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warranty.



1.0 GENERAL DESCRIPTION

The Ronan Model X86 Portable Calibrator is a versati e
instrument, developed to calibrate and measure instruments
and systems, utilizing current, voltage or ohms Inputs and
oulputs. in addition to mA, mV and volt ranges, the Model X886
has a resistance capability that provides for calibration and
measuring of resistance temperaiure detecting {(RTD) devices.
The Model X86 features separate input and oulput sections,
each with full, independent controls and displays. The two,
4%2-igit liquid crystal displays provide measurement and output
resolutions of 0.01% of range {0.017% resolution for 60 mA
outpul range). The input and putput sections are isolated, so the
Model X868 will not introduce ground ipop problems, when il is
fully ulifized in instrumentation loops and systems.

The Model X86 features easy range and value selection through
the use ol indivicual pushbutton switches. Up to four output
values can be stored and recalled from Internal memory at the
touch of a butlor. The calibrator can also be sel to
automatically sequence through the stored values at a
selectable speed.

The Model XB8 has a pair of two-wire terminals that provide
simulation of a two-wire transmilter in a voltage-powsred
current loop.

2.0 SPECIFICATIONS

Specifications apply at 23+ 2°C unless otherwise stated.
Specifications are subject to change without notice.

Input Impadancs

VYoltage input: 10 Mohms

Current input: 10 ohms

Ohms input: 1 mA from internal currert source

Input Ranges

€ to 100 mV: 10 pV resolution

G to 1 V! 100 gV resolution

010 10V 1 mV resolution

010 60 V: 10 mV resolution

0 o 100 mA: 10 pA resglution

0 to 100 ohms: .01 ohm resolution
0 to 1 k ohms: .1 ohm resolution

input Accuracy

mV, volts input: .01% of range, +0.02% of reading
100 mA input: .0'% of range, +0.03% of reading
Ohms input: .02% of range, +0.03% of reading

input Tomperature Coefficlant
Voitage, mA input: £0.001% of range, +0.003% of reading
1°C

Ohms input: +0.001% of range, + 0.005% of reading /°C

Qutput impodance ‘
Voltage oulput: Less than 0.2 ohms
mA output: >1 Mohm
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Cutput Current
mV, voltage outpul: 10 mA, limited at approx. 15 mA
mA output: Spegifications apply to 80 mA, limited to 38.95 mA

Outpul Ranges

0 10 100 mV: 10 uV resolution

0 {c 10 V: 1 mV resolution

1 to 80 mA: 10 pA resolution
{Maximum current oufput is 99.99 mA)
0 fo 1100 ohms + 10%

Qutput Accuracy

my, volts output. + 0.02% of range, £0.01% of reading
100 mA outpul: % 0.02% of range, £ 0.025% of reading
1 to 60 mA range

Cutput Yemperaiure Coolficient
m¥, volts gulput: = 0.001% of range, = 0.003% of reading/>C
mA output: +0.001% of range, £0.004% of reading/*C

Recommendod Oporating Tomperature
Q1o +50°C

Two-Wire Transmitler Outpu?

Maximuim extemal supply voltage 60 Vdc

Maximum load resistance:

R = Supply voltage — 4 volts
Maximum load current

Input-to-Output isniation
300 VRMS

Dutput Indicalor
4ve-clight Bauid crystal display with selected function
annunciation

Qut-of-Range Indication

The fashing 1 digit on the displays indicates a probable output
error for the following conditions:

a) The caiibrator is set to the mA output range and the output
ioop is open. :

b} The calibralor Is sel {0 the mA output range and the loop
voltage drop is too high.

¢} The calibralor is set o the mA output range and the display
is set 1o more than 89.99 mA.

¢y The calibralor is set to the mV or V oulpul range and the
display is set 1o more than 10.983 V or 109.99 mV.

e) The calibrator is set to the mV or voltage output ranges and
the outpu! current reaches the limited value.

Warm-up Time 10 Rated Accuracy
30 seconds

Power Requirements
Internal, removable and rechargeable 6 V batlery pack

Battery Lile

Greater than six howrs for all ranges except mA outpul; greater
than Tour hours on mA oulput range and 20 mA conlinuous
outpul current




Low Batiery indication

LO BAT on output display indicates battery voitage is below
operating range and needs recharge or replacemant.

Recharge Time
14 hours or less cepending upon the condition of the battery.

Opsrating Controls and Eunctions

Displays
Two 4v2-digit liquid crystal displays indicate input and output
signais simultanepusly.

Powar-on Switch
Applies internal Ni-Cad battery power to calibrator's circults.

input Range Selection
Individual pushbuttons select one of seven input ranges.

Output Range Selsctlon
Individuat pushbutions select one of three output ranges. The
resistance oulput range does not require seiection.

Output Value Selection

Nine pushbuttons are provided to increment or decrement each
digit on the output display. A ZERQ pushbutton allows the
output vaiue and display to be set fo zero. The pushbutton
switch focated above ZERO, if held in a depressed position, will
toggle the fiest digit on display between zers and ons.

Storing, Recalling and Sequencing of Preset Values

A three-position slide switch {STO, RCL or SEQ), used In
conjunction with four pushbutton selectors, allows storing and
recailing of up to four culpu! values. The SEQ function wil
enable internal ¢irculls 1o automatically sequence through the
stored values at an adjustable rate of 10 to 80 segonds.

Ohms Adjustment

Cosarse

1,000 ohm polentiometer used to adjust output resistance with
.2 ohm resolution

Fine

100 ohm potentiomater used to provide fine control of output
resistance with .08 ohm resolution

Read .

Toggle switch used 1o measure the resistance by the input
circuit, while adjusting output potentiometers. Input must be in
OHM input mode and toggle switch pressed to READ QHMS
position.

Traceabllity

The X686 calibration is directly traceable to the National Bureau
of Standards,

Binding Posis
Five-way input and output terminals as follows:

OHM: {ohms, +) used for resistance input



mA, Vo (4, ~) used for volts or milliampere input

2WIRE: {+, —) lerminals for use

in simulating 2-wire transmitter output )
QUTPUT: (+, —) terminais for providing voils or mA output
OHM: {ohms, + } used lor resistance output

Charger and Batiery
Connector for battery charger input is located at the {ront panel.
Battery is accessible from the boltom of the calibrator.

Welght
Approximately 4 1bs (1.8 kg}.

Size

B.524" (21.64 ¢m) high, 5276”7 {13.40 cm} wide, 4.000" (10.16}
deep

Accessories

Supplied with calibrator are: carnrving case, moduiar battery
charger, two seis ol tes! leads. Oiher options:” Reference
junction for TIC Type £, J, K, T, R, 8; spare batlery pack

3.0 OPERATION

3.1 Operating Controls
Rafer to Figure 3-1 for the operating control locations.

3.1.1 Power-On Switch: Connects internal nickellcadium
paltery to the calibrator cirguits.

3.1.2 input Range Switches: One of seven input ranges is
selected by pressing the associated pushbution switch,

a) 100 mY: Measures do voltages in the range of 0-120 mV
with 10 microvolt resolution.

b} 1 V: Measures dc vollages in the rangs of 0-1 V with
100 microvolt resolution.

¢} 10 V. Measures dc voltages in the range of 010 V with
one millivoll resolution.

d) 60 V: Measures d¢ voltages in the range of 0-80 V with
10 mV resolution.

&) 100 mA: Measures dc current in the range of 0-100 mA
with 10 microamp resolution.

) 700 ohms: Measures resigtances in the range of 0-100
ohms with 10 milfi-ohm resolution.

g) 1 Kohm: Measures resistances in the range of 0-:,000
ohms with 0.1 ohm resolution.

3.1.3 Output Range Switchas: One of three oulput ranges
i selected by pressing the associated pushbutton swilch,

ay 100 mv: Ouipuis de voltages in the range of 0-100 mv
with 10 microvolt resolution.

b} 10 V: Qutputs de vellages in the range of -10 V with
one mitlivolt resolution.

c) 100 mA; Quiputs do current in the range of 060 mA
with 1) microamp resolution.

NOTE: The Model X86 Portable Calibrator provides &
variable output resistance, which is always available at the
ohm gutput terminals. See secton 3.1.4,



3.1.4 Ohims Coarse and Fine Adjustment Controls and
Read Ohms Switch: These confrols are used 1o se! the
output resistance. An isofated, passive resistor is internally
connected across the ohms output terminals. To read the
value of this resistance and adjust it, the input must be set
1o one of the ohms ranges, and the momentary READ
OHMS swilch must be depressed. The resistor value wi
aow be displayed on the Input meter and can be adjusted
using the 10-turn COARSE and FINE controls. When the
READ OHMS switch is released, the resistor will be
switched back to the ohms output terminals.

CAUTION: If a voltage input is connected, the +V input
must be rermnoved from the callbrator while depressing the
READ OHMS switch to measure the ohms oulput, or an
erroneous measurement will result.,

315 MV, V. mA Output Adjustment: There are two rows
of five puskbutton switches lncated just below the outpu
vaiue display. The top row, marked A, increments the
output value on an individual digit basis. The bottorn row,
marked ¥, decrements the individual digits. The top four
swilches on the right correspond fo the four output digits,
which range from 0-8. The top feft gwilch changes the 1
dight from zero to one to zero, eic. The four switches in the
row under these correspond to the same digits as the right
four swilches of the top row. The bottom left switch
tabeled ZERO resels the display and the oulpin valye to
2er.

8.1.6 Output Value Storage/Recall: The three-position slide
switeh fabeled RCL, SEQ and STO and the four pushbultan
switches next to il, labeled 1, 2, 3 and 4, are used to
simplify the setting-up of output values. To store an outplt
vaiue, the three-position switch is set to the STO paositian,
the required outpul value is set on the output display, and
one of the storage location switches (1, 2, 3 or 4)is
pressed. Up to four autput values can be stored. To recall
the stored valus(s), set the three-position switch 1o the
RCL position and press one of the four switches to recall
an output valus from one of the four storage locations. To
cause the calibrator to automatically sequence through the
stored values for “hands-oli” operation, sat the three-
position swilch o the SEQ position. The calibrator wilt
automatically step through alf four storage locations with a
dwell time ranging from about ten to 60 seconds. The
dwell lime is adjustable by means of a single turn
potentiometer, located behind the baitery pack. To gan
access to this contiol for adjustment of the dwell time for
each recalled value, remove the baltery pack and the
control will be vigible, facing the bottom of the X86.
Turning the potentiometer counterclockwise increases the
time to about 60 seconds at its maximum counter-
clockwise position.



W - 4V
{hgitet LCD

3.1.7 Input!Oulput Binding Pasts: Five binding posts are
provided. for connecting the input signals or resistance. A
pair of binding posts are provided for the mA and V inbuls,
thiz red binding post of sach pair accepling the positive
signal polarity. The registance inpuls are connecied atross
thé Two red lermings labeled OHM. Similar terminals are
provided 1o oliput mA, Viand ohims and am polarized and
fabeled simitanly o the nput termingis. An additional pak
of posts wbeled 2-WIRE is used when the calibralor is
used o simidate a two-wire ransmiller. Whan used 43 a
iwo-wite transmitier, e og Hbrator ouipu must be i the
mA mode and e required loop current set on the display.

3.1.8 Charge Conn&cier. Recep?able for phigaing in the
ballery charger.
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Figure 34



3.2 Thermocoupte inputs

The Modet X868 can be used to measure the thermocouple
by using one of the following procadures.

3.2.1 External Relerance Junotion: Connect the
thermocouple 10 be measured, the reference junction and
the Model X8B3 calibrator as shown in Figure 32, a or
Figure 3-2, b.

a) Set the Input to the 100 mV range.

b} Connect the copper or T/C alloy leads from the
reference junction to the V4 and the V— input terminals.
The T/C vollage is now displayed on the digital meter in
mV. The mV measurement can now be convarted to
temperature by consulting the corresponding TIC tables.
The Model X86 will accurately indicate negative values

(" =" annunciator appears} on the 100 mV range and will
indicate temperature below zero degress Celsius as —mV.

T/ ALLOY tEADS

COPPER LEADS

N N

'-+—-—+—y

0'C REFERENGE
JUNCTION

Flgure 3-2, a: Thermocouple Measurements Using External
Reference Jungtion

POSITIVE
ALLOY T/C LEADS

/ + * v v r
NEGATIVE h

ALLOY TIC LEAD

O'C REEERENCE
JUNCTION

Flgure 3.2, b: Thermocouple Measurements Using
External Reference Junction
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3.2.2 Direct TIC Connection to Calibrator: A T/C may bo
connected directly 10 the Model X886 Portable Calibrator as
shown In Figure 3-3.

N —

MODEL XB§

Flgure 3-3: Direst Connection of T/IC to Model X85
Fortable Calibrator

When this set-up is used, there is a TC junction at the
binding post of the calibrator, which opposes the output of
the T/C junctions to be measured. To find the correct “hot”
junction temperaturs, this opposition voltage must be
determined and added to the voltage indicated on the
digital readout as follows.

a) Set the INPUT to the 100 mV range.

b) Connect the TIC positive alloy lead to the + INPUT
binding post. Connect the TIC negative (red) alloy lead to
the -~ INPUT binding post,

¢} Measute with a thermometer the temperalure at the
INPUT binding posts. (This should be the same as the
ambient temperature surrounding the Model X88.)

d) Using the TIC tables, iook up the mV outpul for the kind
of TIC used at the temperalure measured in step C.
Qbserve the mV reading on the display and add the mv
from the tables 10 the value on the display.

e) Look up in the T/C tables the iofal value found in step
d. The corresponding iemperaiure from the tables is the
temperature of the measured T/C.



3.3 Thermocouple Simulation

3.3.1 External Reforence Junction: It an external reference
junction is 1o be used, connec! the Model X886 and the
reference junction as shown in Figure 3-4.

COPPER WIRE
\ QALLDV WIRE

N Y .
v——J
vv-'-v‘——-1~'—

MODEL XBB

0'C REFERENCE
JUNCTION

Flgura 3-4: Thermocouple Simulatior Using External Reference
Junction

a} Set the OUTPUT 10 the 100 mV range.

B} Set the pulput to the mV value given in the T/C tables
for the temperaiute 1o be simulated.

NOTE: i the instrument or system 10 be callbrated uses
an external reference junction to read tha T/C inputs, then
neither reference junction is required and copper wire can
be sonnected directly between the two. The TIC voltage
can be directly set as in steps a and b,

3.3.2 Thermocoupls Simulation without Use of External
Reterance Junction: Connect the Model XB6 to the
instrument of syslem being calibrated as shown in Figure
3-5.

e s

MODEL X85

]

[+]

s o040 T/C ALLOY WIRE
Q00 O
[L==Se

+
v ouTPuT \ "
POSTS Y i

Q20

Figure 3-8: Thermocouple Simu!ationiUsing Direct Connection
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a} Set the OUTPUT swilch to the 100 mV range.

b) Measure the ambient temperature at the X86 oulput
terminals and ook up in the T/C tables the mV of the TIC
being simulated at the ambient termperature measured.
(This is an error voltage that is added fo the internal
yoltage generated by the calibrator.}

¢} Look up in the T/C tables the mV output of the T/C at
the tempearature 10 be simulated. Subtract the mV value
found in step b from this value.

d} Set the value found in slep ¢ on the digital readout, If
the answer i step ¢ was negalive, reverse the aulput
leads and set up the value as a positive value on the
readout.

3.4 Twowire Transmitier Simulation

Terminals are provided for two-wire transmitter simulation.
The calibrator is connected 1o the system to be calibrated
as shown in Eigure 3-6,

\if)AD!S]sMAY BE HERE

| I

=
I 1

- 2
—_— 4 TO HEOVEG

LOOP LOADIS)

Flgure 3-8: Two-wire Transmitter Simulation

a} Set the OUTPUT to the 100 mA range.

b} Connect the extamal current ‘oop 1o the iwo-wire
oulptit posts, observing polarity as shown in Figure 36,

¢) Adjust the QUTPUT for the required calibration current.

1



3.5 Transmitler Calibration

A transmitter with either mv, maA or RTD inputs and mA or
V output can be calibrated with the test configuration
shown in Figure 3-7. The output of the transmilier can be
measured while it is receiving a calibration signal from the
Model X88.

TRANSMITTER
N :
INPYT ouTeUT
o~

Figure 3-7: Transmitter Calibration

a) Set the OUTPUT to the required range and value. (For
DOHM outpul, see saction 3.1.4 Chms Coarse and Fine
Adiustment Controls and Read Ohms Swilch.)

b} Set the INPUT fo the range corresponding to the output
of the transmitier.

¢} Connect from the appropriate QUTPUT posts on the
calibrator 10 the input terminals of the transmilter.

d) Connect the iransmilter output to the appropriate
INPUT posts on the calibrator.

e) The transmitter output, corresponding to the calibratad
input fevel from the calibvalor, is now displayed on the
gigital input display.

NOTE: The four internal storage locations can be
effectively utilized for rapidly recalling output values that
will be repeatedly required.

3.6 Ohms Maasurament

a} Set the INPUT 10 either the 100-chm or 1-Kohm range.

b} ¥ the catibrator test Isads are 10 be used, short the
ends together and chserve the reading on the DPM
{typically .05 ohms). The test lead resistance should then
be subtracted from the tolat ohms reading, when the
unknown resistance is measured. When resistance
temperature detectors (RTDs) are measured, their leads
can be a significant percentage of the ATD value. For
accurate RTD measurements, the RTD lead resistance
should be eliminated, measured or calculated, then
subtractec from the total measurement.



3.7 Output Overload and Open Circult Indication

When the Model X86's oulput is sat to the mA range and
there is no current ioop connected 1o its oulput or the
current loop opens or the loop resistance is too high for
the calibrator to drive accurately, the 1 digit on the outout
display wili flagh, indicating improper operation. The
flashing 1 will also oceur in the mA mode if the output is
set to morg than 83.98 mA.

When the Mcdel X86's output is set to the V mode and
excessive current is drawn from its output {greater than
approximately 15 mA), the 1 digit will flash, The 1 digit will
also flash Il 1he oulput is set to more than 10.998 or
109.89 mV, indicating probable output arrors.

3.8 Input Overrange Indication

The 1 digit or the input display will ftash when an
overrange Input is applied. The input will measure
accyuralely lo 199.98 mV, mA or ohms on the mV, mA and
100-ohm ranges; 19999 V, 19,998 V and 59.889 V on the 1
V, 10 V and 60 V ranges, and 1999.9 ohms on the 1 Kohm
range. Al input values above these, the 1 digit will flash,
indicating an overrange inpu! is apphed. Negative input
values up to full-scale can be applied on the 100 mV, 100
mA and 1V range. Negative values should not be applied
on the 10 V and 60 V ranges. as (qey will be erronecusty
displayed.

3.9 Circuit Protection

The velt and ohm input ranges to the Model X86 Portable
Calibrator are protected against overvoltages up to & 200
Vdc or peak ac without the use of fuses. Voltages in
excess of 200 Vde may damage the unit. The 100 mA input
has a fuse rated at % amp, which protects the precision
10-0hm current sense resisior in the input measuring
gireuit.

The voltage oulpul ranges are fuse-protected against the
application of high voltage to the oulput tenminals. in the
mA output and two-wire transmitter simulation modes, the
output circuils ars not fuse-prolected, but are profected
against the application of a reverse de voltage. Avoid
connecting the mA output + post to the V oulput - post
or to the two-wire — post. This will blow the power fuse,
F2. The mA input protection fuse, F1; power fuse, F2, and
the voltage ocutput protection fuse, F3, are all located on
printed circuit board, X86-1003.



3.10 Rechargaable Battery Pack

The Model X86 Portable Calibrator is powsred by a
rechargesble nickel-cadium battery. The battery volage
ranges from 6.5 1o 7.5 V al full charge to aboul 5.6 V at
the minimum value before recharging. With proper care,
the baltery can be expecled to jast for years. The batlery
pack can aasily be removed and replaced. The batlery
pack can also be charged when not instailed within the
calibrator.

3.10.1 Recharging:
WARNING: Do not charge in hazardous areas.

A wall receptacie, plug-in battery recharger is suppliied
with the calibrator. The plug on the end of the charger
cord is inserted ipto the receptacle labeted “"CHARGE" on
the calibretor front panel. A charge time of 14 to 16 hours
is racommended to fully charge the battery. Moderate
overcharging (e.9., an exira 24 hours occasionally} should
not harm the battery. Care should be taken to not permit
the instrument 1o recharge for long periods of tirme. Con-
tinuous overcharging will eveniually destroy the battery.

CAUTION: Use only the recharger supplied with the
calibrator. The use of another charging system may cause
calastrophic damage 1o the battery.

An internal circuit detects when the battery needs to be
recharged and indicates this wih a "LO BAT” annuncialor
on the upper left corer of the output display, When this
symbol apoears, the calibrator should be recharged
immediately. Possible cell damage can occur if the battery
is allowed to discharge beyond this point. if the calibrator
is inadveriently {eft on for long periods of time and
becomes deeply discharged, the following sleps should be
taken to ascertdin it # has undergone an incorrectable call
reversal, ‘

a} Charge the battery for at least 20 hours.

b} Measure the battery voltage with an accurate DVM as
follows. Set the OUTPUT RANGE switch to tha 10 V
position. Connect the DVM - input {o the V OUTPUT —
terminal. Carefully touch the DVM 4+ input jead to the
inside pin of the charge receptacie. The DVM should
indicate more than 6.2 V. I the reading on the DVM is
below 6.2 V, repeat the charge cycle and remeasure the
battery. If the voltage is still be:ow 8.2 V, the baltery must
be replaced.

4.0 CIRCUIT DESCRIPTION

4,1 General

The Model X86 has an Input section that performs all the
measurement functions, and an oulput section that



provides the output parameters. The two sections function
independently and are efectrically isolated from each
othetr. The power supplies are derived from two isolated
windings on the power transiormer. The battery and the
power transformer driving circuils are common to both
sections.

The circuils are contained on four printed circult (PC)
boards, including a board that carrigs the front panel
switches and the lwo displays. The PC boards are
mounted {o tha front panel and remain functional when the
top cover is removed arid the front panel and circuit
boards are removed from the enclosure. The calibration
adjustment controls are accassible at the top of the gircuit
boards whan the {op cover is removed from the enclosure.

4.2 Block Diagrams

4.2.1 Input Clreult Block Diagram (Drawling X88D18% The
inputs enter the PC board X88-1001 through the header
connector F5. The inputs are either applied directly, or
divided by 10D and applied 1o amplitier U2, which hag a
gain of one or ten. The output of U12 is applied 1o a
precision, 4v2-digit, single-chip, analpg-to-digital (/D)
converter. The multiplexed, binary-coded decimal (BCD)
output and digit drives connect through receptacle J2 1o
the liquid crystal display (1.CD} decoder/driver U1 on PC
board X86-1000. The decoderidriver then condrols the four
full dights on the display. The "1” digit on the display is
decoded and driven by some of the circuitry in the U3, U4
and U8 biogk,

The input range select switches S2 through S8 connest
through P3 and J3 10 the range controt circuits on PC
board X86-1001. The range control circuits control the
input gain select switches and tre display annuncialor
selact switches. The display annunciators show the range
sefected and the decimal point location. A precision
reference voltage, U1 circuit, is used to derive the + 1V,
+25V, +5Vand ~5V ulilized by the input circuits.

4.2.2 Output Circult Block Diagram (Drawing X86D17}: The
oulpul circuits are located on PC boards X86-1002 and
X88-1003, p'us the oulput display and display drivers on
PC board X86-1000. The outpul section contains a digital-
to-analog converter (DAC) circull, a current output
amplifier, fromt pane! switch interface circuits, dighal
display and the calibrator's power supply circuits. The
DAC is & 4Y2-digit, binary coded decimal (BCD),
addressable circuit, controtled by upidown BCD counters.
The fuil-scale output fevel of the DAC is determined by the
oulput Junction: mV, V or mA. The mA output amplifier
derives its input from the DAC, when the calibrator is in
the mA oulput mode.

The BCD counters that control the DAC also control the
display decoder/drivers and provide an input to the random
access memory {RAM) circuits. The RAM circuits are
ulilized when the output STO {store} or RCL {recall)
function is used.
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Both the X86-1002 and X86-1003 PC boards contaln
pircuits that detect front pane! switch closures and store
this data andior interface with the appropriate circuts.

A de-dde converter power supply that provides the voliages
required by the Model X86 Porlable Calibrator Is Iocated
on PC board X86-1003.

5.0 DETAILED CIRCUIT

DESCRIPTION

5.1 Input Circuilt {Schematics X86-1000 and X86-1001)
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5.1.1 Volts Input: The + voltage input is routed from the
{ront panel to conneclor pin P59 on PC board X86-1001.
The signal is applied through switch Q8 on the 100 mV and
1 ¥ ranges to the input amplifisr U12, On the 10V and 60
V inpuf ranges, the signal is divided by 100, using R27,
RN2 and R8, then applied through the switch U1D 1o the
nputof U12. The gain of M2 is 10 onthe 100 mV ang 10 V
ranges, and ons on the 1V and 60 V ranges. The amplitier
2 is a chopper-stabilized device with low long-term and
femperature drifts of input ofiset voltage.

§.1.2 mA Input: The + mA input is routed from the front
panel to connector pin P5-10 an PC board X83-1001. A
currend path, provided by the precision 10-ohm resisior
R28, routes the input current through F5-2 and,
subsequently, 1o the front pane! binding posts. Switch
L1C is on (switch Q3 is off), which appiies the vollage
across H28 to the input of 12,

§.1.3 Ohms Input: The OHM input binding posts connect to
P51 on PC board X86-1001 and to ground 3 (input cirouit
ground} 81 the power supply. A 17 mA current source,
composed of U6, Q1, Q2 and associated components, is
operable \n the OHM input mode and connects to P5-1,
This precision 1 mA flows through the resistance to be
measurad at the OHM binding posts, and the resultant
voltage is appiied 1o the inpul of U2, The amplilier U12
has a gain of 10 on the 1006-chm range and a gain of one
an the 1-Kohm range. The swilches U11A and UTIB are
turned on for all ranges except OHM, and provide an
internal feedback path for the precision 1 mA. A vcllage
input of 1V is developed across resistor R20 and applied
to amplitier UB through R9 and R22. Potentiometer RS is
used l¢ calibrate the OHM input function.

5.1.4 Refarence Voltage: The precision 2.5 V relerence
circuit Ut is used 1o derive the reference voliage for the
AJD converter and the input circuilry. A reference vollage
of about 1 V, adjustable by potentiometer RIG, is applied to
the REF pin of the A/D circuit, composed of U5 and
associated comgonents. Resistors A2 and R3, used in the
voltage divider with R10, are precision, wire-wound



resistors with matched temperature cosfficients and
axcellen! iong-term stability. Operational amplifiers U2A
and U2B, using the 2.5 V refarance as an inpul, provide
+ 5 V to the Input cirouits.

5..5 Analog-io-Digitai Convarter: The A/D converter used
in the Model X886 is a precision 4 %-dight, single-chip
circuit. The AID converier U5 utilizes the dual-siope
conversion technique and provides multiplexed BCD
oulput and digit drivers. A 50 KHz clock circuit for U5 is
composed of U7B, C12, R25 and potentiometer R11. The
reference vollage from R10 is applied 1o pin 2 ¢of UD. The
reference voltage is adjusted for a display of 1.000 V when
the 1-V input range is selected and 1.000 V is applied 1o
the input. The reference voltage will be approximately 1V
when callbrated. In the conversion process, the reference
voltage is stered on C11 and utilized by US as a floating
reference voltage, which can be used for positive and
negalive input vollages. Capacitor C10 is the aulo-zero
capacitor used to store small correction voltages in the
auto-zero process. Capacitor C2 is used as the capacitor
in the leedback path of ihe integrator circuit in the AID
converter.

§.1.6 Overrange Indication: An averrange is indicated by a
flashing 1 when an input of over 188.99 mV, mA or chins,
18999 V or Kohms; 19.899 V, or §3.99 V is connected 1o
the input. The 1 is normally latched into a "D fiip-fiop,
UBR, through U4A and driven by U38 and U3C. if one of
the above overrange conditions exisls, pin 27 of US will
have a puising output and fiash the 1 through U3C.

A circuit that detects when the signal input is greater than
80 V on the 60-V input range and {lashes the 1 digit, is
made up of UTA, UTC, UBA, U3D, U4B, U4C and U40. H
this overrange condition exisis on the 60-V range, pin 13 of
118A will be caused o go high. Thig ouiput is applied to
one inpul of the AND gata U4C and the busy output from
U5 is applied 1o the other input. The busy signal goes high
for part of each conversion cycle of Ub. The oulput of L4C
is, therefore, a flashing signal when UBA-13 is high and
progresses through U3C and U3E to J2.22, then to the
display board where It causes the 1 digit to fiash. The
circuil U3D is used as an OR gate whose output is high
whenever any digit has the value of six of more. As the
circull I8 concerned only with the most significant full digit,
D4, the flip-fiop UBA is only clocked during the D4 outout
time, This clock timing is provided by U48 and U7C, which
results in a narrow strobe pulse near the center of the D4
drive pulse.

The binary-coded decimal digit values are positive logic
signais from U513, U514, U515 anxt U5-16, which are
routed through J2 10 the decoderidriver cireuit Ul on the
display board. These digit values may change for each
digit-time D1 through D5 {D5 being the most significant
digity and are latched into the decoderfdriver at each digit-
tima.
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5.1.7 Switch Interface Clreuits: The front panel rarge
select swilch closures are detecled by the priorily encoder
circuit U18, encoded and latched into the four4o-18 ling
decoder U15. The priorily encoder recognizes only the
highest priority switch closure, if several switches are
pressed at the same Hme.

The oulputs of U15 control the input range switching and
the range annunciators and decimal points on the display.
Table 5-1 shows which switches and annunclators are
controlled by each of the used oulputs of U15.

Blspiay
Uts  iinput Range| Driver Display
Input Ouiput | Swilchas | Switches | Annunciators
Range | Pin High | Selectad Selacted Selacted

100 my 8 3, UteB  (USB, U0C | mV, DP2
1V 7 Q3, U16A  JUSA U10A | V, DP4
w0y 8 Unio, UsB jUQA, U10B | V. DP3
8OV 5 UMD, U1BAJU9A, U10C |V, DP2

100 mA 10 UG, U1BA {UBC, U10C mA, DP2
100 ohm 11 Q3, 68 {U9D, LhoC ohm, DP2
1 Kohm 8 Q3, U16A U990, U10D | ohm, DPY

Tabie 5-1: Inlernal Range Switching

5.2 Output Circults {(Schematics X86-1002 and
X86-1003)

5.2.1 Power Suppilies and Low Battery Detoction Clrouits
The power supply circuit on PG board X86-1003 wlilizes the
6 V potential from the battery and provides the voltagss
required to operate the calibrator. A non-saturating, de-do
carverter, consisting of transformer 11, the oscillator
circuit W12, V-MOS field-effect transistors Q3 and Q4, the
secondary windings, rectifiers and lilters perform the
voltage conversion. Integrated circull U12 is a symmetrical
oscillator, operating at about 30 KHz. The oscillalor
aiternately tumns on the V-MOS switches Q3 and 04, which
provide current paths from the battery through each halif of
the centertapped, primary winding of Tt. lsolated £ 7.5V
supphes are derlved from secondary winding 8-8, which
powers the input section of the calibrator. Winding 6-7
provides — 7 V {0 the ouipul section and winding 4.5
provides approximately + 10 V, which is added in series
with the battary to maks + V1 used in the oulput section.
A precision voltage reference circuit, U10, provides a

+ 2.8 V reference and, through U8, a ~ 8 V reference.

A tow battery detection circult is provided by UBA and its
associated components. Resistors R35 and R36 form a
voltage divider across the battery. The voltage at thelr
junction is compared to the + 2.5 V reference by UBA.
When the baltery voitage is below approximately +5.7 V,
LI8A trips and causes the LO BAT indicator on the output
display 1o appear. There are about 15 minutes of operating
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tirme left for the catibrator after the LO BAT indication
initialty appears.

5.2.2 DigitaMo-Analog Converter {Schematics X86-1002
and X8640603): The Modsl X886 uses a digitai-to-analog
convertar (DAG) with 4 Ve-digit BCD control. The
conversion method of the DAC is a combination of puise
averaging ard dc current summing. The DAC is controlled
by tive upfdown BCD counters: U2 {D1), U3 (D2), U4 (D3),
U5 (D4) and Ut {D8} on PO board X86-1002. When U16 is
high, the 1 digit (10 V or 100 nV} :s selected. A high at
U1-6 is gated through U7D on the mV or V output range
and applied to two of the Inverter bullers in U13 connected
in paraflel. (A high signal on the X86-1002 PC board is O V
and & low is - 5 V) The output of U13-2 and U134
sonnecls through P7-2 o petentiometer RS and resisior
H23 on PC board X86-1003, causing a current 1o flow from
the summing junction of Ud.

The counters U3, U4 and U5 control the address to theee
8CD rate multipliers, W15, U6 and U17. A fractional part
of the pulses (up 1o 898 for every 1.000), originating at the
oscillator cirouit U18, are aliowed through 1o U13,
according to the addresses on the BCD rate multipliers.
For example, if 8.260 V is set on the oulput display, tre
address to U17 is a BCD 8, the address to U6 is 2 and
the address to U15 is 6. The rate multipliers Lh5, U18 and
{17 are organized as units, 1ens and hundreds,
respectively. Therefore, U1S with an address of 6 will allow
through six puses out of a thousand, U165 with a 2 address
will allow through 20 puises out of a thousand, and U7
with an address of 8 will allow through 800 pulses out of a
thousand 1o the input of U13. The net number of puises to
13 is the sum of the three, or B26 out of a thousand.
These pulses are averaged o a d¢ voitage by the three-
pole fitter chrcuit of U4 on PC board X86-1003 and scaled,
50 the final amplifier output would be 8.260 V. The LSD D1
and the teast signilicant bit of D2 utilize resistors that are
driven directly by U2 and U3-8 to make up the D1 output
and part of the D2 oulput. These resisiors, R20 through
24 on schematic X86-1002, have a common connection,
which iz routed through P7-1 1o {he junction of R26 and
R55 on PC oard X86-1003. On the V oulput range, these
bits represent 19 mV al the voltage oulput when they are
ail selected (10 V range).

The output of the filler amplifier U4 is applied to the
chopper-stabilized output amplifier, consisting of U2 and
1J3, aither directly or through a voliage divider. The fulk
scale output of U4 Is + 2.5 V on all ranges and is applied
direcily to U2 on the 10 V range, divided by 100 on the mV
range, and divided by 10 on the mA output range. The
correct division ratio is selected by one of the switches in
the quad switch circuit U1.
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The voltage output amplifier, consisting of U2 and U3, has
a chopper-stabilized input section, which pravides
excellent slability of zero offset with time and temperature
variations. The gain of the output ampiifier, determined by
R11 and R12, is four. (The zero circuit resistors R17 and
R16 are in parailet with R12 in the gain equation.) The
voltage oulput ampilifier is fuse-protected by F3, which will
blow if a voliage higher than about 12 V and capable of
supplying greater than 250 mA is applied to the output
terminals. The conslant current source diode CRBS, R13,
R20, R21 and comparator UBA detect when the oulput
current reaches about 156 mA and flash the 1 digit on the
outpul display.

5.2.3 Outpul Value Storage Circults {Schematic X88-1002)
The aulput value storage capabifity of the Modal X86 is
provided by U8, US and U110, whish are four-word by eight-
bit, random-access memory (RAM) circults. Each device
provides eight input-bit lines, pins 3 through 10, and eight
oulput-bit lines, pins 13 through 23, The memory reguired
for U2 and U3 is provided by US; by U10 for U4 and Us,
and by U8B for U1. The data from the counters {which is
always displayed) is stored in one of the four memory
locations of each RAM when the 5TO function is selected
and one of the front panel storage focation buttons is
pressed. For example, pressing the button labaled 1 of the
STO/RCL group causes the WD1 input, pin 1 of U8, U9
and U10 to go high, while a momentarily high pulse is
applied to the WH input {pin 2). The pulse at the WR input
causes the input data from the counters 1o be stored into
the selected word focation. When the ROL-SEQ-STO switch
is in the RCL position, data previcusly stored in the RAMs
can be fammed Into the counters by pressing one of the
STO/RCL function bultons. Pressing one of these bultons
brings the data in the addressed word location o the
output pins, which are connected 1o the jam inputs of the
counters. The PE Input of the counters is pulsed high while
this data is present, causing the counter to assume this
exact count. This recalled data (or input value) is then
displayed and converted in the DAC 1o an analog output
value.

5.2.4 Auto Sequence Circult (Schematlc X88-1002): The
aulo sequence circuit is enabled when the three-position
RCL-SEQ-STO switch is in the SEQ position. The sequence
<ircuit simulates the closing of the four RCL switches in a
1, 2, 3, 4 sequence. The sequencing circuit Is made up of
an oscillator, U24A and U24B, a frequency divider, U23,
and a decade counter, U28. The cutputs of U26 seled! one
ol the memory locations, as do the front panel switches,
and cause the pulse-shaping circult {(consisting of U20A
and U208) 1o puise the PE input of the counlers. The rate
of sequencing of the output vaiues depends upon the
frequency of the oscillator, which 's adjustable by the
singia-turn potentiometer R15. Al the counterclockwise and
clockwise positions of R15, the frequency is approximately
400 Hz and 3.5 KHz, respectively. These frequencies



correspond 1o dwsli-times at each step from about 60
seconds to less than 10 seconds. Turmning R15 clockwise
causes the sequencing 1o go faster. Potentiometer RIS is
accessible by removing the batlery pack.

§.2.5 Quiput Display Annunclator Drivers (Schematic
X88-1002): The display annunciators LO BAT, mV, mA, V
and the decimal points are driver by the gate circuits US,
U7, U12 and U19. The exclusive OR gates U124, U12C,
U18A, U18B, U18C and U18D receive output range and LO
BAT information from U7 and UBA on PC board X86-1003.
One of the range inputs will be high and exclusively OR'd
with the back-plane signal from U146, resulting in an
inveried back-piane signal at this specific gale’s oulput. An
inverted hack-plane signal drive to any one of the
annunciators causes it to ifluminate. The gates USA, UEB,
UBC, UTA, U7B, U7C and U12D deisct! the low-battery,
overrange or abnormal conditions that the instrument has
been designed o recognize and cause the 1 digit o Hash
through U120,

§.2.8 Switch Interface Clroulis {Schematics X85-1002 and
XB6-1003): The output increment/decrement switches
imerlace through gircuits ulitizing U20, U214, U22, U24 and
U25, The 01 decrarment swiltch Is OR'd with the D
increment switch through CR9 and connected to U26A-12
and U21A-8. If either swilch is pressed, the output of U26A
goas low { - 5 V), the oulput of the low true OR gate U22A
goes low and, afler a delay per B8 and G7, the output of
U20C goes high. A high output from U20C enables the
osciliator circuit, made up of U24C, U24D and associated
components. The outpuis of the oscillator U20C and the
closure of one of the aforementioned switchas are applied
10 the three-inpul AND gate U21A. The oscillalor frequency
is, therefore, gated thraugh 10 the D1 counter UZ. U2 will
caunt up or down, depending upon which switch is
pressed: $13 {up) or 518 (down). i S18 Is pressed, in
addition 1o creatling the action described above, a high
input is applied to U25B-2, causing the output of U258 to
ge low for as long as S18 is pressed. The outpu! of U258
is applied 1o the up/down conlrol input of the counters and
a low input will cause the counters io count down when a
clock is appiied to the CL input, pin 15, The circuit
functions of the D2, D3, D4 and D5 switches are Identicat
to D1 described above.

The ZERQ switch applies a high tevel to the PE input of
the counters, which causes their outputs to be jammed o
& zero count. The jam inpuls are pulled downto — V, as
the outputs of the RAMs are of the fhree-staie type ard
are in the high impedance mode, unless activated by a
RCL input.

The oulpul range select swilches are rouwted to pins 3. 4
and 5 of J8 on PC board X86-1003. A closure of any of the
mV, ¥ or mA select switches applies a high level 1o one of
the input pins of the priority encoder U1, H two or more
switches are pressed at the same time, U11 will accept
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oply the one assigned the highest priority. The oulput of
Utl is applied to one of the faiches of the quad latch U7
simultanecusly with a fatch control pulse that is derived
from a positive transition at the Eo output, pin 156 of UL

5.2.7 mA Qutput Ampilfier {Schomatic X88-1003): The mA
output is controlied by amptiffer U5 and ils associated
components. Amplifier US receives its signal input from
the output of the voitage ampiifier, which is adjustable by
potentiomeler AB. The oulpul current Hows from + V1,
through the external loop, back through P3-11, Q1, and
through the current-gensing resistor R38. The vollage
across R3B Is applied io the inverting inpul of US, pin 2,
and is controlied by the ampilier circuit fo be equel 1o the
voltage applied at pin 3. The comparator UGB and its
associated components cause the 1 on the oulput display
to flash when the calibrator is in the mA output mode and
the output loop is open, or when the loop load resistance
is too high for the calibrator 10 maintain an accurate
oulput current.

6.0 CALIBRATION

#f is recommendad that the performance of the Modei X86

be verified at three- 10 shemonth inlarvals against precision
standards refergnced 1o the National Bureau of Standards
(NBS). Internal calibration adjustments should not be periormed
without the use of precision laboratory equipment. The
calibrator may be returned to Ronan Engineering Company for
calibration, or it may be calibrated in a qualified standards
laboratory.

6.1 Equipment Required

The calibration set-up described below requires the
minimum amount of precision equipment. Allernate
calibration configurations can be used if the calibration
error is sufficiently low (0.01% total callbration arror).

a} dc voltage standard, 0-10 V = 0.005% of reading =50
microvolts or better {must havae mV output range where
output offset is less than 10 microvolts)

b} resistance standard, 100 ohms £ 0.005%

¢} nullmeter with 10 microvalts resolution or better (The
input section of the Mode! X88 can be used as the
nultmeter )

6.2 Input Calibration
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8.2.1 Adjusiment Potentiometars: The five potenticmeters
used to calibraie the input are located at the top of PC
board X85-1001 and the polentiomelers used to calibrate
the output are at the fop of PC board %86-1003. These
potentiometers ara accassible when the top plate of the
calibrator is removed. See Figure 8-1, which shows the
location of the adjustment potentiometers.
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6.2.2 Input Zero Adjustment:

a} Sei the calibraior 1o the 100 mV inpul range.

D} Plug a sel of test leads into the V inpul posts and short
the ands together,

¢} The calibrator should indicate Q0.00 mV on the inpul
maeter, aber § has warmed up for a few minuies. Use
potentiometer R7 1o adjust 1o zero, I necessaty (PC board
XBE-1001).

£.2.3 Input Full-scale Adjustment:

ay Connect the X86 calibrator and the de voltage standard
as shown in Figure 6-2.



STANDARD

PRV

Flgure 6-2: Vbltage Input Calibration

b} Set the outpul of the de voltage standard and the input
range of the Model X86 as shown in Table 8-1. Adjust the
corresponding potentiomaeter listed in the right column, for

the correct display on the input meter, if necessary.

DGV Standard Model X86 Adjustment
Cutput Input Range Potentlometor
1000 V 1V R10

100.00 mV 100 mV R6
10.000 V 10V A8

Table §-1: Voltage Input Callbration -

8,2.4 Ohms Measurement Adjusiment:

a) Connect the Mode! X86 and the precision 100-ohm
rasistor as shown in Figure 6-3. Connect the resistor
directly 0 the OHM binding posts to eliminate errors
caused by test lead wire.

b) Set the Model X86 input to the 100-chm range.

Potentiometer RS should be used 1o adjust the input
display to 100.00, il necessary.

100 OHM
% 6.005%

Figure 6-3: Ohms Input Calibration
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6.3 Qutput Cailbration
6.3.1 Voltage Output Zoro Adjustment:

a} Connect the Mode! X86 Porlable Calibrator, the do
voilage standard and the nufimeter as shown in Figure 8-4.
All potentiometer adjustments referred to in this section
are located on PC board XB6-1003.

NULLMETER
o¢
o VOLYAGE
4 § STANDARD
.
Mo +
c 2]

Flgure 6-1: Voltage Cuiput Measurement

b} Connect the two test Jeads to the dc voltage standard
together. Set the Modet X86 oulput 1o the mV range and
set the output display to 00.G0.

¢} The nulimeter (10-microvolt resolution} shouid indicate
00.00+ 0.01. Potentiometer RY is used to adjust the mV
zZero, if necessary.

d} Set the Model X86 oulput to the V range and maintain
the display of 0.000 V.,

e} The numeter should indicate 00.00 £ 0.1 mv (0.t mV is
0.001% of range). Potentiometer R7 is used to adjust the
V zerp, if necessary.

f} Repeal steps b and ¢,
§.3.2 Voltage Output Fuilscale Adjustmant:

a) Reconnect the two test leads 1o the dc voltage
standard as shown in Figure 6-4.

b) Sel the Mode! X86 oulpul range, outpu! value and de
voltage standard as shown in Table 6-2. Adjust the
corresponding potentiometer, i necessary, to bring the
error reading on the nulimeter 1o, or below, that given in

Table §-2.
X86 Output dc Voltage | Nullmeter | Adjustment
Hange | Display [Standard Outputl Reading [Potentiometer
0V | 5989y 9.899V Ox1mv R4
W0V {10000V 10000 V Q1 mV RS
WO my 0000 ] 10000 mY 02001 mV 18

Table 6-2: Output Calibration Data
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6.3.3 mA Qutput Adjustment: Connect the Model X86
Portable Calibrator, the dc voltzge standard, the 100-chm
precigion resistor and the nulimeler as shown in Figure

65,
NOTE: The voltage output calibration steps must be

performed before the mA oulput adjustment are done.

RULA\METER

A
'
o
g
R

DV
STANDARD

Figure 8-5: Currerd Qutpul Measurement

a) Set the Model X86 to the mA output range.
b} Set the output display to 1.00 mA,
¢) Set the do voltage standard 1o 100.00 mv.

d) The nulimeter should indicate 0.0000+0.001 V.

Potentiometer R10 is used to adjust this vaive.

e} Set the Model X86 output display to 60.00 mA,

f} Set :he de voltage standard to 800 V.

g} The nulimeter should incicate 0.000+0.001 V.

Potentiometer 18 is used to adjust this value.




7.0 TROUBLESHOOTING GUIDE

Reler {0 Table 7-1 lor some specilic troubleshooting
guidelines. For further assisiance, refer to the circult description
sections and schematics in this manual. Ronan Engineering
Company maintaing a service and repair department where the
calibrator may he sent for repair and calibration.

Abnormality Possible Cause | Corractive Action
No display Low or faulty Charge ballery per
ballery, fuse F2, section 3.10.
board X86-1003 | If baltery voltage
I8 good, check
fuse F2 on PC
board X86-1003.
No voltage oulput | Fuse F3, Check fuge F3
board X86-1003 and replace,

aulpul normal,

required.
tnstable output Front panel switch | Set to RCL
display left in SEQ position
position
No current outout | mA outoput Replace defective
on mA ouiput armplifier. See component
range. Voltage section 5.2.7

OHM measure:

Chms circuit. See

Replace defective

men! incorrect. See section 51.3 component
Voitage Input okay.

No reading on mA | Fuse F1, Replace defective
input. Vollage board X86-1003 component.

input okay.

Table 7-1: Troubleshooting Guide

27



PARTS LIST~

MODEL X86 PORTABLE CALIBRATOR

X86-1000 Display and Switch Board

ftem Qly. 1D Part No.
11 X86-1000
2 2 P4 9296470525
3 1 p2 A29647-04-22
4 1 P3 9296470408
5 4 85K-122.8G
6 7 523458708 54500003
B i SH B450.0005
9 18 $8.10.11,12.13,15,16,17,18,20,  5450.6001
21222324 2526
10 1 81 12022
11 819 L203-01-1MS-
02-QA
12 2 DSP12 X868
131 i ICM72111IRL,
14 4 2345 CD4055BE
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PARTS LIST—

MODEL X86 PORTABLE CALIBRATOR

X86-1001 Input Board _

tem Qty. Part No.
11 X86-1001B
2 1 Ry AN55C2212
3 1 R RNS5C1022
4 1 A2 ANBSC1542
5 2 RI827 RNS5C2002
6 1 R2s ANSS(C2492
7 1 BRi9 RNG5C2552
8 1 m AN55(3652
9 1 R4 RNSSCT872
10 1 RIS RNSSC2373
11 2  R516

12 1 R4 RCO7GF3904
13 1 Red4 RCO?GF2214
14 1 R2B RCO7GF3334
15 8 R12,132329,30,31,35.36 RCO7TGF104)
16 1 R39 RCOTGF2244
17 1 R34 RCO7(F108J
18 1 R RCO7GF474
19 1 R28 E71

20 1 R22 El-27




Description

Vendor

Printed Circuil Board

Ronan

Header Sirip, 25 Pins

AP. Products

Headear Sirlp, 22 Ping

AP. Products

Header Sirip, 8 Pins

A.P. Products

Sockel Strip {for LCDg) Samiec
Switch, Momenllary, Dark Grey Marquarct
Switch, Momenlary, Black Marquardt
Switch, Momentary, Grey Marquardt
Switch, OPDT CaK
Switch, OP3T CaK
Liquid Crystal Display Hamlin
LCD Decoder/Driver intersit
Dacoder/Driver RCA
Daseription Veandor
Printed Circult Board : Fonan
Resistor, MLF, 6 W, 1%, 221k Mepco
Rosistor, MF., 4 W, 1%, 10.2k Mepco
Resistor, MF., ¥ W, 1%, 154 k Mepco
Resistor, MF., 14 W 1%, 200k Mepco
Resistor, MF., ¥ W, 1%, 2489k Mepco
Registor, MF, % W, 1%, 255Kk Mapco
Resistor, MF., % W, 1%, 365 k Mepco
Resistor, MF., M W, 1%, 787 k Mepoo
Resistor, MF, Y W, 1%, 237 k Mepco
Jumper

Resistor, Carben, W W, 5%, 39 ghm AB,
Resistor, Carpen, U W, 5%, 220 ohm AB.
Resistor, Carbon, Y W, 5%, 33 k A,
Resistor, Carbon, Y W, 5%, 100k AB.
Rasistor, Carben, Y W, 5%, 220k AB.
Resistor, Carben, % W, 5%, 10 M AB.
Rasistor, Carbon, % W, 5%, 470k AB,
Resistor, WW, .01%, 10 ohm Eifioll ind.
Rasistor, W.W., 1%, 975 ohm Elliolt ind.




PARTS LIST~—
MODEL X86 PORTABLE CALIBRATOR

X851001 Input Board {continuad)

ftam Qty. 1D Part No.
213 R38 RCO7GF473d
22 1 H33 Et-27
23 1 R32 ER27

T/C Ratlo, Maiched Pair {R33, R32) — 5PFM Part Numbar X86B15-
24 1 R El-27
25 1 A3 El27

TIC Ratlo, Maiched Palr (R2, RY) ~ SPPM Part Number X88815-2
28 2 ANt3 4310101224
26 1 RNZ 17769
27
28 2 RE.8 88PH50
29 2 A8,10 8HPR500
30 1 A7 S9PR10K
31 1 Rit BOPRIOGK
33 1 ci2 33R501MO5
34 1 013 102R102C20
3 1 Ch 103RI101C2D
36 1 Cis T03A101C20
3t 9 ©1.7.83,14,16,19,20.21 104A8G0C10
3| 2 C17,18 104R101R10
3@ 3 C210.11 474A101K10
40 3 G345 _ BO5A3SOTID
41 1 caz2 224R350T10
42
43 2 CR14 IN4148D
44 1 cre ING457A
45 1 CH3 IN4OOSD
46
47 1 Q2 2N6718:5
48 1 m 2MNE519-5
49 1 Q3 2N5396
51 U1 MC1400AG2
52 1 us {CLT135CPI -
53
54 1 2 {CLT880CPD

55 1 U2 LM358AN

56 1 Us LM312H
57 2 urr 74C1aN
58 1 us CDA0TOBE
59 1 L4 CD4081BE

30



Description Vendor

Resistor, Carban, % W, 5%, 47 k AB,

Resistor, WW., 1%, 720k Etilon} Ind.
Chiol! ind.

Hesistor, W.W., .1%, 850k

Resislor, W.W., 1%, 24.75k

Elliott Ind.

Resistor, WW., 1%, 3725k Elliolt ing.
Resistor Newtwork, 220 k Bouins
Precision Voltage Divider Caddock
Potentiometer, 50 ohm Beckman
Polentiometsr, 500 ohm Beckman
Fotentiorneter, 10 k Beckman
Potentiometer, 100 K Beckman
Capacilor, Mica, 330 pFd Arco
Capacitor, Caramic, 0011000 Sprague
Capacitor, Ceramic, 0W100 Sprague
Capacitor, Ceramic, .01/100 Unitrode
Capacitor, Ceramic, 1180V Unitrote
Capacitor, Polyester, 1100 V ERC
Capacitor, Polycarb., 471100V ERO
Capacitor, Tantalum, 86.8/35 Sprague
Capagitor, Tantalum, .22/35 Sprague
Diode, Signal Fairchild
Diode, Low Leakage Fairchild
Diode, Rectifier Fairchild
Transistor, NPN Motorota
Transistor, PNP Molorola
Fiald-sifect Transistor Molorola
Precision Yollage Reference, 25V Molorola
Pracigion. 4Y2-digit AD Converler intersit
Chopper-stabilized Operational Amp. Intersit
Quad Operational Amplitier National
Opaerationat Amplitier National
Hex Schmitl Inverters National
Quad XOR Gate RCA
Quad AND Gate RCA
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PARTS LIST—
MODEL X86 PORTABLE CALIBRATOR

X86-1001 Input Board (continued)

flam Qty. D Part No.

60 1 us . Cha013BE

81 4 U9,10.11,16 ChA06EBE

g2 1 U3 CD4025BE

63 1 g CD4071BE

64 1 Uts CD4514BE

85 1 L8 CD4532BE

B8 1 J2 4455-80-22140-2222
67 J3 4455-BC-22.17.2082
88 1 5 TEW-110-14-G8

{928647-08-10)

PARTS LISTw-

MODEL X86 PORTABLE CALIBRATOR
X86-1002 Swiich Interface and DAC Circults

mltom Qty. D Part No.

] %86-10028

2 2 N4 85W-125-01-G-§
3 1 I35 SSW-110-01-6:S
4 1 6 860423

5 1 P7 950424

6 1 P8 960425

7

8 1 Rt 8C07GF1004
5 6  R310,11,12,13,18 RACO7GF103J
10 1 R4  RCO7TGF223)
11 4  RS589725 RCOTGF1044
12 3 R14,17,19 RCO7GF2244
13 3 R67.16 RCO7GF684J
14

15 _ .

16 1t RIS 82PATOOK

17 3 RN1Z3 4310R-101-224
18

19 1 A2 ANS5C10038
20 1t R20 ' RN55C12538
2t 1 R? ANSSC1373
22 1 R2 RN55C2493
23 1 R22 RNS5C4993
24 1 PR23 RNS5C1004
25
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Description Yondor
Dual D" Flip-tlop BCA,
Quad Bilateral Switch RCA
Triple NOR Gate RCA
Quad OR Gate RCA
Fourbit LatchvDecoder RCA
Eight-bit Priority Encoder RCA
22-pin Botiom Entry Receplacie ~ Molex
Eight-pin Bollom Entry Receptacle Molex

Ten-pin Header Assembly

Samtec (AP, Products)

Description Vendor
Printed Cireuit Board Ronan

Socket Strlp, 25 Positions Samtec
Sockst Strip, 10 Positions Samitec

Header Strip, 10 Pins

AP, Products

Header Strip, 12 Ping

AP, Products

Haader Strip, Six Pins

AP. Products

Resistor, Carbon, % W, 5%, 10 ohm AB.
Resistor, Carbon, % W, 5%, 10 k AB,
Resistor. Carbon, ¥ W, 5%, 22k AB.
Resistor, Carbon, % W, 5%, 100k AB.
Resistor, Carbon, 4 W, 5%, 220k AB.
Resistor, Carbon, % W, 5%, 680 K AB.
Potentiometar, 17, 100 k Beckman
Resistor Pack, 220 k Bourns
Resistor, MF, A W, 0.1%, 100 X Mepeo
Resistor, M.F., 4 W, 0.1%, 125 k Mepco
Resistor, MF., 4 W, 1%, 137 & Mepco
Resistor, MF., 4 W, 1%, 240k Mepco
Resistor, M.F., 4 W, 1%, 489 k Mepco
Resistar, M.F., A W, 1%, 1 M Mepco
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PARTS LIST—
MODEL X86 PORTABLE CALIBRATOR

X86-1002 Swhceh Interface and DAC Circuits {continued)

ftom Qly. D Parl No.
26 3 CH3,1314 INO4B7A
27 n CRL,24.58,7,89,10,11,12 N41480D
28
28 1 C3 121R501M05
30 i il . 103A101C20
K3 | ci2 S503R101C20-2
32 7 £1,2568,1013 1D4A101C20
33 1 Cca BB4RIOIRIO
34 4 c7 224R101RT0
KL G4 B85R350T20
38
37 0t )24 CDADGIBE
38 2 Ut2,19 CDAOTOBE
3 1 U2s CD4002BE
440 2 21,22 £04073BE
41T Us CD4075BE
42 1 Uz CDAOBIBE
43 1 U0 ' CDA0106BE or
MCM74C14
44
45 1 26 CDAITBE
46 2 U11,23 CD4020BE
7 5 Ut2345% CM029BE
48 1 {18 CD40478BE
49 i U13 CD40498E
50 3 U15,16,17 CD45278E
51 3 89,10 CD4030AE
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Dascription Vendor
Diode, Low Leakage Fairchiid
Diode, Signal Motoroia
Capacitor, DM. 120 pFd Arca
Capacitos, Ceramic, 01 mid Unitrode
Capacitor, Ceramic, .05 mfid Sprague
Capacitor, Ceramic, .1 mfd Unilrode
Capacitor, Polyester, .B&/100 _Mepeo
Capacilor, Polyester, 221100 Mepco -
Capagcitor, Tantalum, 6.8/35 Sprague
Quad 2-input NOR Gale RCA
Quad Z-inpul XOR Gate RCA
Dual 4-input NOR Gate ACA
Triple 3-input AND Gate RCA
Tripie 3-input OR Gate RCA
Quad 2-nput AND Gate RCA
Hex Buifer, Schmilt Trigger RCA
Degade CounterDivider “RCA
Binary Counter/Divider

Pre-setiable Up/Down Countler RCA
Astable Multivibrator RCA
Hex Bufterfinverter

BCD Rate Muliiptier RCA
RAM 4 words % 8 bils ACA
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PARTS LIST—

MODEL X86 PORTABLE CALIBRATOR
X86-1003 Power Supply and Output Amplifier

ftam Qty. D Part No.
PR XB6-10038
2
3 1 R4D RCOTGF220d
4 1t R13 RCO7GFE80J
5
6§ 1 R39 HCOTGFBSR2Y
7 11 R15,18.21,28,37.42.48, -RCOTGF103)
49,50,62,53
8 1t RS RCO7GF183)
9 3 B14,1929 RCOIGF223)
10 1 A2 RCOTGF473J
1t 3 A33,34,41 RCO7GF 1044
12 t A3 HOH7GF 1054
13 %+ R3? ROO?GF474,)
14 3 R434435 RCO7GF224J
zs . s e
"6 1 R55 RNS5C20R2B
17 Y RA20 ANSECI574
18 1 RO RNS5C1242
13 1 R27 RNS5C2000
20 1 R3s RNES(C2243
21t RI6 RNS502493
22 1 R54 RNG5C4992
23 1 R2§ ANS5C1003
24 1 R ANSSC 1823
25 1 R24 RNSECH251
26 2 R1B17 RNS5C1004
27
28 1 R4 EI27-10K, 1%
29 t  R47 EI27-19.9K, 1%
TIC Ratlo Matchad Palr {R46, R47) 5PPM — Part Number XBEB15-4
6 1 R Ei27
31 t+ R Ei27
32 1 R3 E127

TIC Ratic Matchad Set (R1, R2, R3) 5PPM ~— Part Number X86B15-3

33 1 Ri2 Ei27
34 1 RN E127
TiC Ratio Maiched Palr (R12, R11) 5PPM — Part Numbar X858155
3 1 R3IB El127

38 1 B3 TFO2R-398.0K

37 1 RN1 T914-100K-100-05
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Duscription Vendor
Printed Circuit Board Bonan
Resistor, Carbon, ¥ W, 5%, 22 ohm AB.
Resistor, Carbon, ¥4 W, 5%, 68 ohm AB.
Resistor, Carbon, YA W, 5%, 68k AB.
Resislor, Carbon, Y W, 5%, 10k AB.
Resistor, Carbon, ¥4 W, 5%, 18 & AB. N
Resistor, Carbon, % W, 5% 22 K AB. o
Hesktor, Carbon, 4 W, 5%, 47 k AB.
Resistor, Carbon, % W, 5%, 100k AR
Resistor, Carbon, % W, 5%, 1 M AB.
Resistor, Carbon, Y1 W, 5%, 470k AB,
Resistor, Carbon, % W, 5%, 220k AB.
Resistor, MF., ¥ W, .1%, 20.2 ohms Nepco
Resistor, MF., W W, 1%, 357 k Mepco
Resistor, M., i W, 1%, 124 K Mepco
Hasisior, M.F., % W, 1%, 200 ohms Mepco
Hesistor, M.F, % W, 1%, 324 k Mepco
Resistor, M.F., ¥4 W, 1%, 249 k Mepco
Registor, MF., W W, 1%, 489 k Mepco
Resislor, M.F., Ys W, 1%, 100K Mepco
Resistor, M.F., ¥ W, 1% 182 k Mepco
Resislor, M.F,, % W, 1%, 825k Mepco
Resistor, MF, % W, 1%, 1M Mepco
Resistor, WW,, 10 k= 0.1% Elliott ind.
Resistor, WW., 180 k2 01% Elliott Ind.
Resistor, WW., 995 ohm x 0.1% Eiligtt Ind,
Resistor, WW. B85 k Ettioft ind.
Resistor, W.W., 5995 k Elfioft ind,
Resislor, WW., 1342k 0.1% Eiliott ind.
Resistor, WW, 400 k Elliott ind.
Resistor, WW. 10.0 ohm £ 0.05% Elliott Ing.
Resistor, Prec. Film, 398 i 0.1%-5PPM Caddock
Precigion Rasislor Network, 100 ks Caddock
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PARTS LIST—
MODEL X886 PORTABLE CALIBRATOR

X86-1003 Powsr Supply and Quiput Amplifier {continued)

Ham Qty. 1D Part No.
38 1 R4 BSPR-1D
40 1 f8 89PR-100
41 1 fa BOPR-200
42 1 AR5 BOPR-5K
43 2 R9.10 89PR- 100K
44 1 A7 89PR-20K
45
46 2 14,31 3G1RAS01MO5
4T 2 0213 BBIR3DIMOS
48 1 C33 224R101R10
49 3 Ci718.21 503R101C20
50 2 G740 103R101C20
51 12 C1456,1011,12,15 104A101G10
16.22,29,30
52 7 00.23.04.25.2627.28 6B5R350720
53 2 Cag 104R10TRI0
. (7 19A1CATO4PKI01SA)
54 1 €3 334RB30K10
5 1 C20 B84R101KI0
{71981GEFE84PK 10! 88)
56 1 C19 105RI01K10
(719B1GG105PK101S8)
57
58 9  CRI2.13,14,15.16.17.18,19.21  IN414BD
58 2 CR22.23 INOASTA
60 1 CcR3 IND313
81 1 CAS IN5287
82 1 CRhé IN52378
52 2 CR12 ING340A
84 1 CH25 INAGOSD
85
“s6 2 Tasa T VNBBAF or
YNO1OGN3
67 1 O VNBBAF
88 1 Q2 2N4392
8 1 Ul CD40BEBE
70 1 U7 CO4042BE
711 un CD46328E
72 1 U2 CDAD4TBE
73 2 U39 LMIOCN
74 2 U68 LM393N
75 1 U5 LM312HC
76 1 U4 WAT14HC
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Description Vandor
Potentiomater, 107, 10 ohm Beckman
Potentiometar, 107, 100 ohm Beackman
Petentiometer, 107, 200 ohm Beckman -
Petentiometer, 10T, 8k Beckman
Potentiorneler, 10T, 100 k Beckman
Potentiometer, 10T, 20k Backman
Capacitor, D, 390 pFd Arco
Capacitor, OM, 680 pFd Arco

" Capacitor, Polyester, 22100 Mepco
Capacitor, Ceramie, .08 mid Sprague
Cépacitor, Ceramic, .01 mid Spragua
Capacltor, Ceramic, .1 mid " Unitrode
Capacitor, Tanlaium, 5.8/35
Capacitor, Palyester, .1 mid Mepco
Capachor, Polycarbonate, 3363V Mepco
Capacitor, Polycarbonate, 68100 V Mepco
Capacitor, Polycarbonate, 1100 V Mepco
Diode, Signal Molorola
Diode, Low Leakage Fairchitd
Constant Currant Source Molorola
Constant Cuirent Source Molorola
Diode, Zener, 82 V Moloroia
Diode, Zener, 12V Molorola
Dipde, Reclifier Molorola
Transistor, V-MOS Siiconix
Transistor, V-MOS SHieonix
Field-Effect Transistor Motorola
Quad Swifch ACA
Quad Latch RCA
Priority Encoder RCA
Qsclllator with Flip-flop RCA
Precision Operational Amplifier Mational
Duatl Comparator National
Operational Amplifier National
Pracision Operational Amplitier Fairchild
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PARTS LIST~
MODEL X86 PORTABLE CALIBRATOR

X86-1003 Powsr Supply and Output Amplifier {continued)

Homn Qty. 1D Part No.
771 U2 ICL7650CPD
78 1 U10 MC1400AG2
79 2 Fi3 362250
80 1 F2 362.500
81 '
82 1 T ‘ %8682
83 1 U8 SSW-110:01-G-S
84 1 J7 SSW-112.01-G:S
86 1 J8 SSW-106-01-G-S
86 1 Po 2481-09-80-1123
87 6 2528 of
926

88 1 650BOSS
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Begeription Vendor
Chopper-stabllized Qperationai Amp. Intersi
Precigion Vollage Relatence, 25 V Motoiola
Fuse, % Amp Littie Fuse
Fuse, V2 Amp Litile Fuse
Transformer Mercury Mag.
Socket Strip, 10 Positions Samiec
Sgcket Strip, 12 Positions Samiec
Sacket Steip, 6 Positions Samtec
Plug, 12 Positior s Molex
Fuse Holder Keystone
Ziarick

Baltery Powsr Cord, 9

41
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Type S thermocouptas — thermoelectric voltages, £(T),
reference junctions at 0°C,

bt A

E
Hy

009
2731
5523
8374

11282
142.47
17287
203.40
23485
266.40
208.64
331.36
364.55
395.19
43226
aB8.77
80169
537.02
572.75
608,05
B45.34
682.18
719.38
756.93
D481
833.02
B71.54
916,38
94952
988.95
1028.67
1068.66

1108.93

114946
1190.24
1231.28
1272.56
1314.08
1355.83
1387.81
1440.N1
1482.42
1525.04
1667.86
1810.89
1654.10
1697.51
1741.10
1784.87
18268.81
187293
191721
1961 .86
2006.27
205108
209595
2141.01
2186.22
223157
22771.06
232268
2368.44
241433
246034
2506.48
255274
2589.12

E
MY

264582
2692.23
273588
2788.79
2832.73
287878
2826.93
287418
3021.53
3668.58
311653
316417
3211.90
32569.73
307 65
335565
3403.74
3451.92
aseoas
3548.53
58695
3645.49
3694.05
3ragye
3791.47
3840.29
3889.19
3938.17
3987.22
40G36.35
408585
4134.83
418417
4233.59
42B3.05
4332.85
4382.29
4432.00
4481.78
45183
4581.568
4631.55
4681.82
A731.76
478198
4832.27
488263
4933.06
4983.58
5034.16
5084.93
5135.57
5186.40
5237.30
5288.28
5339.35
5350.50
544174
54583.07
5544.48
5596.06
5647.74
5695.50
5751.34
5803.27
5855.27
5807.36

670
675

895

E

Hw
5659.53
£011.78
8084.12
811654
6169.04
6241.82
6274.28
8327.03
637286
£5422.77

_ B485.78

8538.84
6592.00
6645.24
6688.56
6751.87
8805.45
6859.02
681267
8068.41
702022
707442
112830
718217
723631
720054
7344.85
7399.24
746371
7508.27
758291
7617.83
767243
77282
7I82.2¢
7837.34
T892.47
794768
8002.68
BO5B.36
8113.82
8169.37
822498
8280.70
5336.49
839236
844832
8504.36
B560.48
8618.58
8672.96
872933
8785.78
8842.31
8895.92
8955.62
9012.40
908528
9128.20
9183.22
9240.33

929752

9354.79
941214
$469.58
§527.10
9584.70

T

HIG5
1010
1015
1020
1025
1030
1035
1040
1048
1050
1055
1080
1085
1070
1076

1085
1090
1095
1100
1108
110
1115
1120
1125
1130
1135
1140
1145
11580
1158
1180
1165
1170
1175
1180
1185
1190
1195
1200
1265
1210
1215
1220
1228
1230
1235
1240
1245
1250
1288
1260
1265
1270
1275

1280

1285
1290
1395
1300
1305
1310
1315
1320
1325
1330
1335

E
uy

94238

§700.15

4787.59
981592

9873.94

9593203

8386.21
18348.47
18198.81
10165.23
1022373
10282 32
1034089
10399.74
10458.55
1031742
10376.38
10535.37
10894.43
1075356
103i12.74
10871.99
10831.29
10990.65
11050.06
11108583
11189.05
1122862
11280.24
1134791
11407.63
11467.38
1162720
1158706
11646.98
11706 80
11766.88
1182690
11886.96
11847.05
1200719
12067.35
1212755
12187.79
12248.08
123068.35
12368.57
12429.02
12488.40
1254981
12610.24
12687069
12731186
12791.86
1285217
12912.70
12973.25
13033.82
13094 .40
1315500
13215.50
13276.22
1353685
1359749
13458.13
13518.79
13579.44



Typoe § thermocouples — Ihermoetectric voltages, E),
raference junctions at 0°C {continued).

T £ T E T E T E
L u «c PRt A+ W A+ w

1340 13640.11 | 1445 1451291 | 1550 16176.16 | 1855 1741893
1345 1370077 | 1450 1497337 | 1555 1623580 | 1660 17477.42
1350 1376144 | 1455 15033.80 | 1560 1620557 | 1665 1753543
1356 1302211 | 1460 150894.21 | 1565 1835521 | 1670 17594.16
1360 1388277 | 1465 15154.60 | 1570 1841478 | 1675 17652.41
1365 13043.44 | 1470 15214.96 | 1575 1647432 | 1680 1771054
1370 14004.10 ] 1475 15275.29 | 1580 16533.80 | 1685 1776856
1375 14084.76 | 1480 15335.59 | 1585 1653323 | 1650 1782643
1380 1492541 § 1485 15306.86 | 1580 1665260 | 1695 17884.14
T385  14186.06 | 1490 15456.11 | 1595 1821192 { 1700 1794168
1350 14246.70 | 1495 1551832 | 1800 1877118 | 1705 1750003
1395 1430733 | 1800 1887649 | 1805 41683098 | 1710 18056.17
1400 1436795 § 1505 15B36.63 | 1610 1588952 | 1715 1811308
1405 1442858 | 1510 1569674 | 1635 1694860 | 1720 1818075
1410 14480.95 | 1515 15756.81 | 1820 1700762 | 1725 18228.17
1415 14549075 | 1520 15816.84 | 1625 1708658 { 1730 1828230
1420 1481032 11525 1587683 | 1630 17125847 | 1735 1333815
1425 1467087 | 1530 1503878 | 1835 17184.30 | 1740 1339368
1430 1473141 | 15356 15096.89 | 1640 1724306 | 1745 1344888
1435 1479103 | 1540 1605656 | 1645 1730176 { 1750 13503.75
1440 14085243 | 1545 1611638 | 1650 17380.38

NOTE: *C=¥ {*F—232)

87
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Typa R thermocouples — thermoslectric vollages, E(T),
refergnce junctions at 0°C.

T
*C

320
325
330

3
w

9.00
26.79
54.26
8239

11L16

140.56

170.57
20118
28238
26413
206.45
32930
36268
396.57
43097
465,85
501.22
537.0%
57333
816.08
547.23
684.82
722.83
761.24
800.04
839,23
a78.80
318.74
959.05
989.70
1040.70
1082.04
1123.71
1185.70
1208.01
1260.62
1293.66
1336.77
1380.27
1424.08
1468.13
1512.47
1557.08
1601.95
1647.08
1692.45
1738.08
1783.94
1830.04
¥876.36
02292
1969.70
01670
2063.91
211133
2158.95
220678
2254.81
2303.03
235145
2400.05
2448.83
2497 .80
2546.95
2588.27

284578

269543

E
B

2745.26
219528
2845.41
2695.73
284620
2088.43
304781
3088.54
314962

. 320085

825222
3303.74
335539
3407.19
3459.12
351119
3583.40
361574
3668.21
372082
3773.55
382641
387941
393253
3985.77
4039.14
4092.64
£146.25
4200.00
4253.87
4307.86
436197
4416.20
4470.55
4525.02
4578.62
4834,33
4680.16
4744.10
4799.47
485435
4909.66
1985.07
502051
5076.26
5132.03
5187.91
5243.91
5300.02
5356.24
541258
5465.03
552560
5582.27
5639.05
5685.95
575295
5810.05
5867.27
5924.58
5982.10
8039.75
609753
6155.43
6213.45
627159
6329.86

E
uv

£388.25
644677
650540
656416
5623.04
6662.04
674117
680041
6859.77
6919.25
6973.87
7038.59
T098.44
7168.4)
721850
127870
733903
7399.47
T450.04
7520.12
7581.52
7642.44
7703.48
T764.64
782591
7887.31
7948.82
8010.44
8072.19
B134.05
8196.02
B2s8.12
832033
8382.65
B445.09
850785
8570.32
8833.11
8598.01
875903
882215
888541
8948.77
8012.24
907583
9139.54
§9203.35
89267.28
$9331.32
939547
8459.74
9524.12
9588.61
9653.22
971793
978278
9B847.70
9912.74
6977.80
1004318
10108.56
1017405
10R239.65
10305.36
10371.18
10437,12
10503.16

1005
1810
1015
1020
1025
1030
1035
1040
1045
1050
1055
1060

1070

1975

1080
a5
1090
1095
1100
1105
1110
1115
1120
1125
1130
185
1140
1145
1180
1155
1160
1185
"7
175
1180
1185
1180
1185
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1280
1285
1280
1285
1300
1305
1310
1315
1320
1325
1330
1338

E
uv

10569.31
1063557
10701.83
10768.41
1083499
10901.69
10968.48
11035.38
11102.41
11189.52
11236.76
1130410
1137154
11439.09
11580672
1157445
1164227
11710.18
1177818
11845.26
11914.43
11982 89
12051.62
1211943
1218793
12256.50
1232515
12383.87
12482 67
1253154
126G0.48
12669.49
1273858
12807.714
128760
12846.18
1301552
1308491
1315436
13223.87
13293.43
13353.05
13432.73
13802.45
13572.22
13642.05
13711.92
13781.83
13851.30
13821.80
13891.85
14051.93
14132.05
14202.22
14272.41
14342.64
1441291
14483.20
14553.53
14623.88
1489426
14764.67
14835.10
14805.55
14976.03
1504652
15117.04



Type R tharmocouples — thermeeiectric voltages, E(T),
reference junctions at 0°C {continuad).

T E T E T £ T E
*C u¥ *& w¥ *C s «C uY¥

1340 15187.56 | 1445 1667001 | 1553 1B145.82 | 1655 19601.56
1345 15258,11 | 1450 16740.54 | 1555 1821570 | 1660 1670.16
1350 1532867 | 1455 1581106 | 1560 1828554 | 1565 18738867
1355 1539924 | 1460 1888156 | 1565 1835533 | 1670 1$807.10
1360 1546982 | 1465 1695204 | 1570 1BA25.06 | 1675 1§875.44
1365 1554041 | 1470 1702250 | 1675 1849475 | 1680 1994367
1370 1551101 | 1475 17052.93 | 158D 1B564.38 | 1885 2(011.76
1376 15681.62 | 1480 1716335 | 1585 1863396 | 1690 2007971
1380 1575223 | 1465 1723273 | 1590 1870348 | 1695 20147.50
1385 1582285 | 1490 17304106 | 1595 1877295 | 1700 20215.1
1390 1589347 | 1495 17374.43 | 1600 1884238 | 1705 2008252
1305 150B4.08 | 1500 1744473 | 1605 1891171 | 1710 20340.72
1400 1603471 | 1508 1761500 | 1610 1898098 | 1715 2041670
1405 18105.32 } 1510 17585.24 | 16156 1905022 | 1720 2048342
1410 1617694 | 1515 1765545 | 1620 1911937 | 1726 20549.88
1435 1624654 | 1520 1772562 | 1625 1918847 | 1730 20616.07
1420 18317.15 | 1525 17795.75 | 1630 19257.49 | 1735 P20681.95
1425 16387.74 | 1530 1786585 | 1635 1932645 | 1740 2074753
1430 1845632 | 1535 1793590 | 1640 1939534 | 1745 2081277
1435 1B528.00 | 1540 1800592 | 1845 1946415 | 1750 2087767
1440 1659046 | 1545 1BOTS.89 | 1650 1953290

NOTE: “C= % {°F—32}
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Type E thermocouplas — thermoelectric voltages, E(T),
reference junctions at 0°C.

T E T E T E T E
b 3 W L uv e o Yy G pv

- 50 —2786.61 216 145345 | 480 353819 ] 745 556868
—45 -252227 | 220 149088 | 485 357880 | 750 570828
w40 325444 226 152843 | 480 351903 | 765 674783
- 35 —1983.37 230 158608 | 485 385048 760 578734
- 30 - 170813 235 160385 | G600 368990 | 7656 532883
—-25 143177 240 184172 505 374034 70 63eg2.Y
—20 ~1151.34 245 16796.8 510 378080 775 590569
~-15 -86780 1 280 171778 $15 382125 | 780 594607
~10 -58148 { 256 17559.2 520 38617 | 785 598441
-5 «292.14 260 179418 | 5256 390217 780 602372
Q 000 { 265 183253 530 394283 | 795 606299
5 2348 270 18708.8 535 308309 | 800 610223
10 591.3 27%  19084.9 540 402358 | 805 614142
15 890.3 280 194809 545  40640.% 810 618058
20 119156 | 2685 108678 550 410446 | 815 821970
28 14850 | 280 202555 { 555 414490 | 820 625879
30 18006 295 2068439 560 418534 | 825 629783
3% 21088 300 210331 565 422577 | 830 633683
40 24182 | 306 214280 | 570 . 426619 | 835 637579
45 21N 310 118138 | 575 430660 | 840  B4147.
50 30468 G5 222049 | 580 434700 | 845 545359
" 5% 33640 320 225985 | 505 438739 { 850 649243
80 36834 325 220895 | 590 442775 1 855 653122
] 4005.1 330 233827 | 595 446812 1 8BO 656997
70 43289 335 237765 | 600 450847 | 885 680868
75 4658.0 340 241709 | 605 454880 § 870 664733
80 4983.2 345 245659 | 810 458911 875 668595
85 53135 | 350 249814 | 615 462941 880 §7245:2
20 5646.0 365 253574 | 620 466988 | 085 676304
85 58805 360 257840 | 628 470894 830  68015.1
100 63171 365 281510 | 630 475018 | 895 6439883
108 6855.6 370 255485 | S35 479040 | S00 887831
110 £948.1 375 269465 | 640 483055 | 905 691684
115 73386 380 273448 | B4F 487077 910  §9548.1
120 7682.9 885 277438 | 85¢ 491082 | 915 699314
125 8029.1 300 281430 ] 65¢ 495104 | 920 703132
130 83771 396 285427 6680 498115 | 925 706945
135 87269 400 289427 865 503122 | 930 VI0753
140 90784 405 293431 67¢ 507128 | 935 714556
145 94317 410 297439 ] 87§ 511130 | 940 718353
150 97865 415 301448 | 686 515130 | 945 722146
155 101431 420 305463 | 68 519128 | 950 725934
190 15012 | 425 309480 ] 68C 528122 | 955 72977
185 108608 | 430 313499 1 695 527114 880 733496
170 112220 435 317822 700 531103 965 7372710
176 1158486 440 321847 705 535088 { 87¢ 741038
180 119487 445 326574 71C 538072 | 975 744805
i85 123142 450 329603 | 715 543053 | 9BO0 748566
180 128870 1 455 333635 1 720 547030 | 985 752323
195 130492 | 460 337668 | 726 551004 | 980 756077
200 134185 465 341704 730 584975 ] 895 759827
205 137894 470 345741 735 558843 { 1000 783575
210 141613 475 349719 740 562908

NOTE: *C=¥ (*F—132)

&0



Type 4 thermocoupies — thermoelactric vollages, E{T),
reference junclions at 0°C.

T £ T £ 1 g T E
°c W1 osc W | e wo o e

-5 -~2431.0 155 82840 | 360 186402 585 31068.3
- 45 —~2196.8 150 B560.3 | 385 199160 570 313687
~40 - 186804 1585 88367 370 201418 5§75 316438
35 ~17219 170 91134 375 2064875 580 319337
-~ 30 -~ 14814 175 93802 | 380 207432 7 585 322223
~25 -12389 180 ag67.2 | 885 210188 | 580  32B127
-0 9048 185 8544.4 380 212945 595 328040
-15 7484 180 102217 388 215702 | 600 330860
~30 —~5008 195 104990 | 400 218459 | 605 3338898
-5  -=2511 200 107765 | 405 221216 | 610 336827
0 00 | 205 11084t 410 223974 815 356774

5 2528 | 210 Nany 415 226732 | 620 342728

W §06.7 | 215 116083 | 420 229481 626 348693
15 w2 | 220 H1887.0 | 425 23225 830 34866.7
20 10190 | 225 121847 430 235012 | 635 351850
25 1277.0 | 230 124424 435 287775 | 640 354443

- 30 1536.4 235 127200 | 440 240538 | 645 35784.5
35 17968 | 240 129977 445 243304 650 360054
40 20584 245 132769 1 480 24607 655  36367.7
45 23211 250 135529 | 455 248840 | €60 366708
50 26848 1 255  13830.5 ¢ 460 251610 665 369748
58 28484 260 141079 465 254384 870  37275.¢%
80 31150 1 265 143854 47 257161 675 375859
65 33814 | 270 46627 476 259939 | 680 378028
70 3648.7 | 275 149400 | 480 282724 685 382008
75 39168 280 152172 | 48 265506 | 690  3B509.7
80 41856 28% 154943 | 490 268205 | 695 38B19S
85 44562 | 290 157713 | 4856  2N047 700 38130.2
90 47264 1 285 160483 | 500 273882 705 384419
L2 4996.2 300 183254 | 305 . 27668.2 TI0 357544
1 5287.7 306 186019 | 510 278487 715 400867.8
105 5539.7 310 165785 | S15 202295 720 403820
110 5812.3 315 17166 520 285109 | 725 408970
116 §088.3 320 174315 | S35 2g7eRy 730 410129
120 63588 | A28  17N079 | 530 200751 735 413285
125 6632.8 330 179842 | 535 ZB35B.0 | 740 416468
130 £907.1 335 182604 54D 296415 | T4% 419647
135 71818 340 185365 | 545 209256 750 42283.2
140 7456.9 345 188125 | 550 302108 785 426023
145 77323 350 190885 | 555 304957 60 429220
150 80081 355 193644 560 307816

NOTE: *C=¥ (*F—32)
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Type K thermocouples — thermosteciric voltages, E{T),
reference junctions at 4°C.

T E k] E T E T E
i o nv =L v ] g °Q uy

-50 - 188307 | 215 87370 | 480 19788.4 | 745 310067
— A5 ~ 170884 220 BY37.8 485 200012 780 12143
— 40 -~ 152664 226 9139.0 490 20214.1 755 3142186
~35 - 134225 | 230 93408 | 495 206271 | 760 316287
30 ~115585 | 235 65427 | 500 208402 | 765 318358
~25 -86754 | 240 97452 | 505 208533 | 770 320422
~20 ~77738 | 245 99481 | 510 210664 | 775 322486
~35 -68545 | 250 101515 | 515 212766 | 780 324547
~\0 ~39186 | 255 103553 | 520 214927 | 785 426606
-5 -19667 | 260 10559.8 | 525 217059 | 790 328663
o GO0 | 285 107643 | 530 21919 | 795 33071%

5 1arg | 270 - 109698 | 535 221323 | 800 432768

10 3970 | 275 111748 | 340 223455 | 805 334818
5 8971 | 280 113807 | 545 225588 | 810 336883
20 7981 | 285 115863 | 550 227718 | B15 338906
25 10002 | 200 117934 | 585 208851 | 820 340947
30 12031 | 205 120003 | 560 231983 | 825 342985
35 14069 | 300 12207.4 | 565 234114 | 830 345021
40 16114 | 805 124149 | 570° 236244 | B35 347054
45 18166 | 310 126226 | 575 208375 { 840 349085
50 20224 | 315 128305 | 580 240504 | 845 351113
55 20285 | 320 130387 | S85 242633 | 850 353138
B0 24357 | 325 132471 | 580 244762 | 855 355161
65 26429 | 330 134557 | 505 246989 | 860 35718}
70 28503 | 335 136648 | GO0 248016 | B65 359198
76 30580 | 340 138736 | 605 251142 | 870 261213
80 32657 | 945 140828 | 810 253267 | 875 363225
85 34733 | 350 142002 | 816 255301 | 8BO 365235
90 36809 | 355 145018 | 620 257514 | 885 367242
95 38882 | 360 147115 | 625 259635 | 890 469246
100 40953 | 385 149215 | 630 261755 | 895 371248
105 43018 | 470 151316 | 635 263875 | 900 373247
110 45081 | 875 153418 | 640 265983 | 905 575044
115 47138 | 390 156523 | 645 ©26810.9 | 910 577238
120 49190 | 385 157628 | 650 270224 | 915 379229
125 51235 | 390 159736 | €35 272338 | 920 381218
130 53274 | 395 161844 | 660 274450 | 925  38320.4
135 55308 | 400 18395.4 | €65 278560 | 930 385187
140 57335 | 405 166086 | 670 278869 | 935 387168
145 59356 | 410 168179 | 675 280776 | 940 389147
150 §137.2 415 170293 680 282884 q45  I9112.2
155 63383 | 420 172400 | 685 284984 | 950 393096
160 85380 | 425 174526 | 690 287086 | 955 495066
185 6739.2 430 176644 695 269186 g9g0 397034
170 69392 | 435 178763 | 700 291283 | 965  39900.0
175 71389 | 440 160884 | 705 293379 | 970 00963
180 73384 | 445 183005 | 710 29547.2 | 975 02823
185 75379 | 450 185128 | 715 207564 | 980 404881
190 77373 | 455 187252 | 720 299653 | 985 06837
195 79365 { 460 189376 | 725 301740 | 990 408789
200 B1366 | 465 10150.2 | 730 303825 | 995  £1074.0
205  B336.4 | 470 1936286 | 735 30590.8 | 1000 412687
21c 85366 | 475 195756 | 740 307989

NOTE: °C =% {*F—232)
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Type T thermocouples — thermoslectric voltages, E(T),

relerence junctions at 0°C.

T 3 T E
¢ W] oee oV

« 170 =5068.41 | 30 - 112067
— 165 ~4968.91 | — 26 93991
~ 160 -4865.20 | ~20 -756.70
- 155 ~ 475829 § ~ 16 87104
- 150 - 464823 | — 10 38298

-~ 145 - 4535.03 -5 -192.61
- 4G - 4418.72 ¢ a.00
- 135 - 4209.30 "5 1948

- 130 ~4176.81 10 3809
- 125 -405124 § - 15 589.2
- 120 - 392262 20 789.4
- 115 ~ 379099 25 any
- 11} ~3666.36 30 1186.2
- 105 ~351876 35 1402.7
— 100 —~3378.24 40 1611.4
-85 ~3234.83 45 18222
- 80 —-308856 50 - 20382
-85 —2939.46 55 22508
~80 -~ 278755 80 2487.5
- 75 - 263287 65 = 26868
~70 - 247544 70 2508.1
-85 -231527 | - 75 31315
=80 -~216241 80 33568
- 55 - 1986.89 83 584t
- 50 -~ 1818.74 80 3813.3
-~ 45 - 1648.00 95 4044.4
- 40 —1474.73 100 4271.3
~35 -~ 1258.94 105 4512.%

NOTE: *C=¥% {*F—32)

i+

110
115
120
125
180
136
140
145
150
155
150
185
170
175

185
190
185
200
205
210
215
220
225
230
235
230
245

E
uv

| 47487

4987.0
5227.0
5468.8
§712.2
5957.8
6204.1
64524
6702.4
-6953.9
7207.0
7461.8
7717.8
7975.5
82347
8495.3
8757.5
9021.1
9286.1
9652.5
98203
10089.%
103602
10632.1
10505.4
11174.9
11455 8
117329

E
wv

12011.3
122909
12871.7
12B53 .8
131368
134213
13706.8
139934
142811
14569.9
14869.8
151508
164428
157359
16030.0
16325.2
16621.4
16918.6
172168
175161
178164
181176
18419.9
18723.1
19027.2
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