TECHNICAL SPECIFICATION FOR
SUBRACKSFOR LHC EXPERIMENTS

SUMMARY

This document describes 6U and 9U subracks' for use by the four LHC experiments, ALICE,
ATLAS, CMS and LHCb. The subracks shall be constructed according to the IEEE 1101.1,
1101.10 and 1101.11 mechanical standards and will be equipped either with application-
specific backplanes, or those conforming to VME64x. The card-cages, power supplies,
cooling systems and control and monitoring are all described.

The subracks will be used in a number of different applications within the experiments as
well as in laboratory tests which will require specific mechanica layouts involving different
backplane configurations, power supply locations and power requirements.

! Subracks - also referred to as "crates’.

Thursday, 8 November 2001
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11

1.2
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211

212

INTRODUCTION

This specification describes a set of subracks with a number of different arrangements in
mechanical layout, backplane type and configuration, and power supply characterigtics.
These variants shall be constructed using the maximum of common mechanical and electrical
components.

Standards

In this specification, the ANSI VITA 1-1994 VME64 standard will be referred to as
"VME64" and the ANSI VITA 1.1-1997 VME64 Extensions standard will be referred to as
"VMEG64x". Other specifications will be named in full.

ANSI VITA standards may be obtained from the VMEDus International Trade Association
(VITAY. |EEE standards may be obtained from the The Ingtitute of Electrical and Electronics
Engineers’.

Other Information

The description herein contains the essential elements specific to this invitation for tender.
The bidder's attention is drawn to the ANSl VITA 23-1998 VME64 Extensions for Physics
and Other Applications - "VME64xP" and its accompanying "Designer & User Guide", for
more complete and background information on some of the functions and functionality
described in this document. (The subracks described in this Technical Specification are not
intended to conform to either of these documents, and this Technical Specification takes
precedencein al cases).

MECHANICS

General

Applicable Standards

The subracks shall be constructed according to the requirements of the IEEE1101.1%,
|IEEE1101.11° and ANSI VITA 1.3-1997° specifications. The front module and rear transition
module card-cages shal be equipped with EMC gaskets, ESD protection,
injector/gector/locking handle engagements, pre-aignment pin and keying chambers
according to IEEE1101.10".

The subracks will be mounted in racks conforming to the IEC 297- series of specifications.

Number of Slots

All subracks shall have 21 dots on the 20.32mm (0.8 inch) pitch defined in VME®64 and
associated specifications.

2 http://www.vita.com
3 http://www.ieee.org
4 |EEE Standard for Mechanical Core Specifications for Microcomputers Using | EC 603-2 Connectors

5 |EEE Standard for Mechanical Rear Plugin Units Specifications for Microcomputers Using the |EEE 1101.1 and the IEEE
1101.10 Equipment Practice

& ANSI VITA 1.3-1997 VMEB4x 9U x 400mm Form Factor
" |EEE Standard for additional Mechanical Specifications for Microcomputers using the IEEE 1101.1 Equipment Practice
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213

214

215

2.16

217

218

Transition Module Card-Cage
When specified, the 9U subracks shall be able to house 9U and 6U transition modules, and
the 68U subracks shall be able to house 6U transition modules. When 9U transition modules
are specified, free unimpeded access is required to the entire height of the transition module
space to the rear of the backplane.

The transition module card-cage shall accommodate modules with a depth of 220mm for QU
subracks and 160mm for 6U subracks. Provision shall be made for the insertion of shorter
modules in alimited number of cases: typically 160 or 80mm for 9U subracks and 80mm for
6U subracks.

Note: the recommended depths for transition modules in the VMEG4x (6U) and ANS/VITA
1.3 (9V) specifications are 80mm and 120mm, respectively. This document refersto the base
IEEE1101.11 specification for the choice of the 160mm and 220mm depths.

Mechanical Rigidity
The card guides for each dot in both card-cages shall be capable of carrying fully loaded

modules, and the subrack of carrying a full load of such modules without significant
mechanical distortion.

Note: a 9U x 400mm module will have a maximum weight of 2000g and a 9U x 220mm
transition module a maximum weight of 730g.

EMC Gaskets

The IEEE1101.10 EMC gaskets mounted on the sidewalls of the card-cage shal be
straightforward to replace in case of damage, and without the use of specia tools.

Mechanical Envelope

The total depth of a subrack, including a local power supply, shall not exceed 850mm. The
total depth of a subrack with a remote power supply shall not exceed 650mm (not including
the power supply).

J5/J6 Backplane Space

The space below the J2 connector row in a9U subrack shall be entirely free of obstructionsin
order to allow a custom J5/J6 backplane to occupy the full space (apart from that space
required for the mechanical support required by the backplane configuration).

If necessary, the cabling of power to a custom J5/J6 backplane in the case of variants 1 and
lashall berouted to the rear of ot 21. Refer to Figure 1.

Note: if the transition module slot 21 space is used for cabling, the number of transition
modules will berestricted to 20.

6U Modulesin 9U Subracks

Optiona mechanica supports shall be provided to alow groups of 1, 2, 3 or 4 unmodified,
standard 6U modules to be inserted directly into the backplane at the left of the card-cage.

The mechanica arrangement for the support and guiding of the 6U modules shall not obstruct
adjacent dots.

6U VMEbus card-cages are not required to have specific mechanical adapters for 3U
modul es.
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219

Note: the interspersion of 6U modules within a group of 9U modules other than at the I€ft of
the backplane will require the use of 6U to 9U active adapter modules.

Protection Against Falling Objects

Optional, perforated covers shal be provided on the top of the subrack to limit the ingress of
foreign objects, within the limits imposed by the assurance of an adequate flow of cooling air.
These covers shall be straightforward to remove and replace without the need for special
tools.

Calling to J546 back dane

FPower entry bulkhead

Fear of 11/10/12
Siat 74 backplane

|
Pl
/ B
Mechanical supoort
Rear of 546 back pane

Figure 1. Rear view of a Variant 1/1a subrack (diagrammatic)
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3.1

311
3111

3112

312

BACKPLANES

General

According to the variant, the subracks shall be fitted as standard with a VME64x backplane,
or shal be delivered ready for the installation of a custom backplane to be furnished by
CERN.

Note: attention is drawn to the end dimensions of VMEG4x backplanes with respect to
VMEG64 backplanes. Refer to VMEG4x Section 4.2.7. This will be equally true for subracks
not installed with a VMEG4x backplane.

Power Connection

Local

The power, sense and logical connections from local power supplies shall be connected
directly to the backplane by means of suitable connectors and short cables or bus bars. Refer
to Section 4.4.1.

Remote

When the power supply is mounted remote from the card-cage, asin 9U layout variants 1 and
1a, the power connections to the subrack shall be made by means of screw lugs or suitable
connectors mounted on a bulkhead at the top rear of the subrack. Sense and logical
connections shall be made by means of suitable connectors.

Cables shall be used to make the low current connections, and bus bars to make the high
power connections, from this power bulkhead to the backplane. (Two bus bars each for the
voltage and its return for the +5V and +3.3V supplies, and eventually the 48V supply).

The length of the cables from the power supply terminals to the power bulkhead shall be as
short as possible and shall not exceed 50cm.

Note: this arrangement implies a vertical extension of the backplane to provide space for the
power connections to be made to the backplane without compromising free accessto the rear
of the backplanes for 9U high transition modules. Refer to Figure 3 and Section 9.2.6 of
VMEG64x. The vertical extension to the backplane implies a total height of 10U for a "9uU"
variant 1 subrack and 7U for a"6U" variant 1 subrack. See Section 5.

Note: the power supply housing in a remote power installation will be attached to the rear of
the rack behind the subrack, inside the rear door. Snce the electrical characteristics
specified in Section 4 are to be maintained over a maximum of some 50cm of cable, the use of
low impedance (specifically low-inductance) cable isto be anticipated. Refer to Figure 2.

Note: the Contractor is deemed to be responsible for the performance to specification of the
entire subrack assembly, including card-cage, backplane and power supply and any inter-
connecting cables whether the power supply is mounted locally or remotely.

Ground Connection

An easily accessible and clearly visible means to connect and disconnect the mains earth to
and from the DC 0V shall be provided. No special tools shall be required to change the
ground connection.
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3.2

321

322

323

324

3.25

3.26

3.2.7

3.2.8

3.29

VM E64x Backplane

Backplane Connectors
The backplane signal connectors are specified in Chapter 3 of VMEG4x.

Backplane Electrical Specification

The backplane power and other, electrical requirements are specified in Chapter 6 of VME64
and Chapter 3 of VMEG4x. Refer dsoto Table 3.

Backplane Termination

The backplane terminators shall be powered from either +5V or +3.3V. In either case, the
backplane shall carry a prominent, easily visible label: "Backplane Terminators Powered
from +5V" (or +3.3V, as appropriate). See VME64 Section 6.5.1 and VME64x Section 3.2.9.

JO Connectors

The backplane shall be equipped with JO and RJO connectors according to Chapter 4 of the
VME64x specification.

+5V Stand By Power
The VMEG4x +5VSTDBY power shall be connected to +5V on the VMEG4x backplane.

VPC (Pre-Charge Voltage)

Three pins on the P1/J1 and P2/J2 connectors collectively implement VPC. These three pins
mate a minimum of 1.5 mm before the other pins during live insertion. They are required to
support the hot swap capability defined in the VITA 1.4-199x VME64x Live Insertion Draft
Standard. The VPC voltage pins shall be connected directly to the backplane's +5V power
plane. Refer to Section 3.2.8 and Section 3.2.6 of VME6G4X.

Transition Module Power
All power and GND pins shadl be available to transition modules at the rear of the J2
connector (RJ2).

Note: only +5V and GND connections are available from J2.

Live Insertion and Extraction

Support is required for the live insertion and extraction of VMEbus modules according to
ANSI/VITA 31995 "Board Level Live Insertion for VMEbus', with compatible, automatic
daisy chain line jumpering.

Power Rating
Tables 1 and 2 give the maximum power dissipation per slot recommended to board
designers.

Table1l. Maximum front (VM Ebus) module power dissipation

VM Ebusmodulesize
Height Depth (mm)
U 400 110
6U 160 30

Power (W)
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3.2.10

3211

3.3

331

4.1

Table2. Maximum transition module power dissipation

Transition module size
. Power (W)
Height Depth (mm)
220 39
ouU
160 28
160 18
6U
80 9

Note: Each VMEG4x module has 6 +5V pins, 1 +5VSTDBY pin, 3 VPC (+5V) pins, 10 +3.3V
pins, 1 +12V pin, 1 -12V pin and 1(2) pins at V1 and V2 (48V). The pin power-rating curve
given in VMEG64 allows approximately 1.5A per pin at 20°C. Thus each board has potentially
15A at +5V (75W), 15A at 3.3V (49.5W), 1.5A at +12V (18W each) and 1.5A at V1 and V2
(72W each). The maximum power values given in Tables 1 and 2 are derived from acceptable
power densities in the specified cooling environment.

Ripple and Allowed Variations

Table 3 gives the maximum allowed ripple and variations as measured on the backplane.
Refer to VMEG4 Table 6.1 and VMEB4x Sections 3.2.4 and 3.2.5.

Table 3. Bus Voltage Specification

Voltage | Allowed Variation | Peak to Peak Ripple and Noise
(<10MH?2)

+5Vv +0.25V /-0.125V 50mvV

+3.3V +0.165V / -0.085V 50mv

+12V +0.60V / -0.36V 50mV

-12v +0.60V / -0.36V 50mvV

48V +2.5V [-1.25V 100mV

Data Transfer Rates

The VME64x backplane shall be able to support data transfer frequencies of at least 20MHz
between suitably designed VMEbus modules in worse case conditions on a 21-dot
backplane. This corresponds to a data rate of 160 Mbyte/s for 64 bit transfers.

Custom Backplanes

General

Suppliers shall furnish al the information and mechanical drawings necessary for the
installation of custom backplanes in al variants. See also Section Error! Reference source
not found..

POWER SUPPLIES

General

This specification describes an integrated power supply consisting of individua power
modules mounted in a single unit containing all the wiring and components necessary for its
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4.2

4.2.1

4.2.2

4.2.3
4231

4232

424

4.2.5

4.2.6

4.2.7

4.2.8

operation. The removal and replacement of the entire power supply unit as well as individua
power modules within the unit shall be straightforward, and shall not require any specia tools
or additiona circuitry.

When considered necessary, bidders are encouraged to offer aternative proposals to the
detailed power supply specifications, Refer to Section 1.2 of the Tender Form.

Electrical Characteristics

Electrical I nput

The power supply shall operate on a single-phase input of 92 to 264V AC, 47 to 63Hz. The
line power factor shall be better than 0.95. The power supply shall be connected to the AC
mains by means of arelay or solid-state relay that may be actuated either manualy, by the
local protection circuits, or remotely by the remote control system (refer to Section 7). Each
power supply shall be supplied with a correctly rated three-wire power cord of minimum
length 1.5 metres. On switch-on, the maximum instantaneous value of the input current to the
power supply shall be limited to a value no greater than the nominal input current.

Electrical Insulation

The power supply shall conform to the CE (industrial environment) standards in respect of
the electrical insulation of the input and output.

Electromagnetic Compatibility
Emission
The power supply shall conform to the EN50081- 1 standard.

[ mmunity
The power supply shall conform to the EN50082- 2 standards.

Static Regulation

The output voltages shall vary by less than 0.5% when the load is varied from O to 100%, and
the mains input voltage by +15% from the nominal value.

Dynamic Regulation
The output voltages shall deviate less than 100mV from their nominal values during a £25%

output load step having a maximum rate of change of 1A/ns, with a recovery to £1% of the
nominal values within 0.5ms.

Output Voltage Adjustment
The output voltages shall be adjustable within a range of £10% of their nomina values by
means of an easily accessible screwdriver adjustment, safe from accidental manoeuvre.

Output Voltage Sensing

Each pair of supply terminals shall have a corresponding pair of remote sense lines for
connection to the appropriate points on the backplanes. The sense circuit shall compensate
for adeviation of at least 500mV from the nomina voltage outputs.

Efficiency
The individual, modular power units shall have conversion efficiencies of greater than 80%
for 48V, 12V and 5V and greater than 75% for 3.3V.
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4.2.9

4.2.10

4211

4.2.12

4.2.13

4.2.14

4.3

4.4

4.4.1

Stability
The nomina vaues of the output voltages shall vary less than 0.3% in any 24-hour period
and less than 1% in any period of six months at constant temperature.

Over Current Protection

All outputs shall be protected by an electronic circuit, which shall limit the output current to
the specified maximum under al conditions. The trip-off level shall be adjustable locally or
by remote control for each voltage output to ensure the adequate protection of partialy
loaded subracks (refer also to Section 7). A short circuit current shall not damage the supply
and shall cause a DC trip-off to occur.

Over Voltage Protection

Limiting circuits shall protect the output voltages such that they shall never exceed their
nominal rated values by more than 10%. These limits shall apply even if the remote sense
inputs are not connected.

Global DC Trip Off

All output voltages shall be reduced to a maximum of approximately 20% of their nominal
values within 5ms if they deviate more than 2% from their rated values, or if the power
supply detects overload or over-temperature conditions.

Over Temperature Protection
Thermal switches shall protect the power supply from abnormal temperature increase. If an

over-temperature condition occurs, the power supply shall be latched in the off state until the
mains switch has been recycled, or aremote signa has been given (refer to Section 7.2).

Operating Temperature and Temperature Coefficient

The power supply shall operate between 0 and 50°C ambient temperature without the de-
rating of any characteristic, and output voltages shall deviate less than 0.02%/°C in that
range. See also Section 6.3.

Monitoring and Control
Refer to Section 7.

M echanical Mounting
Two mechanical layouts are specified:

1. "Loca" where the power supply is mechanically attached to the card-cage, with direct,
or very short, connections to the backplane and fan-tray,

2. "Remote" where the power supply is mechanically attached to the rack® in which the
card-cage is mounted, with short cables connecting the power supply to a power
bulkhead in the rear of the subrack.

Local Power Supply

A system of connectors shall be used to connect the power supplies to the subrack with short
connections to the backplane. These connectors shall permit the transmission of currents up
to 150% of the rated maximum current with low electrical resistance and mechanical
insertion force. See also Section 3.1.1.1. Suitable connectors shall be used for the
transmission of sense lines and logical signdls.

8 Rack or cabinet.
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4.4.2

4.5

451

4.5.2

4521

4522

The power supply shall be mounted behind the J1 connector position in the upper part of the
subrack (see Figure 4 and Figure 6). The power supply shall be coupled and uncoupled to the
subrack by means of a suitable mechanical injector/extractor/locking mechanism that shall

ensure the correct mechanical location of the power supply, and of the power connectors. The
installation and removal of the power supply shall neither require the removal of the subrack
from the rack, nor the use of specid tools.

In order to alow access to the rear of the lower part of the backplane (32 and J5/J6), the
power supply shall not exceed 3U in height. The width of the power supply shall be such that
it can be mounted between rearward extensions of the subrack’s sdewalls. See also Section
2.16.

Remote Power Supply Housing

Remote power supply instalations, asin 9U layout variants 1 and 1a (see Section 5), require
the power supply to be mounted in a sparate, individually cooled housing. This housing
shall be hinged to the rear of the rack in such a manner that it may be swung out of the rack
to allow unimpeded access to the rear of the subrack. In its closed position, the housing shall
be as close to the inside of the rear door of the rack asis practicable.

It shall be straightforward to change the power supply mechanically and eectricaly. Its
installation into, and removal from, the rack shall not require the use of special tools.

Note: the housing may be conveniently mounted and dismounted by the use of "lift-off"
hinges.

The housing shall not exceed the height of the card-cagein vertical extent. Its depth (front to
back) shall be the minimum possible and shall not in any case exceed 200mm. Its width shall
be such as to alow the housing to swing clear of the rack in order to ensure free access to the
rear transition modules and ant associated cabling.

A means shall be provided for the free edge of the housing to be rapidly attached to or
released from the rack upright (example: a hand-operated catch). Refer to Figure 2.

All éectrical connections shall be made on the hinged side of the housing to minimise the
length of connections. The electrical connection of aremote power supply to the backplane(s)
isdescribed in Section 3.1.1.2

Cooling

Local Power Supplies

Local power supplies shall be provided with an adequate air-cooling system. Since the
cooling air will be taken from, and exhausted to, the cooled air stream rising verticaly
through the rack, the cooling air shall flow vertically upwards through the power supply.

Remote Power Supplies
The bidder shal offer two options: air-cooling and water-cooling.

Air cooling
The power supply shall ke cooled by air in a smilar manner to the local power supply as
specified in Section 4.5.1.

Water cooling
The power supply shall be cooled by water with less than 10% of the heat being rejected into
the local environment.
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The water connections to the power supply shall use easy fit water connectors equipped with
waterproof valves.

Note: the power supply will be provided with water as follows:

1. Maximum temperature; 16°C

2. Pressure: minimum 6 bar, maximum 8 bar.
3. Minimum flow rate: 0.6 litre/s.

=]

Hezt exchanger
inot part of the subrack)

Side View

Cables &
Fower bulkhead codling watsr

Bustars & cables L

‘.
(W) b O '
\\L'__, ' ~_ :

Lift-off hinges

-4

Top View

Figure 2. 9U subrack with remote power supply showing the hinging of the power supply clear of
therear of the subrack (incomplete, diagrammatic view)
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4.6

4.6.1

46.11

4.6.2

Power Output

Voltages
The power supplies shall ddiver the standard VMEG4x voltages (+5V, +3.3V, £12V, 48V).
Two variants are specified, one for 9U and one for 6U subracks.

48V

The two 48V power supplies specified in VMEB4x (+V1/-V1 and +V2/-V2) shall be supplied
from one modular unit in the power supply. Provision shall be made to reference either the
+V1and +V2or the-V1and -V2to OV at the backplane.

Current Ratings

Maximum current ratings are defined in Tables 4 and 5, below. The power supply shall be
designed in a modular fashion to alow the maximum current available at each voltage to be
varied to suit specific applications. The 9U power supply shal have a maximum power rating
of 3000W and the 6U power supply a maximum power rating of 1000W.

All the output voltages shall be available smultaneously with the exception of the 48V,
which shall be included optionally. The output power available a each voltage shal be
chosen according to the requirements of the application by selection of power modules.

Table4. 9U VME64x power supply - maximum ratings
Maximum total power: 3000W

Supply (V) | Current (A) | Power (W) Comments
+3.3 300 990
+5 300 1,500
+12 20 240
-12 20 240
minvavz | P | 140 d

Table5. 6U VME64x power supply - maximum ratings

Maximum total power: 1000W

Supply (V) | Current (A) | Power (W) Comments
+3.3 150 495
+5 150 750
+12 5 60
-12 5 60
mivzvz| O 240 o

Note: The integrated maximum output power will be limited by the capability of the input

circuits: mains connector, fuse, power factor correction circuit, etc., as well as the
limitations imposed by the physical dimensions of the power supply housing and its cooling

capacity. The power ratings given in Tables 4 and 5 are intended to show the maximum that
shall be available at each voltage, if so specified. It is NOT intended that the currents shown
shall all be available simultaneously. The maximum total power capability is given.
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4.6.3 Turn-On and Turn-Off Transients

When connected to a resistive load, the output voltages shal rise to within 5% of their fina
vaue within 100ms for any current up to the full rated current.

The output circuits of the power supply shall be fully discharged after switch-off in less than
5 seconds.

Note: no particular sequencing of the voltages at switch-on and -off is required. On-board
circuitswill be used to meet any requirements for specific power sequencing.

4.7 Signal Outputs

The VME®64x power supply shall generate the VMEbus ACFAIL* and SY SRESET* signals
as required by the VME64 and VME64x specifications.

S. CONFIGURATIONS

Table 6 and Table 7 summarise the different subrack configuration variants in terms of
mechanical layout, backplane type and configuration, and power supply location. The remote
power supplies will either be air or water-cooled, according to the application.

Table6. 9U Subrack Variants

_ Backplane Power Supply Transition Modules
9U Variant
VME®64x | Custom | Remote L ocal qu/6U 6U only
1 X X X
la X X X
2 X
2a X
Table7. 6U Subrack Variants
_ Backplane Power Supply Transition Modules
6U Variant
VME®64x | Custom | Remote L ocal 6U None
1 X X
la X X
2 X
2a X X

Figures 3-6 show diagrammatic views of the layout configuration variants.
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Power connecton

Back pane exdension bulkhead with screw luogs

YIMES4x backdane with 1, J0 (RUDY & for paver entry
J2 (RJ2Z) conneciors / '/

QU x 400mm module Transition modules
{366, 7mm x 400mm) Ul % 220mm
(366.7mm ¥ 220mm)
QR
L x 220mm
o
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4 I

Optional custom /

back pdane and connectors

Figure 3. 9U Subrack Variant 1 (Variant 1la hasa custom J1/J0/J2 backplane)

WWVESAy ack plane with J1, J0 High power connectars

{(RJO) &.J2 (RJ2) connectors /

¥

Power supdy

QU % 400mm module Ij L
(266.7mm % 400mm)

Transition
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=

£

Optional custom /

back plane and connectors

Figure 4. 9U Subrack Variant 2 (2a has a custom backplane)
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Powmer connection

Backpane SxBnsIon v, b eo o with screw lugs

WIVEG: back plane with J1, 10 (RID) & far power entry
J2 (F2) connectors / /

I \J r

6l % 160mm = B Transition
module modules
- 6L 160mm
o

Figure5. 6U Subrack Variant 1 (1a has a custom backplane)

WEG back plane with High power connectors & cabing
J1, 40 & J2 connectors /

\J_~ L
10 =

Fower supdy

rmodule

6U x 160mm i o |

Figure 6. 6U Subrack Variant 2 (2a has a custom backplane)

51 Other Configurations

In addition to the variants described in Section 5, the subracks shall be able to accommodate
different backplane configurations including:

1. A custom monolithic backplane covering the full height of the 9U subrack,
2. Individua, custom backplanesin the J1, J2 and J5/J6 positionsin a QU subrack.




Subracks for LHC - Technical Specifi cation Page 21 of 27

6.

6.1

6.2

6.2.1

6.2.2

6.3

6.3.1

ENVIRONMENTAL CONSIDERATIONS

Halogen Free Construction
All the cabling of the subracks shall be halogen free.

Note: the bidder is reminded that halogen free PCB material, graded FR4, exists for printed
circuit boards. A price option for halogen free FR4 graded PCBs inside the subracks is
requested in Article 3.3 of the Tender Form.

Subrack Cooling

General

The subracks and their power supplies will be instaled in racks with a temperature and
humidity controlled environment. These racks will have a forced airflow passing vertically
upward through air/water heat exchangers interspersed between subracks. The airflow is
assured by individual fantrays beneath each subrack, together with a centrifuga blower at
the top of the rack, which returns the air downwards though vertical channels in the sides of
the rack. The heat exchangers do not form part of this specification.

Note: in test applications, the subracks will be used in a normal laboratory environment often
without the benefit of a cooled airflow, as described above. This mode of operation shall be
considered as exceptional, and the subrack may have to be operated in a degraded manner
with reduced power.

Fan Trays

The LHC rack cooling system foresees a 2U high modular, removable fantray beneath the
subrack card-cage(s). The fan-trays shal provide a uniform airflow over the whole area of the
card-cage, with particular attention being shown to dot one.

The card-cages shall be constructed so as to minimise obstruction to the flow of cooling air
for modules, and such that the airflow through the module and transition module areas are
independent of each other, with no shunting of air from front to back.

Four versions of the fan-tray shall be offered to suit the different mechanical configurations:
19U with 220mm deep rear transition modules,
9U with 160mm deep rear transition modules,

2
3. 6U with 160mm deep rear transition modules,
4.  6U without rear transition modules.

Temperature and Humidity

Operation
The subracks shall operate within specification at ambient temperatures between 0°C and
50°C.

Note: the subracks will normally operate in areas with the air-conditioning set to a
temperature of 22-26°C with a dew point not exceeding 12°C.
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6.3.2 Storage

The subracks shall not suffer any deterioration when stored in a dry environment at ambient
temperatures between -30°C and +85°C.

6.4 Radiation and Magnetic Fields

The subracks shall be used in environments with a static magnetic field of less than 50 gauss
and no ionising radiation.

1. SUBRACK MONITORING AND CONTROL

71 General

The subrack shall be equipped with a minimum set of control and monitor functions, which
shall be available both locally on the subrack, and remotely.

Table 8 summarises the required minimum monitoring and control parameters.

7.2 Remote M onitoring and Contr ol

This specification includes the provision of a commercialy available OPC Server as the
interface to the experiment's detector control system for al the remote control and monitoring
functions of the subrack. This server shall access the remote control and monitoring of the
subrack and its power supply by means of a CERN approved field bus (CAN, Profibus,
WorldFIP) or Ethernet. The OPC server shal be compliant with the OPC foundation
specification "OPC Data Access, version 2.0A"°.

The remote control and monitoring shall be available to the detector control system at all
times, and thus shall not be powered from the power supply itsalf. (It may be powered from
the fieldbus, if so allowed).

In case of failure, or reconnection after falure, of the remote control and monitoring, the
power supply shall continue to function normally without change of settings.

For test purposes, a remote power supply shall be able to operate without connection to the
rest of the subrack, and have sufficient built-in control and monitoring to alow independent
operation.

Any additional sensor inputs and control outputs shall be made available on suitable
connectors mounted at the rear of the subrack.

7.2.1  Performance requirements

The remote control and monitoring system shal be able to support a minimum of 64
controllers per field bus, and at least four field buses per PC running the OPC server.

The OPC server shal report al changes of remotely monitored parameters to the detector
control system within 10 seconds of the change having occurred.

The time for the transmission of a command from reception in the OPC server to execution in
the hardware shall be less than 1 second.

® OPC Foundation: http://www.opcfoundation.org/
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Table8. Control and monitoring - minimum functionality

Par ameter Remote L ocal
. Notes
/Function Monitor | Control | Monitor | Control Readout
/Contral
Local adjustment (see
Section 4.2.6). Voltages to
Voltages )
X X X X be monitored at the
. i backplane.
Single display P
Currents X X with switch
Slot 1 « « selection. |l propein exhaust air above
temperature Accuracy: |l glot 1.
voltage 0.5%, -
Floating current, 5% at Probe which may be used to
temperature X X full load), 29 | Measure temperatures of
probe 1 at <50% load || concern within the card-
cages (front and rear).
Over-current .
trip off value X X X Refer to Section 4.2.10.
Card-cage fan y y Warns that the fans are not
status vyorklng within normal
limits.
Power supply « « Individual || Over-voltage situation on
over-voltage LED one of the output voltages.
indicators (or —
Power supply X X intearated Over-current situation on
over-current W?g] the one of the outputs.
E\c/);vrer supply X X :Il:)%o\l/ae))/ Excessive temperature
temperature within the power supply.
Power supply X X The power supply has
DC trip off tripped off.
Reset trip off X Push button || Resetsthe trip off.
Indicates that the whole
?ubraclf X X LED indicator || subrack is operating within
health >
normal limits.
A local action to switch the
power supply off shall
Power supply X X X Switch override any remote control
AC on/off ; .
action to switch the power
supply on.
Local Lightsthe LEDs and sets
monitor test X Push button || the display to full-scale
deflection.
When actuated, the remote
Loca control X X X Switch control locked out. Remote
monitoring remains enabl ed.
Subrack reset X Push button™® || System reset*.

10 The push-button shall be protected against involuntary actuation.

™ |n VME64x subracks this function shall assert the VM Ebus SY SRESET* line in accordance with the VMEG4 specification.
In non-VMEbus subracks it should provide apulse identical to SY SRESET* for connection to the custom backplane or other
appropriate point within the card-cages.
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10.

10.1

10.2

10.2.1

SAFETY REGULATIONS

The subracks shall be CE certified with proven record of compliance comprising a test
certificate for one subrack with a quality assurance of the conformity of the series.

RELIABILITY

The VME64x specification describes the minimum acceptable backplane connector
performance level (Rules 3.3 and 4.4.).

The subracks and their power supplies will be in continuous service for more than ten years
(approximately 90,000 hours). Components shall be chosen to minimise the likelihood of
maintenance or adjustment being required during that period. Where significant cost penalties
are likely owing to the choice of a very long lifetime component, the bidder shall clearly
indicate the possible alternatives.

QUALITY ASSURANCE

General

Good engineering practice shall be followed in all aspects of the design and construction of
the subrack. In all cases, documentary evidence shall be provided of the methods use for
series production if these differ from those used for the construction of the prototypes
submitted for approval.

Mechanical Performance

Notes:

All the mechanical dimensions and tolerances given in the relevant specifications shall be
respected. In particular, close attention shall be given to the correct mounting of the card-
cages with respect to the backplane to ensure the correct alignment between boards and the
backplane in order to minimise wear on connectors and to minimise insertion forces.

Close attention shall be given to the alignment of 9U transition module card-cage which,
given the "tall" format of the boards, will have particular insertion and extraction problemsiif
they are allowed to tilt or bind in the card guides.

The use of mechanical jigs for the correct alignment of backplane and card-cages during
assembly and for later verification is desirable.

Rigidity

The structure of the subrack is to be sufficiently rigid to ensure that the alignment between
backplanes and card-cages, as well as with the fan-tray and a locally mounted power supply,
is dways maintained, particularly in afully loaded situation. The backplane and its mounting
shall not show significant distortion during the insertion and remova of 9U boards with a full
complement of connectors (in the case of VME6G4x: J1, J0, J2, J5/J6).



