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WARRANTY

John Fluke Mfg. Co., Inc. (Fluke) warrants this instrument to be free from defects in material and workmanship
under normal use and service for aperiod of 1 year from date of shipment. Software is warranted to operate in
accordance with its programmed instructions on appropriate Fluke instruments. Itis not warranted to be error
free. This warranty extends only to the original purchaser and shall not apply to fuses, computer media,
batteries or any instrument which, in Fluke’s sole opinion, has been subject to misuse, alteration, abuse or
abnormal conditions of operation or handling.

Fluke's obligation under this warranty is limited to repair or replacement of an instrument which is returned to
an authorized service center within the warranty period and is determined, upon examination by Fluke, to be
defective. If Fluke determines that the defect or malfunction has been caused by misuse, alteration, abuse, or
abnormal conditions of operation or handling, Fluke will repair the instrument and bill the purchaser for the
reasonable cost of repair. If the instrument is not covered by this warranty, Fluke will, if requested by
purchaser, submit an estimate of the repair costs before work is started.

To obtain repair service under this warranty purchaser must forward the instrument, (transportation prepaid)
and a description of the malfunction to the nearest Fluke Service Center. The instrument shall be repaired at
the Service Center or at the factory, at Fluke’s option, and returned to purchaser, transportation prepaid.
FLUKE ASSUMES NO RISK FOR IN-TRANSIT DAMAGE.

THE FOREGOING WARRANTY IS PURCHASER'S SOLE AND EXCLUSIVE REMEDY AND IS IN LIEU OF ALL
OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR PURPOSE OR USE. FLUKE
SHALL NOT BE LIABLE FORANY SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES OR
LOSS WHETHER IN CONTRACT, TORT, OR OTHERWISE.

CLAIMS

Immediately upon arrival, purchaser shall check the packing container againstthe enclosed packing listand
shall, within thirty (30) days of arrival, give Fluke notice of shortages or any nonconformity with the terms of the
order, If purchaser fails to give notice, the delivery shall be deemed to conform with the terms of the order.

The purchaser assumes all risk of loss or damage to instruments upon delivery by Fluke to the carrier. If an
instrument is damaged in transit, PURCHASER MUST FILE ALL CLAIMS FOR DAMAGE WITH THE CARRIER
to obtain compensation. Upon request by purchaser, Fluke will submit an estimate of the cost to repair
shipment damage.

Fluke will be happy to answer all questions to enhance the use of this instrument. Please address your
requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX C9090, EVERETT, WA 98206,



Declaration of the Manufacturer or Importer

We hereby certify that Fluke Model 792A is in complaiance with Postal Regulation Vfg.1045/1984 and
is RFI suppressed. The marketing and sale of the equipment was reported to the German Postal
Service. The right to retest this equipment to verify compliance with the regulation was given to the
German Postal Service.

Bescheinigung des Herstellers/Importeurs

Hiermit wird bescheinigt, dap Fluke Model 792A in Ubereinstimmung mit den Bestimmungen
der Amtsblattverfugling Vfg. 1045/1984 funk-entsort ist. Der Deutschen Bundespost

wurde das Inverkehrbringen dieses Gerates angezeigt und die Berechtigung zur Uberpriifung
der Serie auf Einhaltung der Bestimmungen eingeraumt.

John Fluke Mfg. Co., Inc






SAFETY SUMMARY

SAFETY TERMS IN THIS MANUAL

This instrument has been designed and tested in accordance with IEC Publication 348, Safety
Requirements for Electronic Measuring Apparatus. This Operator Manual contains information,
warnings, and cautions that must be followed to ensure safe operation and to maintain the transfer
standard in a safe condition. Use of this equipment in a manner not specified herein may impair the
protection provided by the equipment.

WARNING statements identify conditions or practices that could result in damage to
equipment.

CAUTION statements identify conditions or practices that could result in personal injury or
loss of life.

SYMBOLS MARKED ON EQUIPMENT

/ DANGER — High voltage.
'J_— Ground (earth) terminal.

Attention — refer to the manual. This symbol is to indicate that information about usage of a
feature is contained in the manual.

POWER SOURCE

The power pack is intended to operate from a power source that will not apply more than 264V ac rms
between the supply conductors or between either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power cord is essential for safe operation during
battery charging.

USE THE PROPER FUSE
To avoid fire hazard, use only a fuse identical in type, voltage rating, and current rating as specified

on the rear panel fuse rating label. The use of makeshift fuses and bypassing fuse holders is
prohibited.

GROUNDING THE TRANSFER STANDARD

The transfer standard is a Safety Class | (grounded enclosure) instrument as defined in IEC 348. The
enclosure must be grounded through the grounding conductor of the power pack power cord, or if
operated with the power pack unplugged, through the front panel GROUND binding post.

USE THE PROPER POWER CORD
Use only the power cord and connector appropriate for the voltage and plug configuration in your
country.

Use only a power cord that is in good condition.

Refer cord and connector changes to qualified service personnel.



DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate the transfer standard in an atmosphere of explosive gas.

DO NOT REMOVE COVER

To avoid personal injury or death, do not remove the transfer standard or power pack cover. Do not
operate the transfer standard without the cover properly installed. Normal calibration is accomplished
with the cover closed, and there are no user-serviceable parts inside the transfer standard, so there
is no need for the operator to ever remove the cover. Access procedures and the warnings for such
procedures are contained in the Service Manual. Service procedures are for qualified service
personnel only.

DO NOT ATTEMPT TO OPERATE IF PROTECTION MAY BE IMPAIRED
If the transfer standard appears damaged or operates abnormally, protection may be impaired.
Do not attempt to operate it. When in doubt, have the instrument serviced.

DO NOT SERVICE UNLESS QUALIFIED TO DO SO
Do not perform internal service or adjustment of this product, including replacing the batteries in the
power pack, unless you are qualified to do so.

USE CARE WHEN SERVICING WITH POWER ON

High voltages exists at several points inside the power pack. To avoid personal injury, do not
touch exposed connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing components.
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Section 1
Introduction and Specifications

INTRODUCTION 1-1.

The 792A AC/DC Transfer Standard is a laboratory standard instrument that
calibrates ac voltage calibrators, ac/dc transfer standards, and ac voltmeters. It
consists of four main components: a transfer standard sensor unit (called the transfer
standard in this manual), power pack, 1000V range resistor, and transfer switch.

Inputs are accepted in the range 2 mV to 1000V rms, 10 Hz up to 1 MHz, with a
maximum Volt-Hertz product of 10%. The 792A compares the heating effect of an ac
voltage with that of a known dc voltage (or other ac voltage). Sensing the rms value is
done entirely without thermocouples and the drawbacks that accompany them. (See
The Fluke RMS Sensor, paragraph 1-3, for more information.)

The transfer standard accepts dc and ac voltages through a stainless steel Type “N”
INPUT connector and presents a dc voltage at the front panel DC OUTPUT binding
posts that is linearly proportional to the rms potential of theinput. A digital voltmeter
of 61%-digit resolution or better can be used to resolve the 2.0V nominal full-scale
output.

An OVERLOAD indicator and beeper warns of input overloads. Even though the
transfer standard is protected electronically from overioads, it is a delicate laboratory
instrument and should be treated with extreme care.

Before operating the transfer standard, be sure to read Sections 2 and 3, particularly
the WARNING that explains the restriction to use only sources that are current-limited
t0 200 mA or less (at the beginning of Section 2), and the CAUTION about observing
the voltage protection level limits for each INPUT RANGE setting (at the beginning of
Section 3).

THE FLUKE RMS SENSOR 1-2.

At the center of the 792A is the patented Fluke RMS Sensor, a solid-state TVC
(thermal voltage converter) that offers many advantages over thermocouple-based
TVCs. Thermocouple-based ac/dc transfer standards present an output with a
square-law response and require a Lindeck potentiometer or nanovoltmeter to resolve
their millivolt-level output.



STANDARD EQUIPMENT

The Fluke RMS Sensor circuit operates in the 2V range, so its output can be resolved
by the dc voltage function of a 6/4-digit DMM such as the Fluke 8505A. The Fluke
RMS Sensor has a shorter time constant, small reversal error, and better frequency
response. In addition, the output of the 792A has a linear rather than square-law
response.

STANDARD EQUIPMENT 1-3.

Model 792A includes one of each of the separate components described next.
Additional power packs can be ordered for operating convenience.

792A AC/DC Transfer Standard 1-4.

The 792A AC/DC Transfer Standard is called the transfer standard in this manual. To
operate, it must be connected to a charged Model 792A-7001 Power Pack. The front
panel has an INPUT RANGE knob, an OVERLOAD indicator, and low-thermal
tellurium-copper binding posts for OUTPUT HI, LO, GUARD, and GROUND
(earth). The rear panel has a stainless steel Type “N” input connector for the signal to
be measured. This connector also mates with the 792A-7002 1000V Range Resistor for
use in the 2.2V INPUT RANGE setting to provide a 1000V range.

792A-7001 Power Pack 1-5.

The 792A-7001 Power Pack provides operating power for the transfer standard. The
power pack contains batteries that power the transfer standard for20to80 hoursona
charge, depending on the INPUT RANGE setting. The state of calibration of the
transfer standard is unaffected by variations in power packs, so spare power packs can
be used when continuous operation for longer periods is required. If the transfer
standard requires calibration, ship only the transfer standard unit and 1000V range
resistor to Fluke. Power pack battery charge time and life are provided in the
specifications.

792A-7002 1000V Range Resistor 1-6.

The 792A-7002 1000V Range Resistor is a precision resistor with a low power
coefficient designed specifically for fast-settling ac-dc transfers. Inputs between 200V
and 1000V are accepted by the 1000V range resistor INPUT connector. The 1000V
range resistor OUTPUT is connected directly to the transfer standard rear panel
INPUT connector. The transfer standard range is set to 2.2V. The 1000V range resistor
is calibrated with the transfer standard and is therefore not interchangeable with other
1000V range resistors.

792A-7003 Transfer Switch 1-7.

The 792A-7003 Transfer Switch provides a way to switch between transfer standard
input sources with minimal error. The switch is recommended whenever separate ac
and dc or ac and ac sources are used in a transfer.



SERVICE AND CALIBRATION INFORMATION

Stainless Steel Type “N”’ Extender 1-8.

One Type “N” extender is shipped with each 792A. Install the extender on the transfer
standard rear panel INPUT connector and leave the extender in place. The transfer
standard was calibrated with this extender in place (plus one half of a Type “N” tee
connector).

The extender serves two purposes:

1. It makes it easier to reach the tightening ring to firmly secure the connector to the
1000V range resistor or transfer switch.

2 Itsaves the transfer standard INPUT connector from wearing out. When the Type
“N” connector begins to wear out, the part wearing out is this disposable extender.
The extender is relatively inexpensive and can easily be replaced by ordering Fluke
part number 875443.

Power Pack Cable 1-9.

One power pack cable is supplied to connect the transfer standard to the power pack.
An extra power pack cable can serve as a backup if the power cable is lost, or as an
operating convenience for users who keep extra power packs on hand. Extra power
pack cables can be obtained by ordering Fluke part number 867254.

ACCESSORY 792A-7004 FLUKE A40 CURRENT SHUNT ADAPTER 1-10.

The optional accessory 792A-7004 Fluke A40 Current Shunt Adapter provides a way
to attach a Fluke Model A40 Current Shunt to the transfer standard INPUT
connector. Appendix B has a diagram that shows how to connect and use this adapter
to make current measurements or transfers using the 792A.

SERVICE AND CALIBRATION INFORMATION 1-11.

When manufactured, each 792A is calibrated and thoroughly verified using a system of
standards and methods that meets or exceeds the requirements of MIL-STD-45662A.
The 792A is warranted to the original purchaser for a period of one year beginning on
the date received. The warranty is located at the front of this manual.

See the 792A Test Report that was shipped with your transfer standard for the date
recertification is due. The ac-dc difference values on the Test Report are valid for one
year. Recertification requires reshipping the 792A transfer standard unit and 1000V
range resistor to the Fluke Technical Service Center in Everett, WA. (See the current
Fluke catalog for the address.) Do not send the power pack. Use the original carton to
ship the transfer standard. If the original carton is not available, you can order a new
one from a Fluke Technical Service Center. The cost of calibrating to original
specifications is shown in the Fluke catalog as number 792A-000 in the price list.

WARNING

SERVICE PROCEDURES, INCLUDING REPLACEMENT OF BATTERIES IN
THE 792A POWER PACK, ARE TO BE DONE BY QUALIFIED SERVICE
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK OR FIRE, DO NOT
SERVICE THE 792A UNLESS YOU ARE QUALIFIED TO DO SO.



SPECIFICATIONS

Section 5 contains servicing information, the tuning procedure, and a basic calibration
procedure. However, be sure that you want to take over the traceability responsibilities
if you do not send the unit to Fluke for repair, adjustment, or calibration. Any
procedure that involves opening the cover of the transfer standard sensor unit or
1000V range resistor invalidates calibration.

SPECIFICATIONS 1-12.

Specifications in Table 1-1 are valid after the 792A has stabilized with the power on or
off for at least 12 hours in the working environment, and after it has warmed up with
the power on for at least 15 minutes. For best accuracy in the 22mV,220mV, and 700
mV ranges, set the INPUT RANGE knob to the correct range at least five minutes
before beginning the first transfer in that range. Absolute uncertainty includes
stability, temperature coefficient, and traceability to legal standards.

1-4
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SPECIFICATIONS

Table 1-1. Specifications (cont)

Settling Time ‘
RANGE SETTLING TIME (SECONDS)
22mV 60
220 mV 60
700 mV 60
22V 30
7V 30
22V 30
70V 30
220V 30
1000V 30

Output Characteristics

Impedance: <30 milliohms
Current: up to 20 mA drive capability

Protection: Protected against damage due to high voltage up to 200V, provided the peak current
does not exceed 50 mA. May be shorted indefinitely without damage to the instrument.

Tolerance: The nomial output voltage at full scale, with tolerances, is shown below.

INPUT RANGE FULL SCALE OUTPUT TOLERANCE
22mV 2.0V 5% + 5.3 mV
220 mV 2.0V 5% + 760 uV
700 mV 2.0V 5% + 500 pV
2.2V 1.9V 10% + 300 pV
7V 2.0V 10% + 300 puV
22V 2.0V 10% + 300 uV
70V 2.0V 10% + 300 puV
220V 2.0V 10% + 300 pV
1000V 1.8V 10% + 300 pV

Battery Characteristics

The Power Pack contains four 6V sealed, lead-acid, gelled-electrolyte batteries. The following
characteristics are typical and apply at 23°C:

Battery Life: 22 mV to 700 mV ranges, 24 hours ; 2.2V to 1000V ranges, 72 hours
Battery Charge Time: 16 hours to full charge

Operating Time Remaining with LOW BAT Lit: 22 mV to 700 mV ranges, 30 minutes; 2.2V to
1000V ranges, 60 minutes
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Table 1-1. Specifications (cont)

DC Reversal Error

The following table is relative to the input voltage and applies over each entire range.

INPUT RANGE INPUT VOLTAGE MAXIMUM REVERSAL ERROR

22mV 2to 22 mV 90 uv

220 mV 22to0 220 mV 90 uVv

700 mV 220 to 700 mV 90 uv

2.2V 700 mV to 2.2V 10 ppm
7V 22t0 7V 10 ppm
22V 7 to 22V 10 ppm
70V 22to 70V 10 ppm
220V 70 to 220V 10 ppm
1000V 220V to 1000V 10 ppm

Input Impedance

INPUT IMPEDANCE
INPUT RANGE
RESISTANCE SHUNT CAPACITANCE
22 mV 10 MQ <40 pF
220 mV 10 MQ <40 pF
700 mV 10 MQ <40 pF
2.2V 420Q <20 pF
7V 1.2 kQ <20 pF
22V 4.0 kQ <20 pF
70V 12kQ <20 pF
220V 40 kQ <20 pF
1000V 200.4 kQ <20 pF

Maximum Input Voltage

The following table lists both the maximum operational and the non-destructive rms voltages.

MAXIMUM INPUT VOLTAGE
INPUT RANGE
OPERATIONAL NON-DESTRUCTIVE
22mV 22 mV 3V
220 mV 220 mV 3V
700 mV 700 mV 3V
2.2V 2.2V 50V
N v 50V
22V 22V 50V
70V 70V 130V
220V 220V 250V
1000V 1000V 1000V




SPECIFICATIONS

1-10

Table 1-1. Specifications

General Soecifications

‘temperatur< owoilization: Allow 12 houis staomization time in the environment ot use.
Warm-up Time: 15 minutes with the power on, after stabilization time.
Temperature Performance: Operating: 11°C to 35°C.

Calibration: 18°C to 28°C.

Storage: -40°C to 50°C.

Relative Humidity: Operating: <75% to 30°C, <70% to 35°C.
Storage: <95%, non-condensing.

Altitude: Operating: to 3,050m (10,000 ft). Non-operating: to 12,200m (40,000 ft).

Safety: Designed to comply with UL1244(Rev.1987); IEC 348-1978; IEC 1010-1-1990; CSA
BULLETIN 556B; and ANSI/ISA-S82.01-1988.

Input Low Isolation: 20V pk to chassis; 10V pk to guard

Guard Isolation: 10V pk to chassis ; 10V pk to input connector shell

EMI/RFI: Meets VDE 0875 Level K. Complies with FCC Rules Part 15, Sub-Part B, Class B.
Reliability: {MIL-STD-28800D, para 3.13.3}

Line Power: 50 to 60 Hz +5% allowed about selectable nominal line voltages: 100V, 120V,
220V, 240V £10%. Maximum power: 45 VA

Size:

Transfer Unit: Height 17.8 cm (7 in), plus 1.5 cm (0.6 in) for feet; Width 21.6 cm (8.5 in);
Depth 30.5 cm (12 in).

Power Pack: Height 17.8 cm (7 in), plus 1.5 cm (0.6 in) for feet; Width 21.6 cm (8.5 in);
Depth 30.5cm (12 in).

1000V Range Resistor: Height 7.6 cm (3 in); Width 8.9 cm (3.5 in); Depth 14.0 cm (5.5 in).

Transfer Switch: 7.6 cm (3 in); Width 8.9 cm (3.5 in); Depth 14.0 cm (5.5 in).
Weight:

Transfer Unit: 8.4 kg (18.5 lbs)

Power Pack: 8.9 kg (19.5 Ibs)

1000V Range Resistor: 1.6 kg (3.5 Ibs)
Transfer Switch: 1.6 kg (3.5 Ibs)
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Section 2
Installation

WARNING

TO AVOID ELECTRIC SHOCK AND TO CONFORM TO IEC SAFETY CLASS
I, USE ONLY WITH SOURCES THAT ARE PROTECTED FROM SHORT
CIRCUIT WITH CURRENT-LIMITING TO 200 mA OR LESS.

INTRODUCTION 2-1.

This section provides instructions for the following:

Unpacking

Installation

Selecting line voltage

Replacing the power pack fuse
Connecting the power pack to line power

Because this section explains fusing and operating environment requirements, you
should read this section before operating the 792A. Instructions for connecting cables
to other standards and to a UUT (Unit Under Test) during operation are in Section 3.

UNPACKING AND INSPECTION 2-2.

The 792A is shipped in a container that is specially designed to prevent damage during
shipping. Inspect the 792A carefully for damage, and immediately report any damage
to the shipper. Instructions for inspection and claims are included in the shipping
container.

If you need to reship the 792A, use the original carton. If the original carton is
unavailable, you can order a new carton from a Fluke Technical Service Center.

When you unpack the 792A, check for all the standard equipment listed in Table 2-1.
Also check for accessories if any were ordered. Report any shortage to the place of
purchase or to the nearest Technical Service Center. (A List of Technical Service
Centers is located in Appendix B of this manual.) If performance tests are required for
your acceptance procedures, refer to Section 5 for instructions.

Line power cords available from Fluke are listed in Table 2-2 and illustrated in Figure
2-1.



UNPACKING AND INSPECTION

Table 2-1. Standard Equipment

AC Line Cord

Spare .25A, SLOW BLOW 250V Fuse
Stainless Steel Type “N” Extender
792A Instruction Manual

792A Test Report

Certificate of Calibration

ITEM MODEL OR PART NUMBER
792A AC/DC Transfer Standard 792A
792A Power Pack 792A-7001
792A 1000V Range Resistor 792A-7002
792A Transfer Switch 792A-7003
Power Pack Cable 867254

(See Table 2-2 and Figure 2-1)
166306
875443
871723
(None)
(None)

Table 2-2. AC Line Cords Available for Fluke Instruments

TYPE VOLTAGE/CURRENT FLUKE OPTION NUMBER
North America 120V/15A LC-1
North America 240V/15A LC-2
Universal Euro 220V/16A LC-3
United Kingdom 240V/13A LC-4
Switzerland 220V/10A LC-5
Australia 240V/10A LC-6
South Africa 240V/5A LC-7
LC-1 LC-2 LC-3 LC-4
LC-5 LC-6 LC-7

Figure 2-1. Line Power Cords Available for Fluke Instruments




SELECTING LINE VOLTAGE AND ACCESSING THE FUSE

ENVIRONMENTAL AND INPUT REQUIREMENTS 2-3.

Use the transfer standard in a temperature-controlled environment after it has been
allowed to stabilize there for at least 12 hours.

At the level of uncertainty specified for the 792A, environmental conditions are
important. The 792A is specified for IEC installation category I and pollution degree 1.
Installation category I refers to degree of restriction on voltage inputs to the
instrument. See the next paragraph for input restrictions. Pollution degree 1 requires
an atmosphere with no pollution, or only dry, non-conductive pollution.

Sources connected to the 792A must be current-limited to 200 mA and be free of
high-energy transients. In the 22 mV and 220 mV ranges, the INPUT is clamped to
+1.2V. In the 700 mV range, the INPUT is clamped to £1.8V. On the passive ranges
(2.2-220V), clamps at the sensor and peak detectors protect the rms sensor. Refer to
Section 4 for more information about the protection circuitry.

CAUTION

Always ensure that the proper 792A range has been selected before
applying input voltages. Inputs that exceed the protection level shown on
the rear panel label may disrupt the state of calibration and cause
instrument damage.

SELECTING LINE VOLTAGE AND ACCESSING THE FUSE 2-4.
CAUTION

To avoid blowing the ac line fuse, verify the position of the line voltage
selection drum before plugging in the power pack. Rotate the drum if
necessary to match local line power.

CAUTION

To preventinstrument damage, verify that the correct fuse is installed for the
line voltage setting. Use only a .25A, 250V SLOW BLOW fuse when the line
voltage setting is 220 or 240V, and a .5A, 250V SLOW BLOW fuse when the
line voltage setting is 100 or 120V.

The power pack has four line voltage settings: 100V, 120V, 220V, and 240V. Each
voltage setting has a voltage tolerance of +:10% and accepts line frequencies of 50 or 60
Hz.

To select line voltage and verify the fuse, or to replace the fuse, refer to Figure 2-2, and
proceed as follows:

1. Disconnect the ac line cord from the wall outlet and the rear panel.

2. Using a small screwdriver, pop open the line voltage selection module door from
the top.

3. Using the screwdriver, pry the tab of the fuse holder to slide out the fuse holder.

4. Verify the fuse type and rating using the data on the rear panel or Figure 2-2, and
replace it.



SELECTING LINE VOLTAGE AND ACCESSING THE FUSE

WARNING:
TO AVOID ELECTRIC SHOCK
GROUND THE 792A THROUGH
THE LINE CORD OR
n FROM PANEL GROUND POST
Lo ] caumon:
STORE AND USE THE POWER
PACK IN THE UPRIGHT POSITION
50/60 Hz 30 VA MAX EXCEPT DURING TRANSPORT
T
CAUTION:
FOR FIRE PROTECTION, REPLACE ONLY

WITH A 250V FUSE OF INDICATED VALUE

(100r20v [ T 5AsowBLOw) ]
® (" 220r240v | 7 254 (sLowBLOW) |

1,1
"

\S—
JOHN FLUKE MFG. CO., INC.
MADE IN USA

Figure 2-2. Fuse Rating Label and Fuse Location




CONNECTING TO LINE POWER

5. Ifyouneed to change the line voltage setting, remove the drum and rotate it so that
the desired voltage is facing outward. Replace the drum.

6. Push the line voltage selection module door closed.

CONNECTING TO LINE POWER 2-5.
WARNING

TO AVOID ELECTRIC SHOCK WHILE CHARGING OR USING THE POWER
PACK WITH THE LINE CORD PLUGGED IN, CONNECT THE FACTORY
SUPPLIED, THREE CONDUCTOR LINE POWER CORD TO A PROPERLY
GROUNDED POWER OUTLET. DO NOT USE A TWO-CONDUCTOR
ADAPTER OR EXTENSION CORD; THIS WILL BREAK THE PROTECTIVE
GROUND CONNECTION.

After verifying that the line voltage setting and fuse are correct, turn off the power pack
POWER switch, connect the line cord to the power pack, and plug the line cord into a
properly grounded three-prong outlet.

WARNING

TO AVOID ELECTRIC SHOCK DURING TRANSFER STANDARD OPERA-
TION, GROUND THE 792A THROUGH THE LINE CORD OR FRONT PANEL
GROUND POST.

The transfer standard is an IEC Safety Class I (grounded enclosure) instrument, and
must be properly connected to earth ground. Ground it either through the power pack
ac line cord or the transfer standard GROUND binding post on the front panel below
and to the right of the INPUT RANGE knob. When the ac line cord is plugged into a
properly grounded three-prong outlet, the safety ground path for the power pack is
through the line cord. In this case, the transfer standard unit does not need an
additional safety ground because it can be used only with sources that are
current-limited to 200 mA or less. The transfer standard without outside stimulus
contains only low voltage.

NOTE
For additional information about using the power pack, both connected

to line power or disconnected from line power, refer to Using the Power
Pack, in Section 3.

2-5/2-6






Section3
Operation

WARNING

TO AVOID ELECTRIC SHOCK AND TO CONFORM TO IEC SAFETY CLASS
I, USE ONLY WITH SOURCES THAT ARE PROTECTED FROM SHORT
CIRCUIT WITH CURRENT-LIMITING TO 200 mA ORLESS.

CAUTION

Inputs that exceed the protection level may disrupt the state of calibration
and cause instrument damage. Read this section before applying any
voltages to the transfer standard.

INTRODUCTION 3-1.

This section provides operating instructions for the 792A AC/DC Transfer Standard.
It describes the controls, indicators, and other features of all parts of the transfer
standard in a set of illustrations and tables. Instructions tell how to use the power pack,
set up and connect instruments to the transfer standard, and how to make an ac-dc
transfer. Further on, the section explores potential sources of error and explains how
to defeat them. You may want to use procedures in this section as a general guide to
developing your own techniques for your particular applications.

SUMMARY OF FEATURES 3-2.

Please read the following summary of features before operating the transfer standard.
Separate illustrations and tables describe the functions and locations of features on the
transfer standard, power pack, 1000V range resistor, and transfer switch.

792A AC/DC Transfer Standard Front Panel 3-3.
Figure 3-1 shows the transfer standard front panel features (indicators, controls,
binding posts, connectors, and labels). Table 3-1 describes these features.

792A AC/DC Transfer Standard Rear Panel 3-4.
Figure 3-2 shows the transfer standard rear panel features (connectors and labels).
Table 3-2 describes these features.

792A-7001 Power Pack Front Panel 3-5.

Figure 3-3 shows the power pack front panel features (indicators, connectors, and
labels). Table 3-3 describes these features.

3-1



SUMMARY OF FEATURES

3-2

792A-7001 Power Pack Rear Panel 3-6.

Figure 3-4 shows the power pack rear panel features (connectors, labels, and fuse).
Table 3-4 describes these features.

792A-7002 1000V Range Resistor 3-7.
Figure 3-5 shows the 1000V range resistor. Table 3-5 explains the use of its two
connectors.

792A-7003 Transfer Switch 3-8.

Figure 3-6 shows the transfer switch. Table 3-6 explains the use of connectors and the
knob on the transfer switch.

792A Test Report 3-9.

Figure 3-7 shows a sample 792A Test Report. Table 3-7 explains the meaning of the
entries in the 792A Test Report.

® @

FLUKE

792A
AC/DC TRANSFER STANDARD

INPUT RANGE
RMS VOLTS

DC OUTPUT

§
GROUND  GUARD
WARNING:
TO AVOID ELECTRIC SHOCK, GROUND [Te)
THE 792A THROUGH THE LINE CORD OR
FRONT PANEL GROUND POST e

\ J

POWER SUPPLY
INPUT

L J [ J
®
® o OO

Figure 3-1. 792A AC/DC Transfer Standard Front Panel




SUMMARY OF FEATURES

Table 3-1. 792A AC/DC Transfer Standard Front Panel

INPUT RANGE Knob

Selects the input range. Inputs greater in magnitude than the protection limit may damage
the transfer standard. Protection limits are shown in Table 3-8 and on the rear panel of the
transfer standard. For the input impedance of each range, see Table 3-10.

OVERLOAD Indicator

Blinks when a source attached to the rear panel input exceeds the maximum voltage for the
range sefting. Reset is automatically attempted several times/second, and OVERLOAD
continues to blink and the beeper sounds until the excessive input is removed.

DC OUTPUT HI Binding Post

For reading the scaled dc voltage output, the DC OUTPUT HI binding post is the connection
point for a voltmeter high input. Full-scale output is nominally 1.8 - 2.0V, depending on the
input range. See Table 1-1 Specifications for full details.

DC OUTPUT LO Binding Post

For reading the scaled dc voltage output, the DC OUTPUT LO binding post is the connection
point for a voltmeter commoninput. This binding post is internally connected to the rear panel
INPUT connector shell. The maximum allowable potential between DC OUTPUT LO and
GUARD is 10V pk.

GUARD Binding Post

Provides an external connection point for the internal guard or floating shield. Make sure that
all guards are grounded at only one point in the system. The maximum allowable potential
between the GUARD connector and GROUND is 10V pk.

GROUND Binding Post

If the transfer standard is the location of the earth ground reference point in a system, the
GROUND binding post can be used for connecting the transfer standard GUARD and other
instrument guards, if so equipped, to earth ground. (The transfer standard is normally
connected to earth ground through the power pack three-conductor ac line cord instead of
through the GROUND binding post.)

Safety Ground WARNING

The transfer standard is an IEC Safety Class | (grounded enclosure) instrument, and must
be properly connected to earth ground. Ground it either through the power pack ac line cord
or the transfer standard GROUND binding post on the front panel below and to the right of
the INPUT RANGE knob. When the ac line cord is plugged into a properly grounded three-
prong outlet, the safety ground path for the power pack is through the line cord. In this case,
the transfer standard unit does not need an additional safety ground because it can be used
only with sources that are current-limited to 200 mA or less. The transfer standard without
outside stimulus contains only low voltage.

3-3



SUMMARY OF FEATURES

Table 3-1. 792A AC/DC Transfer Standard Front Panel (cont)

POWER SUPPLY INPUT Connector

Connects to the power pack cable. Conductors in the power pack cable carry operating
voltage from the power pack and provide a ground path for the transfer standard chassis
when the power pack is plugged into a properly grounded three-prong outlet. (All other
connectors are isolated from the transfer standard chassis.) The power pack cable ends are
identical. Plug either end into the POWER SUPPLY INPUT connector.

/

WARNING:

TO AVOID ELECTRIC SHOCK
GROUND THE 792A
THROUGH THE LINE CORD
OR FRONT PANEL GROUND POST

MAXIMUM INPUT VOLTAGE
(RanGE: )

22 mV-700 mV. 3V AMS
2.2v-22V 50V RMS

70V 130V RMS.
220V 250V AMS /@
NOTE:INPUT LO AND OUTPUT LO
ARE INTERNALLY CONNECTED
JOHN FLUKE MFG. CO., INC.

L MADE IN USA
J

/
L J L J

3-4

Figure 3-2. 792A AC/DC Transfer Standard Rear Panel




SUMMARY OF FEATURES

Table 3-2. 792A AC/DC Transfer Standard Rear Panel

MAXIMUM INPUT VOLTAGE Range Label

CAUTION

Inputs that exceed the protection level may disrupt the state of calibration and
may cause instrument damage.

This label defines the protection level for each range setting. (See INPUT RANGE knob entry
in the previous table for details.)

Serial Number

Use the transfer standard serial number combined with the transfer standard model number
to positively identify a particular transfer standard and matched 1000V range resistor. (The
1000V range resistor and transfer standard are calibrated together as a set. Range resistors
are not interchangeable.)

INPUT Connector

A stainless steel 50Q Type “N” connector for applying ac and dc voltages to the transfer
standard. The INPUT connector shell is isolated from the transfer standard chassis, and is
internally connected to the front panel OUTPUT LO binding post. The INPUT usually is
connected to the transfer switch or the 1000V range resistor. To save the INPUT connector
from wearing out, attach the Type “N” extender coupler supplied with the unit. The transfer
standard was calibrated with the extender installed.




SUMMARY OF FEATURES

NANAN

792A POWER PACK c%es U%AT %ATE

POWER SUPPLY
OouTPUT

|

\\ ‘
J \@ -
®

Figure 3-3. 792A-7001 Power Pack Front Panel
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SUMMARY OF FEATURES

Table 3-3. 792A-7001 Power Pack Front Panel

CHARGE Indicator

Lights whenever the ac line cord is plugged in, the rear panel POWER switch is setto (on),
and the power pack is in charge mode. The CHARGE indicator remains lit until the
OPERATE switch is pressed, because the batteries are constant-voltage trickle charged
after they reach full capacity. (No charging takes place in OPERATE or LOW BAT modes.)

LOW BAT Indicator

Lights when the batteries are discharged to the point where only one hour or less of operating
time remains. The power pack is still usable until the batteries are almost completely dis-
charged. But beware that in less than an hour, operating voltage will automatically shut off
and the power pack will go into charge mode if it is plugged in and turned on. To avoid having
power shut off during a transfer, when the LOW BAT indicator lights finish the transfer in
progress, then plug the power pack in and turn on the rear panel POWER switch to begin
recharging the batteries. The power pack is not usable during the charging period. It takes
approximately 16 hours to develop a full charge.

OPERATE Indicator

Signifies that dc operating voltage is turned on and is available for the transfer standard at
the POWER SUPPLY OUTPUT connector. When the batteries are almost completely
discharged, the OPERATE indicator goes out, operating voltage is automatically shut off,
and the power pack goes into charge mode if it is plugged in and turned on. Until the batteries
are sufficiently recharged, the power pack will not function. The LOW BAT indicator warns
the operator when only one hour or less remains on the charge. Apply recharging voltage
within one hour of operation after the LOW BAT indicator lights. Operation when LOW BAT
is lit does not invalidate any of the performance specifications.

OPERATE Switch

Turns on dc operating voltage for the transfer standard. If the OPERATE indicator does not
light when you momentarily press the OPERATE switch, the batteries may be insufficiently
charged.

POWER SUPPLY OUTPUT Connector

Connects to the power pack cable. Conductors in the power pack cable carry operating
voltage to the transfer standard and provide the earth ground and fault current path when
the power pack is plugged into a properly grounded three-prong outlet. The power pack cable
ends are identical. Plug either end into the POWER SUPPLY OUTPUT connector.
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Table 3-4. 792A-7001 Power Pack Rear Panel

POWER Switch

Internally connects ac line powertothe charging circuits. The batteries will not charge unless
this switch is setto (on), and the OPERATE switch is pressed sothat the OPERATE indicator
is off.

Battery Position CAUTION

During charging and discharging, the sealed lead-acid batteries used inthe power pack must
be in the upright position to vent properly. During off-line storage and transportation, the
batteries require no venting; therefore, any position is acceptable.

Safety Ground WARNING

The transfer standard is an IEC Safety Class | (grounded enclosure) instrument and must
be properly connected to earth ground. Ground it either through the power pack ac line cord
or the transfer standard GROUND binding post on the front panel below and to the right of
the INPUT RANGE knob. When the ac line cord is plugged into a properly grounded three-
prong outlet, the safety ground path for the power pack is through the line cord. In this case,
the transfer standard unit does not need an additional safety ground because it can be used
only with sources that are current-limited to 200 mA or less. The transfer standard without
outside stimulus contains only low voltage.

Fuse CAUTION and Rating Label

States the correct fuse type and rating for use in the 100 to 120V range, or the 220 to 240V
range. Use of an improper fuse defeats the safety design of the power pack and can cause
instrument damage.

Serial Number

The Serial Number combined with the power pack model number identifies a particular
power pack unitonly. The number may be different from the Serial Number on the companion
transfer standard unit. Substituting a different power pack has no effect on the state of
calibration of the transfer standard. Use the Serial Number on the transfer standard in all
correspondence with Fluke and for calibration tracking and traceability purposes.

AC Line Cord Connector, Line Voltage Selection, and Fuse Module

Houses the ac line fuse and the male three-prong connector for an IEC-type power cord. The
plastic cover covers the fuse so it can be accessed only when the power cord is not
connected.

AC Line Frequency and Power Requirement Label

Specifies the acceptable ac line power frequency (50/60 Hz) and the power drawn by the
power pack when recharging discharged batteries.
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Figure 3-5. 792A-7002 1000V Range Resistor

Table 3-5. 792A-7002 1000V Range Resistor

(@ INPUT Connector

WARNING

TO AVOID ELECTRIC SHOCK, CONNECT THE 1000V RANGE RESISTOR OUTPUT TO THE
TRANSFER STANDARD INPUT BEFORE APPLYING ANY VOLTAGE TO THE 1000V RANGE
RESISTOR.

A stainless steel 50Q Type "N" connector that accepts outputs from sources (usually through the
transfer switch) supplying between 200V and 1000V. This connector, once attached to the transfer
standard INPUT, becomes the transfer standard INPUT and plane of reference for inputs between 200
and 1000V. The INPUT RANGE knob must be set to 2.2V for use with the 1000V range resistor.

(® OUTPUT Connector

A stainless steel 50Q Type "N" connector for connecting to the transfer standard INPUT. Always
connect the 1000V range resistor to the transfer standard INPUT, and set the range to 2.2V before con-
necting to a source.

(® Tuning Access Hole

Used only during the tuning procedure described in Section 5, Maintenance.

CAUTION
Adjustment of this control invalidates the state of calibration of the 1000V range.

@ Serial Number

Use the serial number to positively identify the range resistor matched to a particular transfer standard.
The 1000V range tesistor and transfer standard are calibrated together; therefore, 1000V range
resistors are not interchangeable.
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Figure 3-6. 792A-7003 Transfer Switch

Table 3-6. 792A-7003 Transfer Switch

(@ OUTPUT connector

A stainless steel 50Q Type "N" connector that attaches to the transfer standard or 1000V
range resistor INPUT. The plane of reference after attaching the switch becomes the switch
rotor (unless two transfer standards are teed together, which places the plane of reference at
the center of the coaxial tee).

@ INPUT 1 Binding Posts

Located onthe right side of the transfer switch viewed from the top, these binding posts labeled
SENSE 1 Hland LO and INPUT 1 Hl and LO provide the connection to a source. The SENSE
binding posts provide connection points for external sense leads from the first source.

(® INPUT 2 Binding Posts

The end of the transfer switch has binding posts labeled SENSE 2 Hl and LO and INPUT 2
HI and LO for connecting to a second source. The SENSE binding posts provide connection
points for external sense leads from the second source.

@ INPUT Select Knob

In the INPUT 1 position, this knob opens the connection from the INPUT 2 binding posts and
connects the INPUT 1 binding posts to the transfer standard. Inthe INPUT 2 position, this knob
opens the connection from the INPUT 1 binding posts and connects the INPUT 2 binding posts
to the transfer standard. In the OFF position, the knob opens the connection between the
transfer standard and both sets of INPUT binding posts.
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Figure 3-7. Sample 792A Test Report
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Table 3-7. 792A Test Report

Serial Number and Date

The serial number is for positively identifying a Test Report. The date is the date of
calibration, which is the beginning of a one-year calibration cycle.

AC-DC Difference Data

The ac-dc difference data are the error with respect to the corrected response of areference
792A. The reference 792A is maintained in the Fluke factory with corrections that are
traceable to NIST.

All ac-dc differences are in ppm (parts per million). A positive ac-dc difference indicates that
more alternating than direct voltage is required to produce the same 792A output. The

formula for ac-dc difference is:

792A output [dc known in] - 792A output [ac corrected in]

ac-dc difference =
792A output [dc known in]

Reference 792A Serial Number and Temperature of Calibration

The serial number of the reference 792A is included for traceability purposes. The ambient
temperature is recorded at the time of calibration.

RANGE Column

This column lists the settings of the INPUT RANGE knob.
INPUT Column

This column lists the test voltages.

Test Frequencies

This column lists the test frequencies.
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USING THEPOWER PACK 3-10.

NOTE

Variations in power supplies have no effect on the state of calibration of
the transfer standard. Any 792A-7001 Power Pack may be used with any
7924 AC/DC Transfer Standard. For that reason, spare power packs
may be used. When reshipping a 792A for calibration, send only the
transfer standard unit and the 1000V range resistor.

The power pack provides dc operating voltage for the transfer standard. It can be
plugged into acline power, or it can be used offline. In OPERATE or LOW BAT, even
if the line cord is plugged in and the POWER switch is on, the transfer standard
operates on battery power (and the batteries are not being charged) to maintain
isolation from the ac line. Three choices for operating the battery pack/transfer
standard combination are described next.

1.

Line cord plugged in and power on all the time.

Advantage: power pack will trip into charge state whenever it is needed.

Disadvantage: least amount of isolation from noise on the ac line. Any cabling
connected to the power pack and transfer standard can pick up emi
(electromagnetic interference). For the best emi immunity, disconnect the line
cord from the power pack rear panel and ground the front panel GROUND
connector.

Line cord plugged in, but rear panel POWER turned on only when needed for
charging.

Advantage: better isolation from ac line because there is no current in the
transformer primary.

Disadvantage: power pack will not trip into charge state automatically when it
isneeded. Attached line cord is route for emi to get in.

Line cord disconnected (note that the transfer standard must be grounded at its
front panel GROUND binding post).

Advantage: total isolation from ac line. Disconnecting the ac line also removes
one route for emi pickup. This configuration is recommended for extremely
sensitive transfers.

Disadvantage: power pack will not trip into charge state automatically when it
isneeded.

Transfer standard operating power lasts for 20 to 80 hours, depending on the INPUT
RANGE setting. (The active ranges, 22 to 700 mV, consume more power.) When the
LOW BAT indicator lights, the power pack will work for only one hour or less on the
remaining charge. When the batteries are discharged, operating voltage shuts off and
the power pack automatically goes into charge mode if it is plugged in and turned on.
The power pack is not usable during the charging period.
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The power pack recharges fully in about 16 hours. To recharge the power pack, plugit
in and set the rear panel POWER switch to | (on). You can leave the power pack
plugged in and on all the time; internal circuitry prevents damage from overcharging.

Attach the power cable between the power pack POWER SUPPLY OUTPUT
connector and the transfer standard POWER SUPPLY INPUT connector. This cable
contains the ground path for the transfer standard chassis whenever the ac line cord is
plugged into a properly grounded outlet.

PREPARING TO MAKE A TRANSFER 3-11.

A “transfer” is called that because it is the process of comparing an ac voltage to a
known dc voltage, thereby transferring the low uncertainty of the dc voltage to the ac
voltage. The 792A can be used to perform two different types of ac-dc transfers:

1. Anacmeasurement

2. Anac-dc difference measurement

In an ac measurement, the transfer standard is used to determine absolute rms ac
voltage level. In an ac-dc difference measurement, the transfer standard is a reference
that tests the ac and dc response of another transfer standard. The goal of an ac
measurement is to determine the error of the ac source or ac voltmeter under test. The
goal of an ac-dc difference measurément is to determine a value called the “ac-dc
difference,” which is positive when more ac voltage than dc voltage is required to
produce the same output in the transfer standard under test.

Step-by-step procedures are provided under the heading Making a Transfer, for three
types of ac-dc transfers, all of which fall in to the ac measurement category. The first
two procedures test the ac level accuracy of an ac source. The third procedure tests the
accuracy of an ac voltmeter. An example of an ac-dc difference measurement is the
792A calibration procedure provided in Section 5.

Using the 792A Test Report 3-12.

A 792A Test Report made for the particular transfer standard is shipped with each
transfer standard. The Test Report is the result of the calibration process done as part
of the manufacturing process in the factory in Everett, Washington. Data in the Test
Report is valid for one year from the date printed at the top.

To get the most benefit from the transfer standard, select voltage and frequency points
included in the Test Report whenever you make a transfer. The ac-dc difference in the
report is a correction factor you algebraically add to the results you obtain by
measurement. By applying the corrections from the 792A Test Report to your
measured (apparent) results, you achieve the highest possible level of accuracy.

NOTE

Transfer voltage and/ or frequency can vary from a cardinal point in the
Test Report by +2%. For points 100 Hz or above use the correction factor
and uncertainty specification unchanged. For points below 100 Hz,
calculate a new correction factor by using the method described in
Appendix C.
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3-16

The correction data in the Test Report are ac-dc differences with respect to areference
792A. All ac-dc differences are in ppm. A positive ac-dc difference indicates that more
alternating than direct voltage is required to produce the same 792A output. The
formula for ac-dc difference is:

792A output[dc known in] - 792A output [ac corrected in]

ac-dc difference =
792A output [dc known in]

The reference 792A is maintained in the Fluke factory with its own table of corrections
that are traceable to NIST. The serial number of the standard that was used to calibrate
your 792A appears on the Test Report. The serial number of the 792A to which the Test
Report belongs also appears on the transfer standard. You may want to make a copy of
the test report and keep it in a safe place. Itis an important part of the instrument.

Using the Fluke 5700A with the Transfer Standard 3-13.

If you are using a 5700A for the ac source, sub-ppm stability can be achieved by using
the AC Xfer OFF (internal transfer off) feature. This allows you to turn off the
monitoring system that normally makes adjustments for load changes. The Xfer OFF
feature is available only in the ranges below 220V, and at frequencies below 120 kHz.

The Xfer OFF function remains active until the 5700A is reset or the power is turned
off. For remote control applications, the same feature is accessible through the remote
command XFER OFF. Send the command XFER ON to restore internal ac transfers
to normal operation.

Turn off internal ac transfers as follows:

1. Pressthe “Setup Menus”softkey.

2. Pressthe “Special Functns”softkey.

3. Press the “AC Xfer Choice” softkey so that ON appears. This turns on an “AC
Xfers” softkey in the ac voltage output function.

4. Press PREV MENU twice.

5. After setting the output for an ac voltage, press the “AC Xfers” softkey so that
OFF appears before making a transfer with the 792A.

Initial Setup and Warmup 3-14.

Before you use the transfer standard, connect it to a charged 792A-7001 Power Pack
and warm up it up. Proceed as follows to thermally stabilize and warm up the transfer
standard:

1. Allow the transfer standard to thermally stabilize in the environment in which it
will be used (with the power off) for at least 12 hours.

2. Ifthe power pack is not fully charged, charge it for 16 hours. Chargingis controlled
by circuitry in the power pack. The power pack cannot be overcharged.

3. Connect the power pack cable between POWER SUPPLY OUTPUT on the power
pack and POWER SUPPLY INPUT on the transfer standard.
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4. Press the OPERATE switch on the power pack.

5. The transferstandard is ready foruse, but for best accuracy, wait 15 minutes after turning
it on.

Cable Connections for Making a Transfer 3-15.
CAUTION

To avoid dielectric breakdown, use only cables and connectors with
correct voltage ratings.

CAUTION

Always ensure that the proper transfer standard range has been selected
before applying input voltages. Inputs thatexceed the protectionlevel may
disrupt the state of calibration and cause instrument damage.

Whenever possible, directly connect instruments to the transfer switch or INPUT connector
using shielded adapters (and as few as possible). Make all screw-on connections tight. When
calibrating an ac source, if it is impossible to directly connect the ac source to the transfer
switch, use the shortest possible length of coaxial cable or equivalent. Also realize that if you
do add a length of cable, you calibrate the source to the end of the cable.

When calibrating an ac voltmeter, the path from the ac source to the transfer switch is no
longer critical, and a longer cable can be used. Coaxial cable and connectors minimize the
possibility that radiated electromagnetic energy will disrupt sensitive measurements.

CONNECTING AND USING THE TRANSFER SWITCH 3-16.

For inputs that will be in the 200 to 1000V range, connect the 1000V range resistor OUTPUT
to the transfer standard INPUT (through the Type “N” extension to preserve the INPUT
connector), and connect the resistor INPUT connector to the transfer switch Type “N”
connector.

For inputs below 200V, connect the transfer switch to the Type “N” extension at the transfer
standard INPUT. Now the transfer switch is ready to accept inputs from two sources.

CONNECTING A DC DMM TO THE TRANSFER STANDARD DC OUTPUT 3-17.

Use a 6 1/2-digit or better dc DMM such as the Fluke 8505A to read the transfer standard
output. The output nominally approaches 2V full scale. Use shielded test leads, such as
shielded twisted-pair or Twinax cable, with the shield connected to the transfer standard
GUARD and the 8505A GUARD. Low thermal cables are not required, since relative
amplitude rather than absolute amplitude is the critical measurement.
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3-18

For all types of transfers, connect the DMM to the transfer standard as follows:

1. Setthe DMM forexternal guard if it has a guard.

2. Connect shielded test leads between the DMM INPUT HI and the transfer
standard OUTPUT HI, and between the DMM INPUT LO and the transfer
standard OUTPUT LO.

3. Connect the test lead shield between the DMM guard and the transfer standard
GUARD. If the DMM has no guard terminal, leave this lead unconnected.

CONNECTING DC VOLTAGE SOURCES TO THE INPUT 3-18.

Shielded test leads should be used for connecting to dc voltage sources. The best choice
for dc voltage sources is shielded cables with low-thermal emf connectors. A second set
for external sensing at the transfer switch INPUT 1 or INPUT 2 binding posts should
be used for the passive ranges (2.2V and above).

NOTE

External sensing is not needed for ac-dc difference measurements when
calibrating one transfer standard against another as in the 792A
calibration procedure in Section 5.

For inputs that will be above 200V, make sure the 1000V range resistor is installed
between the transfer standard INPUT and the transfer switch. Set the INPUT
RANGE knob to 2.2V.

CONNECTING AC VOLTAGE SOURCES TO THE INPUT 3-19.

For inputs that will be above 200V, make sure the 1000V range resistor is installed
between the transfer standard INPUT and the transfer switch. Set the INPUT
RANGE knob to 2.2V.

When the ac source is the unit to be calibrated, it is important to shorten the path
between the source binding posts and the transfer switch to keep the plane of reference
as close as possible to the ac source binding posts. Connect the ac source to the transfer
switch INPUT 1 or INPUT 2 directly using adapters, or through a short length of
coaxial cable. Make sure cables and connectors are rated for the voltage that will be
used. Do not use external sensing from the ac source, unless you want to calibrate the
acsource at the end of a cable.

When the ac source is not the unit to be calibrated, for example when calibrating an ac
voltmeter, the path between the source binding posts and the transfer switch is no
longer critical. However, use a short length of cable to minimize distortion from the ac
source. The path is no longer critical because the plane of reference is the center of a tee
connector, and the ac source is adjusted as necessary to correct the amplitude as
measured by the transfer standard at the tee.
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WHEN TO USE FOUR-WIRE SENSING 3-20.

Four-wire sensing from the ac or dc source is unnecessary when calibrating another
transfer standard, i.e., making an ac-dc difference measurement. An example of this
type of measurement is the 792A calibration procedure in Section 5. This is because
there is a relatively wide tolerance for the nominal test voltage.

For all the transfer procedures in this section, absolute dc voltage is required at the
transfer standard INPUT to determine absolute ac voltage. Set up the dc voltage
reference for the transfer standard INPUT with external sensing at the transfer switch
binding posts when using the passive ranges (2.2V and above). This is to remove errors
caused by voltage drops in the cables, i.e., to maintain the plane of reference as close as
possible to the transfer switch. This is especially important in the passive ranges (2.2V
and above), where the transfer standard input impedance is lower.

Four-wire sensing is also important whenever you use a fixed-polarity dc source. When
using a fixed-polarity dc source you must disconnect and reverse the cables, which
introduces changes in contact resistance. By using four-wire sensing (if the source has
the capability), you minimize the effects of contact resistance as well as cable voltage
drops.

AC voltage sources sometimes have external sensing capability. However, do not use
external sensing when calibrating an ac source unless you want to move the plane of
reference to the end of a length of cable. Normally, ac sources are calibrated at their
binding posts, so sensing at the binding posts with straps or internal connection is
appropriate.

CONNECTING THE GUARD AND GROUND 3-21.
NOTE

Spurious currents in the ground wires will degrade measurements at the
accuracy level made possible by the transfer standard. Make sure the
GUARD terminals of all interconnected instruments are tied to earth
ground at one point and one point only in the system, and all LO or
common terminals are tied to GUARD at only one point in the system.

The transfer standard GUARD is an electrical shield around the sensitive analog
circuitry, insulated from chassis ground and the rest of the transfer standard. The
GUARD provides a low-impedance path for common-mode noise and ground
currents. The guard eliminates the chance of ground currents in the signal leads caused
by plugging the power pack into an ac main with a different ground potential than
other interconnected instruments.

Ground currents can occur if instrument guards are not connected properly, resulting
in annoying and often subtle measurement errors. The basic rule is, in any system of
measurement instruments, all instrument guards should be grounded at one and one
point only. Circuit common (the transfer standard INPUT connector shell or
OUTPUT LO) should be electrically connected to the guards at one and only one point
as well; preferably where the guards are grounded. If an instrument in the system has a
grounded input or output, select it as the common earth ground point for all guards in
the system. Otherwise, use the ac voltage source used for the transfer as the point to
ground the guards and common.

3-19



MAKING A TRANSFER

3-20

With line power disconnected, you can confirm the integrity of your guarding and
grounding scheme by checking each instrument with an chmmeter to find hidden or
internal connections between guard, common, and ground. If you have any question
about proper guarding and grounding, draw a guarding diagram for your system of
instruments, and make sure all instrument guards are tied together and grounded at
only one point.

For more information about grounding and guarding, read Grounding and Shielding
Techniques in Instrumentation, by Ralph Morrison, ©1977, John Wiley & Sons.

MAKING A TRANSFER 3-22.

Two methods are recommended for making a transfer to determine absolute ac
voltage. The first is to simply observe the change in transfer standard output, or
deflection, as indicated on the DMM, from the dc reference to the ac source. For this
method, accuracy of the transfer relies on the linearity of the transfer standard, which
is typically better than the ac voltage source, but not as good as a dc voltage calibrator
such as the Fluke 5440B or the dc voltage function of the Fluke 5700A.

The second method is to apply the ac source, then apply the dc reference and adjust it
for the same DMM reading. This method relies on the linearity of the dc voltage
source, which is typically better than the transfer standard and the ac voltage source.
The two methods just described are used in the first two procedures for accurately
determining the rms value of an ac voltage source. The third procedure provided in the
section is for accurately determining the response of an ac DMM. Section 5 provides
an example of an ac-dc difference measurement in the 792A calibration procedure.

Absolute accuracy of the dc DMM is not its critical specification for transfer standard
applications. Its linearity and short-term stability are more important, since what you
are measuring is the magnitude of the change in transfer standard output from one
transfer standard input voltage to the next.

In all these procedures, sources and DMMs different than those called out may be
substituted. The dc source must be capable of reversing polarity internally, or if it has
fixed polarity, it must be capable of external four-wire sensing to compensate for
changes in contact resistance resulting from moving the cables.

Before putting these procedures into practice, read the information at the end of this
section under Techniques for Reducing Transfer Error. Observing the hints provided
there will help ensure accurate transfers.

Before applying any voltage to the transfer standard INPUT, confirm that the INPUT
RANGE setting is correct. Table 3-8 shows the levels that must not be exceeded, and
normal operating levels accepted, for each range.

Always correct for reversal error when making a transfer. In general, you do this by
applying one polarity of dc, then the other, then averaging 792A dc output readings.
DC reversal correction is part of the step-by-step examples further on in this section.
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PROTECTION LIMIT (RMS
INPUT RANGE OPERATING INPUT (RMS)
VOLTAGE (RMS) 200 mA SOURCE 100 mA SOURCE

22 mV 2t022 mV 3V 50V

220 mV 2210 220 mV 3v 50V

700 mV 220 to 700 mV 3V 50V

22V 700 mV to 2.2V 50V 50V

A% 22t07V 50V 50V

22V 710 22V 50V 50V

70V 2210 70V 130V 130V

220V 70 to 220V 250V 250V

1000V 200 to 1000V 1000V 1000V
Using a Deflection Method to Measure an AC Voltage Source 3-23.

The method of making a transfer described here directly detects the error of an ac
source by observing the change in the DMM reading, and relies on the linearity of the
transfer standard. Proceed as follows to make an ac-dc transfer using the deflection
method:

CAUTION

Always ensure that the proper range has been selected before applying
voltage to the transfer standard INPUT. Inputs that exceed the protection
level shown on the rear panel label may disrupt the state of calibration and
cause instrument damage.

1. Set up for the transfer:

a. Connect the ac and dc sources, the DMM, and the transfer switch to the
transfer standard as shown in Figure 3-8. Verify that all instruments have
satisfied their warmup requirements. (Fcr the transfer standard, the warmup
requirement is 15 minutes.) Use the 1000V range resistor and the 2.2V INPUT
RANGE setting if the transfer voltage is between 200V and 1000V.

b. Choose a voltage and frequency point for the transfer that is included in the
792A Test Report shipped with the transfer standard. Do not activate any
sources yet.

c. Set the INPUT RANGE knob to the appropriate position. For best results,
always use the lowest range that will accept the input.

d. Set the transfer switch to the OFF position, and the sources to standby.
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Figure 3-8. Calibrating an AC Voltage Source
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2. Establish the dc voltage reference value asa DMM scale factor:
NOTE

The method presented here assumes that a DM M with a scaling function
is used. For DM Ms without a scaling function, you can do the equivalent
by keeping track of the values and solving mathematically for the result.

a. Confirm the INPUT RANGE setting, and set the dc voltage reference. Set the
transfer switch to the dc source position and activate the source if it is in
standby.

b. Allowthe DMM reading to stabilize. Table 3-9 shows minimum recommended
settling times for new inputs at each RANGE SELECT setting. Note the
DMM reading.

c. Reverse the polarity of the dc source using its controls.
NOTE

If the source has fixed polarity, put it in standby, then quickly reverse the
leads. The fixed polarity source must have external sensing capability,
and must be cabled for external sensing to compensate for changes in
contact resistance.

Note the DMM reading again.

d. Average the reading taken for each polarity, and enter the result as a scaling
factor on the DMM. On the 8505A, you can enter the scaling factor through its
keypad. For example:

If the reading for a positive input is 1.723555

and the reading for anegative inputis  1.723551
the scale factor to use is 1.723553

Table 3-9. Recommended Settling Times for Each INPUT RANGE Setting

RANGE RECOMMENDED SETTLING TIME (SECONDS)*
22 mV 60
220 mV 60
700 mV 60
2.2V 30
7V 30
22V 30
70V 30
220V 30
1000V 30

*  For best accuracy, apply the voltage to be measured for this much time before beginning a transfer.
Subsequently, apply other sources at the same voltage with minimal wait time to reduce any cooling
effects.
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Get the apparent error of the ac voltage source:

a.

Quickly switch the transfer switch to the ac source position and apply the ac
voltage. Allow the meter reading to stabilize.

Subtract 1 from the value displayed on the DMM and convert the decimal
result to ppm (multiply it by 10%) to get the apparent error of the ac voltage
source. For example:

If the DMM reads 1.000031,
the apparent error of the ac voltage sourceis +31 ppm.

Calculate the corrected error by applying the correction from the 792A Test
Report:

a.

Look up the correction for the voltage and frequency in use for the transfer
standard in the 792A Test Report.

Algebraically add the correction value from the Test Report to the apparent
error. For example, if the table reads -3 ppm for the voltage and frequency
point used, and the apparent error of the ac voltage source is +31 ppm, the
corrected error of the ac voltage source is:

+31 ppm +(-3 ppm) = +28 ppm
This means that the ac source is 28 ppm higher than nominal & the uncertainty

for the frequency and voltage point in the Specifications, combined with the
uncertainty of the dc source.

NOTE

If there is ever any confusion over whether to add or subtract the
correction from the Test Report, refer to the wording on the Test Report:
“A positive ac-dc difference indicates that more alternating than direct
voltage is required to produce the same 792A output.” In other words, a
positive ac-dc difference means that the transfer standard is slightly less
sensitive to ac voltage stimulus than it should be.

Using a Nulling Method to Measure an AC Voltage Source 3-24.

The method of making a transfer described here detects the ac-dc difference by
adjusting the dc voltage source to achieve the same DMM reading as produced by the
ac voltage input. This method relies on the linearity of the dc voltage source. Proceed
as follows to make an ac-dc transfer using the nulling method:

3-24

CAUTION

Always ensure that the proper range has been selected before applying
voltage to the transfer standard INPUT. Inputs that exceed the protection
level shown on the rear panel label may disrupt the state of calibration and
cause instrument damage.
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1. Setup for the transfer:

a. Connect the ac and dc sources, the DMM, and the transfer switch to the
transfer standard as shown in Figure 3-8. Verify that all instruments have
satisfied their warmup requirements. (For the transfer standard, the warmup
requirement is 15 minutes.) Use the 1000V range resistor and the 2.2V INPUT
RANGE setting if the transfer voltage is between 200V and 1000V.

b. Choose a voltage and frequency point for the transfer that is included in the
792A Test Report shipped with the transfer standard. Do not activate any
sources yet.

c. Set the INPUT RANGE knob to the appropriate position. For best results,
always use the lowest range that will accept the input.

d. Set the transfer switch to the OFF position, and the sources to standby.

2. Establish the ac voltage source (UUT) reading as a DMM scale factor:

NOTE

The method presented here assumes that a DM M with a scaling function
is used. For DM Ms without a scaling function, you can do the equivalent
by keeping track of the values and solving mathematically for the result.

a. Confirm the INPUT RANGE setting, and switch in the ac voltage source.
Allow the DMM reading to stabilize. Table 3-9 shows minimum recommended
settling times for new inputs at each RANGE SELECT setting.

b. Enter the DMM reading as a scaling factor and turn on scaling. On the 8505A,
you can enter the scaling factor through its keypad. The DMM should now
read 1.000000.
3. Apply the dcsource:

a. Switch in the dc voltage source without stopping at the OFF position on the
transfer switch and allow the DMM reading to stabilize. Now adjust the dc
source until the DMM reads 1.000000. Note the setting of the dc source.

b. Reverse the polarity of the dc source using its controls.
NOTE
If the source has fixed polarity, put it in standby, then quickly reverse the
leads. The fixed polarity source must have external sensing capability,

and be wired for external sensing, to compensate for changes in contact
resistance.
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c. Adjust the dc source so that the DMM reads 1.000000. Record the setting of

the dc voltage source.

. Average the absolute values (i.e. ignore the signs) of the two dc source settings

from steps a and c. For example the average of [+10.00030V| and [-9.99900V|
yields an average of 9.99965V.

Calculate the apparent error of the ac voltage source as follows:

. averaged dc source setting - nominal voltage
Apparent error in ppm = 10° x £ g £

nominal voltage

For example, if the averaged *dc value is 9.99965V, the apparent error in rms
value of the ac source in ppm is:

9.99965-10 1000000 x (0.00035)
10 - 10

10° x = -35ppm

4. Apply the published value from the 792A Test Report:

3-26

a. Look up the correction for the voltage and frequency in use for the transfer

standard in the Test Report.

b. Add the value from the Test Report to the apparent error calculated in step 3c.

For example, if the table reads -15 ppm for the voltage and frequency point
used, and the apparent error in rms value is -35 ppm, the error in rms value of
the ac voltage source is:

-35 ppm + (-15 ppm) = -50 ppm,
meaning the rms value of the ac source is 50 ppm lower than nominal * the

uncertainty for the voltage and frequency in the Specifications, combined with
the uncertainty of the dc source.

NOTE

If there is ever any confusion over whether to add or subtract the
correction from the Test Report, refer to the wording on the Test Report:
“A positive ac-dc difference indicates that more alternating than direct
voltage is required to produce the same 792 A output.” In other words, a
positive ac-dc difference means that the transfer standard is slightly less
sensitive to ac voltage stimulus than it should be.
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Determining the Error of an AC Voltmeter 3-25.

This procedure uses the transfer standard to determine the absolute ac voltage applied
to an ac voltmeter input. Simply observe the ac voltmeter reading to read its error at a
particular voltage and frequency. The input of the UUT (in this case an ac voltmeter) is
connected in parallel with the transfer standard input using a Type “N” tee connector
as shown in Figure 3-9. The plane of reference is the center of this tee.

Proceed as follows to make an ac-dc transfer to determine the error of an ac voltmeter:
CAUTION

Always ensure that the proper range has been selected before applying
voltage to the transfer standard INPUT. Inputs that exceed the protection

level shown on the rear panel label may disrupt the state of calibration and
cause instrument damage.

1. Setup forthe transfer:

a. Connect the ac and dc sources, the DMM, the ac voltmeter, tee connector, and
the transfer switch to the transfer standard as shown in Figure 3-9. Verify that
all instruments have satisfied their warmup requirements. (For the transfer
standard, the warmup requirement is 15 minutes.) Use the 1000V range resistor

and the 2.2V INPUT RANGE setting if the transfer voltage is between 200V
and 1000V.

b. Choose a voltage and frequency point for the transfer that is included in the

792A Test Report shipped with the transfer standard. Do not activate any
sources yet.

c. Setthe INPUT RANGE knob to the appropriate position. For best results,
always use the lowest range that will accept the input.

d. Set the transfer switch to the OFF position, and the sources to standby.

2. Establish the dc voltage reference value as a DMM scale factor:
NOTE
The method presented here assumes that a D MM with a scaling function
is used. For DM Ms without a scaling function, you can do the equivalent

by keeping track of the values and solving mathematically for the result.

a. Confirm the INPUT RANGE setting, and set the dc voltage reference. Set the
transfer switch to the dc source position.

b. Allowthe DMM reading to stabilize. Table 3-9 shows minimum recommended

settling times for new inputs at each RANGE SELECT setting. Note the
DMM reading.
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c. Reverse the polarity of the dc source using its controls.
NOTE

If the source has fixed polarity, put it in standby, then quickly reverse the
leads. The fixed polarity source must have external sensing capability,
and must be cabled for external sensing to compensate for changes in
contact resistance.

Note the DMM reading again.

d. Average the reading taken for each polarity, and enter the result as a scaling
factor for the DMM and turn on scaling. This produces a DMM reading of
1.00000. On the 8505A, you can enter the scaling factor through its keypad.
For example:

If the positive reading is 1.723555
and the negative reading is 1.723551
the scale factor to use is 1.723553

e. Look up the correction factor for the nominal voltage and frequency on the
792A Test Report. Convert the correction factor from ppm to decimal
(multiply by 10°%). Now subtract the correction factor from 1.0. The result is
what you will adjust the ac voltage source for in the next step. For example, if
the correction factor for the nominal voltage and frequency is +24, reverse its
sign and add it as follows:

1.000000 (Scale factor set at the average of dc)
-.000024 (Correction from Test Report)
0.999976 (DMM reading for corrected ac voltage)

NOTE

The correction factor sign is always reversed before the correction factor
is algebraically added to the scale factor.

NOTE

If there is ever any confusion over whether to add or subtract the
correction from the Test Report, refer to the wording on the Test Report:
“A positive ac-dc difference indicates that more alternating than direct
voltage is required to produce the same 792A output.” In other words, a
positive ac-dc difference means that the transfer standard is slightly less
sensitive to ac voltage stimulus than it should be.

3. Adjust the ac source fora DMM reading equal to the corrected scale factor:

a. Quickly switch the transfer switch to the ac source position and apply the ac
voltage. Allow the meter reading to stabilize.

b. Adjust the ac voltage source to get adc DMM reading equal to the result in step
2e. Now the ac voltage source is supplying ac voltage corrected to within the
uncertainty of the 792A combined with the uncertainty of the dc voltage source
to the center of the tee.

3-29



TECHNIQUES FOR REDUCING TRANSFER ERRORS

3-30

4. Calculate the ac voltmeter error. Use the following formula:

. ac voltmeter reading - nominal rms value
error in ppm = - x 10
nominal rms value

6

For example, if the nominal voltage is 10V rms and the ac voltmeter reads
10.00018, the error of the ac voltmeter is:

10.00018 - 10
10°

error in ppm = =+18 ppm

5. Test other frequency and voltage points as required by the calibration procedure in
the ac voltmeter manual.

Calibrating Another Transfer Standard 3-26.

See Section 5 for an example of calibrating another transfer standard. The 792A is
maintained by a reference 792A, which in turn is traceable to NIST standards.

TECHNIQUES FOR REDUCING TRANSFER ERRORS 3-27.

In making ac-dc transfers for the purpose of determining absolute ac voltage, errors
can come from dc reversal, loading (both cable induced and instrument input), thermal
emfs, changes in mechanical contact, spurious ground currents in the signal leads, and
emi. Loading errors can be ignored when making an ac-dc difference measurement,
where the nominal test voltage has a relatively wide tolerance.

Knowing more about these errors can help shortcut the amount of time spent
experimenting and debugging to get the best possible results. Once you are confident
that error sources are minimized, it is a good rule to always take three measurements.
That way, a faulty measurement will stand out.

DC Reversal 3-28.

DC reversal error relative to input voltage is typically 5 ppm or lower on the passive
ranges (2.2V to 1000V). However, in order to meet specifications, you must correct for
dc reversal when doing a transfer. Apply both polarities of dc to the transfer standard
INPU'T and average the results.

On the active ranges (22 mV to 700 mV), dc reversal error relative to input voltage can
be as high as 90 uV, with input bias current as high as 0.00003 pA. This can add to dc
offset errors if the source resistance is large enough. As with the passive ranges, you can
compensate for these dc offsets by applying both polarities of dc to the INPUT and
averaging the results.

Loading 3-29.

The input impedance of the transfer standard may affect ac voltage source output
levels significantly. Refer to Table 3-10 for the transfer standard input impedance on
each range. Sources with resistive dividers on the output are especially sensitive to
loading errors. Cables present an additional capacitive load to the source. If possible in
your configuration, avoid cables entirely by connecting the ac voltage source directly
to the transfer switch through an adapter or adapters.
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Table 3-10. Input Impedances for Each Range

INPUT IMPEDANCE
INPUT RANGE
RESISTANCE SHUNT CAPACITANCE
22mV 10 MQ <40 pF
220 mV 10 MQ <40 pF
700 mV 10 MQ <40 pF
2.2V 420Q <20 pF
N 1.2kQ <20 pF
22V 4.0kQ <20 pF
70V 12kQ <20 pF
220V 40 kQ <20 pF
1000V 200.4 kQ <20 pF

Check the specifications and instruction manual for each type of ac voltage source
before connecting the source to the transfer standard. Avoid exceeding the drive
capability of the ac voltage source, no matter what the transfer application is. When in
doubt, use an oscilloscope or spectrum analyzer to make sure the ac source is not
loaded to the point that it is producing a distorted signal.

Before you calibrate an ac voltage source, there is another source of loading error to
consider. What will the ac voltage source be used for after calibration? Many meters
have highly capacitive inputs and present a much heavier load than the transfer
standard. One way to compensate for meter loading is to simulate a meter load during
calibration with the transfer standard. To simulate a meter load, connect a load
equivalent in capacitance and resistance to the meter input across the INPUT of the
transfer standard.

Mechanical Contact 3-30.

Connection contact resistance variation s a potential error source on the 2.2V, 7V and
22V ranges. By using high quality cables and connectors, you can minimize this source
of error. Use stainless steel coaxial connectors if possible. They are machined with
more precise threads, which make better electrical contact. The Type “N” connectors
on the transfer standard, transfer switch, and 1000V range resistor are all stainless
steel.

To achieve the highest quality measurements, do not disturb the instrumentation setup
during the course of a transfer, especially in the passive ranges (2.2V and above). Try
not to move, jostle, or vibrate the transfer standard, the DMM, or any of the input
signal wiring from the time you apply the first input voltage until you take the last
reading of the transfer.

If you are using the transfer switch, make sure that the switching action does not
change the stresses on the input wiring, thereby changing the connector contact
resistance and degrading the measurement.

When using a fixed-polarity dc source you must disconnect and reverse the cables,
which introduces changes in contact resistance. Four-wire sensing minimize the effects
of changes in contact resistance as well as cable voltage drops. That is why the
procedures in this manual require that fixed-polarity sources have sensing capability.
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3-32

NOTE

Most importantly, always repeat the measurements until you are satisfied
that the results are repeatable relative to the specification being measured.

Thermal EMFs 3-31.

EMI

Thermal emf errors can adversely affect ac-dc transfers. A stable thermal emf error on
the dc DMM input leads (reading the output of the transfer standard) will not affect
the transfer. However, all it takes to change the emf error and adversely affect a
transfer is to briefly touch a connector or binding post. It typically takes five minutes to
thermally stabilize a connection after it has been touched.

Thermal emf errors in the cabling between the dc voltage source and the transfer switch
or transfer standard input should be avoided whether they are stable or not. They will
increase the uncertainty of the dc voltage output as seen by the transfer standard.

To reduce thermal emf errors, use low thermal emf cables and connectors and avoid
changing the temperature of any connection during a transfer.

3-32.

The transfer standard is a broadband instrument, so it is sensitive to rf energy applied
to its input. If emi is in the environment, you should try to remove the source of
radiation, and also pay attention to cabling which can be an antenna for picking up the
emi.

Soldering irons, fluorescent lights, anything with a motor, and all similar things can
radiate emi. Turn off soldering irons and keep the transfer setup away from fluorescent
lights.

To minimize cable pickup, use short coaxial leads when possible, especially at test
voltages below 2V. Shielded cables and connectors can minimize the contribution of
emi to transfer uncertainty.

By removing the ac line cord from the power pack during operation, you have removed
alength of cable that could pick up emi and introduce it in a measurement. The power
pack does have emi filtering at the power cord input, but no amount of filtering will
remove 100% of the interference present at an input.



Section 4
Theory of Operation

INTRODUCTION 4-1.

This section presents theory of operation in increasing level of detail. The 792A
Transfer Standard and the 792A Power Pack are first broadly defined in an overall
functional description and block diagram. Following that, theory is presented by
assembly or major circuit in a detailed circuit analysis.

OVERALL FUNCTIONAL DESCRIPTION 4-2.

The 792A is a precision ac/dc transfer standard built around the Fluke RMS Sensor.
The transfer standard is capable of making ac/dc transfers with any voltage between 2
mV and 1000V rms at frequencies from 10 Hz up to 1 MHz. Refer to Figure 4-1 for the
following discussion.

TRANSFER STANDARD
GUARD
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| |
| | RaNGE FLUKE OUTPUT I BINDING
AC/DC RESISTORS RMS FILTER/ I POSTS
INPUT 1000 I AND SENSOR BUFFER | | DV
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I
——————————————— 4 POWER
CABLE
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AC LINE N »  CHARGER »| BATTERIES REGULATOR
(OPTIONAL)

Figure 4-1. 792A Block Diagram
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Range Resistors and Amplifiers 4-3.

Eight ranges of voltage are accepted by the input, selected by the INPUT RANGE
knob: 22 mV,220mV,700mV,2.2V,7V, 22V, 70V, and 220V. The Fluke RMS sensor
operates with inputs up to 2.2V, so in the 2.2V range setting, inputs are essentially
passed straight through to the rms sensor circuit. Ranges below 2.2V are amplified to
the 2V level. Ranges above 2.2V are resistively divided to the 2V level. The 1000V range
resistor is an external 200 k) resistor that forms a 500: 1 divider when connected to the
input of the transfer standard set to 2.2V.

RMS Sensing and Sensor Protection 4-4,

AC and dc voltage inputs are converted to a scaled dc output by the Fluke RMS
Sensor. The rms sensor is protected from high-voltage transients and steady
over-range inputs by several circuits.

Output Filter/Buffer 4-5,

The scaled dc voltage output is filtered by a five-pole Bessel filter to remove unwanted
ripple. An output buffer then provides a low-impedance output for reading on a dc
DMM.

Binding Posts 4-6.

Multistage rf filters are present on the +11V, -11V, DC OUTPUT HI, and
OVERLOAD lines to remove any emi before signals enter the ac can, which covers and
is electrically connected to the ac plate, holding the A2 Sensor PCA.

792A-7001 Power Pack 4-7.

The power pack contains four lead-acid gelled electrolyte batteries, which power the
transfer standard. The batteries are connected in two sets of series-connected 6V cells,
for+12V and -12V nominal outputs. Voltage regulators maintain+11V and-11V untila
series-connected pair of batteries becomes discharged to 11.6V. When regulation
drops out, the power pack trips out of OPERATE state.

When the charger is active, power for the transfer standard is disabled. This is to
maintain a high degree of isolation from the ac line. Usually, the power pack is used
with the ac line cord removed.

DETAILED CIRCUIT DESCRIPTION 4-7.

Refer to the Schematic diagrams in Section 8 for the following discussion.

Fluke RMS Sensor Circuit 4-8.

The central component in the 792A is the Fluke rms sensor (U111), a monolithic
integrated circuit that contains two identical thermal voltage converters. Ineach TVC,
the heater resistor is thermally coupled to a transistor, and the base-emitter junction
voltage senses the power being dissipated in the resistor.

Voltage at the 792A input connector (after appropriate scaling) is applied to the heater
resistor at pins 6 and 7. The transistor at pins 3,4, and 5 senses the power in the resistor.
The feedback loop applies a dc voltage to the resistor at pins 9 and 10, which produces
equal power as sensed by the transistor at pins 1, 2, and 3. This dc voltage is then
filtered by a five-pole Bessell filter (U103 and U104) to remove unwanted ripple.
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In the Fluke RMS Sensor, the process of converting heater resistor power to transistor
voltage produces a nonlinear loop gain, which would result in longer settling times for
small input voltages. The piecewise linear square root amplifier U102 substantially
cancels this effect and yields a more uniform settling time. Resistor R105 is adjusted to
cancel the offset voltage of the rms sensor for a more linear input-to-output response.

Diode CR100 prevents negative output voltages which would latch up the feedback
loop, while U102A provides the drive current for square root amplifier U102B. Diodes
CR108-CR110 prevent any overload transients at the output, which could damage the
dc side of the RMS Sensor.

Passive (Non-Amplified) Ranges 4-9.

Five ranges are passive: 2.2V, 7V, 22V, 70V, and 220V. On the 2.2V range, the input
signal passes through a 20() resistor to the heater resistor of the rms sensor. The 7V,
22V, 70V, and 220V ranges incorporate 8001, 3.6 kQ, 11.6 k{2, and 39.6 k() resistors,
respectively, in series with the 400() sensor heater resistor.

Each range except 2.2V is tuned by an air-dielectric variable capacitor. When one of
these ranges is engaged, its tuning capacitor is effectively connected across the sensor
heater resistor. The air-variable capacitors are adjusted for zero ac-dc difference at 1
MHz.

792A-7002 1000V Range Resistor 4-10.

The 792A-7002 1000V Range Resistor is a Fluke 200 k() low temperature coefficient,
hermetically sealed, thin-film resistor packaged in a heat sink for high power
dissipation. The OUTPUT connector of the 1000V range resistor is plugged into the
transfer standard INPUT connector, withthe RANGE SELECT knobset to 2.2V. The
source is then applied to the INPUT of the 1000V range resistor. This resistor is
frequency tuned for zero ac-dc difference at 100 kHz. The low power coefficient and
high heat dissipation capabilities of this resistor give the 1000V range a fast settling
time.

Active (Amplified) Ranges 4-11.

The active ranges are so named because they introduce amplifiers and other active
components into the input signal path. For input voltages below 700 mV, a high input
impedance amplifier is necessary for the following two reasons:

® To amplify the input signal to match the dynamic range of the rms sensor
® To provide a high impedance buffer for the voltage source

The three active ranges are 22 mV, 220 mV, and 700 mV full scale. For the 700 mV
range, a 10 dB amplifier is switched between the input signal and the rms sensor. For
the 220 mV range, a 20 dB amplifier is switched between the input signal and the rms
sensor. The 22 mV range adds one more 20 dB amplifier in series with the 220 mV
range.
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4-4

Clamp diodes CR1-CRS protect the input to the amplifiers. Resistors R3, R18, and
R34 improve the capacitive load handling ability of the amplifiers by preventing 90
MHz and higher oscillations in the 3554 output stage. The 10 M{Q resistors R6 and
R21 tie the input of the amplifiers to common when no input load is present,
preventing the outputs from seeking one supply or the other during a no-load
condition. Air-variable capacitors C3, C13, and C26 adjust the frequency response of
each amplifier for zero ac/dc difference at 1 MHz.

Op amps U2, U4, and U8 form the dc components of noninverting composite
amplifiers in conjunction with U1, U3, and U6. These precision dc amplifiers improve
the offset voltage and voltage noise of each active range, but do not substantially affect
the circuit performance above 2 Hz. Resistors R12, R27, and R48 are used to adjust the
active ranges for zero ac-dc difference. The network of C36, R45, C37, and R46 is
required for amplifier stability with various source impedances.

Each active range amplifier is only powered up when it is selected on the range switch.
The third deck of the range switch enables a soft-start circuit for each amplifier, which
uses MOSFETs QI, Q4, Q5, Q8, Q9, and Q12 as the series pass elements. These
soft-start circuits allow power to the enabled amplifier to ramp up slowly to prevent the
power supply from tripping out.

Sensor Protection Circuit 4-12.

Protection circuits prevent damage to the rms sensor, range resistors, and input
amplifiers. The first line of defense is a pair of zener diodes that clamp the input to the
Fluke RMS Sensor to +6.8V. The relatively high junction capacitances of the zener
diodes are removed from the circuit in non-overload conditions by two PIN diodes
(CR111 and CR112).

Large voltage overloads are clamped directly by a series of of gas-filled surge arrestors
which are effectively connected across each input range. This protection technique
works only if sources are current-limited to 200 mA maximum.

The second line of defense is from a pair of peak detectors, one each for positive and
negative excursions. The peak detectors compare the current through the rms sensor at
R 122 with a limit set by U108 and U109 and their associated resistors. When the circuit
detects excessive sensor current, the output of U104 goes low, causing the two
MOSFETs Q102 and Q103 to go to a high impedance state and interrupt the input
current {low. This action also turns on the front panel OVERLOAD indicator. The
transfer standard attempts to reset this protection condition six times per second, but
as long as the input overdrive condition persists, reset attempts will be unsucessful.

A third line of defense protects from steady inputs that are slightly beyond the
protection limit, but which would not trigger the peak detectors. U112A senses the
level of voltage at pin 3 of U111, and turns on the protection when the rms input to the
RMS Sensor exceeds asafe level. The voltage at pin 3 of U111 indicates the rms voltage
applied to the sensor.



DETAILED CIRCUIT DESCRIPTION

Power Pack 4-13.

The current-limited constant voltage battery chargers are composed of U301, U302,
and their associated resistors. Pressing S301 (the OPERATE switch) pulses K303 and
K304 and connects the batteries to the regulator circuitry. The mirror image low
dropout regulators are formed by U304, Q301, and Q302. Lag networks C314, C315,
R335, and R336 are needed for the stability of the regulator circuit. Resistors R313 and
R314, in conjunction with U203 monitor the regulator output current. If an
overcurrent condition is detected, U306C, U306D, and U309 pulse the relays into the
off position to go into charge mode.

OVERCURRENT PROTECTION 4-14.

An overcurrent condition changes the output state of comparators U306C and U306D,
which in turn cause U307 to toggle the relays to the charge position, shutting off power
to the output.

BATTERY VOLTAGE MONITOR 4-15.

The battery voltage monitor circuit is formed by comparators U305, U306, and their
associated resistors. When the battery voltage for either supply drops to 11.6V, U305A
or U306A changes state and lights the LOW BAT indicator. This indicator warns the
user that one hour or less of battery operation time remains, and the batteries need
charging. When the battery voltage for either supply dropsto 11.3V, U305B or U306B
changes state, and U307 toggles the relays to the charge position, disconnecting the
batteries from the load. All relays are toggled when S301 (OPERATE) is pressed.

ON/OFF CIRCUIT 4-16.

U307 is configured as a simple flip-flop, always powered by the +12V batteries. Its
output is toggled on or off by S301, or any of the fault and/ or battery level conditions
mentioned under the heading Relays. U309 ensures proper start-up of the on/off
circuit.

RELAYS 4-17.

Four relays are used in the power pack, two latching types (K303, K304) that are pulsed
by battery power, and two non-latching types (K301, K302) powered by the
transformer secondaries. Relay configuration for the various operating states are as
follows:

® POWER on, CHARGE indicator lit: K301 and K302 are de-energized, K303 and
K304 are in the reset position, and the batteries are connected to the charging
circuit.

® POWER on, either LOW BAT or OPERATE indicators lit: K303 and K304 are
pulsed to the set position (via S301, U307, Q303-Q306), and K301 and K302 are
energized (via optocoupler U308).

® POWER off, noindicators lit: All relays are in the de-energized or reset condition.
Batteries are connected to the charging circuit, but the circuit is turned off.

® AC line off, either LOW BAT or OPERATE indicators lit: K303 and K304 are
pulsed to the set position, connecting the batteries to the regulators. The contacts
of K301 and K302 are still in the de-energized position, connecting the batteries to
the charging circuit, but the charging circuit is turned off.

4-5/4-6






A Message From

John Fluke Mfg. Co., Inc.

@ static awareness

Some semiconductors and custom IC's can be
\l/ damaged by electrostatic discharge during

handling. This notice explains how you can

o minimize the chances of destroying such devices
ol | ID) \ by:
I 1. Knowing that there is a problem.
© I 2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and

bench techniques that are recommended.

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

(

3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

1. MINIMIZE HANDLING

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY



[ =/

5. USE ANTI-STATIC CONTAINERS FOR :
HANDLING AND TRANSPORT 8. HANDLE S.S. DEVICES ONLY AT A

STATIC-FREE WORK STATION

9. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

10. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

p Anti-static bags, for storing S.S. devices or pcbs
with these devices on them, can be ordered from the
John Fluke Mfg. Co., Inc.. See section §inany Fluke
technical manual for ordering instructions. Use the
following part numbers when ordering these special

bags.
John Fluke .
Part No. Bag Size
453522 6" x 8"
J 453530 8" x 12"
4 ” ”
7. AVOID PLASTIC, VINYL AND STYROFOAM® 453548 16" x 24
IN WORK AREA 454025 12" x 15"

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical

Page 2 of 2



Section 5
Maintenance

WARNING

SERVICING DESCRIBED IN THIS SECTION IS TO BE DONE BY QUALIFIED
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK OR FIRE, DO NOT
SERVICE THE 792A UNLESS YOU ARE QUALIFIED TO DO SO.

CAUTION

Any procedure that involves opening the cover of the transfer standard
sensor unit or 1000V range resistor invalidates calibration. You can send the
792A to Fluke for calibration and repair, or you can use the procedures in
this section to do it yourself. However, if you do not send the 792A to Fluke
for calibration, you assume the traceability responsibilities.

INTRODUCTION 5-1.

This section explains how to calibrate the 792A and how to do other maintenance
tasks. The calibration procedure is a guideline only. The recommended method for
maintaining traceability of your transfer standard is to return it to Fluke for
recertification. (See Section 1 for details.)

REPLACING THE FUSE 5-2.
Refer to Section 2 for the fuse access procedure.
GENERAL CLEANING 5-3.

To keep the 792 A looking like new, clean the cases with a soft cloth slightly dampened
with water or a non-abrasive mild cleaning solution that does not harm plastics.

CAUTION

Do not use aromatic hydrocarbons or chlorinated solvents for cleaning.
They can damage the plastic materials used in the 792A.

CALIBRATION 5-4.

See Section 1 for information about the warranty, calibration cycle, and how to return
the transfer standard to Fluke for recertification (calibration). Use the calibration
procedure in this section only if you plan to maintain 792A traceability yourself instead
of through Fluke. For a complete description of how Fluke achieves traceability of the
792A, refer to the technical paper by Les Huntley in Appendix D.



CALIBRATION

This procedure uses a 792A calibrated by NIST (National Institute of Standards and
Technology) called the reference unit, to calibrate your 792A, called the UUT (Unit
Under Test). The goal of calibration is to produce a new Test Report. The previous Test
Report becomes obsolete.

NOTE

In the Fluke factory, 792A calibration is done using an automated
calibration station with specially developed software that produces
extremely accurate, repeatable correction factors for the 792 A under test.
The technical paper by Don Matson in Appendix E goes into detail about
such an automated calibration station.

Four-wire sensing from the ac or dc source is unnecessary when calibrating the transfer
standard, i.e., making an ac-dc difference measurement. This is because there is a
relatively wide tolerance for the nominal test voltage.

NOTE

Equivalent DM Ms and an equivalent calibrator may be substituted in the
calibration procedure, as long as they are at least as accurate as those
specified.

CAUTION

Always ensure that the proper range has been selected before applying
voltage to the transter standard INPUT. Inputs that exceed the protection
level shown on the rear panel label may disrupt the state of calibration and
cause instrument damage.

Table 5-1 lists the equipment required for this procedure. Proceed as follows to
calibrate the transfer standard:

1. Set up the instruments for calibration:
a. Connect the calibrator, the DM Ms, the reference unit, and tee connector to the
UUT as shown in Figure 5-1. Verify that all instruments have satisfied their

warmup requirements. (For the transfer standard, the warmup requirement is
15 minutes.)

Table 5-1. Equipment Required to Calibrate the Transfer Standard

EQUIPMENT MANUFACTURER AND MODEL
Two 6'/>-digit DMMs Fluke 8505A
Multifunction Calibrator Fluke 5700A with software rev. E or higher
Ampilifier for Above Fluke 5205A (for higher Volt-Hertz product)
Type “N” tee Male-Male-Male (Amphenol 4850 or equivalent)
Reference Transfer Standard Fluke 792A, calibrated by NIST or other
national standards laboratory

*Rev. E and higher software includes the Xfer OFF function.

5-2



CALIBRATION
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Figure 5-1. 792A Calibration Setup



CALIBRATION

NOTE

This procedure uses one multifunction calibrator as the ac and dc source,
and no transfer switch. You can also use separate ac and dc sources and
the transfer switch.

b.

Monitor the ambient temperature and make certain that it is 23 £5°C
throughout the entire calibration process.

2. Set up the 5700A as follows so that its internal ac transfers are off:

a.

b.

f.

Press the “Setup Menus” softkey.

Press the “Special Functns” softkey.

Press the “ACXfer Choice” softkey so that ON appears.

Press PREV MENU twice.

Set the 5700A to 1V, 1 kHz, operate. Press the “Intrnl Xfers” softkey so that
OFF appears. (The “Intrnl Xfers” softkey appears only in the 5700A ranges
below 220V and at frequencies below 120 kHz.)

Press 0, V, 0, HZ, ENTER, OPR/STBY on the 5700A.

3. Set up the 792As for a calibration point:

a.

Choose a calibration point consisting of a voltage and frequency in the Test
Record (Table 5-2).

Set both 792As to the appropriate input range.

If the voltage is over 200V, make sure that both 792As have their respective
1000V range resistors connected between their INPUTs and the Type “N” tee.
If the voltage is under 200V, make sure that units are directly connected to the
Type “N” tee and that the 1000V resistors are out of the circuit.

4. Make an ac-dc transfer as follows:

WARNING

THE FOLLOWING STEPS MAY INVOLVE LETHAL VOLTAGES. USE
EXTREME CAUTION.

a.

b.

Activate the ac test voltage on the 5700A.

Allow the readings on the DMMs to stabilize, and store each as a scaling factor
on the associated meter. Now both meters should read close to 1.000000.

Set the 5700A frequency to dc. (Press 0, Hz, ENTER.)

Adjust the 5700A output using the knob for a reading of 1.000000 on the
reference DMM.



CALIBRATION
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PREFORMANCE TESTING

e. Record the reading on the UUT DMM.
f. Toggle the 5700A polarity. (Press &, ENTER.)

g. Adjust the output of the 5700A using the knob until the reference DMM reads
1.000000.

h. Record the reading on the UUT DMM.

i. Calculate the ac-dc difference of the UUT (in ppm) for this calibration point as:

I:(UUT reading,,,, ) + (UUT reading o)
2

l:l x10 6 + reference ac-dc difference at calibration point

j.  Set the 5700A to 0V, 0 Hz, and STANDBY to clear the output voltage.

k. Record in the test record the UUT ac-dc difference at the calibration point.
Repeat steps 3 and 4 for each calibration point in the test record.

Verify that none of the ac-dc difference data points recorded are greater than their

corresponding maximum ac-dc differences listed in the Specifications. If any ac-dc
difference is out of tolerance, the transfer standard must be tuned and/ or repaired

before it can be calibrated.

PERFORMANCE TESTING

5-5.

When a problem occurs with the transfer standard, first verify that the problem is
actually in the instrument. The following tests determine which if any of the transfer
standard units is malfunctioning: the power pack, the power pack interconnect cable,
sensor unit, 1000V range resistor, or transfer switch. Table 5-3 lists equipment required
for the performance tests. Procedures for tuning the sensor unit and troubleshooting
the sensor unit and power pack are further on in this section.

Table 5-3. Equipment Required for Performance Testing

Multifunction Calibrator
Amplifier for Above

Type “N” tee

Reference Transfer Standard

EQUIPMENT MANUFACTURER AND MODEL
Two 6'/2-digit DMMs Fluke 8505A
Oscilloscope Philips PM3050

Fluke 5700A with software rev. E or higher
Fluke 5205A (for higher Volt-Hertz product)
Male-Male-Male (Amphenol 4850 or equivalent)
Fluke 792A, calibrated by NIST or other
national standards laboratory

*Rev. E and higher software includes the Xfer OFF function.




PREFORMANCE TESTING

Testing the Power Pack 5-6.

To test for correct operation of the power pack, proceed as follows:
1. Remove all connections to the power pack.

2. Toggle the front panel POWER switch. The green OPERATE indicator or the red
LOW BAT light should appear. If either does not light, proceed as follows:

a. Make sure the rear panel fuse is intact and of the correct rating, make sure the
line voltage setting is correct, then connect the power pack to line <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>