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HEWLETT

PATKARD
SAFETY SUMMARY

The following genera! safety procautiens must be obsarvad during all phases of operation, servics, and repair of this
instrument. Failure to comply with thess precautions er with specific warnings elsewhere in this menual violates
safety standards of design, manufacture, and intended use of the instrement, Howlstt-Packerd Company assumes no
ligbility for the customer’s failure to comply with thess requirements. This is a Sefety Class 1 instrument.

GROUMD THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connsacted to an alec-
trical ground. The instrument is equipped with a three-conductor ac power cable, The power
cable must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground {safety ground} at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DO KOT OPERATE 1N AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous veltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

DO MOT SERVICE OR ADJUST ALOHE
Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

DO HOT SUBSTITUTE PARTS OR MODIFY INSTRUMERNT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safsty features are main-
tained.

DARGERDUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voitages, capsble of causing death, are present in this instrument. Use ex-
trame caution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbois Used On Equipment or In Manuals.

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltage (terminals fed from the interior by
voitage exceeding 1000 volts must be so marked).

» Protective conductor terminal. For protection against electrical
=k or (<L) shock in case of a fault. Used with field wiring terminals to in-

ol dicate the terminal which must be connected to ground before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a

@ signal common, as well as providing protection against electrical

- shock in case of a fault. A terminal marked with this symbol must

be connected to ground in the manner described in the installation
{operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame {chassis) of
/7!7 OR i the equipment which normally includes all exposed metal struc-
tures.
N Alternating current (power line).

o Direct current (power line).

P Alternating or direct current {power line).

b, The WARNING sign denotes a hazard. It calls attention to a pro-
§ cedure, practice, condition or the like, which, if not correctly per-
' formed or adhered to, could result in injury or death to personnel.

| WARNING

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

. The NOTE sign denotes important information. It calls attention
NOTE.: s o . S .
to procedure, practice, condition or the like, which is essential to
hightight.
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MODEL 44428A
ACTUATOR/DIGITAL GUTPUT ASSEMBLY
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WARNING |

Only personnel with knowledge of electronic cir-
cuitry should install, re-configure, or make repairs to
this instrument.

The Actuator Card and associated terminal card

were not intended for outdoor use. Do not expose
them to rain or excessive mojsture.

Manual Part Number 44428-960¢1

Microfiche Part Number 44428-%6051
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
SJactory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental |-
specifications for the product, or improper site preparation or maintenance, "

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE,

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEQORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
Jor Hewleti-Packard products.

For any assistance, contact your nearest Hewleti-Packard Seles and Service Office.
Addresses are provided at the back of this manual,

10/1/7%




GENERAL INFORMATION
SECTION |

1-1. INTRODUCTION

1-2. This Operating and Service Manual contains infor-
mation necessary to install, configure, operate, test, and
service the -hp- Model 44428A Actuator/Digital Output
Assembly. The assembly is an option (Option 110} for
the Hewlett-Packard Model 3497A Data Acquisition-
Control Unit and 3498 Extender.

1-3. Overall system concepts, such as 3497A installa-
tion and operation, are covered in the Operating and
Service Manual for the 3497A and will not be repeated
in this manual.

t-4. DESCRIPTION

1-5. The -hp- Model 44428A Actuator/Digital Cutput
assembly is comprised of two paris: the relay circuit
board and the terminal card. See Figure 1-1. The
assembly contains 16 mercury wetted form C (single
poll, double throw) relays. Each relay can be individual-
ly closed or opened and can safely switch one ampere at
100 volis (peak). This makes the assembly ideal for swit-
ching power (actuating) to multiple external devices
such as test fixture power or actuating an alarm. The
relays were specially selected for *“‘bounceless”
switching, allowing the assembly to be used as a 16 bit
wide digital output. Section III of this manual illustrates
several typical applications for the assembly.

1-6. Other features of the 44428A assembly include
isolated Flag and Gate handshake lines and internal ( + 5
volts non-isolated) or external {(up to 100 volts) excita-
tion. The assembly may also be configured as a 4X4
matrix.

1-7. SPECIFICATIONS

1-8, Table 1-1 provides the detailed specifications for
the -hp- Model 44428A Actuator/Digital Cutput
assembly.

1-8. ACTUATOR CARDS COVERED BY THIS MANUAL

1-10. Each relay card is identified by a part number,
03497-66514, and revision letter marked on the compo-
nent side of the circuit board. This manual applies to
cards with the model number indicated on the title page.
If changes have been made on this assembly after the
manual was printed, a vellow ‘“MANUAL
CHANGES” supplement sheet will be supplied with the
manual. This yellow sheet defines and explains each
change and how 1o adapt the manual to the newer
assemblies. In addition, backdating information con-
tained in Section VII of this manual adapts the manual
to earlier versions of the assembly,

RELAY CIRCUIT BOARD

TERMINAL CARD WITH COVER REMOVED

Figure 1-1. -hp- Mode! 44428A Actuator/Digital Output Assembly

Actuator Assembly
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Model 44428A

1-11. ACCESSORIES

1-12, An -hp- Model 03497-66515 actuator terminal
card is supplied with each assembly,

1-13. SAFETY CONSIDERATIONS

1-14. This manual contains cautions and warnings
alerting the wuser to hazardous operating and
maintenance conditions. This information is flagged by
a CAUTION or WARNING heading and/or the symbol

The symbol flags important operating instructions
located in Section IHI. To ensure the safety of the
operating and maintenance personnel and retain the

operating condition of the instrument, these instruc-
tions must be adhered to.

1-156. EGUIPMENT REGUIRED BUT NOT SUPPLIED

1-16. The 44428A Actuator/Digital Output assembly
was designed to operate with the -hp- Model 3497A
Data Acquisition-Control Unit or with the -hp- Model
3498A Extender to the 3497A.

1-17. EQUIPMERT AVAILABLE
1-18. An extender board (-hp- part number

03497-67913) is available as an aid in troubleshooting
the actuator card.

TABLE 1-1. Specificatiens

INPUT CHARACTERISTICS

CCAUTION S

The actuator fs for use only in circuits fused at | ampere or
less and less than T00VA.

Contact Ratings:
Voitage: +/- 100 volts peak
Current: 1 ampere/channs!
Power: 100 volt amperes/channel

Thermal Offset: <20 uV

Contact Resistance: <400 milliohms

isofation: > 10 ohm common to open

Isolation Voltage: 170V peak any terminal to chassis

AC PERFORMANCE

Contact Capacitance: <15 pF
Interchannel Capacitance: <30 pF
Frequency Response:
(10kHz Reference) f< 100kHz f< 1MHz
50 Qhm Termination +/- .3dB +/- .5dB
1M Ghm Termination +/- .3dB +/- .5dB

Cross Talik:
1M Ohm Termination <30 dB < 30 dB

GEMERAL INFORMATIORN

Singte Contact Closure Rate: > 27closures/second {using
an -hp- Medel 9835A Desk
top Computer

Switch Life: > 1079 operations with proper contact pro-
tection {see Section |l)

Operating Considerations: The 44428A assembly must
not be used in a position greater
than 30 degrees from vertical.

Inductive loads may require external arc suppression,

Actuator Assembly
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INSTALLATION
SECTION 1l

WARNING |

Only qualified service trained personnel are
to install, re-configure, or make repairs to
this assembly. Use clean handiing techniques
fantistatic techniques} when inspecting,
removing, replacing or re-configuring the
assembly, Handle the card by iis edges and
do not subject the components fo static
discharge or excessive voltages. To prevent
serious personal injury, extreme caution
must be exercised when working with op-
tonal plug-in cards. Potential shock hazards
(voltages up to 170 volts peak) can exist be-
fween exposed guard and chassis on both the
Jront {when front panel is open) and the rear
of the 3497A /34984 (when safety cover is
removed). Disconect 3497A/34984 power
cord, disconnect all input/output lines
to/from the mainframe and option cards
and make certain that wires to the actuator
terminal cards are free of voltage sources
prior to handling or inserting or extracting
the assembly.

2-1. INTRODUCTION

2-2. This section contains information and instructions
for configuring, installing, and shipping the -hp- Model
44428A Actuator/Digital Output assembly. Included
are initial inspection procedures, power reguirements,
interconnection and relay contact protection instruc-
tions.

2-3. INITIAL INSPECTION

¢ CAUTIONS
Use clean handling techniques (antistatic
technigues) when inspecting, removing, in-
stalling, and configuring the assembly. Han-
dle the card by its edges and do not subject

the components to static discharge or ex-
cessive voltages.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the assembly has
been checked mechanically and electrically.

2-5. The assembly was carefully inspected both
mechanically and electrically before shipment, It should
be in proper working order upon receipt. To confirm
this, the assembly should be carefully inspected for
physical damage, and the electrical performance should
be tested using the performance tests outlined in Section
V.

2-6. PREPARATION FOR USE

CCAUTION 3

To avoid the possibility of circuit damage,
always remove the power cord from the
3497A /34984 before removing or installing
any plug-in option assemblies.

External circuits connected to the -hp-
Model 444284 Actuator/Digital Ouiput
assembly must be fused at I ampere or less,
and rated at 100VA or less per channel.
Voltages must not exceed + /- 100 volts
peak.

To achieve maximum relay contact life and
prevent RFI from radiating if arcing occurs,
R-C relay contact protection is required
when loads greater than 12 volts at 65 mA.
are connected to the assembly. Use the
nomograph in Figure 2-1 to determine the
correct value of R and C. Use R-C networks
on both the NO and NC contacts if both
contacts are switching power levels requiring
this protection,; see Figure 2-2.

2-7. Power Reguirements. Power for the operation of
the plug-in assembly is provided by the 3497A or 3498A
main frame.

2-§. Interconnections. Remove the cover on the -hp-
Model 03497-66515 Actuator Terminal Card and con-
nect the devices that will be actuator controlled to the
appropriate terminals -- Normally Open (NO}, Normal-
ly Closed (NC), and Common {C). Route the wires
through the strain relief cutouts, Replace the cover and
plug the terminal card on to the actuator relay circuit
board. Next, insert the assembly into the desired slot in
the main frame.

2-9. Remember that the arrows on the relays must
always point upward (12 O’clock position). Gently tap

Actuator Assembly
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Model 44428A

CONTACT PROTECTION

Contact loads that can cause arcitg may resuit in contact failure
unless contact protection is provided, It should be wired ciose to
the relay terminais,

The R-C network shown is suitable for most loads. Component
values may be obtained from the nomograph. Capacitance may be
increased (up to 10 times) to minimize inductive load transients.
UUse peak values for ac circuits.

No protection is reguired for voltages helow 12 volts or currents
befow 65ma.

The resistor may be eliminated for voitages below 50 volts with
currents below (.5A. The capacitor shouid not exceed the chart
vaiue,

Highly capacitize loads do not require protection.

ROW TO USE THE NOMOGRAPH

values must be used.
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CURRENT — AMPERES
{IMBEDIATELY PRIOR TO CONTACT OPERING )

To determine C, the foad current vaiue is found on the CURRENT axis. Reading directly up to the sloping capacitance line, the C value is
determined from the right hand CAPACITANCE scate. To determine R, read directly up frem the load current value to its intersectien with
the appropriate load voltage line. The value of R is then read from the left hand RESISTANCE scale. For ac loads, peak current and voltage

Figure 2.1. R-C Network Nemograph
{Courtesy C.P. Clare & Company)

Actuator Assembly
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iDATA VALID AT THIS TIME.
{ [FIRST HALF OF HANDSHAKE!

10ATA TRANSFER COMPLETE
| {SECOND HALF 0OF
'HANDSHAKE INTIATED

AT THIS TIME}

NORM. NORM.
OPEN CLOSED

CEAE
l

o]
cd———m—ﬁl

=
e
o]
=

2-10. Relay Bosrd Configuration. The gate and flag
handshake lines were designed to operate with standard
TTL logic levels. Diode protection is used on both the

1
71
1
71 T2 13 12 12

R X X
) ACTHATOR 2-2 E :iz E i
H it 1 ]
1 it 1 ]
HIGH GATE 1 ;
Figure 2-2, Relay Contact Protection Circuit (HET} —u :] jA ;‘ T
— a— :
the actuator assembly (after insertion in the 3497A or - . ;
3498 A mainframe) to settle the mercury to the boitom M b :
of the relay. HIGH FLAGE | 1 ﬁ_] : ﬂ
(HFLE) — S
P |
I 1 H

gate and flag lines. These lines are optically isolated T1 .... 16 bit wide data word transferred to acfuator
from the actuator board when the Terminal Card card relays
jumpers 1, 2, 3, and 4 are open. T1-T2 .. Settling time for relays and drive circuits
{=3ms.)

. : 142 : T2 ... .. Data Valid, ready for transfer to external device
2-11. Gate Handshake ngs' Elt‘her a positive going 72-T3 .. Data transfer ex\(’ecuted during this time period
gate pulse (LGT) or a negative going gate pulse (HGT) T3 .... Data transfer complete. Actuator card and
can be selected with the actuator board plug Pla. In 3497A wait until positive going flag pulse re-
either case, the trailing edge of the gate pulse would be ceived

used by the external circuitry utilizing this handshake
capability. The leading edge of this pulse coincides with .

KO0-K15 switching and the trailing edge indicates that the | ??;’;‘ﬁ’“h,{fﬁéﬁiiﬁggﬁﬁﬁg
relay {or data) output is stable. Refer to Figure 2-3 for 'DATA TRANSFER COMPLETE:
handshake timing. A typical application woulid have the ' . [SECOND HALF OF
Gate-terminal connected to external circuit common HANDSHAKE INTIATED
and the Gate+ terminal connected (with external puil- AT THIS TIMED

up resistor, minimum value 10K ohm) to a TTL input. DATA >< X

¥
3
E
t
3
1
1

assembly are used to signify that the external circuitry
has completed data transfer and are now ready to
receive additional output from the actuator assembly. LOW CATE [
Either a positive going flag or a negative going flag may

'
i
{
i
i
3
I
f
T
E
H
1
i
1
i
T
b
!

2-12. Flag Handshake Lines. Flag inputs to the |

t
k
3
t
1
1
1
i
t

=

I
]
H
i
H
!
i
i
3
3
k
t
5
1
1
1
1

. Lo (LET) i i ;
be used. A typical application would have the Flag-+ j 1; | ; :
line connected to the external circutry +35 volt supply LOW FLAG o o P
and the Flag- line driven by 2 TTL device. Jumper plug ILFEGT T u T i l !
PZ on the relay circuit board allows on/off selection of Vo L= bt
the Flag handshake mode. P boips Pl

; | [ B b Ti
1 1 } H 1 3
2-13. Terminal Card Configuration. If jumpers 1,2, 3, ACTUATOR 3-5 11 T2 T3T4 T2 T3 14
and/or 4 on_Ehe 03497-66515 term}nai ca}rd are used, the T1 . 16 bit wide data word transfered to actuator card
handshake lines are no longer optically isolated. For ex- relays
ample, with the Gate jumpers, a 10K ohm resistor can T1-T2 . . Settling time for refays and drive circuits {=3ms.)
be connected in place of J1 and J2 would be a short T2 .. .. Data vaiid, ready for transfer to extermnal device
piece of wire. This would eliminate using an external {first half of handshake) )
ull-up resistor T2-T3 . . Data transfer executed duing this time period
p p ’ T3 .... Data transfer complete. Externai device
. K transmits flag pulse

2-14. An example using the Flag lines would be to con- T4 . ... Positive going (trailing edge) transition ocours 1o
nect jumper J3 (short piece of wire) and connect a complete handshake
switch across J4. Now, the flag handshake would be ac-

tivated by closing the switch. Figure 2-3. Handshale Timing Diagram

Actuator Assembly
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Model 44428A

2-15. REPACKING FOR SHIPMENT

2-16. Tagging For Service. If the actuator assembly is
being returned to Hewlett-Packard for service, please
attach a tag to the assembly indicating the nature of the
problem, return address, person to contact, phone
number, and complete model and serial number.

2-17, Packing. When shipping the assembly, it is
recommended that the original packing material be us-
ed. Antistatic packing material should be used when

Actuator Assembly
2-4

shipping. DO NOT wrap in ordinary plasti-bubble
pack. If proper materials are not available, contact your
local Hewlett-Packard Sales and Service office to obtain
adequate materials, If the assembly is being returned for
service, the office will also provide the address of the
nearest service office to which the assembly should be
sent. Mark the package FRAGILE to insure careful
handling, In any corresspondence concerning the
assembly, refer to the assembly by complete model and
serial number.




OPERATION
SECTION I

3-1. INTRODUCTION

3-2. This operating section lists and describes com-
mands applicable to the -hp- Model 44428A Ac-
tuator/Digital Output assembly. This section describes
a simple operator verification and several typical ap-
plications for the actuator assembly. A general discus-
sion of 3497A front panel features and a general discus-
ston of commands is also provided.

3-3. ACTUATOR CARD COMMARDS

3-4. In the Actuator/Digital Output assembly any com-
bintation of relays (channels} may be opened or closed
simultaneously, This is done by specifying the slot
number where the assembly is located and the channels
to be opened or closed. As shown in Table 3-1 the
primary commands for controlling the actuator
assembly are the DCn,nl,n2,..n16 (Digital Close);
DOn,nl,n2,...n16 (Digitai Open); and DWn,nl (Digital
Write).

3-5. The Digital Open and Digital Close commands are
used to open or close specified channels while leaving
other channels not specified in their previous state. The
DO and DC commands use the form DOn,nl,n2,...nlé
and DCn,nl,n2,...n16 {respectively} where n is the slot
number where the assembiy is located {0-4 in the
3497A). Individual channels to be opened or closed are
represented by nl,n2,...nié; nl is one channel to be
opened or closed, n2 is a second channel, etc. For exam-
ple, to close channels 5, 7, 10, and 15 on the assembly
located in slot 1, use the command:

DC1,5,7,10,15

Note that all other channels remain in their previous
state, either open or closed,

3-6. The DO and DC commands affect only the chan-
nels specified. The DW command, on the other hand,
provides a simple method of controlling all refays with a
single command. By way of illustration, assume that an

actuator assembly in Slot #1 has some combination of
open and closed relays. You need to have closed only
channels 5, 7, 10, and 15. Using the DO and DC com-
mands you might first open all channels and then close
only the four needed, for example:

DO1,0,1,2,3,4,6,8,9,11,12,13,14
DC1,5,7,10,15

This is a two step process and very time consuming, The
DW command performs the same task in one step (read
paragraph 3-7h

DW1,102240

3-7. The Digital Write command has the form DWn,nl
where nl is the octal value of the assembly state after the
command has been executed. Therefore, the DW com-
mand affects all channels. To use the DW command,
first decide what state you want the individual channels
to be in after the command is executed. Usea “‘1” to in-
dicate a closed channel, and a ““0” to indicate an open
channel. Then determine the octal value of the assigned
state. For example, in paragraph 3-6 the command
DW1,102240 was given. The value 102240 was deter-
mined as in Figure 3-1.

3-8. 34974 FRONT PANEL FEATURES

3-9, As shown in Figure 3-2, each key on the
alphanumeric keyboard has three functions: the
primary function indicated above the key; the numeric
function printed on the key cap {i.e., 6-9, - and **,”");
and the shift or ALPHA mode (A, C, D, etc.) printed to
the lower right of each key. The blue SHIFT key shifts
the kevboard to the ALPHA mode.

3-10. There are two ways the DO and DC commands
can be executed. Digital Close can be initiated by using
the Digital Close key {numeric 8, without any previous
keys pressed) or by pressing the blue SHIFT key follow-
ed by D (numeric 9) and C (numeric 8). In either case,

chorig L ko
e L BT

. ] - + %
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Figure 3-1. Determining the Octal Value
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Table 3-1. Actuator Assembly Commands

Command Funciion and Description Comamand Function end Deseriptien

DCn,n1,n2, | DIGITAL CLOSE (SLOT) {CHANNELS) Dvn DIGITAL VIEWED (SLOT)

n3,..... ni6
Digitat Close is used to close relay caontacts in DIGITAL VIEWED command dedicates the
channgis n1 through n186. From one to sixteen 3497A front panel display to a slot while the
channels of an actuator in slot n may be 3497A is simultaneously in an output mode
closed with a single command, n = the slot for another slot. For example, DV2 dedicates
number. n1,n2, etc = number(s) of the front panei display to siot 2 at the same
channelis) to be closed, Channels not listed in time that the 3497A is providing output data
the cemmand remain in their previous state. from another slot. Exit from this mode by us-
Example: DC2,4,5 closes relays in channels 4 ing the command DV without the n {slot}
and & for an actuator in slot 2, while refays in designation.
all other channels remain in their previous
{open or closed) state. Dwn,n1 DIGITAL WRITE {SLOT}, (VALUE)

DOn,n1,n2, | DIGITAL OPEN {SLOT},(CHANNELS) The DIGITAL WRITE command outputs a 3

n3, ... ,ni16 digit octal value to ail 8 channeis, where n is
Digital Open is used to cpen relay contacis in the slot number. n1 is the cctal value cor-
channels n1 through n156 of an actuator in slot responding to the desired digital state of the
n. From one to sixteen channeis may be relays, where digitat 1 = Closed, O = open.
opened by a single command. n= the slot Thus, to close alt relays, nt1=177777; 1o
number. i1, n2, etc = number(s} of channels open alt relays, n1 =0. To close relays in
to be opened. Channels not isted in the com- channels & and 6 only and open alt other chan-
mand remain in their previcus state. Example: nels, (digital 31100000}, n1 = 140. DW af-
DO3,6.7 opens relays in channels 6 and 7 for fects the entire assembly, while DC and DO
an actuator in slot 3. affect only the channels specified.

DLn DIGITAL LOAD (S5LOT} Sl SYSTEM INITIALIZE
The digital load command returns the current This command is used to reset the actuator
state of the 8 relays {open or ¢closed) of an ac- card channeis to a power-on state which
tuator in siot n for presentation on either the opens al relays, The S| command aiso resets
front panel of the 3487A and/or to the HP-IB the 1.5 second time delay circuit to zero.
bus. The presentation is a 6 digit octal
representation of the state, For example, with SEn,0 SYSTEM READ (SLOTYO
all relays closed, the presentation is 177777
QCTAL. This command reads the “'signature’’ of the
aption card in slotn, The actuator
ORn DIGITAL READ (SLOT) is assigned signature 000041 OCTAL,

Same as the DIGITAL LOAD command, ex-
cept that repeated reads of the actuator card
are made and updated on the dispfay and on
the HP-IB Interface Bus.

the slot number, a comma, and the channel(s} must
follow the command. For example:

£LOSE

Ot

OR

] En JI Lo

S

3-11. Later in this chapter more illustrations will be
provided to demonstrate how the digital commands may
be used with the actuator assembly. However, with this
introduction to using the actuator assembly and digital
commands, it is time to perform a simple verification
check on the actuator assembly.

Actuator Assembly
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3-12. ACTUATOR ASSEMBLY CHECK USING THE 3487A
FROWY PAREL

3-13. This actuator card check has two main objectives:
to check the “‘signature’’ of the actuator card and check
the readback function. In the process of performing this
test you will learn about reading the 3497A display, in-
terrogating relay status, and using other digital com-
mands.

3-14. To begin the check make certain that the hand-
shake jumper (P1} is in the off position. Firmly seat the
actuator assembly in one of the slots in the 3497A. Press
the 3497A LINE switch ON and follow the test sequence
shown in Figure 3-3 and 3-4 and described in paragraphs
3-15 through 3-25.
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F497A DATA ACAUISITIUN/CONTROL UNIT
HEWLETT PACKARD
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FRONT PANEL FEATURES
DISPLAYS KEYS

REMOTE: LED ON for control by EXT controller, OFF LINE: AC Power on/off switch,
for local {3497A) control,
RESETY: Clears 3497A, sets all relays to open.
SLOT: ON only when digital cards accessed

LOCAL: Puts 3497A in local mode of operation.

ALPHA-NUMERIC KEYBOARD

@EEG

SLOT DISPLAY: 3-digit readout of slot accessed.

3 functions for each key
e Primary {upper part}
¢ Numeric {0-8 plus, —}
o Shifted (A,C,D etc. on lower part]

CHANNEL INDICATORS: Displays contents of channel
0 thru 7 of actuator card. ON — relay is closed.

CNOIONONC,

NUMERIC DISPLAY: 6&-digit display. Shows octal
equivalent of digitat channels status. {i.e., 000377 OCT

= channels O thru 7 on: 1111111 binary.) . SHIFT KEY: Shifts keyboard 10 1o shifted mode

{A,C,D etc.). When pressed, light in center of aipha key
DISPLAY FUNCTIONS: Only OCT and ENT used FOR ts on.

MV Act. OCT shows display is octal representation of
digital channels ENT means data can be entered.

®

CLEAR ENTRY: Clears previous entry if execute
key 13 not pressed.

EXECUTE KEY: Implements commands and clears
“  keyboard.

Figure 3-2. 3457A Front Panel Features

3-15. STEP i: VERIFY CARD SIGNATURE

3-16. The actuator card has been assigned a signature
of 000041 (octal). The purpose of the signature is to
verify that an actuator assembly does exist in a specified
3497A slot. At the completion of this portion of the
check, the 3497A front panel display should indicate
00041 OCT. Any other number indicates a different op-
tion card assembly, no option card, or a faulty actuator
assembly or mainframe. ¥ you should get a different
number, try placing the actuator assembly in a different
3497 A slot and rerun the test.

NOTE

The -hp- Model 444314, 8 Channel High
Voltage Actuator (Option 115}, also has a
signature of 00041 octal,

3-17. Figure 3-4, step 1, demonstrates the keystroke se-
quence for the signature test. Pressing the blue SHIFT
key changes the front panel key functions to the shifted
alpha (A, C, D, etc.) mode, so that the first two
keystrokes are S and R (for System Read). The slot
number is then entered (1 to 4), a comma, and then a

Actuator Assembly
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{ start ﬁ

Verify "'Signature”
Step @ ____________

DWn 177777

Open Relays
Step @»«»M—&-—m—z—-—-

DWn,O
End
NOTES
Action
——————————— —i h = Slot ¥
Command

Figure 3-3. Actuator Assembly Check Flowchart

“g  After the EXECUTE key is pressed, the slot
number, channels 0 and 5 and 000041 OCT will be
displayed.

NOTE
Channel indicators 0 and 5 ON do not in-
dicate that relgys (channels) 0 and 5 are

closed. For the SRn,0 command, they cor-
respond to 000041 Octal.

3-16. STEP 2: RESET

3-19. Press the 3497A RESET key to make certain that
all relays are open, See Figure 3-4, step 2.
3-20. STEP % INTERROGATE RELAY STATUS

3-21. Use the DRn command to check the actuator
readback function. The readback function allows you to

Actuator Assembly
3-4

determing from the 3497A front panel which relays are
closed and which are open. Figure 3-4, step 3, shows the
keystroke sequence to read the relay status of the ac-
tuator assembly in slot n. Since the RESET key was
pressed, all relays are open, the slot number and 600000
OCT will be displayed and all channel indicators will be
off,

3-22. STEP 4: CLOSE RELAYS

3-2%, Execute the command: DWn, 177777 to close all
relays as shown in Figure 3-4, step 4. After the
EXECUTE key is pressed, the display will indicate the
slot number, channel indicators 0 through 15, and
177777 OCT on the 3497A display. This indicates that
all sixteen relays are closed,

3-24, STEP 5: OPER RELAYS

3-25. Execute the DWn,0 command to open all relays.
This is shown in Figure 3-4, step 5. After pressing the
EXECUTE key, the 3497A display will indicate the slot
number, 000000 OCT, and all channel indicators off.
This completes the front panel verification of the -hp-
Model 44428A Actuator/Digital Output assembly.

3-26. ACTUATOR ASSEMBLY TEST USING A
CONTROLLER

3-27. The actuator assembly test can also be executed
from an external computer/controller. The test setup
shown in Figure 3-5 uses an -hp- Model 85 computer

and HP-IB interface to control the 3497A. H vour

3497A uses an RS-232 Serial Interface, the -hp- 85 Op-
tion 001 Interface System must be used. If vou use
another controller, the interface system must be com-
patible with the 3497A under test.

3-28. As with the manual front panel test, there are two
test objectives: to verify the assembly signature and to
check the readback function. The test setup, using an
-hp- Model 85, and a sample program to test the
assernbly are shown in Figure 3-5. If you are using
another controller, the flowchart of Figure 3-3 will help
in writing a test program,

3-29. ACTUATOR APPLICATIONS

WARNING ||

Only qualified service trained personnel are
to install, re-configure, or make repairs ic
this assembly. Use clean handling fechnigues
{antistatic techmnigues) when Inspecting,
removing, replacing or re-configuring the
assembly. Handle the card by ifs edges and
do not subject the componenis to static
discharge or excessive voltages. To prevent
serious personal Iinjury, extreme caution
must be exercised when working with op-
tional plug-in cards.
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e

LOAD
// ACTUATOR CARD
D L PP VA N
| SR VAN SN W T N
] LoLoL oL
| R P S SV
L 3437AHY-TF -3
~hp- 3487A
SETUP:
1. Line switch OFF
2. Insert card in desired slot
3. Line switch ON
{Ses Tablg 3-1)
Stap # Tost Commanis Heystroka Sequence Display Remarks
1 Verify Card SRn, 0 noSLBTe Slot 000041 OCT identi-
Signature n o= glot & - I n fies card in siot n as
P e Channel high voltage actuator
] 0 5 {or Option 110 card).
@ @ 000041 OCT
2 Reset Reset seses Slot
- Reset opens all
Chanrel relays.
3 Read Relay DRn 5] Slot
Status n = Slot # qu@Q n 000000 OCT indi-
e Channel cates ali relays open
@B @ {blank) {O state)
. 000000 OCT
4 Close refays DWn, ety Slot 000377 OCT indi-
177777 oo n cates all relays in
’ £ exgeore Channel Channels O thru 7
7y 3 01234566 closed.
(Enjus]na) J L] 00027 ot
5 Qpen relays DWn,0 noBLOTE Slot 000000 OCT indi-
gk n cates alf relays in
) ufn Channel Channels 0 thru 7
5 ] {blank} open.
000000 OCT

Figure 3-4. Actuator Assembly Check Using The 3497A Front Panel

Actuator Assembly
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NO LOADS

/// ACTUATOR CARD

rrri
r

Lol N L1

/,__J\MVZ___

rrrir
rr
- r

3437A-HV-3-4 ~hp= 3437A ~hp- HDA

SETUP

L

3497A LINE Switch OFF

No loads connected to the Actuator Terminal Card

Connect HP-IB Interface Cable from -hp- 85A to 3497A

Load program in -hp- 85A (see HP-85 Owners Manual and /O Guide)

PROGRAM NOTE: Program is for card in

10

20
30
40
50

140
150
180

Slot 2.
DISP “DIGITAL OUTPUT/ACTUATOR CARD"”
@ DISP @ DISP
CLEAR 709
QUTPUT 708 ;"8R2,0"
ENTER 709 ; A 40 Opens all relays
DiSP 'CARD SIGNATURE TEST” 50 Tests card in slot 2 for
DISP "CARD SIGNATURE IS:"";A;"" QCTAL" " signature”
Disp
DISP “'CLOSE RELAYS TEST'"
OUTPUT 709 ;'DW2,177777DR2"”
ENTER 708 ; B
DISP “RELAY STATUS: :B;"OCTAL" DW 2,177777 closes re-
DISP lays DR 2 is optional
DISP "OPEN RELAYS TEST" {for 3487A display}
OQUTPUT 709 ;"DW2,0""
ENTER 709 ; C
END 160 DW2Z,0 opens all relays

PRINTOUT

DIGITAL QUTPUT/ACTUATOR CARD

CARD SIGNATURE TEST 41 OCT l{dentifies card as

CARD SIGNATURE IS 41 OCT actuator {option 115) or as
act/output assy {option 110}

CLOSE RELAYS TEST 177777 OCT shows all
relays

RELAY STATUS: 177777 OCT closed; card fails for other
values,

OPEN RELAYS TEST 0 OCT shows all relays open;

RELAY STATUS: 0 OCY card fails for other values,

Actuator Assembly
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Figure 3-5. Actustor Assembly Check Using an -hp- 85F




3-30. The following paragraphs describe typical ap-
plications for the -hp- Model 44428A Actuator/Digital
Output assembly. The examples given are not the only
uses for the Actuator assembly, they only serve to show
the versatility of the assembly, Numerous switching re-

quirements can be satisfied, keeping in mind the max--

imum power lmitations and other characteristics given
in Table 1-1.

3-31. Highly inductive loads, such as motors and
lamps, or capacitive loads may require relay contact arc
protection. Refer to the nomograph in Section II for
details on R-C network contact protection.

Model 44428A

115VAD
lAAJJ STEP DOWN
R TRANSF ORMER
NORM. DPEN ] !
> DPTIONALLY ALARM
7 “”“?fggég 2 REGUIRED DEVICE
b CONTAET
- - PROGTECTION
COMMON

ACTUATOR 3-1

Figure 3-6. Relay Actuated Alarm Cirenit

NORM.
CLOSED EXTERNAL
CIRCUIT #3
7 B /4
B o)
EQHMMON .
NORM. OPEN EXTERNAL
CIACUIT w2
ACTUATOR 3-3

4. 7K
24 PRl
P& - 2 2
AR Yﬂ 1Y
J6 ._]...____ NORM. OPEN i
o5y K15 E NORM.
CLOSED
- Jw— BIT 15
b/
M UTPUT
CONMON K15 DEENERGIZED +5V
LR Kii ENERGIZED GND
[ E
55 - f ...... ;L
BIT 18

3 .mr““““uu NORYM. GPEN
+5Y Kil

BIT ©

ACTUATOR 3-4

Figure 3-8. Bit Wide Digital Output Word

Figure 3-7. Voltage Swiiching

3-32. The 16 Mercury wetted relay switches (Single
Pole, Double Throw) contained on the assembly can be
individually controlled to close an external circuit such
as actuating an alarm (Figure 3-6). Voltage can also be
switched from one external device to another as shown
in Figure 3-7,

3-33. A 16 bit wide digital word can be utilized by con-
necting the relay contacts on the terminal card as shown
in Figure 3-8. The 16 pin DIP sockets and plugs (J1
through J6} on the Terminal Card provide a means of
connecting the 4.7K ohm puil-up resistors to the Nor-
mally Open and Normally Closed relay contacts. Do not
use pull-up resistors less than 2K ohms.

NORMALLY
OFEN TERMINALS
A
.
ANERNERN AN
\\ \\ \\ \\ LOMMON
TERMINALS
ANERNARNAN
-
ANEAN AR NN R

Figure 3-8. Matrix Switching

3-34. Figure 3-9 illustrates one type of matrix switching
arrangement the Actuator assembly can be used for. All
COMMON relay contacts are wired together in this ap-
plication. Two relays would need to be closed
simultaneously, typically one relay across the top and
one along the left side.

Actuator Assembly
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SECTION v
VERIFICATION CHECKS

4-1. INTRODUCTION

4.2, This section of the manual provides operational
verification checks for the -hp- Model 44428A Ac-
tuator/Digital Output assembly. These checks are
designed to verify the operational readiness of the
assembly and does not perform specification checks. In
addition, instructions are provided for testing relay con-
tact resistance and thermal offset.

4-3. Recommended Test Equipment,

4-4. Test Equipment required to check the 44428A Ac-
tuator assembly is listed in Table 4-1. If any of the
recommended test equipment, except for the 3457A and
the 03497-67908 Verification Connector, is not
available, substitutions may be made. Table 4-1 lists the
critical specifications for the equipment,

4-5. OPERATIONAL VERIFICATION

4-6. Two forms of operational verification checks are
discussed. The first assumes that you have the
03497-67908 Verification Connector and associated
computer software. Refer to Table 4-2. The second
verification check uses a resistor network that must be
assembled on the actuator terminal card. Either test
may be used, although the first is the preferred method

Table 4-2. Verification Connector and Software

-hp- Computer - Part Jumber

{software oaly)

-hp- Part Humbgr
{seftware ples ver
ificetion connector)

85A 03054-100C11 03487-67909
89825A 030564-10008 03487-67210
9835A 03054-10002 03497-67911%
9845A 03054-10005 03487-67812

verification connecior only 034987-67813

as it checks handshaking on the actuator assembly. The
information gained by running either of these verifica-
tion checks will often be a great aid in troubleshooting
the assembly,

4-1. Operational Verification Chacks Using the
Verification Connector

4-8, The following paragraphs describe operationat
verification procedures for the 44428A assembly using
the -hp- Model (03497-67908 Verification Connector.
The discussion is written for a -hp- Model 85 computer
and its software. There are, however, several other -hp-
computers, as indicated in Table 4-2, capable of perfor-
ming the verification checks with the 03497-67908
Verification Connector. Whichever computer you are

Table 4-1. Recommended Test Equipmant

{with -hp- 85 software}
HP-1B cable

Extender assembly

Logic Probe

instrument Crifical Specifications Recommendad Rodel tse
3497A Data Acquisition NO substitutions -hp- 3497 A P.T
Controf Unit {with
Front panel}
Controller* ** HP-iB compatible -hp- 85F P
Voltmeter HP-IB compatinle -hp- 3456A P.T
Verification connector *x -hp-03487-67909 P

-hp- 10831A P

-hp-03487-67913 P.T

-hp- 545A T

* -hp-85Finciudes: -hp- 85 A, 82836A ROM Drawer, 00085-15003 1/0
ROM, and 82837A HP-IB Interface. -hp- 85F option 001 exchanges the
82939A Serial Interface for the HP-IB interface.

** Controliers other than the -hp- 85 may be used. Refer to Table £-2 for a
list of cther -hp- controllers and verification software.

Actuator Assembly
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using, simply follow the instructions given on the com-
puter display.

4.9, Procedure

a. Connect the HP-IB Interface card between the
3497A and one of the 85A’s rear panel I/0 slots. Also,
if the 3456A is to be the DVM used during the test, it
should be connected to the same HP-IB line.

b. Turn OFF the 3497A and remove the terminal
card from the actuator assembly to be tested.

c. Insert the Verification Connector Card
(03497-67908) in place of the removed terminal card ac-
cording to the instructions on the card and the drawing
in Figure 4-1. Use the digital end of the Verification
Connector. Follow the drawing closely to assure that the
Timer, Channel Closed, BBM Synch, and voltmeter
cable are correctly connected.

d. Turn ON the 85F, 3497A, and 3456A (if used).

e. Insert the verification Tape Cartridge into the
855’5 tape transport and type the following:

LOAD “CRDVER”

then press:

END LINE

after the program is loaded, press:
RUN

f. Read the inmstructions given on the CRT display
and press "CONT’.

g. The Menu of the program is given along with
description of the Special Function Keys used by the
program. Figure 4-2 defines the operation of these keys.
To test the 44428A Actuator assembly press K2.

h. If any failures are detected, the computer will in-
dicate the nature of the failure and which relay failed.

70 3497A (0R 3498A
REAR PANEL HIGH,
LOW, AND GUARD TERMINALS

Isee note below}l

s
W

CL8GED
MYELLDW

TG TIMER
(REDI

CONNDCT TG
DIGITAL CARDES

CONNECT 10
ANALGG CARDS

MOTE

Connect the High, Low, and Guard common cable to the High,
Low, and Guard cormmaon terminals on the 34874 or 34398A rear
panel containing the option card under test. Connect the same
3497A or 3498A rear panel High and Low common terminals to
the DV High and Low terminals. (If card under testisina 34974
with a DVM option, disregard the DV#M connections).

Actuator Assembly
4.2

Figure 4-1. Verification Cennector
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vields the folowing:

ng:

ing:

ki - REED RELAY: Pressing this key enters the 44421A/44422A Reed Relay Verification segment and

Enter address of the two reed relay decades (Decade A, Decade B)

Response: enter in the decade addresses of Decades A and B separated by a comma and press CON-
TINUE. Analog addresses range from 8 to 99 in the 3497A mainframe and start at channel
100 for the first 3498A Extender with each Extender capabie of using 200 analog channels,
For examgple, if an analog assembly makes use of channels @ to 19, Decade A address starts
at § and Decade B address starts at 10. The entered response would be 8,10.

k2 - ACTUATOR: Pressing this key enters the Actuator/Digital Output Verification test and yield the follow-

Enter the slot# of the digital card to be tested (8-4, 10-88),

Response: enter in one of the valid slot numbers that contains the digital card being tested and press
CONTINUE, Slots 5 to 9 are used by the 3497A mainframe and cannot be accessed. The
first 3498A Extender begins with slot 10,

k3 - DIG INPUT: Pressing this key enters the Digital Input/interrupt Verification test and yields the follow-

Enter the slot# of the digital card to be tested (-4, 10-89).

Response: enter in one of the valid slot numbers that contains the digital card being tested and press
CONTINUE. Slots 6 to 9 are used by the 3487A mainframe and cannot be accessed. The
first 3498A Extender begins with siot 10,

k4 - STOP: Pressing this key will terminate the program when in the Menu mode, but will immediately
return you to the Menu mode during the testing of an assembly, except when data is to be input.

k8 - CHANGE: Pressing this key allows you to change the HP-I1B address of the Scanner and DVM. Enter in
the new Scanner address and press END LINE. Enter in the new DVM address and press END LINE.

Holding the computer’s shift key down whife pressing k1, k2, or k3 will per-
mit you to select the number of passes or iterations for each test. Thisis a
good tool for detecting intermitient errors.

Figure 4-2, CROVER Key Operations.

4.10. Operational Verification Checks Using a Resistor
Network

4-11. The following paragraphs describe an operational
verification procedure that uses a resistor network that
vou wire on the terminal card. Resistors with values
from ten ohms to 160 ohms in steps of ten ohms (16 re-
quired) and resistors with values from 1K ohm to 16K
ohm in steps of 1K chm {16 required) are used. Refer to
Table 4-3, If possible, the resistors should have a 1%
tolerance and actual values of resistance as close as
possible to the nominal step values, i.e., 10, 20, 30, ...
160 ohms.

4.12. Terminal Card Wiring

a. Turn OFF the 3497A and remove the actuator ter-
minal card.

b. Remove the terminal card cover,

¢. Referring to Figure 4-3, wire the terminal card as
shown. Use short pieces of insulated wire and the
resistors.

Table 4-3. Resistor Values

Yalus -hp- Part Rumbar Yaius -hp- Part Humber
1oR 0757-03486 1IKQ 0757-0280
200 0757-0384 2K @ 0757-0283
304 0767-0388 K@ 07567-0273
400 0698-3262 4K Q 0698-3558
508 0757-0277 5K @ 0698-3279
800 0698-4391 6K 2 0698-3497
700 0698-4391 7KQ 0698-4470
800 0698-4396 BK G 0698-4473
800 0757-0400 aKQ 0757-0442

1000 0757-0401 10K Q 0757-0442

1108 0757-0402 11K Q 0757-0443

1208 0757-0403 12K Q 0757-0444

1300 0757-0404 13K Q 0757-04458

1400 0698-4412 14K 0 0898-4479

1500 0757-0286 15K Q 0757-0448

16012 0757-04085 16K 0757-0447

Actuator Assembly
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Fipure 4-3. Wiring the Terminal Bleck

d. Connect the lead wires to enable a 4-wire chms

e. Referring to Figure 4-3, wire the Gate and Flag
Handshake terminals and install jumpers 2 and I3,

f. Reassemble the terminal card and connect to the
actuator assembly.

4.13. Prozsdure

4-14. Load the program given in Figure 4-4 into the
-hp- Model 85F computer and press the RUN key.
Follow all instructions given on the display.

4-15. Teosting Relay Contact Resistance

4-16. The following procedure may be used to perfor-
mance check the contact resistance specification for the
actuator assembly. Contact resistance is specified as the
resistance between terminal board contacts, i.e., the
sum of the resistances from the terminal contact to the
relay, the relay contacts, and back to the terminal card.
This test should be performed for each individual relay.
This ensures that only the contact resistance is measured
and thermal offsets are canceled.

a. Remove all cables, etc. from the actuator terminal
card.

b. Connect the wires as shown in Figure 4-5 to one
relay. Set the 3456A for a 4-wire, offset compensated
ohms measurement,

¢. Verify that the measured resistance is below 400
mitlichms (.4 chms).

Actuator Assembly
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Figure 4-5. Relay Contact Rssistance Test

d. Check all of the Normally closed contacts and
then execute the command:

DC n, 177771

to close all relays. Then perform the checks on the Nor-
mally Open contacts.

Model 44428A

4-17. Testing Thermsi Offeet

4-18. Thermal Offset is the voltage generated by the
relay contacts themselves and is a function of the
heating of the relay coil. To perform the test, the
assembly must remain in the 3497A or 34%8A main-
frame. The mainframe must be turned on for a
minimum of hour before performing the tests. The test
should be performed on each individual relay.

412, Procedure
a. Remove all cables from the actuator terminal card.

b. Connect a volitmeter between the normally closed
and common terminals on the terminal card.

c. Check for a voltage of less than 20 uvolts.

d. Repeat the test for each relay testing both normal-
Iy closed and normally open contacts.

Actuator Assembly
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ADJUSTMENTS
SECTION V

5-1, INTROGUCTION

5-2. There are no adjustments/calibration to be made
on the -hp- Model 44428A Actuator/Digital Output
assernbly. Refer to Section IV Performance Tests for
operational verification procedures after repairs have
been made.

Actuator Assembly
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REPLACEABLE PARTS
SECTION Vi

6-1. INTROBUCTION

6-2. This section contains information for ordering
replacement parts, Table 6-3 lisis parts in alphanumeric
order of their reference designators and indicates the
description, -hp- part number of each part, together
with any applicable notes, and provides the following:

a, Total quantity used in the instrument (Qty col-
umn}, The total quantity of a part is given the first time
the part number appears.

b, Description of the part, (See list of abbreviations
in Table 6-1.)

¢. Typical manufacturer of the part is a five-digit
code, (See Table 6-2 for a list of manufacturers.)

d. Manufacturer’s part number,

6-3. Miscellaneous parts are listed in Table 6-3 follow-
ing their respective assemblies. General miscellaneous
parts are listed at the conclusion of Table 6-3.

6-4. ORDERIRG INFORMATION

6-5. To obtain replacement parts, address order or in-
quiry to your local Hewlett-Packard Sales and Service
Office. Identify parts by their Hewlett-Packard part

number. instrument and serial

number,

Include completie

6-6. HON-LISTED PARTS
6-7. To obtain a part that is not listed, include:
a. instrument model number
b. instrument serial number
¢. description of the part
d. function and location of the part
§-8. PARTS CHANGES

6-9. Components which have been changed are so
marked by one of three symbois; i.e., A, A with a letter
subscript, e.g,, Aa, or a A with a number subscript, e.g.,
A, A A with no subscript indicates the component
listed is the preferred replacement for an earlier compo-
nent. A A with a letter subscript indicates a change
which is explained in a note at the bottom of the page. A
A with a number subscript indicates the related change is
discussed in backdating (Section VII). The number of
the subscript indicates the change in backdating which
should be refered to.

Table 8-1. List of Abhreviations,

ABSREVIATIONS

Ag.. .. . . I L. silver Mz hertz (eyelels; per second) NEOQL L negative positive zero ab .. ... slida
AL oo oL aheminum (zero termperature coefficient] SPOT. L. . mr;me po‘le duubie throw
AL ... ..., .ampere(s) ... e ingige damater ng. .nangsscontdist = 10~ 9 seconds SPST. . .single-poles  single-throw

R « 1 143 {13777 I e impregnated nero not separately repisceabie
ined L. incandescent Ta. . oo S tantabun
C ... .............capaciter [ S, . insulation{ed) T, e . . ahmis) FCooo em;:eraure coefficipnt
L P o 1211 ebd. . ... L L crdm by descnpnon T R oo titanipm dioxide
coef .. .. .. i ceo oo ... cosfficient k2. . . kdokmist = 10+ 3 ohms on. _outside ciameter. . . . - . . .. teggle
com. . ... ....common KHz. .. kilahertz = 10+ 3 nerez . . tolerance
GOMP . ..., . COMPOSItion . peak - ... timmer
GOMI ... e tonRnection L. e inductor pscoampere(sl . . iransistor

fin. . P ... HEnear taper pnnted cireuit
48D ...l deposited 0g. .. ... fogarithmic taper picotaradis} 10 12 farads Vo voltisi
oPOT. .. .. double- puza “doubletrow T peak invarse voitage vacw - ,aiterralmg current working voltage
DPST . dauble-pote single-throw mA L L. .. miiampereisi = 10-3amperes P .. . part of var . . .. varighke
MHZ ... ... .. .megahertz = 10+6 hertz - position{ct wdow direot Gorrant working voltage

BRCY. .. ... ... ... Blecuolytic M. negahens) 10+ 8 ghms Lo - polystyrens
encap . encapsulated met flie P L eaal il . . pitentiometer W . wattis)
mfr . . menufacturer . peaktg-peak W o with
F o . faradist MS. o . . millisacond pares per milion WiV, Ll work;ng inverse voltage
sev U eid et ransistor mg . .. moursting prec - nrscismn itemperature cosfiicient, wie ..o Lo witheut
fxd FE B ... fixed my B mﬂlavo\tss} = 10 3 yolts fong term stability and/or tolevancet WO . wirewound

aF . . ... ... migrotaradist

Gahs, .. e . gaflium atsenide 25 . B . . MIGIOSECONG 5} R . TESHStOr

GHz. . g;gaherez = 10+ hertz W " eicrovottis) = 30 -8 votts Rh . o .. thodium
g ... .. guardiedi (£33 2 . Myler @ i3 . raotomasn- square .. . optimurn valus selected at factary,
Ge .  germaniur ot . .. rotary average value shown (part may be omitted)
gnd . groundied) RA L . nannampezassa = 10 _g amperes - -ng standard type nurnber assigned
NC. ... . . normally closed Se. .. - - selenium selected aor speciaf type

Moo oL Lo henrylies) Moo - . naon sect . . sectiontst
Hg ..o L IRy NO . . noermally apan Si .. silicon ® Dupont de Nemours

BESIGHATURS

.......................... assembly Flo e il Q.. - transistor TS, ... ..o oo tgrmenal strip
. .. moter HR oo . - heatet QCR rranswswr dicde [ LI . T
©.o.o - battery I mwﬂ!ﬂ'ed cireuit Rip) sistoripack) W ,vacuum he ne:m ﬁuib phctocen e,
<........capaciter J B - jack AT hermistor W . .. cable
. .diode of thyristar Koo - P - - relay & . switeh X spcket,
. .deiay fine Lo G T. .. wransformer Xps . . lamphoeiger
e lamp Mo A meter TB. . . terminal board i .. fuseholder
B misc electronic part MPLL L me“‘\anECES part FC...L .. .. . thermocouple | erystal
Fo . L tuse & PN .aleg PO __test point - RETWOTK
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Table 6-2. Code List of Manufacturers.

Mfr

Ho. HManufacturer Name Addrass
00000 Any Satisfactory Supplier
01121 Alten-Bradiey Co. Milwaukee, WI 53204
01285 Texas Instr. Ing. Semicond Compnt Div. Ballas, TX 75222
04713 Motorota Semiconductor Products Phoenix, AZ 850862
13606 Sprague Elect. Co. Semiconductor Div. Concord, NH 03301
245486 Corning Glass Works (Bradford) Bradford, PA 16701
27014 National Semiconductor Corp. Santa Clara, CA 95051
28480 Hewlett-Packard Co. Corporate Hq. Palo Alto, CA 84304
56289 Sprague Electric Co. North Adams, MA 01247




Table §-3. Replaceable Parts

Reference HP Part _—_ Mifr
: . Description Cod Mfr Part Number
Designation Number ode
& BRAR7~6H6514 3 O PL AL MBRLY-RE{ AY BOARD PRABE Q49?7 -66514
1401 G180-030% & CAPALTITOR-FXTr 4.7 1EVDE Th 15UDATEXN01 942
ALAG2 pign- l‘;%f}‘ﬁ 4 &7 10VDLE TA 150D4PGREEY
ALADS A 4.7 THVRE Ta 15EDATEXEB I AT
At Al 4 [ (\b’ﬁ(‘} TEOR-FXD 4.7 18400 T4 1ERBAT SR L AR
#1485 #£180~-0307 4 CAPADTITOR-FYD 4 7L +—”U"/ 18UDG TA 1540475001 8AR
AT4CS F1AH0-38A47 \'d COLUF #100-8% HOVDE CER 2H480 H148-3847
e 457 (L AbG—-3547 q COTUE +1606-0% SEVDED CER HRABH 91403847
a1 408 19as-0244 2 By Ph=1R IR=5HiA nadpl tyaz-gaag
o ACR2 192013650 3 DINDE-SHITOHING 00V 200MA PNG DY 20480 1910050
YR NS 12851 -&37% SCTGR &-PIN M P TYPE Rt 3T
A1ATR TENI- 4647 OrR 3-PIH M POST TYPE 19851 -a4647
ALSKD Ba&TOH~-122Y CORA SH0VAL 16 I DaATh- 2P
alaKy DaF)-1 BaVAL 160VA e E
1A Savas TGV G4%0-1
AL4aKE SHHGUAC 100VA
A14K 4 G0 aVAL Lanva
A1 AKE SEGVAL 1 auRE- THGVA G494--1229
ATk G SEOUAL 1 EVIHI- 1AEVH GAFA-1 288
a1 4K7 OORVAL 1OVDD E‘UlL 168VA {490
ATAKS SOH0UAL FiF. ) BEVA
1 AKS TOnVAL [L, TUEWA ’“MBG
Alak1h Fawf-—-122% SHAUAC 108VH auagl
&14k11 4501209 Shoval; . 1anvA
ftaKia BAF0~122% S0 VAL 1006V4
AT AKYS 04951229 Saval 10Une-Cili 168VA
Al4K 14 0496-1229 RELAY-REED 2h HEHUAR TRUDC-COEL 100VA
AlAaktd 49 G-1209 REL_AY-REED 10 26 S30vAC 18vDO-COIL 164Va Kaat3cil]
AlAR1A i288-0141 JUNPER-REM a4
ATAPTR 12580141 | 284810
Bl14RS 12880141 ZEABD
&t Al 18538036 1 TRANGTIGTOR PNP 81 FD=310Ml F 20480
Al4K1 ealE- 163 i 16 B% ARQ/eB00 ni1Et CRL AR
AT 4RD 06983442 1 237 4% 18 ] Lot BT dITR
ATART 4509 1 1,811 1‘){ = PENTTY L4t AH-TR=191 L -F
A1 4ARE i3+ 3 LV 4 404 /74500 G121 LEa70%
A14RA D&EBR-47 05 47 B4 44 /+500 fit®1 CRAA
At ARY? 6834707 47 8k #a/+EGD ai121 (IZBA'} 4%
AT4NET 37SY 0438 1 LI LS G=+-1010 Z4A5AL UE%---'I‘L‘&‘---SI 1E-F
#H14R2Z §HBE-301D 1 0D 5%, 25W Fi J1 A00/46080
ALARED f68 1645 1 10K ®y L 2SW FE T A40/7+70H0
A1 ARE4 GEEA-ZL1S 1 A0 5% .56 00 7 +529
Al4alh 18 JG 7O X IO OBFEOTTL LS NON-T NU 7L DMELEYTN
&'l AU 1 ic E TTL 14 ST 4L
141503 i kG i)L;)R TTL A SNV ALG
&1 444 ail&“ 14"3 i IO OMY TTL LS MONDS E‘li 95 bN/‘fﬁ 2
A1 A4S 16201132 1 B0OFF OTTL LS D-TYPE PEJ [ e BiF AL 8/4:%!
A1 4Ua IC RNV TTL S HEX 1" ENp #1295 SHN7ALS04AN
1 &L 10 BFR TTL LS s 8 27014 DHEILEY 7N
AL 4B IC RFREOTTL LS NON-ING O 27914 DHELLS97N
A1 AU G FEOTTL LS B 01295 GMNT 4L
ftalits I8 FF OTTL LY Glaes GN7A4LS IM
Al4ilil 13604 N~PEG3A
Al AUt 2 K 13&0E ULH-280348
141513 1853-0047 ' Bén VHLN-2003A
AL4UL4 1994042 o a9 TG40
HTATE 19901488 u471 2 ANET
ATAVR T GRI7-8196 MOV 433 VRMS 1.3%J 28480 H37-01%6
2% 8+ 03497 -6651% PC ASSEMBLY-TERMINAL CaRD BEARG JRAVTI-H6F10
ALTIORY 19813025 ~GFN PRE TH0Y 200MA DO-7 28480 19010025
MHITRT DeRe-4064 B01% LB OF TO=0+-20 2480 DL 084
MIGLELLANEOUS PARTS
N3&64--1993 & 1 BARRIER-BLE 10 anb JRLE~t PR
PEE0-1994 7 1 DARRIER-BLK 3 ANG {11&‘!—1‘?‘?4
Y Ay TRR0-0473 # 1 HOEKE S 1&-CONT DI DIP-GBLER G-0473
HE1-353G & 1 CINNE IR 14H-PIN H REDTARNGULAR 20409
12%1-0%44 5 1 CONRESTOR-FG FDGE 36-UONT/ROW 2-ROWS 20420

See introduction to this section for ordering information
*¥Indicates factory selected value
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Tahle 6-3. Replaceable Parts (Cont'd)

MP4

{4 REQUIRED)

{4 REQUIRED}

(UNDERSIDE LABEL}

Reference HP Part |c Q s Mifr
: A T Description Mfr Part Number
Designation NMumber (D Y p Code
HIECHANICAL, PARTS LTST
49im-g211 8 2 SOREW-HMALH M3 X §.9 6MM-LE PAN-HD BH000 GRDER RBY DESCRIFTION
G347 -L4L00 | & i TERMINAL ROX KIT 2hRann N34%7--Gatdl
INGLUBES THE FOLLOWENG
MPL 541 - 3044 1 3 FANDLE 248G ShES T
MP 0% &9 & & GOREW-PH MY BxX2T gannd Y DESCRIPTIGN
ME3 =4 - 4045 2 t TERMINAL BOX CHOVER 2gam
MP4 BPOS-0370 2 L3 ST REMNG aEahi
Mira S041-3034 T 3 R RING LA L) -XREE
MP & 0413043 1] i RAR LATEH gt et BLAt-R043
HE? G041 3044 X 1 TERMINAL BOX 28A838 :
mpPe ZIR1~0367 7 1 444280 28480
Hpe PL21-1VES & 1 2480
MP13 FE2I-034% i’ i suann LRt -0Eed
MP2

Figure 6-1. Mechanical Parts
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MANUAL CHANGES
SECTION VI

7-1. INTRODUCTION

7-2. This section normally contains information for
adapting this manual to assemblies with a serial number
prior to the one indicated on the title page. Since this
manual does apply to all -hp- Model 44428A Ac-
tuator/Digital Output assemblies, no change informa-
tion is given.

Actuator Assembly
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SERVICE
SECTION Vili

8-1. INTRODUCTION

8-2. This section contains theory of operation,
schematics, component locators, and troubleshooting
procedures to aid in servicing the -hp- Model 44428A
Actuator/Digital Qutput assembly. Also included is a
functional block diagram of the assembly.

8-3. SAFETY CONSIDERATIONS

8-4. The 3497A Data Acquisition-Control unit and the
associated plug-in option assemblies have been designed
in accordance with international safety standards.
However, this manual contains information and warn-
ings that must be followed to insure personal safety dur-
ing operation and maintenance.

WARNING §

Maintenance procedures in this section are
intended for the use of qualiified service
trained personnel only. Only qualified ser-
vice trained personnel are to install, re-
configure, or make repairs to this assembly.
Use clean handling techniques (antistatic
technigues} when inspecting, removing,
replacing or re-configuring the assembly.
Handle the card by its edges and do not sub-
Jject the components to static discharge or ex-
cessive voltages, To prevent serious personal
injury, extreme caution must be exercised
when working with optional plug-in cards.
Potential shock hazards (voliages up fo 170
volts peak) can exist between exposed guard
and chassis on both the front (when front
panel is open) and the rear of the
34974 /34984 (when safety cover is remov-
ed). Disconect 3497A/34984 power cord,
disconnect all input/output lines to/from
the mainframe and option cards and make
certain that wires to the actuator terminal
cards are free of voltage sources prior fo
handling or inserting or extracting the
assembly.

§-5. BLOCK DIAGRAM THEORY OF OPERATION
8-6. Refer to Figure 8-1 for the following block

diagram theory of operation. Eight bit input data (relay
command data) is received by the Actuator assembly

over the bi-directional data bus D0-D7. This data is ac-
cepted by two octal D-type flip-flops (IC’s U9 and U10}
which drive, via the relay drivers (U11, U12, and U13),
relays KO to K15, Output of the flip-flops is also fed to
two tri-state octal buffers (177,UR) that are used to feed
back relay status information when interrogated by the
3497 A

8-7, The Status Read Command (SRn,0) allows the
3497A to interrogate the various option assemblies to
determine which type of assembly is in the slot. Internal-
ly, the 3497A reads the output code from the identity
register to verify the presence of the actuator assembly.
A tri-state buffer (U1) is hard-wired for the actuator
card code is used for this purpose. Refer to Section III,
Operation, paragraph 3-15 for more information on the
“SIGNATURE" of the Actuator assembly.

8-8. The optically isolated handshake lines are used to
synchronize the transfer of either individual relay out-
puts or a 16 bit wide digital word (K0-K15). The hand-
shake mode of operation can be selected or disabled
with a jumper plug (P2) on the relay circuit board. See
Section 11, INSTALLATION, for information on con-
figuring the handshake lines,

8-9. The /O Read, I/0 Write, Slot Select, and Address
(BAO, BA1) lines from the 3497A are used to syn-
chronize all of the actuator assembly operations. Ac-
tuator assembly outputs are accessed via the
03497-66515 Terminal Card. Gate and flag handshake
lines are also accessed via the Terminal Card.

8-19. DETAILED THEORY OF OPERATION
8-11. Relay Drivers

8-12. Eight bit (D0-D7) digital input information is sup-
plied from the 3497A/3498A mainframe to octal Flip-
Flop ic’s U9 and U10. See schematic number 1, Data is
clocked into U9 when address line BAQ is low and ad-
dress line BA1 is high. Similarly, data is clocked into
U10 when address lines BAO and BA1 are high and low,
respectively, In either case, the SLOT SELECT and
DIG 1/O WRITE lines must both be low. Refer to
paragraph 8-16 for information on decoder ic U3. Split-
ting the control of the Flip-Flops allows sixteen relays to
be controlled by eight data bus lines.

8-13, The latched output of the Flip-Flops drive ic’s
EJ11, UJ12, and U13 which are high current, internally
diode protected, relay drivers. The output of the Flip-
Flops also connect to the inputs of tri-state buffer ic’s

Actuator Assembly
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Model 44428A
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Figurs 8-1. Functional Block Diagram

U8 and U7. These buffers provide a means of reading
the status of the relays. Buffer U8 is read when address
lines BAO and BAI are low and high, respectively.
Similarly, U7 is read when address line BAQ and BAL
are high and low, respectively, Also, the SLOT
SELECT and DIG I/0 READ lines must be low. Refer
to paragraph 8-16 for more information on decoder ic
U3.

8-14. ldentity Register and Decoder

B-15. Identity register Ul is a tri-state buffer that, when
addressed (address lines BAO and BA1, SLOT SELECT
and DIG 1/0 READ are all low), outputs an identity
word to the mainframe data bus. The identity word as
cutput to the data bus (D7, D6, ... D1, D0} is: 001X0001
(X, bit 4, may be cither a | or a 0). All bits, except bit 4,
are hard-wired. If bit 4 is read as a low, it means that the
handshake function is disabled. If the handshake func-
tion is enabled and bit 4 is read as a high, the mainframe
processor will halt execution of instrument command
instructions and will continue to monitor the identity
register until bit 4 returns low.

B-16. Decoder ic U3 is a duali 2 line to 4 line decoder ic.
Section 1 is gated on when information is to be read

Actuator Assembly
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from the actuator assembly to the mainframe. This is
accomplished when the DiGital /0O READ line and
SLOT SELECT lines are both low (input to U2A). Sec-
tion 2 is gated when information is to be written to the
actuator assembly from the mainframe. This occurs
when the SLOT SELECT line and the DIGital 1/O
WRITE line are both low {input to U2B). Both halves of
U3 have a truth table as shown in Figure 8-2.

§-17. Flag and Gate Handshake

8-18. The Gate signal is generated by monostable
multivibrator U4A. The pulse and its complement
(Ui6B) is available at jumper J1A. Transistor Q1 drives

INPUTS
QUTPUTS
ERABLE SELELT
G BA1 BAD Yo Y1 Y2 Y3
H X X H H H H
L L L i H H H
i L H M L H H
L H L H H L H
£ H H H H H L

Figure 8-2. U3 Truth Table



optical isolator U15. The outputs of ULS are available
as GATE+ and GATE- on the Terminal Card. If
necessary, the isolation may be defeated by adding
jumpers JMPRI {use a 10Kochm resistor) and JMPR2
on the Terminal Card, Figure 8-3 illustrates the hand-
shake timing diagram for Gate pulse.

8-19. Flag inputs to the actuator assembly are used to
signify that the external circuits or devices have received
the data and are ready to receive additional output from
the assembly. The input pulse (FLAG+ and FLAG-) is
used to activate optical isolator U4, The pulse and its
complement (UJ6A) are available at jumper J1B. USB is
used as a latch to hold the flag status until the main-
frame processor reads the identity register. Jumper J2 is
used to enable or disable the handshake function.

8-29. TROUBLESHOOTING INFORMATION

8.21. Instrument Preparstion. To prepare the -hp-
Model 444284 Actuator/Drigital cutput assembly for
troubleshooting, perform the following steps:

| WARNING

These procedures were designed for use by
qualified service trained personnel only. To
prevent serious personal injury, extreme cau-
tion must be exercised when working with
plug-in assemblies. The 3497A /34984 may
contain voltages as high as 357 volts within
the cabinet enclosures. Use clean handling
techniques when servicing this printed circuit
board.

a. Verify that the mainframe line switch is off.

b. Turn off all other external sources of input power
to the 3497A and/or 3498A and remove the safety cover
from the rear of the instrument.

¢. Remove all input terminal cards and/or verify that
all sources of signal input power are within 40 volts of
ground potential.

d. Unplug the 44428A assembly to be serviced and
plug the 03497-67913 Extender Cable in its place. Then
plug the actuator assembly onto the extender board.

e. Connect a logic probe to + 5 volts and GND as in-
dicated by designated pins on the printed circuit board.

f. Turn the mainframe ac line switch to the on posi-
tion.

8-22. Relay Decoding and Driving Circuits.

8-23. When a malfunctioning relay is suspected, first
check the relay with an chmmeter for an open coil.

Model 44428A
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Model 44428A

Then, check for a voltage across the coil when the relay
is activated, that is, execute a Digital Close (DC) com-
mand for that relay. I the coil is good and the relay
energizing voltage is present but there is no continuity in
the relay contacts, the realy is bad and should be
replaced.

8-24. If the energizing voltage is not present, work back
toward U9 or Ul0 and then to the decoder, U3. Check
for logic transitions when the relay is activated. The
BASIC language program shown in Figure 8-4 may be
used to alternately open and close a selected relay.

10 I-hp- 44428A ACTUATOR TEST
20 1-HP- 85 VERSION
30 CLEAR
40 DISP “ENTER SLOT # OF ACTUATOR™
50 INPUT S
60 DiSP "ENTER CHANNEL # FOR TEST"
70 INPUT C
80 CLEAR 7089 @ WAIT 500
90 DiISP "TEST IN PROGRESS"
100 QUTPUT 709; “DC".8,",".C
110 WAIT 10C
120 QUTPUT 708; 'DO8,7,".C
130 WAIT 100
140 GOTO 100
150 END

Figure 8-4. Actuater Exercise Program
8-25. Controel Logic

8-26. If there is no response from the actuator assembly
under any circumstances, then suspect the control logic,

Actuator Assembly
8-4

U3 decodes the actuator commands from the main-
frame processor. One output from U3 enables identity
registor Ul, pins 1, 19. If this signal is not available to
Ul, then the processor reacts as though the slot was
empty. Run the program in Figure 8-4 while monitoring
all inputs and outputs of Ul, U2A, U2B, and U3 to
detect errors in operation.

8-27. Handshaks Logic

8-28. The processor detects that the handshake func-
tion has been disabled when it reads Identity Register
Ul and finds bit 4 low. If bit 4 is high, then the pro-
cessor will halt execution of instrument command in-
structions and will monitor UJ1 until the handshake has
been completed and bit 4 returns low. For this reason, in
the following test make certain that jumper J2 is in the
OFF position.

8-29. Make the {ollowing connections on the Terminal
card:

a. Connect Gate+ to Flag+ and Gate- to Flag-.

b. Connect a 10Kohm or higher value resistor in
place of JMPRI.

¢. Use a short piece of wire to connect JMPR2.

8-30. Verify that the handshake jumper J2 on the relay
board is in the OFF position. Run the program in Figure
B-4. Use a logic probe to trace the signal path from
U4A, pin 13, through isolator Ul5 and the Terminal
Card, back through isolator Ul4 and up to U6C, pin 6.
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