closed, and a failure signal is reset between ALARM OUT pins (14)—(33)
and (15)—(33) of the "X7 REMOTE" connector.

2. When the START operation is performed after a power recovery, the STP pump reaccelerates
even while it is in BRAKE state.

However, the SCU-800 may detect excessive vibration when power is recovered after the rotor
lands on the touch down bearing (see Section 7.1.4). In this case, the STP pump once stops and
cannot reaccelerate until the RESET operation completed (see Section 4.5.7).

Note: Itis recommended to establish a procedure so that the power can be supplied to the SCU-800
immediately after a power recovery.

7.1.3 Abnormal state of magnetic bearing

CAUTION

When an abnormality/error occurs in the magnetic bearing, check the STP pump as well as the
SCU-800. If "FAILURE" cannot be released after reset operation, contact Service office.

When the magnetic bearing does not function normally due to a breakage of the STP connection
cable, disconnection of connectors or any abnormality/error of the STP control circuit, the rotor lands
on the touch down bearing and stops. The "FAILURE" LED illuminates and the LCD displays error

*n

message "Disturbance *".
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7.1.4 Excessive vibration

When serious vibration or mechanical shock causes the rotor to come in contact with the touch down
bearing (due to external vibration/impact, intrusion of atmosphere or foreign matter into the STP pump
or rotor imbalance), the STP pump decelerates and stops.

The "FAILURE" LED illuminates and the LCD displays error message "Disturbance *".

7.1.5 Motor driver overload

When the STP pump does not attain the rated speed within approximately 30 minutes after starting or
when the ACCELERATION state remains unchanged during operation for approximately 30 minutes,
the STP pump decelerates and stops.
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The "FAILURE" LED illuminates and the LCD displays error message "Driver Overload".

7.1.6 Overheating inside the STP pump

When the motor inside the STP pump overheats due to an abnormal high temperature or overload
operation, the STP pump decelerates and stops.

The "FAILURE" LED illuminates and the LCD displays error message "Motor Overheat".

7.1.7 Overheating inside the SCU-800

The temperature in the SCU-800 increases when the ventilating duct is blocked or the ambient
temperature is high. The LCD displays error message "CAUTION : CNT heat™ when the inside of the
SCU-800 overheats. In this case, the pump does not stop.

When the SCU-800 overheats continuously, the STP pump decelerates and stops.

The "FAILURE" LED illuminates and the LCD displays error message "CNT Overheat *".

7.1.8 Overspeed

When the rotational speed of the STP pump exceeds the specified rotational value due to a failure in
the motor driver, the MAIN POWER on the SCU-800 switches "OFF". The STP pump has no power
supplied, decelerates and stops.

The "FAILURE" LED illuminates and the LCD displays error message "Overspeed *".
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7.1.9 Abnormality/Error in the TMS unit (for use with the TMS unit)

If the temperature of the STP pump base unit is higher than the setting value by 10 °C (18 °F) or more
due to the occurrence of an abnormality/error in the TMS heater or other fault, the "FAILURE" LED
illuminates and the LCD displays error message "TMS Higher Temp". The heater is switched OFF and
the cooling water unit is operated. The STP pump decelerates and stops. Continue to operate the
cooling water unit while "TMS Higher Temp" is displayed after the pump stops.

If the temperature of the STP pump base unit is lower than the setting value by 10 °C (18 °F) or more
due to the occurrence of an abnormality/error in the TMS heater or other fault, the "FAILURE" LED
illuminates and the LCD displays the error message "TMS Lower Temp". The heater and the cooling
water valve are switched OFF and the STP pump decelerates and stops.

Note: "TMS Lower Temp" is not detected for a certain time when the STP pump starts.
When an abnormality/error occurs in the TMS connection cable, the STP pump decelerates and stops.

The heater and the cooling water unit are switched OFF.
The "FAILURE" LED illuminates and the LCD displays the error message "T.Cable Disconnect".

7.1.10 Failure of the air-cooling fan

When the air-cooling fan in the SCU-800 locks and stops, the "FAILURE" LED illuminates and the
LCD displays error message "Driver Failure" and "Driver Fan Failure". The STP pump decelerates
and stops.
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7.2 "WARNING" message function

7.21 "WARNING" message display function

The SCU-800 is provided with a "WARNING" message to display when an overhaul is needed
following a self test. When a "WARNING" appears in the upper left hand corner of the LCD, press the
"ENTER" switch to display the warning message for seconds (The "ENTER" switch can also be used
in REMOTE mode).

The warning signal is output from the remote output terminal of the remote connector X7 while the
alert message is displayed (see Table 10). Overhaul the STP pump when "WARNING" message is
displayed

Example:

WARNING Levitation | The upper line of the LCD displays the operational status of the
STP pump. The "WARNING" is displayed in each state
(acceleration, normal operation and deceleration) of the STP
pump. WARNING display changes:
W->WA->WAR->--->WARNING->W->---

Press the "ENTER" switch l

WARNING Warning message.
First Damage Limit

Note: The "WARNING" message cannot be reset by the "RESET" switch.
See Section 7.3, "WARNING" message description” for the resetting the "WARNING"
message.
The STP pump can operate even when the "WARNING" message is displayed except when
the "Second Damage Limit" is displayed.
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7.3 "WARNING" message description
7.3.1 Damage point function

Impact of the STP pump rotor onto the touch-down bearing, such as by an unexpected in-rush of air
from outside or in the event of power failure, can damage the touch-down bearings. The SCU-800
monitors these impacts and assigns damage points to the event of "Disturbance" or "Mains Failure".
The damage point increases with the rotational speed up to 15 point for each "Disturbance", and 1
point for each touch-down at "Mains Failure".

Refer to Section 3.10, "Confirmation Mode" about confirmation method of damage point.

Warning message

STP pump
First Damage Limit Second Damage Limit

STP-603/1003 series 120 or more 150 or more
STP-H301/H451 series
STP-H803/H1303 series
STP-A803/A1303 series
STP-A1603 series

Table 30 - Accumulated damage point and warning message

7.3.2 First damage limit

"First Damage Limit" is displayed when the accumulation point attains the setting value shown in
Table 30. The rotating operation can be performed though "WARNING" message is displayed. It is
recommended to have the STP pump overhauled as soon as possible.

7.3.3 Second damage limit

"Second Damage Limit" is displayed when continuing to operate the STP pump after "First Damage
Limit" is displayed and the accumulation of the damage point attains the setting value by further
"Disturbance" and "Mains Failure".

Overhaul the STP pump because the STP pump cannot perform the rotational operation when
"Second Damage Limit" is displayed.

When operating the STP pump is needed after "Second Damage Limit" is displayed, disable the
"Second Damage Limit". The rotating operation can be performed even though the "WARNING"
message is displayed. Refer to Section 3.11 for the setting method.
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7.3.4 Imbalance X_H, X B, Z

Imbalance of the rotor of the STP pump of is always monitored. Either "Imbalance X_H", "Imbalance
X_B" or "Imbalance Z" is displayed when imbalance of the synchronized rotor with the rotational
speed exceeds the setting value.

When the deposit accumulates in the STP pump, with the increase of the STP pump operation hours,
the rotor balance is lost and the imbalance increases gradually. An increase in the amount of deposit
may lead to a malfunction of the STP pump. Perform the overhaul ahead usual case.

The setting value of the imbalance is fixed, and the user cannot set it.

Set the "WARNING" function of the Enable/Disable to Disable to release the "Imbalance X_H",
"Imbalance X_B" or "Imbalance Z". (see Section 3.11, "Parameter Set Mode")
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7.3.5 Pump run time over
The totalising counter adding up the rotation hours is installed in the SCU-800.
The counter value can be confirmed on the LCD. (see Section 3.10, "Confirmation Mode")

"Pump Run Time Over" is displayed when the counter value attains the setting value. When deposit
accumulates inside the STP pump, this function can be used to consider the time of the overhaul. The
setting value is user-definable. Refer to Section 3.11, "Parameter Set Mode" for the setting method.
"Pump Run Time Over" warning can be reset by setting the warning function to disable after it is
occurred. (see Section 3.11, "Parameter Set Mode")

7.3.6 Pump overload

"Pump Overload" is displayed when the state that the motor current exceeding the setting value
continues during the fixed time. The state that the STP pump rotational speed drops below the setting
value continues during the fixed time. However, the motor current and the rotational speed are
monitored only in the NORMAL state.

When the deposit accumulates in the STP pump, the load in NORMAL state may gradually grow with
the operating time. Considering the time of the overhaul, this "WARNING" function can be used.

The current setting value and rotational speed setting value are user-definable. "Pump Overload"
warning can be released by setting the warning function to disable after it is occurred. (see Section
3.11, "Parameter Set Mode")

7.3.7 Low RTC battery

The lithium battery for the display function of the date/time is installed in the SCU-800. "Low RTC
Battery" is displayed when the decrease in the voltage of the battery is detected.

The STP pump can operate though some failure occurs such as the time of the error history is not
correct when the voltage of the battery is low.

"Low RTC Battery" message cannot be released without exchanging the battery.

Contact us when exchanging the battery. The decomposition of the SCU-800 is necessary.
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7.4 "WARNING" function setting

The following "WARNING" functions can be set to Enable or Disable. Refer to Section 3.11,
"Parameter Set Mode" for the setting method. See Table 31 and Table 32 for the default setting.

= User setting
J_> Message Default setting | User setting change
pa (threshold)
m
Z \lé\ilgt?ggr\ln(:ge Limit Enable Enable Disable
>
Z
) WARNING - Enable Enable Disable
m Second Damage Limit
WARNING
Imbalance X_H, Enable Enable Disable
Imbalance X_B,
Imbalance Z
WARNING :
Pump Run Time Over Disable Enable Enable
WARNING Disable Enable Enable
Pump Overload
WARNING : :
Low RTC Battery Enable Disable Disable

Table 31 - Default setting of "WARNING" function

User setting change

Message Default setting User setting (threshold)

WARNING 0 hour 0 to 30 million It can be set in units of
Pump Run Time Over hours 100 hours. 0 is not
counted.

WARNING Motor current | 100% |0 to 100% The ratio to the rated
Pump Overload current value. Smaller
value has high possibility
to get "WARNING".

Rotational 0% |0to 100% The rate to the rated
speed current value. Larger
value has high possibility
to get "WARNING".

Table 32 - Factory setting and variable range
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7.5 Error at self test state

When an abnormality/error occurs during the self test while operating the ON switch, the safety
function operates, the "FAILURE" LED illuminates and an alarm signal is output from the REMOTE X7
connector (see Table 10). An error message showing "CAUTION" on the upper line and the contents

of the error are displayed on the lower line of the LCD. If an abnormality/error is found, take measures =
in accordance with Table 33. J_’
pa
Referred r_||1
LCD Messages Probable causes Countermeasures section =
CAUTION The different STP pumpis  |Perform tuning. Section 4.2.2 JZ>
Coupling is Changed used after the tuning is Section 3.9.1 (@)
performed. m
CAUTION Failure of the SCU-800 or Contact Service office.
Different Pump ID STP pump.
CAUTION Failure of the SCU-800. Contact Service office.
PCB is Initialized
CAUTION Failure of the SCU-800 or Contact Service office.
Pump is Initialized STP pump.
CAUTION The STP pump of a different |Perform tuning. Section 4.2.2
Pump Type is Changed |model is used after the Section 3.9.1
tuning is performed.
CAUTION Failure of the SCU-800 or Contact Service office.
Pump&PCB are STP pump.
Initialized
CAUTION The inappropriate STP pump|Confirm if the appropriate Section 2.1
PumpType is Mismatch |is used. STP pump is connected.
CAUTION Tuning failure After turning OFF and ON, |Section 3.9.1
Tuning Error 1 perform turning.
: If the RESET operation does
: not reset error message,
Tuning Error 19 contact Service office.
CAUTION Turning is not completed. Perform tuning. Section 3.9.1
Tuning Not Completed
Please contact The control parameter is not |Contact Service office.
a service centre in the memory of the STP
pump.
Table 33 - Error messages at self test state
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7.5.1 Error after self test

If an abnormality/error occurs after the self test, the safety function operates, the "FAILURE" LED and
an alarm signal is output from the REMOTE X7 connector (see Table 10). An error message showing
the number of the error in the form "Error No. **/**" and the contents of the error are displayed
alternately on the lower line of the LCD.

7.5.2 Error messages

The first number of "**/**" is the order of detected errors (the earliest error is number 1) and the
second number shows the number of errors that have occurred. Thus, a "1/3" would denote the
earliest error of 3 errors. Press the "UP" or "DOWN" switch to scroll through the LCD display menu to
view the contents of the next or previous error message. (The "UP" or "DOWN" switch can also be
used in REMOTE mode)
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Example:

BRAKE:***00rpm |, BRAKE: ***00rpm
Error No.1/3 Disturbance Y_H
T [
up DOWN DOWN up
[ N2
BRAKE:***00rom |, BRAKE: ***00rpm
Error No.2/3 Mains Failure

AS/0752/A

Note: The upper message on the LCD shows the current STP pump operation state. The lower
message on the LCD is alternately displayed.

7.5.3 Troubleshooting immediately after power failure occurs

It is recommended to establish a procedure so that the power can be supplied to the SCU-800
immediately after a power recovery.
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7.5.4 Troubleshooting immediately after other abnormality/errors occur

WARNING

When disconnecting cables from the STP pump and/or the SCU-800 to perform
troubleshooting and take the necessary action, confirm that the STP pump has
stopped, power off the primary power (turn the MAIN POWER "OFF") and isolate

(Lockout/Tagout) the electrical energy source water and gas and other energy
sources on the vacuum equipment. Failure to do so may result in the inadvertent
rotation of the STP pump which may result in an accident, an electric shock or
damage to equipment. Moreover, an accident caused by water leaks or gas leak
may occur.
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CAUTION

If the RESET operation does not extinguish the "FAILURE" LED, confirm that the STP pump has
stopped, turn OFF the primary power (Switch the MAIN POWER "OFF"), then turn ON the primary
power again (turn the MAIN POWER "ON").

Refer to Section 4.4.4.

o After confirming the "BRAKE" LED has extinguished and the STP pump stops, remove the probable
cause of the abnormality. When the LCD displays an error message, take the necessary action
according to Table 34 to Table 40.

e Perform the RESET operation, to turn off the "FAILURE" LED.

o Perform the START operation. Check if the STP pump operates correcitly.

MT-49E-101-E
Page 113




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

pod 18)3n0 8y} Je BA[BA WNNoeA 8y} 8s0jo ‘Apjoinb dwind 41§ ay) dois o] “dois 0} sinoy |eioAas aye) Aew 3| “enuaul A Buiiejol anuiuoo Jojos 8y} pue sdojs Jndino JaAup ay |

1s9] J|os Jaye sebessaw Jolig - ¢ 8|qel

‘dwnd 41 S ayy oyui uod abind ayy wouy seb aonpouul pue abuejy

Le

"Hod uone|nuaa

‘008-NOS

©'%'€ 9Y} WOy 8[0B}Sqo dA0WaY ‘g 8y} Jo Buljooo jusionsu| ‘g
'$S9] 40 (4,
¥01) Do 0% 0} ®Injelsadwa) ‘008-NJS
L'¥'E usique ay} 1S || ainjesadwsa) Juaiquie ybiH |/ dols pue ajelss|@oag 8y} apIsul 1eaytanQ | 1eay4an0 1ND
"Hod uone|juan '008-NOS
©'%'€ 9Y} WOy 8[0B}Sqo dA0WaY ‘g 8y} Jo Buljooo jusionsu| ‘g
'$S9] 40 (4,
#01) Do Ot 0} @injesadwa) ‘uonesol ‘008-NOS L1esy INO
L€ jusiquie ay} 108 || 'ainjesadwa) jusique ybiH | 40 dduenuiuoy 8y) episul 1eayIsrQ ‘NOILNVD
‘Bulieaq

'901JJ0 9JIAIBS ]0BlUOD

"1ed J0109Uu0o
1e 10 9|gBeD UONI8UU0D ay]
ui Jne} punoJb 4o 1IN2JI9-UoYS

uonoajold ayj uo
papuadsap SI 1010
ay} pue sdojs 1ndino
Bulieaq onaubew
9y "uUmop yono||

"Jua.Ino 211998 Buleaq
onaubew aAISs8xg

uaN2IBAQ dwy

90140 9JIAISS J0BJU0D ¢

‘008-NOS 8y} jo ainjieq ¢

‘Buimesal ‘asiou "SS9 I0
Jeye Jamod syjuo wing || |eussixe Ag uonounjep | doig wdi QoG 01 dn 8jeis|800y|  uoNOUNYRIA [900Y
‘peInoaxs

'921JJ0 9JIAIBS ]0BlUOD

'008-NOS 8y} Jo ainjied

.. "unJ @al4

S| uoljelsado uels Jaye ‘uiw
0¢ "xoudde dojs jou seop
uonelsado pajel ay) UsYp\

ayelg 1ueleqy

‘aouanbas 1sneyxs
ay) Yoayn "abeyes| Jo) walsAs
Buidid wnnoea ay} 309y

‘dwnd
d1S 9y} smoj} Jie oaydsowy

‘Burieaq uonossyoud
8y} Uo papuaosap

S| J0}0J 3y} pue
sdoys 1ndino Buliesq
onsubew ay ||

"UMOp Yyono| uay)
‘do)s pue ajels|@09(g

‘Buiddols
Jo Bunelolsiap usym
sosll paads |euone1oy

[820V 1UBLIBQY

uono9s
patiajoy

salnseawlajuno)

sasne? 9|qeqoid

uonesado dwng

uoijipuod adua.LInddQ

sabessaN D1

MAINTENANCE

MT-49E-101-E
Page 114




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

uod 1910 8y} Je 8AjeA wnnoea ay} 8sojo ‘Apyainb duind 41S ay) dois o] "dojs 0} Sinoy [elaAss axe) Aew | “eipaul Aq Bunejol senuiuoo Jojol sy pue sdojs INdino JsAup ay |

MAINTENANCE

(penunuo9) 1sa} Jjos Joye sabessow Jouig - GE 9|qe]

‘dwnd 41 S ay) ojui uod abind ay) wouly seb aonpojul pue abueyy

Lx

90140 9JIAIBS J0BJUOD ¢

‘90140 9JIAISS J0BJUOD |

‘ainjey dwnd 41S 2
"9]qed UOI}08UU0D

dlS8yijouoys -

L ‘unJ aal4

Jualind IBA0 JBALIJ

JUsJindJaAQ JBAl(g

‘90140 9JIAIBS J0oBlUOD ¢

‘90140 9JIAISS J0BJUOD |

"HNDJID BALIP
ue} 6uljooo ayj Jo ainjieq g
‘Bulieaq Jejem

Buljooo ay1 Jo 1no-1esp) "L dols pue ejeisjeoeq

‘doys
B 0} 8Wwod uey Buljoo)

ainjie4 Nv4 JeAud

90140 9JIAIBS J0BlUO0D

"008-NDS @Y1 10 ainjie4 dols pue a)elajeda(

‘uoijesado JaALP |BWIOUQY

ainjieq JaAuQ

90140 9JIAIBS J0BIUO0D

"'008-NOS 8y} Jo ainjied

L ‘unJ aal4

‘uonesado NdD |ew.iouqy

Jolig ndo JeAlq

90140 9JIAIBS J0BIUO0D

'008-NOS 8y} Jo ainjied

‘dojs pue sjelsj@28Q

*UOIIBDILUNWIWOD
|elss o ainjie

ainjieq4 woy JaAuQ

‘dwnd d1S 8y} ojul sjje}
Jopew ubialo) ou jey; Aem
e urdwnd 418 8y} |[esy

fao)

‘Buidid wnnoea ayy yo8yo g
‘dwnd 418 8y}
0} }l JwisueJ} 0} Jou Se 0S
uoneIgIA [BUISIXS SAOWSY |

‘dwnd 418 8y}
ojul sjje} Japew ublaio4 ‘¢

‘dwnd 415 8y}
OJul SMOJ} Jie ouaydsowly g

‘Joedwi/uoneIgIA [eussixg |

(V)ienuepy :dwnd 418 ay 01 Ajjeusaixs
uonoNAIsu| palidde uonelqiA 8AISS8IX]
"J0JJ3 IN2JID

[0J]UOD 1O 8|geo uoosuuod  |do)s pue 8)els[e99(] Z 9oueqJnisiq

"9011J0 B2IAIBS JOBIUOD ‘2| LS 8y} JO uoiosuuodsiq Z ‘dwnd 41 S ay) H™ A @oueqinisiq

‘Buiuny wiopad ‘Yibus) ‘yibug) wouy pajesauab ale g A @oueqinisig

a|qeo ay} Buibueyd usypp L a|geo ay} jo abuey) || J0J0J Y} JO UOHRIGIA H X @oueqinisig

6°¢ :Bueaq onjpubew |ewliouqy| puE BSIOU }OBJU0D "aouejequll 9AISS80XxT| g X @oueqnisiq

uoljo9s

paiiajey

salnsesawiajuno)

sasned a|qeqo.id

uonesado dwng

UOI}IPUOI 32UBLINIDQO

sabessa\ dO1

MT-49E-101-E

Page 115




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

yod 191n0 8y} Je 8A[BA WNNoeA 8y} 8s0jo ‘Apjoinb dwind 418 ay) dois 0] "dojs 0} sinoy [eiaAas aye) Aew ) “eipaul Ag Buneol senunuod Jojol ay) pue sdois INdino JaAUP ay |

(penunuo9) 1se1 Jjos Jaye sebessaw Jolig - 9¢ 9|qe ]

‘dwnd 41 S ayy oyui pod abind ayy wouy seb aonpouul pue abuejy

Le

L'e

L37gvsIid. 0}

.uondo aneA yesT, 39S
‘Aj@Inoas

¥ 20| ‘paxd0] Jou

sI 9|qe0 ay} J| "Ajoalioo
a|ged a8y} 108uu0) |

ol

"9A|eA JuaA Aouabliewa
ay) Jo Bumes 1084100U]| g

‘9|qeo
aAjeA Juan Aousblawse
ay) JO uoljoBuUu0osI(g

-~

‘dojs pue ajels|eoa(

"9|geo aAjeA Aouablaws
8y} JO uoIP8UU0ISIg

108UUODSIP BA[BA']

"901JJ0 80IAISS 10BIUOD

'008-NOS 3y} jo ainjie

‘dojs pue ajels|eoa(

“ain|iey
UOB2IUNWWOD [eLIsg

I'ed
wo)d g0d<-dSd

'90140 9SJIAIBS J0BlUO0D

"'008-NOS 8y} Jo ainjied

‘Burieaq

UMOP Yono] ay] uo
papuaosap sl Jojol
ay} pue sdojs ndino
Bulieaq onsubew
Y] "umop yono||

‘uonesado Ndo [ewlouqy

l'ed azijeu] 4sd

'90140 9SJIAIBS J0BlUO0D

'008-NOS 8y} Jo alnjied

L ‘unJ aal4

"1IN2UIO JBALIP 8Yj) JO ainjie

s|qnoll INMd J48Aud

90140 9JIAIBS J0BIUO0D

'008-NOS 8y} Jo alnjied

L ‘unJ aal4

*aBB1J0AIBA0 JBALIQ

abeyjjonIanQ JeAlqg

(810w 1o Ayoeded
papuswwooal ay)

yum dwnd-bupoeq e asn)
‘8lel1s |HV1S

pue Ajoeded sy 1oy

‘dwnd-bujoeq

dwnd-buoeq sy} 308y ‘¥ 3y} Jo ainjieq
‘obeyes| 0} wWayshs ‘wo)sAs
Buidid wnnoea sy} yoayn ‘¢ Buidid ayy Jo abeyes ‘¢
'$S9| 10 ainssaud ‘1od )

Bujoeq a|gemoyjje ay} asn 'z 1e)Ino ayj 1e ainssaid ybiH g sanuiw o¢ Ajerewixoidde
(g)lenuepy “sso| 1o ainssaid Bunom “uod 410} SeNURUOY
uonoNASU| wnuwixew ayl asn ‘| 19|ul 8y} 1e ainssaid ybiH ‘L dois pue ajelg@oe@  oieis NOILVHITIDIY PEOSAQ J9Ald
_o:mﬁ.u__hﬂww_ sainseawajunon sasned ajqeqo.d uonesado dwing | uopipuod 3adualinddQ | sabessap dD1

MAINTENANCE

MT-49E-101-E
Page 116




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

MAINTENANCE

(penunuoo) 1se] Jjes Jaye sebessall Jodig - /€ 8|qe

"Jeaylano oy dwund 41 S
oy} asneo Aew suonelado

‘'suonelsado

9|qeo Jamod 8y} 108UU0) °Z
"PaLIN920 sey alinjie} Jamod

8Y} JO UOI}OBUUOD J081I00U| "¢

AN dojs/pe)s suonijeday "doys/pe)s uonneday
‘obeyes) 40} ‘weysAs buidid
'Ly walsAs Buidid syl yoayD g wnnoea ay) jo abeyes ‘¢
‘dwnd 418
(g)lenuew| ayy |00o sAemje ‘Buidwnd
uononusujseb Jo Bupjeq jo swn syl Iy ‘g ‘Buljooo jusionsu| ‘g
'$$9] J0 (4, 8472)
(g)lenuew O, 0z 0} J8)yesy Bunjeq ‘dwnd 418
uononyisu| 8y} Jo ainjesadwa) 8y 189S [ Bupjeq Buunp Bunesyseng | dois pue sjels|eoa( ay} apisul BupesayianQ 1eayJanQ Jojop
"o, 0L Fobeyon -obejjon
|"Z uonoag pajel ay} 0} abejjon ayy19s 1  Alddns Jemod jusioynsu| ¥
©'9'¢ uoloag "9|qed Jamod ay) aoe|dey ‘¢ ‘o|qeo Jamod 8y} Jo alnjie4 ‘¢
€oe "Ajoaulod "9]qed Jamod

salnsesawiajuno)

paliajoy

sasned 9|qeqoid

uonjesado dwngd

uoljipuod adua.LinddQ

1L 2 B ]OU 10 Jayjaym 3oayo | "ainjie} Joamod L[ do)s pue ajeisjeos Alddns Jemod jusioiynsu alnjieq suiep
‘dwnd 41S
ayj Jo Josuas ainjesadwa) 1S07
"901}J0 32IAIBS JOBJUOD ‘dwnd 4] S 8y} Jo alnjieq dojs pue ajels|asa( 3y} JO uoI130BUU0ISI( Josuag dwa] |\
‘Burieaq
UMOp Yono} a8y} uo
papuadsap s J0jol "(AOOL)
ay} pue sdojs ndino Ajddns Jjemod indui ayj
*A00Z ‘Aiddns Jamod jndul  Buliesq onsubewo) Buipuodsaliod ou dwnd
abejjoa Indul Oy 8yl 8buey) 8y} JO UOIOBUUOD JOBIOdU| 8y "UMOP Yonojl  d1S 9y} jo uondosuuo) Aiddng jusionsui
‘Burieaq
UMOp Yono} a8y} uo
papuaasap Si J0)ol
ay} pue sdojs ndino '08S () 10} SenuUUOd
90110 BOIAIBG 10BJUOD) "Z 008-NDS dul jo aunjieq 'z Buuesqonsubew  jusaund o098 Buleaq
"90110 99INI8G 10RO || ‘dwnd 1S 8yl jo ainjieq4 ‘|| 8yl "UMOp yono| oljaubew aAISSa0Xg  Jualding ajeulplou)
uol}o9s

sabessaN D1

MT-49E-101-E

Page 117




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

(penunuoo) 1se] Jjes Jaye sebessall Joig - g€ 8|qe

"901JJ0 80IAISS 10BIUO0D
"pepaau SI [INeYIsAQ

"Jolle ,ain|ied suiep,
Jo ,@duequnisiq, jo Aouanbalig

‘dojs pue ajels|eoa(

"Jlwl| ebewep puodss

ay} spaaoxse Buleaq umop
yonoj ayj uo sbewep

8] JO Ju8)Xd 8y} USYAN

Hwn
abeweq puooeg

"901JJ0 80IAISS 10BIUOD

'008-NOS 3y} jo ainjie

‘dojs pue ajels|eoa(

“UOI}08UUO0D
pJeoq [ewiouqy

ainjied yun-y

90140 9JIAIBS J0BIUO0D

'008-NOS 8y} jo ainjied

‘dojs pue ajelsj@28Q

“UOIEDIUNWIWOD
|elss o ainjie

alnjie4 woo Hun-y

"991J0 92IAI9S JOBJUOD ‘008-NDS dUu3 Jo ainjie4dojs pue sjels|89Q ‘Alowew [ewouqy JoJ3 wey
‘Alowaw ainjied

"901}J0 32IAIBS JOBJUOD ‘dwnd 4] S 8y} Jo alnjieq dojs pue ajels|asa( Ul pJodal JO ainjie plooay dwnd
ainjieq

"901}J0 32IAIBS JOBJUOD ‘008-NDS 9y} Jo ainjie4do)s pue ajeta|908(  “1N2JID Jamod [ewlouqy Alddng Jemod
"UOI}EJIUNWIWIOD eq

"901JJ0 80IAISS 10BIU0D

'008-NOS 3y} jo ainjie

‘dojs pue ajels|eoa(

[elss Jo ainjieq

wo)d 4Sd<-90d

90140 BJIAIBS J0BIUO0D

'008-NOS 8y} jo ainjied

‘dojs pue sjelsj@28Q

‘Alowsw
ul pJ09al JO ainjie

ainjied pJoddy dOd

"901JJ0 90IAISS 10BIUOD) T
*A|24n28s 1l %00| ‘PaNo0|
10U SI 8|qed 8y J| “Apoe.tiod

"8]gEd UOIIO8UUO0D
dlS 8y joainjieq ¢

"8|ged uoI}08auU0d 4] S

‘Burieaq

UMOP Yono] ay] uo
papuaosap sl Jojol
ay} pue sdojs ndino
Bulieaq onsubew

"8|geo uoI}0aUU0D

pa108uu09sIq

1'9°¢ 3|ged 8y} 198UU0) || 8Y} JO UOIIDBUUOD 1084100U| “L|  BYJL "UMOP Yono]| d41S 8yl Jo uoiosuuoasi( a|lqen’d
. € paadsianO
-dojs pue ajels|e99Q paads pajel Z peadsiano
"9911J0 92IAIBS 10BJUOD) '008-NDS 9y} o ainjie ‘140 JoyeaigSpesoxe paads |euoneloy | peadsianp
‘g|qissodwi
‘aAjesadoul S| Juswainseaw
"9010 9IINISG 10BJUOD '008-NDS 8y} Jo aunjieq sI uonejod ‘doig 90UB]SISal JOJOJ| 1SOT J0ISISaY IOI0|N
_o:h_hﬁww_ saInseawIdluno’) sasned a|qeqoid uonjesado dwing | uoIPUOD 33UBLINIIQ sabessaN D1

MAINTENANCE

MT-49E-101-E
Page 118




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

yod 181n0 8y} Je 8A[BA WNNoeA 8y} 8s0jo ‘Apjoinb dwind 418 ayy dois o] "dojs 0} sinoy [eiaAas aye) Aew ) “eiuaul Ag Buneol senunuod Jojol ay) pue sdois INdino JaAUP ay |

MAINTENANCE

(penunuoo) 1se] Jjes Jaye sebessall Joiig - 6E 8|qeL

‘dwnd 41 ay} oyul wod abind ay} woly seb aonpoujul pue abueyy

Le

"901JJO 90IAISS J0BJUOD) ¢
‘ainjesadwa) Jajem pue
Ja)em Jo aWN|OA aY) ¥o8yD
*A1081100 BAJBA J)EM

‘Hun SINLL 40 ainjie4 ¢

"‘aJow 10 (44

8L+) 0,01 Aq anjeA Bupes
ay} ueyy Jaybiy sew0o9q
alnjeladwa) uoioalep

(g)lenuew Buijooo ansubewolios|d HuNn SNL 9Y3l UBYM) Jo1I9
uononJsu| 8y} 102UU0D “LI'HuUN SNL 40 ainjiey Buljoo) [ dojs pue ajess@oag [0Ju0o ainjesadwa) SNL dwe] JaybiH SNL
,319vSsId, 01 uohouny
elLLe SIL ®y} }8s ‘asn uj jou ‘uonoduny SNL
uonoag SI uolouNy SIALL 98U} USYA 'S ayj jo Bumes joauloou| ‘¢

"901JJO 90IAISS 10BIUOD) 7
*A|2an2as 1 %00|
‘Pe¥00| 10U SI J0}O8UUOD
8|qeo ay} J| "Apoauiod

"8|geo uol}0aUU0d
SINL 3y} jo ainjie4 ¢

"8|geo uoI}0aUU0d

Ww3T19VNL. 01 188
st ,uonoung SINLL, dlels
8]} Usym pa1osuuod jou

Z2'9°¢ uopoas 3|geo ay} 1o8uuo) || SINL 9y} jo uonosuuodsiq CL[dois pue sjels|ede S| 9|ged uoidsuu0d SIALIoauuodsId 9|qe) (1
‘Aeltodwe)
uonelJado anuluoo pue JoId
Z¢l'e pue 8y} sses|al 0),319vSIA., O}
£'¢7/ uonoag ,ulod abeweq Buiuiepp, 19S
"921JJO 92IAISS lolie ainjiey suleiy,, -aAiesadoul *$IN990 QamMoTIVv
1oBIUOD "pOpaaU S| |neysonQio ,20ueqinisiq, Jo Aousnbaiy siuoiejoy Jiwi] abeweq puodssg, 1ON 1YV1S
"901JJ0 8JIAIBG J0BJUOD "¢ "008-NOS 8y} jo ainjieq ¢ ‘uonoslep
"9014J0 9JIAIBS J0BIUOYD) | ‘aJnjiey dwnd 41S 'L .. uni a1 paads |euonejol |euwlouqy| 1S07 as|nd peadg
uoljoas

paiiajoy

salnseawlajuno)

sasned a|qeqo.id

uojjesado dwng

UOI}IPUOI 32UBLINIDQO

sabessaN a1

MT-49E-101-E

Page 119




EpwanRrDs

SCU-800 Control Unit for Turbomolecular Pump

(penunuoo) 1se1 Jjos Jaye sebessaw J0ig - Of 9|qeL

‘Burieaq
"90140 9IINIBS UMOP |yono} a8y} uo
J0B09 ‘Buluny Joye papuaosap s Jojol 61 Jou3 Bujuny
paAe|dsip sl Jos@ 8y USUM ‘2 "008-NDS dY} Jo ainjie4 ‘g ayy pue sdojs Jndino :
‘uonesado 440/NO Bulieaq onsubew :
L'6°¢ Jomod Jaye Buiun} wioped || dwnd 41S @y} jo ainjie4 ‘L 8yl ‘UMOp yono]| "aln|iey Bulun| | Jou3 Buiun]
"9]qED UOI}O8UUOD
"801}JO 82IAISS JOBJUOD ' SWL 3y} jo ainjieq "
"A]21n2as 1 20|
‘pe¥20] J0U S| J0}o8UU0D
a|geo ay} | "Apoatiod "9]qED UOI}O8UU0D
g9¢ 9|ged 8y} }o8uUU0) "¢l SINL 8y} JO uond3UUoISIq €
,318vSsid, 03 uojpoduny
SINL @y} 3es ‘esn ul jou ‘uonoun) SN L W3I19VN3.
€1L°g stuopdoun} SNL 3y} USYpA "¢ ay} Jo Bupes joa1i00u| g S ,uonoung SNL.,
"JOSUas 8]els 8y} Usym pajosauuod
"901}J0 92IAIBS J0BJUOD || SINL 9y} JO uoiosuuodsiq L[ dois pue sjels|ada( JoU Sl Josuas QL 1SO7 JOsusas SINL
‘spe)s dwnd 41S ay) Jeye
awll} UIBUS) B 10} pa}oalap
10U SI J0oJIg "aJow Jo (4
81-) 0,01 Ag anjeA Bumes
9y} UBY) JOMO| SBW028(q
alnjeladwa) uoiosep
(g)renuew "901JJO 92IAI9G 10BIUOD) 'Z|  “Hun S\L 8u} jo ainjied g HUN SNL 9Y} UBYM) 10119
uonoNJsu| "901JJO 92IAI9S 10BIUOD) || "J8}eay SI\L 89U} Jo ainjieq -LIdojs pue ajelsjeoa |oJjuod ainjesadwa) SNL  dwa] JamoT SINL
v:%_hﬁww_ sainseawIajuno) sasned a|qeqo.d uonesado dwng | uonipuod adualnNddQ | sabessay dD1

MAINTENANCE

MT-49E-101-E
Page 120




7.6

@D WARDS

SCU-800 Control Unit for Turbomolecular Pump

When error message is not displayed on LCD

When the "FAILURE" LED illuminates and the LCD displays an error message, refer to Table 33 to

Table 40.
7.6.1 Abnormalities when powering ON
No. Symptom Probable cause Countermeasures Referred section
1 |The "POWER" |Incorrect connection of Connect the power cable Section 3.6.3
LED does not  |power cable. correctly.
illuminate. .
Abnormal power Set the voltage to rated Section 2.1
voltage. voltage+10%. Section 3.6.3
Power failure. Check if a power failure has Section 7.1.1
occurred.

Table 41 - Troubleshooting when powering ON

7.6.2 Abnormalities when performing rotational operation

(REMOTE X7 (1)-(5))
are open.

No. Symptom Probable causes Countermeasures Referred section
1 |The "ACCEL." |The "MANUAL/ Slide the "MANUAL/ REMOTE" |Section 3.2
LED does not REMOTE" changeover switch to the correct |Section 4.4
illuminate. changeover switch is | position. Section 4.5
not in the correct
position.
Rotation INHIBIT When not using this function, Section 4.5.1
signal input pins short the circuit between (1)-(5), |Section 3.11

or set "Inhibit Command" to
"DISABLE".

If these pins are open, the STP
pump will not rotate after
performing the start operation.

Table 42 - Troubleshooting when performing the STP pump start operation
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7.6.3 Other abnormalities

No. Symptom Probable causes Countermeasures Refel:red
section
1 |The STP pump Rotation INHIBIT signal |When not using this function, Section
E stops. input pins (REMOTE X7 |short the circuit between (1)-(5), 4.5.1
—_ (1)-(5)) are open. or set "Inhibit Command" to Section
E' "DISABLE". 3.1
m If these pins are open, the STP
Z pump will not rotate after
JZ> performing the start operation.
O 2 |The TMS unit does |Incorrect settings of When using the TMS unit, set Section
m not function. TMS function. "TMS Function" to "ENABLE". 3.1
3 |Rotation INHIBIT |Incorrect settings of When using the rotation INHIBIT | Section
signal does not inhibit function. signal, set "Inhibit Command" to 3.11
function correctly. "ENABLE".

Table 43 - Troubleshooting while the STP pump is rotating

7.7 "Error Record"” message display function
The SCU-800 can display the contents of up to the last 10 errors on the LCD.
To view the error record, press the "SELECT" switch several times (refer to Section 3.10).

The error number of up to the last 10 errors is displayed on the upper line of the LCD in the form "Error
Record n */*", and the error message is displayed on the lower line.

The first number of "**/**" shows the order of detected errors (the most recent error is number 1) and
the second number shows the number of errors that have occurred up to 10. Thus, a "1/3" would
denote the most recent error out of 3. Press the "UP" or "DOWN" switch to scroll through the list and
display the contents of the next or previous error message in the error record. The date of the
detected error is displayed as long as "ENTER" switch is pressed. (The "UP", "DOWN" and "ENTER"
switch can also be used in Remote Mode, refer to Section 3.10.)
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7.8 Maintenance and inspection

WARNING

Before carrying out any maintenance or inspections on the STP pump and/or the
SCU-800, power off the primary power (turn the MAIN POWER "OFF"), confirm that
the LED and LCD are extinguished, and isolate (Lockout/Tagout) the electrical
energy source, water and gas, and other energy sources on the vacuum equipment.
Failure to do so may result in the inadvertent rotation of the STP pump which may
result in an accident, an electric shock or damage to equipment. Moreover, an

accident caused by water leaks or gas leak may occur.

WARNING

DO NOT remove the connecter while the pump is rotating. The voltage might be
output to connector according to the rotational speed, and it causes the electric
shock or the failure.

CAUTION

DO NOT touch any place other those specified when performing maintenance or inspecting the
pump and NEVER open any panel because it could cause shock, malfunction, or short circuit.

Power OFF the peripheral equipments such as a baking heater before performing maintenance and
inspections.

Only Edwards will replace the maintenance parts and will execute repair and overhaul. Contact
Service office.

7.8.1 Replacing the fuses

CAUTION

Remove the probable causes of the blown fuse (Ex. a ground fault of TMS heater, etc.) before

replacing the fuse. Always use specified and rated fuses.

Protection fuses F1 and F2 for TMS (optional accessory) are equipped to the rear panel of the STP
control unit. (F1, F2 rating: 4A, 250V, 5x20mm, Fast Acting, 217 004 Littelfuse)

Note: If fuses are blown frequently even after they are replaced, contact us.
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7.8.2 Cleaning
The method of cleaning the SCU-800 is shown below.

¢ Clean the outside of the SCU-800 with a dry wipe as required.

e When dust has accumulated in the ventilation port, wipe off or vacuum it with the cleaner. In this
case, dust must not enter in the SCU-800.

¢ Clean off with a pure gas when dust has accumulated in the connector.

¢ When the label of the SCU-800 has been damaged, contact Service office.

7.8.3 Maintenance

Regular overhaul (the cost of overhaul will be at your own charge) is required for safety and proper
use of STP control unit. This overhaul includes inspection and cleaning. Internal components of the
STP control unit will deteriorate after long-term use. To prevent unexpected failure by deteriorated
parts, replacement of the main parts is recommended along with an overhaul. Refer to the following
list as recommended maintenance intervals for main parts.

Part name Recommended maintenance intervals
Air-cooling fan 5 years
PCBA in the control unit 7 years

"I: Maintenance intervals of any parts may be shortened depending on the condition of use

The cost of replacing parts due to confirmed deterioration will be at the customers charge, even
though a period is not exceeding the recommended maintenance intervals.

When overhaul of the STP control unit is needed, contact Service office.
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8 STORAGE, TRANSPORTATION AND DISPOSAL

8.1 Storage of the SCU-800

When planning not to use the SCU-800 over a long period (more than a few months), follow the
precautions below:

1. Store the SCU-800 in a horizontal position.

2. DO NOT store the SCU-800 in the following areas:

¢ Areas of high humidity,
(if it must be stored in a place of high humidity, insulate it from the outside and use a
dehumidifying agent.)

o Areas prone to temperature extremes. High temperatures of no more than + 55 °C (131 °F), and
low temperatures of less than —25 °C (13 °F).

¢ Areas which will be subjected to direct sunlight.

e Areas where corrosive gases may exist.

o Areas subjected to water/dampness.

¢ Areas subjected to excessive dust.

¢ Areas with insufficient ventilation.

¢ Areas subjected to strong magnetic and electric fields or radiation.

¢ Areas subjected to electric noise and vibration.

8.1.1 Transporting for repair or overhaul

WARNING

Ensure you follow the "Return Procedure" to prevent an accident during the
transportation, repair or overhaul.

CAUTION

Edwards will not be responsible for any damage or problems that may occur when returning
the SCU-800.

Always contact Service office before returning the SCU-800 for repairs, overhaul or other purposes.

When returning the SCU-800 to Service office, use the original packing to prevent external damage. If
you do not have the original packing, use similar or superior packaging material.

"Return Procedure" and the "Malfunction Information" are in the end of the Instruction Manual. When
additional sheet is needed, contact Service office.

Note: When returning the SCU-800 to Service office, fill in the necessary items in the "Return
Declaration" and fax it to Service office.
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8.2 Disposal

Dispose of the SCU-800 as industrial waste in accordance with all local and national safety and
environmental standards.

Note: Edwards will not be responsible for problems during or after disposal.
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9 SERVICE, SPARES AND ACCESSORIES

9.1 Introduction

Edwards products, spares and accessories are available from Edwards companies and from a network
of distributors, which are listed on the last page of this document. A majority of these centres employ
Service Engineers who have undergone comprehensive Edwards training courses. Order spare parts
and accessories from your nearest Edwards company or distributor. When you order, state for each
part required:

e Model and parts number of your STP pump

o Serial number (if any)

¢ [tem number and description of part

9.2 Service

Edwards products are supported by a world-wide network of Edwards Service office. Each Service
office offers a wide range of options including: equipment decontamination; service exchange; repair;
rebuild and testing to factory specifications. Equipment, which has been serviced, repaired or rebuilt, is
returned with a full warranty.

Your local Service office can also provide Edwards engineers to support on-site maintenance, service
or repair of your equipment.

For more information about service options, contact your nearest Service office or Edwards.

9.3 Spares

Air-cooling fan: When exchanging, contact Service Office. Air-cooling fan should be replaced in
Service office.

The possession periods of maintenance parts is for at least 7 years after the products is discontinued.

Contact Service office, when replacement is required.
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9.4 Accessories

The following is a list of accessories that can be purchased by contacting Edwards.

Items Application purpose Remarks

Instruction Manual (A) b Generic Instruction Manual

Instruction Manual (B) ' |Pump Specific Information

! Control unit Instruction Manual This manual

applicable to your STP pump

Instruction Manual (C)

STP pump STP pump Refer to the STP pump
Instruction Manual (B) for the
applicable STP control unit.

Power cable Primary input power Standard cable length is 5 m. 10
m and 20 m versions are
available. Contact Edwards for
further information.

STP connection cable Connection cable between the STP Standard cable length is 5m. 10
pump and the STP control unit m and 20 m versions are
available. Contact Edwards for
further information.

TMS unit 2 Control the STP pump temperature Except STP-603/1003 series
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Air-cooling unit 2 For cooling the STP pump

" STP pump consists of the three-volumed Instruction Manuals.

2 Optional accessory
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For more information, contact the nearest Service Office.

Manufacturer:

Edwards Japan Limited
1078-1, Yoshihashi, Yachiyo-shi, Chiba 276-8523 JAPAN

Telephone: Domestic 047-458-8853
International +81-47-458-8853

Facsimile: Domestic 047-458-8048
International +81-47-458-8048

Copyright 2014 Edwards Japan Limited. All rights reserved.
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