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About This Manual

This manual describes the VAX 9000 family power system. It includes a complete
description of the major components of the VAX 9000 model 400 systems and VAX
9000 model 210 power systems, including the power front ends.

The physical description and voltage distribution for the Model 400 systems systems is
not presented in this draft.

This manual is a reference for Customer Services personnel as well as a training resource
for Educational Services.

Intended Audience
The content, scope, and level of detail in this manual assumes that the reader:
¢ Is familiar with the VAX architecture and VMS operating system at the user level

¢ Has experience maintaining midrange and large VAX systems

Manual Structure
This manual has ten chapters, two appendixes, and an index:
* Chapter 1, Power System Overview, gives an general overview of the power system.

* Chapter 2, Power System Physical Description and AC Distribution, provides a
description of power system components and their physical locations. It also describes
dc power distribution at the block diagram level, and ac power distribution.

¢ Chapter 3, Converter Group Operation, describes the purpose of, and interaction
between, components of the various converter groups.

¢ Chapter 4, DC Power Distribution, details the de power distribution.

* Chapter 5, Temperature Sensors and Air Moving Devices, describes the temperature
sensors and the air moving devices.

* Chapter 6, Power System Functional Description, provides a functional description of
the major components in the power system.

¢ Chapter 7, Power Control Subsystem and PCS Communication, covers the power
control subsystem communication.

¢ Chapter 8, PEM and RIC Initialization and Diagnostics, describes the PEM and RIC
initialization sequences.

* Chapter 9, Power Front End Description, describes the functional specifications of the
power front end (PFE).
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xviii About This Manual

¢ Chapter 10, Utility Port Conditioner Description, describes the functional
specifications of the utility port conditioner (UPC).

e Appendix A, CPU RIC Interface Signals, provides a table of CPU RIC status signals.

e Appendix B, Model 210 OCP Codes, provides tables containing PEM and RIC total off
codes.
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1

Power System Overview

This chapter gives a brief overview of the VAX 9000 family power system.

1.1 Overview

The VAX 9000 family power systems consume more power and are more complicated than
previous power systems. Yet many functions can be compared to previous power systems.
This manual details the power front ends, and the general makeup of the power system.

The following sections briefly describe the power system, and the two power front ends,
PFE and UPC.

1.2 Power System

The VAX 9000 family power system components generate high voltage dc (280 Vdc)
and step down the high voltage to the low voltage dc used to power the system logic
units as in previous power systems. The number of these devices varies with system
configurations. There are also components that measure cabinet temperature and air
flow, and components used to monitor and control power system operation, and provide
feedback and error information to the console subsystem.

Some previous systems used an environmental monitoring module (EMM) to control and
monitor the regulators and environmental monitoring circuits. The VAX 9000 family
power systems use regulator intelligence cards (RICs) to control and monitor up to five
power converters, and monitor the environment. The RIC interface functions similar to
the EMM interface. It even uses the same protocol, XXNET, although XXNET has been
modified slightly.

Figure 1-1, VAX 9000 Family Power System Simplified Block Diagram, gives an overview
of the VAX 9000 family power system.

Because a system may have multiple power converters, one RIC cannot monitor all

the converters. Therefore there are numerous RICs, each one monitoring an individual
voltage bus and responsible for certain environmental functions (Figure 1-1.) Also,

the service processor does not have time to communicate with all the RICs, so an
intermediary is introduced, the power and environmental monitor module, or PEM. The
PEM polls and communicates with the RICs, notifies the service processor of abnormal
conditions, and provides the service processor with error conditions that it receives from
the RICs.
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The signal interface panel (SIP) provides a communication link between the PEM and the
RICs, and the PEM and the remainder of the power control subsystem. The PEM writes

and reads SIP registers, communicating directly with the RICs to keep abreast of power

system status.

Communication between the PEM and the RICs is distributed to a maximum of three
RICBUSes at the SIP. The model 210 uses one RICBUS and the model 400 systems use a
maximum of three RICBUSes. There are a maximum of five RICs on a RICBUS.

1.3 Utility Port Conditioner (UPC)

The H7392 utility port conditioner (UPC) converts 3-phase ac input power to a regulated
280 Vdc output, with the capability to power a 20 kW load. The UPC can operate over
a wide range of input voltages while maintaining a regulated output. The regulated 280
Vdc is distributed to sets of converters and air movers in VAX 9000 CPU, SCU, and XMI
cabinets. ‘

The UPC provides an optional or required power front end for all VAX 9000 systems. The
UPC may be configured as:

¢ An option on U.S. model 200 systems
¢ Standard on non-U.S. model 200 systems
¢ Standard on U.S. and non-U.S. model 400 systems

The UPC can be controlled at the unit, or remotely through the OCP. Its operational
and environmental status is monitored by the SPU through the power control subsystem
(PCS). The UPC ride-through capability can maintain the de¢ output for a short period in
the event of an input power line sag or interruption.
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1.4 Power Front End (PFE)

The H7390-A power front end (PFE) provides an optional power front end for U.S., VAX
9000 Model 200 systems. It converts 3-phase, 208 Vac input power to a 280 Vdc output.
The PFE is able to power an 18.5 kW load, and provides EMI suppression.

The PFE can operate over a wide range of input voltages while maintaining a regulated
output. The regulated 280 Vdc output is distributed to sets of de/dec converters and air
movers through the power input panel (PIP) in the model 200 IOA cabinet.

The PFE can be controlled locally at the unit, or remotely through the OCP. PFE
operational and environmental status is monitored by the SPU through the power PCS.
The PFE ride-through capability can maintain the dc output for a short period in the
event of an input power line sag or interruption.

1.4.1 Safety Procedures and Guidelines
Follow these guidelines when working on the VAX 9000 family power system.

»  All Customer Services personnel must attend power safety training as a prerequisite
for power system maintenance.

o When performing preventive or corrective maintenance, use the following power
lock-out/tag-out procedure specified in the VAX 9000 Family System Maintenance
Guide.

o Never work on the power system alone.
® Observe all customer safety procedures.
* Assure that the power system is correctly grounded.

o Unless maintenance activity requires removal, do not remove any module safety
shields when the power system is operational.

* Following any maintenance activity, assure that all test equipment and tools have
been removed before applying power to the system.
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2

Power System Physical Description and AC
Distribution

This chapter provides a general overview of the VAX 9000 family power system and its
- components.

2.1 Overview

The power system is comparable to previous power systems. As in previous power
systems it generates high voltage dc (280 Vdc) and step down the high voltage to the low
voltage dc used to power the system logic units. There are also components that monitor
and control system operation, and provide feedback and error information to the console
subsystem.

There are differences between the model 210 system and model 400 systems in
appearance and physical layout, and in power system component layout, although they
use the same power system components.

Table 2—-1 contains a list of power system components, and a brief description of each
component. A more detailed description is found in Chapter 6, Power System Functional
Description.
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2-2 Power System Physical Description and AC Distribution

Table 2-1 Power System Components

Name Number Description

Power front H7390 Located in the model 210 IOA cabinet, the H7390 receives

end (PFE) building ac power and generates 280 Vdc used by the power

system.

Utility port H7392 May be placed up to 50 feet from the system. Receives

conditioner building ac power and generates 280 Vdc used by the power

(UPC) system. Optional on model 210 60 Hz systems, required on all

50 Hz and model 400 systems.

Power input 70-27242-01 Receives 280 Vdc from H7390 or UPC for distribution to power

panel (PIP) system components.

Battery back H7231 Provides 250 Vdc for up to 10 minutes to maintain memory

up (BBU) refresh in case of power outage. Also provides +5 Vdc to the

operator control panel (OCP) diagnostic display and service
processor (SPU) time-of-day clock.

Power and T1060 Physically part of the service processor, as it is located on

environmen- the SPU BI backpanel, but it is a central figure in the power

tal monitor control subsystem (PCS). It is the interface between the power

(PEM) system and the SPU, polling and reporting power system

conditions to the service processor module (SPM).

CPU RIC H7388 Turn power converters on and off, monitoring and controlling

(Regulator the power converters voltage output, and monitors and

intelligence measures various power and system functions, such as

card) converter overtemperature and overcurrent conditions,

and system air flow and temperature. The RICs provide
information about power and system conditions to the PEM.

/O RIC H7389 Turns power converters on and off, and monitors power and

system functions such as converter overtemperature and
overcurrent conditions, H7390 or H7392 conditions, and
system air flow and temperature. It also communicates with
the PEM, and differs from the CPU RIC in that it does not
have any analog measurement circuitry.

Signal 54-19028-01 Provides a signal interface between various power control

interface subsystem components, including the PEM, RICs, OCP, BBUs,

panel (SIP) SPU power converters, and H7390 or H7392. It contains
circuitry to enable the battery backup units in case of power
failure, and the total off circuitry. It also generates the clocks
used by the power converters.

RICBUS RICBUS A, Provide the communication link between the PEM and RICs.
RICBUS B, There is a maximum of two RICBUSes on model 210 and
and RICBUS three on model 400 systems. Each RICBUS connects the SIP
C to each of the RICs on the bus.
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Table 2-1 (Cont.) Power System Components

Name Number Description

Bias supply H7382 Operate on 280 Vdc, and generates the bias voltages needed
for the H7390 and power converters. They also provide power
for the RICs, RICBUSes, OCP, OVP modules, and Ethernet

transceivers.
Power H7380 Step down 280 Vdc to between 3.2 and 5.5 Vdc, and generate
converters the +5.0, -5.2, and -3.4 Vdc needed by the CPU, SCU, and

memory. The voltage an H7380 generates depends on a
control voltage supplied by the RIC which monitors the
voltage bus. The H7380s are located in the CPU and SCU
cabinets only. Multiple H7380 converters may be connected
in parallel (current sharing) to provide power for a particular
power bus (for instance the -5.2 Vdc bus). Each group of
converters is monitored and controlled by a CPU RIC.

Power H7214/H7215 Provides power for the service processor VAXBI backpanel,
converters and each XMI card cage. They are monitored and controlled
by an I/O RIC, except the SPU converter pair, which is
monitored by the PEM. The circuitry for turning this pair
on and off is located on the SIP. Each H7214/H7215 converter
pair provides -5.2, -2.0, +12 Vdc (H7215), and +5.0 Vdc and

+13.5 Vdec (H7214).
Overvoltage H7386 Monitors the +5.0, -3.4 and -5.2 Vdc buses in the CPU and
protection SCU cabinets for an overvoltage condition. If a monitored bus
module (OVP) exhibits an overvoltage condition, the OVP module informs the

RIC of the overvoltage condition, and lights an OVP module
LED to indicate which channel detected the condition. Also, if
the overvoltage is detected on a -3.4 Vdc bus, the OVP fires an
SCR, which shorts the -3.4 Vdc bus to ground to protect the
ECL logic.
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2-6 Power System Physical Description and AC Distribution

Figure 2-2 shows the IOA cabinet front view for a system with 280 Vdc provided by an
H7390. The only difference in cabinets is the presence of the H7390. The items on the
front of the H7390 are:

o J2 — 280 Vdc to PSB

e J5— 15 Vdc bias from PSB
» J6 — Connection to I/O RIC backpanel to provide RIC monitoring
e AUX OUT RED LED

» 12 VISO GREEN LED

* MOD OK GREEN LED

¢ H7390 blower fuse

»  On/Off/Remote power switch
* 1@ fuses (3)

» Capacitor bank fuses (3)

* Interlock switch S1
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H7382 H7382 H7389

PSC o
H7382 T
BBU TEST | loJa—ahaala oo ol
SWITCH i
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> XMl w3
A NN
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wo
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S SEE
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FILTER
AR
& R TP
et
| me)
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Figure 2-2 (Cont.) Model 210 I0A Cabinet Configuration Using an H7390, Front View
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Figure 2-2 Model 210 IOA Cabinet Configuration Using an H7390, Front View
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Figure 2-3 shows the rear view of a model 210 system IOA cabinet. 280 Vde is provided
by an H7392. Only those components not visible from the front are mentioned.

¢ The transceiver adapter panel. It receives +15 Vdc from bias supply PSC and +13.5
Vdec from the XMI H7214 and powers H4000 Ethernet transceivers.

o PIP/fuse panel. The power input panel (PIP) distributes 280 Vdc through the fuses to
the IOA, CPU, and SCU cabinets, including the battery backup circuit.

¢ The power bulkhead contains the following:

DEC power bus and delayed power bus.
UPC RICBUS signal cable connector, JC. Provides H7390 status to the /O RIC.

Neon lamps DS1 and DS2. DS1 is across the +140 and -140 Vdc input from the
H7392. DS2 is between the -140 Vdec line and +140 line on the BBU side of the
blocking diode. DS1 and DS2 are polarized.

Total off switch, S1. This switch may be used from the back of the system to turn
off system power.

CB1 isolates the incoming ac power from J3/J4 and J5/J6.
The 280 Vdc input. 280 Vdc is wired and filtered to the PIP.
Connector for ac power input from the H7392.

Service processor distribution (SPD) panel access plate. Access to the SPD
distribution panel allows the CSE to install SPD jumpers for maintenance or
troubleshooting purposes.

Terminal connectors for CTY, RTY, and PTY.

» The cutaway shows the two dual ac distribution boxes. One is mounted horizontal,
the other is mounted vertical. Two outlets are for the H7231 battery backup units.
The remaining two outlets are service outlets.

DIGITAL INTERNAL USE ONLY



Power System Physical Description and AC Distribution 2-9

AMD1
|
B .
I. -
1/0 RIC
BACKPANEL i}
i slefel = fo
~ o o o~ e
SERVICE = S N B
PROCESSOR
Bl BACKPANEL 1
RD54
ADS4 . PIP/FUSES (10)
TRANSCEIVER i/ junDRIVE R ACKEANEL
ADAPTER ~

DEC DELAYED

POWER BUS  ~—ia;

JB

DEC
POWER BUS

TOTAL OFF
SWITCH
81

J3
m

JA

SPD
ACCESS
PLATE

J5
J6

UTILITY AC
CBt 6A

DC POWER IN
280 vdc 125A J1

AC POWER IN

208 Vac 3¢ 6A

IOA CABINET
REAR VIEW

MR_X2203_89

Figure 2-3 Model 210 I0A Cabinet Configuration Using an H7392, Rear View
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2-10 Power System Physical Description and AC Distribution

Figure 2—4 shows the rear view of the model 210 IOA cabinet configured for use with an
H7390.
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Figure 2-4 Model 210 IOA Cabinet Configuration Using an H7390, Rear View
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2.2.2 Model 210 CPA Cabinet, Front and Side View

See Figure 2-5 for the front and side view of the CPA cabinet. It contains the CPU.
Starting at the top of the cabinet the following are found.:

e AMDI. The air mover that cools the power components.

¢ AF2 and SC2. AF2 monitors the air flow that cools the power components. SC2
controls the speed of CPA AMD1.

¢ T1 measures the temperature of the air leaving the CPA cabinet.

e Two H7380 converters, converters CO (on the left) and C1, make up part of bus C.
They provide -3.4 Vde to CPUO logic and SCU logic. The other converter for this bus,
C2, is located in the SCU cabinet.

¢ RIC 24, an H7388 CPU RIC. Communicates over RICBUS B, and monitors bus C,
including the converter in the SCU cabinet.

¢ Three H7380 converters D0, D1, and D2. These bus D converters provide -5.2 Vdc to
CPUO logic, the SCU logic, and the clock module.

e RIC 14, an H7388 CPU RIC. Monitors bus D, and also communicates over RICBUS
B.
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Figure 2-5 Model 210 CPA Cabinet Configuration, Front and Side View
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2-12 Power System Physical Description and AC Distribution

o H7386 overvoltage protection (OVP) module. Monitors bus A, bus B, bus C and bus
D, for overvoltage conditions, which are reported to the RICs.

e PSD, an H7382 bias supply. It provides power to RIC 14, 32, and 42, the H7386 OVP
module, and bias power for the H7380s for bus A, B, and D.

e Thermistor T2. Monitors the temperature of the air leaving the CPU MCUs and
entering the converters.

e AF3 and SC3. Air flow sensors AF3 and SC3 monitor the air flow over the CPU
MCUSs. SC3 also controls the speed of AMD2. They are located in the bottom of the
plenum.

¢ The air mover for the CPU logic components. The plastic shroud between the air
mover and CPU planar ensures proper air flow for each MCU.

Figure 26, the rear view of CPA cabinet, contains the following additional components
¢ Bus C and D, and OVP backpanels.

e SCR. Shorts the -3.4 Vdc bus to ground when the OVP module detects an overvoltage
condition on the -3.4 Vdc bus (bus C).

e SCR gate board. Provides rectification and filtering for the SCR gate fire signal.

AMD1 BACKPANEL
} ove

BACKPANEL :
BUS C -3.4 Vde ™

BACKPANEL
BUS D -5.2 Vdc

/.
SCR i

CPA CABINET
REAR VIEW

MR_X2204_89

Figure 2-6 Model 210 CPA Cabinet Configuration, Rear View
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2.2.3 Model 210 SCU Cabinet

Shown in Figure 2-7 is the SCU cabinet front and side view. It contains the system
control unit, memory, and the clock module. The front view includes the following items:

AMD1. The air mover for the power system components.

T3, AF4, and SC4. AF4 and SC4 monitor the air flow leaving the power converters.
SC4 also controls the speed of SCU cabinet AMD1. T3 measures the temperature of
the air leaving the cabinet.

Converter C2, an H7380 converter that is part of -3.4 Vdc bus C. The other two
H7380s on this bus are located in the CPA cabinet.

The next two H7380s converters; BO (on the left) and B1. In case of ac power loss,
they are powered by 250 Vdc BBU power. They provide +5 Vde BBU for 10 minutes
of memory refresh power.

RIC 42, an H7388 CPU RIC. Monitors bus B, and communicates over RICBUS B.
The H7380 converter A0. Provides +5 Vdc on bus A for the memory and clock module.
RIC 32, an H7388 CPU RIC. Monitors bus A. It also communicates over RICBUS B.

T4, AF5, and SC5. AF5 and SC5 monitor the air flow over the memory and master
clock module. SC5 also controls the speed of SCU cabinet AMD2, the air mover that
cools the memory and MCM. T4 measures the temperature of the air exiting the the
memory and MCM card cages.
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Figure 2-7 Model 210 SCU Cabinet Configuration, Front and Side View '
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2-14 Power System Physical Description and AC Distribution

e AMD2. The air mover for the memory and clock modules.
¢ Fuse panel. Contains fuses for the three air movers in this cabinet.
¢ The memory subsystem and the clock subsystem.

¢ Filter under the memory and master clock module. A micro switch on this filter will
shut the system down if the filter is removed.

* Thermistor T6. Measures ambient air temperature.

The rear view of the SCU cabinet (Figure 2-8) contains the following additional
components:

¢ Backpanel for bus B and A.

¢ SC6 and AF6. Monitor the air flow over the SCU MCUs. SC6 also controls the speed
of AMD3. These air flow detectors are located in the bottom of the plenum.

* SCU cabinet AMD3. Cools the SCU MCUs.

BACKPANEL
BUS B +5 Vdc BBU

wi-i__ BACKPANEL
E BUS A +5 Vdc

1

a HE
P | TSR

AMD3 A
SCU CABINET
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Figure 2-8 Model 210 SCU Cabinet Configuration, Rear View
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2.3 VAXBI Expander Cabinet

The VAXBI expander cabinet, and VAXBI expander cabinet power are not covered in this
manual. The D-card for BIX monitoring, 54-17961-01, has been designed to monitor the
H7139 regulators in BI expander cabinets installed on a VAX 9000 system. This module
allows the I/0 RICs to monitor BI expander conditions. See Section 6.10.3.4.4, I/O RIC
BI Expander Register and VAXBI Expander Cabinet Monitoring.

For more information on the BI expander cabinet, refer to the following manuals:

¢ VAXBI Expander Cabinet Installation Guide; EK-VBIEA-IN

e VAX 6200/6300, VAXserver 6200/6300 Options and Maintenance; EK-620AB-MG
¢  VAX 6300, VAX Fileserver 6300 Owner’s Manual; EK-620AC-OM

2.4 Power System Block Diagrams and AC Distribution

Two simplified block diagrams depict the VAX 9000 model 210 power systems. The first
diagram shows a model 210 system using an H7390 to provide 280 Vdc. The second

is similar, but an H7392 provides the 280 Vdc. Because there is limited ac power
distribution to the systems, ac distribution is also covered in the block diagram.

NOTE .
The 280 Vdc is measured from the +140 to the -140 Vdc line, not to ground.
Throughout this manual, it is shown as a single 280 Vdec line to simplify the

drawings.

2.4.1 Model 210 Power System Block Diagrams and AC Distribution

The H7390, located in the IOA cabinet (Figure 2-9), receives 208 Vac 3@, 60 Hz, from
the building utility power. It is routed through a 100 A circuit breaker, CB1, which is
normally closed. This circuit breaker is only open if it has been tripped manually or
by the system total off circuits. It requires manual resetting. As long as 208 Vac 39 is
present, and CB1 is closed, the three neon lamps (indicating the presence of 3@) on the
H7390 are lit.

The H7390 provides four, single phase, switched, service outlets, J14A and J14B,
protected by CB3, and J16A and J16B, protected by CB2. The H7231 battery backup
units are plugged into J14. J11 is the outlet for the power line monitor.
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2-18 Power System Physical Description and AC Distribution

Although there are no PEM to RIC communications during periods of battery backup,
the RICBUS still needs power. The converters providing the battery backup +5 Vdc need
clock to operate. Also, if the output voltage gets too low, BBU GROUP LOW is needed
to shut down the converter group. These signals are routed to and from the RICBUS by
optical isolators, which are powered by RICBUS power.

The H7390 is located in the bottom of the IOA cabinet creating direct connections to
the power system. The battery backup units plug directly into the H7390. The 280 Vdc
is wired directly from the H7390 to the PIP with a short cable. The cable connection
between the H7390 and power control subsystem for ground current measurement,
power monitoring, and power control signals terminates at the bus D backpanel, XMI
backpanel, and SIP.

If the model 210 system is a 50 Hz system, it requires an H7392 to provide the 280 Vdc
(Figure 2-10). Only the differences between a system with an H7390 and a system with
H7392 are discussed.

When the H7392 is used, it may be located up to 50 feet away from the system. The
cable that carries ground current and so on, exits the H7392 at J10. One cable carries
the signals between the H7392 and the IOA cabinet power bulkhead. As with an H7390,
the power monitoring signals are terminated at J08 of the /O RIC backpanel. The
ground current goes to J14 of the bus D backpanel in the CPA cabinet, and the power
control signals terminate at SIP J05.

The H7392 receives building utility power, 208 Vac 3@ 60 Hz or 380/416 Vac 3@ 50 Hz
through the main 100 A circuit breaker A1 CB1. This main circuit breaker<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>